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Abstract

We provide an Isabelle/HOL-Nominal formalisation of the defini-
tions, theorems and proofs in the paper Broadcast Psi-calculi with an
Application to Wireless Protocols by Borgstrom et al., which extends
the Psi-calculi framework with primitives for broadcast communication
in order to model wireless protocols.

1 Introduction

We provide an Isabelle/HOL-Nominal formalisation of the definitions, the-
orems and proofs in the paper Broadcast Psi-calculi with an Application to
Wireless Protocols [4, 5], which extends the Psi-calculi framework [2, 3, 1]
with primitives for broadcast communication in order to model wireless pro-
tocols.

The file Broadcast_Thms. thy contains a collection of the relevant defi-
nitions and theorems, with comments relating them directly to the paper.

2 Formalisation

theory Broadcast-Chain
imports Psi-Calculi. Chain
begin

lemma pair-perm-fresh-contr:
fixes a::’a and b::'a
assumes
at: at TYPE('a)
and
prems: b § pi (a, b) € set pi
shows Fulse
using prems
by (induct pi)
(auto simp add: supp-list-cons fresh-list-nil supp-prod at-supp[OF at]
fresh-list-cons fresh-prod at-fresh|OF at))



lemma pair-perm-fresh-contr’:
fixes a::’a and b::'a
assumes
at: at TYPE('a)
and
prems: a t pi (a, b) € set pi
shows Fulse
using prems
by (induct pi)
(auto simp add: supp-list-cons fresh-list-nil supp-prod at-supp[OF at]
fresh-list-cons fresh-prod at-fresh|OF at))

lemma list-set-supp:
fixes [ :: (“d::fs-name) list
shows supp (set 1) = (supp 1 :: name set)
proof (induct [)
case Nil then show ?case
by (simp add: supp-list-nil supp-set-empty)
next
case (Cons z zs) then show ?Zcase
using at-name-inst fs-name-inst pt-list-set-supp pt-name-inst by blast
qged

lemma name-set-supp:
assumes finite a
shows supp a = (a::name set)
using assms
by (rule at-fin-set-supp| OF at-name-inst))

lemma supp-idem:
fixes [ :: ('d::fs-name)
shows supp((supp 1)::name set) = (supp(l)::name set)
proof —
have f: finite((supp 1)::name set)
by finite-guess
show ?thesis
by (rule name-set-supp| OF f])
qged

lemma fresh-supp:
fixes a :: name
and X :: ('d::fs-name)
shows a # ((supp X)::name set) = a § X
by (simp add: fresh-def supp-idem)

lemma fresh-chain-supp:
fixes A :: name list
and X :: ('d:fs-name)
shows A tx ((supp X)::name set) = A fx X



unfolding fresh-star-def
by (simp add: fresh-supp)

lemma fresh-chain-fin-union:
fixes X::('d::fs-name set)
and Y::('d:fs-name set)
and A:name list
assumes f1: finite X
and f2: finite Y
shows Affx(XUY) = (AfxX A AfxY)
unfolding fresh-star-def
apply(subst fresh-fin-union|OF pt-name-inst, OF at-name-inst, OF fs-name-inst,
OF f1, OF f2])
by blast

lemma fresh-subset:
fixes S :: name set
and S’ :: name set
and a :: name
assumes a § S
and ' C S
and finite S

shows a § S’
proof —
have finite S’ using «S’ C S) «finite S»
by (rule Finite-Set.finite-subset)
with assms show ?thesis
by (auto simp add: fresh-def supp-subset Chain.name-list-supp name-set-supp)
qed

lemma fresh-subset”:
fixes S :: 'd::fs-name set
and S’ :: 'd:fs-name set
and a :: name
assumes a § S
and S’ C S
and finite S

shows a § S’
proof —
have finite S’ using «S’ C S) «finite S»
by (rule Finite-Set.finite-subset)
have supp S’ C ((supp S)::name set)
apply(rule Chain.supp-subset)
by fact+
with assms show ?thesis
unfolding fresh-def
by auto



qed

lemma fresh-star-subset”:
fixes S :: 'd::fs-name set
and S’ :: 'd::fs-name set
and A :: name list
assumes A fx S
and S’ C S
and finite S

shows A #x S’
using assms
unfolding fresh-star-def
by (auto simp add: fresh-subset’)

lemma fresh-star-subset:
fixes S :: name set
and S’ :: name set
and A :: name list
assumes A fx S
and S’ C S
and finite S

shows A #x S’
using assms
unfolding fresh-star-def
by (auto simp add: fresh-subset)

lemma times-set-fresh:
fixes a :: name
and S :: name list
and S’ :: name list
assumes a f set S
and a £ set S’
shows a ff set § x set S’
using assms
proof(cases S)
case Nil then show ?thesis by (simp add: fresh-set-empty)
next
case (Cons s Svec) then show ?thesis
proof(cases S”)
case Nil then show ?thesis by (simp add: fresh-set-empty)
next
case (Cons s’ S') then show ?thesis
using S = s # Svecy assms
apply (subst fresh-cart-prod| OF pt-name-inst, OF pt-name-inst, OF fs-name-inst,
OF fs-name-inst, OF at-name-inst])
by (simp+)
qed



qed

lemma times-set-fresh-star:
fixes A :: name list
and S :: name list
and S’ :: name list
assumes A f#x set S
and A #* set S’
shows A #x (set S x set S)
using assms
unfolding fresh-star-def
proof (induct A)
case Nil show ?case by simp
next
case(Cons a A)
have a f set S and a § set S’ using Cons by simp+
then have a f (set S x set S') by(rule times-set-fresh)
have V z€set A. (z f set S) and V z€set A. (z § set S') using Cons
by simp+
then have Vzeset A. z § set S x set S’ using Cons by simp
then show ?Zcase using <a § (set S x set S')»
by simp
qed

lemma supp-list-set:

fixes M::'d::fs-name list

shows (supp M) = ((supp(set M))::name set)
proof (induct M)

case Nil then show ?case by(simp add: supp-set-empty supp-list-nil)
next

case (Cons m M)

have lhs: (supp (m # M)::name set) = supp m U supp M by (simp add: supp-list-cons)

have rhs: (supp (set (m # M))::name set) = supp m U supp M
proof —
have supp (set (m # M)) = (supp (set [m] U set M)::name set)

by simp

moreover have ... = supp (set [m]) U supp(set M)

apply (rule supp-fin-union[OF pt-name-inst, OF at-name-inst, OF fs-name-inst])
by simp+

moreover have ... = supp m U supp M

using calculation(1) calculation(2) lhs list-set-supp by blast
ultimately show ?thesis
by simp
qed
show ?Zcase
unfolding lhs rhs
by (rule refl)
qed



lemma fresh-list-set:
fixes M::'d::fs-name list
and A:name list
shows A f#x set M = A f§x M
unfolding fresh-star-def fresh-def supp-list-set
by (rule refl)

lemma permSupp:
fixes ¥ : name prm
and U’ :: 'd:fs-name

shows (supp(¥ - U')::name set) C ((supp ¥) U (supp T'))
proof —
{
fix z::name
let 2P = Ay. ([(z, )] - ) - (s, )] - U) £ ¥ - W
let #Q = Ay V. ([(z, y)] - ¥) £ ©
assume finite {y. 7Q y ¥’}
moreover assume finite {y. ?Q y ¥V}
and infinite {b. [(z, b)] - ¥ - U/ £ U . U’}
from <nfinite {b. [(z, b)] - ¥ - ¥/ #£ U . U}, have infinite {y. ?P(y)}
by (subst c¢pl[symmetric, OF cp-pt-inst, OF pt-name-inst, OF at-name-inst])
then have infinite({y. ?P(y)} — {y. ?2Q y ¥})
using «finite {y. ?Q y U’} finite {y. 7Q y U}
by — (rule Diff-infinite-finite)
ultimately have infinite(({y. ?P(y)} — {y. ?Q y ¥}) — {y. ?Q y T'})
by (rule Diff-infinite-finite)
then have infinite({y. ?P(y) A =(?Q y ¥) A = (?Q y ¥')}) by(simp add:
set-diff-eq)
moreover have {y. ?P(y) A =2(?Q y ¥) A = (?Q y ¥')} = {}
by auto
ultimately have infinite {}
by — (drule Infinite-cong, auto)
then have Fulse by simp
}
from this show ?thesis
by (force simp add: supp-def)
qged

end

theory Broadcast-Frame
imports Psi-Calculi. Frame

begin

locale assertionAuzr = Frame.assertionAux SCompose SImp SBottom SChanFEq
for SCompose :: 'b::fs-name = 'b = ‘b (infixr «®> 80)
and SImp :: 'b = 'ci:fs-name = bool (- - [70, 70] 70)
and SBottom :: 'b («L» 90)
and SChanEq :: ('a::fs-name = 'a = 'c)  («- <> - [80, 80] 80)



Jr
fixes SOutCon :: 'a::fs-name = 'a = ‘¢ (s-
and SInCon :: 'a:fs-name = 'a = ¢ («-

< - [80, 80] 80)

= - [80, 80] 80)

assumes statEqut’’[equt]: Ap:name prm.p - (M < N)=(p- M) < (p - N)
and statEqut’'[equt]: Ap::name prm.p - (M = N)=(p- M) = (p - N)

begin

lemma chanlnConSupp:
fixes M :: 'a
and N :: a

shows (supp(M = N):name set) C ((supp M) U (supp N))
proof —

{

fix z::name
let 2P = Ay. (([(z, )] - M) = [(&, )] - N £ M = N
let #Q = Ay M. ([(z, y)] - M) # M
assume finite {y. ?Q y N}
moreover assume finite {y. ?Q y M} and infinite {y. ?P(y)}
then have infinite({y. ?P(y)} — {y. ?Q y M}) by(rule Diff-infinite-finite)
ultimately have infinite(({y. ?P(y)} — {y. ?Q y M}) — {y. ?Q y N}) by(rule
Diff-infinite-finite)
then have infinite({y. ?P(y) A =(?Q y M) A = (?Q y N)}) by(simp add:
set-diff-eq)
moreover have {y. ?P(y) A =(?Q y M) A = (?Q y N)} = {} by auto
ultimately have infinite {} by(blast dest: Infinite-cong)
then have Fulse by simp
}
then show ?thesis by (auto simp add: equts supp-def)
qed

lemma chanOutConSupp:
fixes M :: 'a
and N :: ‘a

shows (supp(M < N):name set) C ((supp M) U (supp N))
proof —

{

fix z::name
let 7P = Ay. ([(z, y)] - M) = [(z, y)] - N #M 2 N
let 2Q = Ay M. (((z, y)] - M) # M
assume finite {y. ?Q y N}
moreover assume finite {y. ?Q y M} and infinite {y. ?P(y)}
then have infinite({y. ?P(y)} — {y. ?Q y M}) by(rule Diff-infinite-finite)
ultimately have infinite(({y. ?P(y)} — {y. 2Q y M}) — {y. ?Q y N}) by(rule
Diff-infinite-finite)
then have infinite({y. ?P(y) A =(?Q y M) A = (?Q y N)}) by(simp add:



set-diff-eq)
moreover have {y. ?P(y) A =(?Q y M) A = (?Q y N)} = {} by auto
ultimately have infinite {} by(blast dest: Infinite-cong)
then have Fulse by simp
}
then show %thesis by (auto simp add: equts supp-def)
qed

lemma freshinCon[introl:
fixes z :: name
and M :: a
and N :: ‘a

assumes z § M
and zf# N

shows z § M = N
using assms chanInConSupp
by (auto simp add: fresh-def)

lemma freshInConChain|intro]:
fixes zvec :: name list

and Xs :: name set
and M :'a
and N :'a

shows [zvec §* M; zvec % N| = zvec i (M = N)
and [Xs fx M; Xs x N = Xs i« (M = N)
by (auto simp add: fresh-star-def)

lemma freshOutConlintro:
fixes x :: name
and M :: 'a
and N :: ‘a

assumes z § M
and z# N

shows z f M < N
using assms chanOutConSupp
by (auto simp add: fresh-def)

lemma freshOutConChain[intro]:
fixes zvec :: name list

and Xs :: name set
and M :'a
and N :'a

shows [zvec % M; zvec % N| = zvec §x (M =< N)



and [Xs fx M; Xs tx N| = Xs tx (M < N)
by (auto simp add: fresh-star-def)

lemma chanOutConClosed:

fixes ¥ :: b
and M :: 'a
and N :: 'a

and p :: name prm
assumes V - M < N

shows (p - U)F (p- M) < (p- N)
proof —
from <0 - M <X N> have (p- ¥)Fp- (M =< N)
by (rule statClosed)
then show ?thesis by (auto simp add: equts)

qed
lemma chaninConClosed:
fixes ¥ :: b
and M :: 'a
and N :: 'a

and p :: name prm
assumes W - M = N

shows (p - V) & (p- M) = (p- N)
proof —
from <V - M > N> have (p- ¥)Fp - (M = N)
by (rule statClosed)
then show ?thesis by (auto simp add: equts)
qed

end

locale assertion = assertionAux SCompose SImp SBottom SChanEq SOutCon SIn-
Con + assertion SCompose SImp SBottom SChanFEq

for SCompose :: 'b::fs-name = 'b = b

and SImp  :: 'b = ’c::fs-name = bool

and SBottom :: b

and SChanFq :: 'a:fs-name = 'a = 'c

and SOutCon : 'a:fs-name = 'a = 'c

and SInCon :: 'a:fs-name = 'a = 'c +

assumes chanOutConSupp: SImp ¥ (SOutCon M N) = (((supp N)::name set)
C ((supp M)::name set))
and chanInConSupp: SImp ¥ (SInCon N M) = (((supp N)::name set) C
((supp M)::name set))



begin

notation SOutCon («- <X - [90, 90] 90)
notation SInCon («- = -» [90, 90] 90)

end

end
theory Semantics

imports Broadcast-Chain Broadcast-Frame
begin

This file is a (heavily modified) variant of the theory Psi_Calculi.Se-
mantics from [1]. The nominal datatypes (’a,’d,’c) residual and ’a action
have been extended with constructors for broadcast input and output. This
leads to a different semantics.

nominal-datatype (‘a, 'b, 'c) boundOutput =
BOut 'a:fs-name ('a, 'b::fs-name, 'c::fs-name) psi (<- <" - [110, 110] 110)
| BStep «name» (‘a, 'b, '¢) boundOutput («(v-)-» [110, 110] 110)

primrec BOresChain :: name list = (‘a::fs-name, 'b::fs-name, 'c::fs-name) bound-
Output =
(‘a, 'b, 'c) boundOutput
where
Base: BOresChain || B = B
| Step: BOresChain (z#xs) B = (vz|)(BOresChain s B)

abbreviation
BOresChainJudge (<(vx-)-» [80, 80] 80) where (v*zvec) B = BOresChain zvec
B

lemma BOresChainEqut]equt]:
fixes perm :: name prm
and Ist :: name list
and B : (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput

shows perm - ((vxavec)) B) = (v+(perm - zvec)|)(perm - B)
by (induct zvec) auto

lemma BOresChainSimps[simp):
fixes zvec :: name list

and N :: ‘a:fs-name

and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
and N :'a

and P’ :: (‘a, b, 'c) psi

and B : (‘a, 'b, 'c) boundOutput

and B’ (‘a, 'b, 'c) boundOutput

shows ((vxzvec)N <" P = N’ <’ P’) = (zvec =[] NN = N'AN P = P’)
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and (N’ <’ P’ = (vxzvec)N <’ P) = (zvec = | AN = N' AN P = P’)
and (N'<'P'=N <'P)= (N = N'A P = P/

and ((v+avec)B = (vxavec)B’) = (B = B’)

by (induct zvec) (auto simp add: boundOutput.inject alpha)

lemma outputFresh|simp]:

fixes Xs :: name set
and zvec :: name list
and N :: a:fs-name
and P :: (a, 'b::fs-name, 'c::fs-name) psi

shows (Xs fix (N <’ P)) = ((Xs ffx N) A (Xs fix P))
and (zvec fx (N <’ P)) = ((zvec fx N) A (zvec §x P))
by (auto simp add: fresh-star-def)

lemma boundQutputFresh:

fixes x :: name
and zvec :: name list
and B :: (‘a:fs-name, 'b::fs-name, 'c::fs-name) boundOutput

shows (z § ((v*zvec)B)) = (z € set zvec V z § B)
by (induct zvec) (simp-all add: abs-fresh)

lemma boundQutputFreshSet:

fixes Xs :: name set
and zvec :: name list
and B : (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput
and yvec :: name list
and =z :: name

shows Xs fx ((vxavec)B) = (Vz€Xs. x € set zvec V z f B)
and yvec fx ((vxzvec)) B) = (Vx€(set yvec). x € set avec V x § B)
and Xs fx ((vz))B) = Xs ti* [z].B
and zvec #x ((vz)B) = zvec ti* [z].B
by (simp add: fresh-star-def boundOutputFresh)+

lemma BOresChainSupp:
fixes zvec :: name list
and B :: (“a:fs-name, 'biifs-name, 'c::fs-name) boundOutput

shows (supp((vxzvec) B)::name set) = (supp B) — (supp zvec)
by (induct zvec)
(auto simp add: boundOQutput.supp supp-list-nil supp-list-cons abs-supp supp-atm)

lemma boundOutputFreshSimps|simp):

fixes Xs :: name set
and zvec :: name list
and B : (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput

and yvec :: name list
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and £ :: name

shows Xs fx zvec = (Xs #* ((vxavec)B)) = (Xs i+ B)
and yvec fx zvec = yvec fx ((v*azvec) B) = yvec §x B
and zvec #x ((v*zvec) B)
and z f zvec = z f (vxavec)B = z § B
apply(simp add: boundOutputFreshSet) apply(force simp add: fresh-star-def
name-list-supp fresh-def)
apply(simp add: boundOutputFreshSet) apply(force simp add: fresh-star-def
name-list-supp fresh-def)
apply(simp add: boundOutputFreshSet)
by (simp add: BOresChainSupp fresh-def)

lemma boundOutputChainAlpha:

fixes p :: mame prm
and zvec :: name list
and B : (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput

and yvec :: name list

assumes zvecFreshB: (p - avec) fx B
and S: set p C set zvec x set (p - xvec)
and (set zvec) C (set yvec)

shows ((vxyvec) B) = ((v*(p - yvec))(p + B))
proof —
note pt-name-inst at-name-inst S
moreover from ((set zvec) C (set yvec)> have set zvec fx ((vxyvec)B)
by (force simp add: boundOutputFreshSet)
moreover from zvecFreshB «(set axvec) C (set yvec)> have set (p - avec) fx
((v*yvec) B)
by (simp add: boundOutputFreshSet) (simp add: fresh-star-def)
ultimately have ((vxyvec)B) = p - ((vxyvec) B)
by (rule pt-freshs-freshs [symmetric])
then show %thesis by (simp add: equts)
qed

lemma boundOQutputChainAlpha':
fixes p :: name prm
and zvec :: name list
and B : (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput
and yvec :: name list
and zvec :: name list

assumes zvecFreshB: zvec ix B
and S: set p C set zvec X set yvec

and yvec fx ((v*zvec) B)

shows ((vxzvec) B) = ((v(p + zvec))(p + B))
proof —
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note pt-name-inst at-name-inst S <yvec §x ((v+zvec|) B)»
moreover from zvecFreshB have set (azvec) fx ((v*zvec)B)

by (simp add: boundOutputFreshSet) (simp add: fresh-star-def)
ultimately have ((vxzvec)B) = p - ((vxzvec|) B)

by (auto intro: pt-freshs-freshs [symmetric))
then show %thesis by (simp add: equts)

qed
lemma boundOutputChainAlpha'":
fixes p :: mame prm
and zvec :: name list
and M : 'a:fs-name
and P :: (‘a::fs-name, 'b::fs-name, 'c::fs-name) psi

and yvec :: name list

assumes (p - zvec) g M
and (p - zvec) §x P
and set p C set zvec x set (p + avec)
and (set zvec) C (set yvec)

shows ((vyvec) M <' P) = (((p - yoec))(p - M) <’ (p - P))
using assms

by (subst bound OutputChainAlpha) auto

lemma boundOutputChainSwap:

fixes ¢ :: name
and y :: name
and N :: ‘a:fs-name
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

and zvec :: name list

assumes y f N
and yf P
and z € (set zvec)

shows (vxzvec)N <’ P = (vx([(=, y)] « zvec))([(z ,y)] + N) <" ([(z, y)] - P)
proof(cases x=y)

assume =y

then show ?thesis by simp
next

assume z # y

with assms show ?thesis

by (auto simp add: calc-atm intro: boundOutputChainAlpha’ [where zvec=[z]])

qed

lemma alphaBoundOQutput:
fixes = :: name
and y : name
and B :: ('a:fs-name, 'b::fs-name, ‘c::fs-name) boundOutput
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assumes y § B

shows (vz)B = (vy)([(z, v)] - B)
using assms
by (auto simp add: boundQutput.inject alpha fresh-left calc-atm)

lemma boundQutputEqFresh:
fixes B :: (‘a::fs-name, 'b::fs-name, 'c::fs-name) boundOutput
and C :: (‘a, 'b, 'c) boundOutput
and z :: name
and y :: name

assumes (vz))B = (vy)C
and =z B

shows y t C
using assms
by (auto simp add: boundOutput.inject alpha fresh-left calc-atm)

lemma boundOutput EqSupp:
fixes B :: (‘a:fs-name, 'b::fs-name, 'c::fs-name) boundOutput
and C :: (‘a, 'b, 'c) boundOutput
and z :: name
and y :: name

assumes (vz)B = (vy)C
and =z € supp B

shows y € supp C
using assms
apply/(clarsimp simp add: boundOQutput.inject alpha fresh-left calc-atm)
apply(drule pt-set-bij2[where pi=[(z, y)], OF pt-name-inst, OF at-name-inst))
by (auto simp add: equts calc-atm)

lemma boundOutputChainEq:
fixes zvec :: name list
and B : (‘a::fs-name, 'bi:fs-name, 'c::fs-name) boundOutput
and yvec :: name list
and B’ :: (‘a, 'b, 'c) boundOutput

assumes (vxzvec)B = (vxyvec) B’
and zvec f* yvec
and length zvec = length yvec

shows Jp. (set p) C (set zvec) x set (yvec) A distinctPerm p A B = p - B' A
(set (map fst p)) C (supp B) A zvec tx B’ A yvec f§x B
proof —

obtain n where n = length zvec by auto
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with assms show ?thesis
proof (induct n arbitrary: zvec yvec B B)
case(0 zvec yvec B B’)
have Fq: (vxzvec) B = (v*yvec) B’ by fact
from <0 = length zvec) have zvec = [| by auto
moreover with <length zvec = length yvec) have yvec = [|
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundOutput.inject)
next
case(Suc n zvec yvec B B)
from <Suc n = length zvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from «(vxavec)) B = (vxyvec)) B"y <xvec = x # zvec’s length zvec = length yvec
obtain y yvec’ where (vx(z#zvec))B = (v*(y#yvec')) B’
and yvec = y#yvec’ and length zvec’ = length yvec’
by (cases yvec) auto
then have FEQ: (vz)((v*zvec)B) = (vy)((v*yvec’) B’
by simp
from <avec = x#avec’ <yvec=y#yvec’ (xvec fx yvecy
have z # y and avec’ §x yvec’ and z § yvec’ and y § zvec’
by auto
have IH: A\xvec yvec B B’. [(vxzvec|)(B::('a::fs-name, 'b::fs-name, 'c::fs-name)
boundOutput) = (v+yvec|) B'; zvec fx yvec; length xvec = length yvec; n = length
avec] = I p. (set p) C (set zvec) x (set yvec) A distinctPerm p A B =1p - B’ A
set(map fst p) C supp B A zvec x B’ A yvec fx B
by fact
from EQ <z # y have EQ’": (vxzvec')B = ([(z, y)] - ((v*yvec’)B’))
and xFreshB’: z  ((v+yvec’) B')
and yFreshB: y t ((vxzvec’) B)
by (metis boundOQutput.inject alpha)+
from zFreshB' <z f yvec» have z B’
by (auto simp add: boundQutputFresh) (simp add: fresh-def name-list-supp)+
from yFreshB <y { zvec’y have y ff B
by (auto simp add: boundOutputFresh) (simp add: fresh-def name-list-supp)+
show ?Zcase
proof(cases x § (vxzvec’)B)
assume zFreshB: x § (v*zvec') B
with EQ have yFreshB': y t (v+yvec’) B’
by (rule bound OutputEqFresh)
with zFreshB’ EQ’ have (vxzvec’)B = (v+yvec’) B’
by (simp)
with <zvec’ #x yvec’s <length zvec’ = length yvec’s <length zvec’ = ny IH
obtain p where S: (set p) C (set zvec’) x (set yvec’) and distinctPerm p
and B=p - B’
and set(map fst p) C supp B and zvec’ §+ B’ and yvec’ fx B
by blast
from S have (set p) C set(z#avec’) x set(y#yvec’) by auto
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moreover note (xvec = x#zvec’ (yvec=y#yvec’ <distinctPerm py <B = p
- B%
<xvec’ §x B’y <z § B «x § By <yvec’ tx By <y § B> <set(map fst p) C supp
B»

ultimately show Zcase by auto
next
assume —(z § (vxzvec’)B)
then have zSuppB: x € supp((v+avec’) B)
by (simp add: fresh-def)
with FQ have ySuppB’: y € supp ((vxyvec’) B’
by (rule boundOutputEqSupp)
then have y t yvec’
by (induct yvec’) (auto simp add: boundOutput.supp abs-supp)
with «z § yvec» EQ’ have (vxzvec) B = (v*yvec')([(z, y)] - B)
by (simp add: equts)
with <(xvec’ ix yvec’s <length xvec’ = length yvec’s <length zvec’ = ny IH
obtain p where S: (set p) C (set zvec’) x (set yvec’) and distinctPerm p
and B =p - [(z,y)] - B'
and set(map fst p) C supp B and zvec’ §x ([(z, y)] - B’) and yvec’ §x B
by blast

from zSuppB have z f xvec’
by (induct zvec’) (auto simp add: boundOutput.supp abs-supp)
with «z § yvec’s <y § zvec’s <yt yvec’> S have z 8 pand y t p
apply (induct p)
by (auto simp add: name-list-supp) (auto simp add: fresh-def)
from S have (set ((z, y)#p)) C (set(z#zvec’)) x (set(y#yvec’))
by force
moreover from <z # y <z § p> <y § p» S «distinctPerm p>
have distinctPerm((z,y)#p) by simp
moreover from (B =p - [(z, y)] - B <z § p» <y § p» have B = [(z, y)] - p
. B’
by (subst perm-compose) simp
then have B = ((z, y)#p) - B’ by simp
moreover from <avec’ tx ([(z, y)] - B')» have ([(z, y)] - zvec’) #x ([(z, y)] -
(@, )] - B
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z £ zvec’s <yt avec’y «x § B’y have (z#zvec’) §x B’ by simp
moreover from <y £ By <yvec’ fx B> have (y#yvec’) §x B by simp
moreover from <set(map fst p) C supp B> zSuppB <z § zvec’
have set(map fst ((z, y)#p)) C supp B
by (simp add: BOresChainSupp)
ultimately show Zcase using <zvec=z#zvec’s <yvec=y#yvec’
by metis
qed
qed
qed
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lemma boundOutputChainEqLength:
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N :: a:fs-name

and Q@ :: (a, 'bi:fs-name, 'c::fs-name) psi

assumes (vxzvec)M <’ P = (vsyvec)N <’ Q

shows length zvec = length yvec
proof —
obtain n where n = length zvec by auto
with assms show ?thesis
proof (induct n arbitrary: avec yvec M P N Q)
case(0 zvec yvec M P N Q)
from <0 = length zvec) have zvec = [| by auto
moreover with «(vxzvec)M <’ P = (vxyvec)N <’ @) have yvec = ||
by (cases yvec) auto
ultimately show ?case by simp
next
case(Suc n zvec yvec M P N Q)
from <Suc n = length zvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from <(vxzvec)M <’ P = (vxyvec)N <’ @Q» <xvec = x # zvec”
obtain y yvec’ where (vx(z#zvec )M <’ P = (v+(y#yvec))N <’ Q
and yvec = y#yvec’
by (cases yvec) auto
then have EQ: (vz|)((v*azvec )M <’ P) = (vy)((vxyvec' )N <’ Q)
by simp
have IH: Azvec yvec M P N Q. [(vxzvec)M <’ P = (vxyvec)N <" (Q::('a, 'b,
‘c) psi); n = length zvec] = length zvec = length yvec
by fact
show ?Zcase
proof(cases x = y)
assume z = y
with EQ have (vszvec')M <’ P = (vxyvec')N <’ Q
by (simp add: alpha boundOutput.inject)
with IH <length zvec’ = ny have length zvec’ = length yvec’
by blast
with «zvec = z#zvec’ (yvec=y#Hyvec’
show ?case by simp
next
assume z # y
with EQ have (vszvec')M <’ P = [(z, y)] - (vxyvec')N <" Q
by (simp add: alpha boundOutput.inject)
then have (vxzvec’ )M <’ P = (vx([(z, y)] - yvec"))([(z, v)] - N) <’ ([(z, y)]

- Q)
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by (simp add: equts)

with IH <length zvec’ = n» have length zvec’ = length ([(z, y)] - yvec’)
by blast

then have length zvec’ = length yvec’
by simp

with <zvec = z#zvec’ (yvec=y#Hyvec’

show ?case by simp

qed
qed
qged

lemma boundOutputChainEq'":
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (a, 'b::fs-name, 'c::fs-name) psi

and yvec :: name list

and N :'a

and Q :: (‘a:fs-name, 'b::fs-name, 'c::fs-name) psi

assumes (vxzvec)M <’ P = (vsyvec)N <’ Q
and zvec fix yvec

shows Jp. (set p) C (set zvec) x set (yvec) A distinctPermp AN M =p+« N A P
=p- Q A avec ix N A zvec ix Q N yvec ix M N yvec fx P
using assms boundOQutput ChainEq boundOutputChainEqLength by fastforce

lemma boundQutputChainEq'":
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

and yvec :: name list

and N :'a

and @ :: ('a:fs-name, 'b::fs-name, ‘c::fs-name) psi

assumes (vxavec)M <’ P = (vxyvec)N <’ Q
and avec fix yvec
and distinct xvec
and distinct yvec

obtains p where (set p) C (set zvec) X set (p - zvec) and distinctPerm p and
yvec = p - zvec and N = p - M and @ = p - P and zvec tix N and zvec fix @
and (p - zvec) x+ M and (p - zvec) * P

proof —

assume Ap. [set p C set zvec x set (p - zvec); distinctPerm p; yvec = p - xvec;
N=p-M; Q=p- P; zvec §x N; avec §x Q; (p - avec) §x M; (p - avec) fx P]

— thesis

moreover obtain n where n = length zvec by auto
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with assms have I p. (set p) C (set zvec) x set (yvec) A distinctPerm p A yvec
=p-avec ANN=p-MANQ=p- P A zvec ix N A zvec % Q A (p - zvec) fx M
A (p - zvec) i P
proof (induct n arbitrary: avec yvec M P N Q)
case(0 zvec yvec M P N Q)
have Eq: (vxzvec)M <’ P = (vxyvec)N <’ Q by fact
from <0 = length zvec) have zvec = [| by auto
moreover with Fq have yvec = |]
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundQutput.inject)
next
case(Suc n zvec yvec M P N Q)
from <Suc n = length zvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from «((vxzvec)M <’ P = (vxyvec)N <’ Q> <zvec = x # zvec)
obtain y yvec’ where (vx(z#zvec))M <’ P = (vx(y#yvec)N <" Q
and yvec = y#yvec’
by (cases yvec) auto
then have EQ: (vz|)((v+zvec )M <’ P) = (vy)((v*yvec')N <’ Q)
by simp
from <zvec = x#avec’ (yvec=y#yvec’ <xvec fx yvec
have z # y and avec’ #x yvec’ and z § yvec’ and y # zvec’
by auto
from <distinct zvec) (distinct yvecs (xvec=xFzvec’r (yvec=y#yvec’> have z 4
zvec’ and y § yvec’ and distinct zvec’ and distinct yvec’
by simp+
have TH: Azvec yvec M P N Q. [(v*xzvec)(M::'a) <’ (P::(‘a, 'b, 'c) psi) =
(vxyvec)N <’ Q; zvec $x yvec; distinct zvec; distinct yvec; n = length zvec] =
Ip. (set p) C (set avec) x (set yvec) N distinctPerm p A yvec = p - zvec AN N =
prMANQ=p-P A azvec tfx N A zvec ix Q A (p + avec) fx M A (p - zvec) i P
by fact
from FEQ <z # v <z § yvec) <y f yvec’ <yt zvec’r <z f zvec’s have (vxzvec) M
<" P = (vxyvec)([(z, y)] - N) <" ([(z, )] - Q) and z § Nand 2§ Q and y § M
and y § P
apply —
apply(simp add: boundOutput.inject alpha equts)
apply(simp add: boundOutput.inject alpha equts)
apply(simp add: boundQutput.inject alpha equts)
by (simp add: boundOutput.inject alpha’ equts)+
with <zvec’ #x yvec’s «distinct zvec’y <distinct yvec’s <length zvec’ = ny IH
obtain p where S: (set p) C (set zvec’) x (set yvec') and distinctPerm p and
yvec' = p « zvec’ and ([(z, y)] - N) = p - M and ([(z, y)] - Q@) = p - P and zvec’
g% ([(z, v)] - N) and avec’ tx ([(z, y)] - Q) and yvec’ $x M and yvec’ §x P
by metis
from S have set((x, y)#p) C set(z#zvec’) x set(y#yvec’) by auto
moreover from (x § zvec’s <z ff yvec’s <y f zvec” <y £ yvec’» S have z §f p and

yip
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apply (induct p)
by (auto simp add: fresh-prod name-list-supp) (auto simp add: fresh-def)

with S «distinctPerm p) <x # y» have distinctPerm((z, y)#p) by auto
moreover from <yvec’ = p - zvec’ <zt py <y § p> «x § zvec” <yt zvec’s have
(y#yvec) = ((z, y)#p) - (z#zvec’)
by (simp add: equts calc-atm perm-compose freshChainSimps)
moreover from «([(z, y)] - N) =p - M>»
have ([(z, y)] - [(z, v)] - N) = [(z, 9)] - p - M
by (simp add: pt-bij)
then have N = ((z, y)#p) - M by simp
moreover from <([(z, y)] - Q) = p - P»
have ([(z, )] - [(z, )] - @) = (& 1)] - p - P
by (simp add: pt-bij)
then have Q = ((z, y)#p) - P by simp
moreover from <xvec’ #§x ([(z, y)] - N)» have ([(z, y)] - zvec’) #x ([(z, y)] -
(@ 9)] - N)
by (subst fresh-star-bij)
with <z § zvec” <yt zvec’ have zvec’ fx N by simp
with «x § N» have (z#zvec’) §x N by simp
moreover from <xvec’ §x ([(z, y)] - Q) have ([(z, y)] - zvec’) tx ([(z, y)] -
[(z, y)] - Q)
by (subst fresh-star-bij)
with <z § zvec” <y zvec’s have xvec’ fx Q by simp
with «x § @ have (z#azvec’) i+ Q by simp
moreover from <y § M» «yvec’ §x M» have (y#yvec’) tx M by simp
moreover from <y § P> «yvec’ §x Py have (y#yvec’) $x P by simp
ultimately show ?case using <xvec=z#zvec’s <yvec=y#yvec’
by metis
qed
ultimately show “thesis by blast
qed

lemma boundOutputEqSupp’:

fixes ¢ :: name
and zvec :: name list
and M :: 'a:fs-name
and P :: (a, 'b::fs-name, 'c::fs-name) psi
and y :: name
and yvec :: name list
and N :'a

and Q@ :: (‘a, b, 'c) psi

assumes Eq: (vz))((vxazvec)M <’ P) = (vy)((vxyvec)N <’ Q)
and =z #y
and =z ff yvec
and =z f zvec
and y f§ zvec
and vy { yvec
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and zvec fix yvec
and =z € supp M

shows y € supp N
proof —
from Eq <z # y» <z § yveo> <y f yveer have (vxavec)M <’ P = (vxyvec|([(z,
ol - N) < (=, )] - Q)
by (simp add: boundOQutput.inject alpha equts)
then obtain p where S: set p C set avec x set yvec and M = p - [(z, y)] - N
and distinctPerm p using <xvec #* yvec
by (blast dest: boundOutputChainEq’)
with <z € supp M» have z € supp(p - [(z, y)] -+ N) by simp
then have (p - z) € p - supp(p - [(z, y)] - N)
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))
with «z § zvecy <z § yvee) S <distinctPerm p> have z € supp([(x, y)] - N)
by (simp add: equts)
then have (((z, )] - 2) € ([(z, )] - (supp([(z, 9)] - )))
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))
with <z # > show ?thesis by(simp add: calc-atm equts)
qed

lemma boundOutputChainOpenlH:
fixes zvec :: name list

and z :: name

and B :: (‘a::fs-name, 'b::fs-name, ‘c::fs-name) boundOutput
and yvec :: name list

and y :: name

and B’ :: (‘a, b, '¢) boundOutput

assumes Fgq: (vxzvec)((vz)B) = (vxyvee))((vy) B
and L: length zvec = length yvec
and zFreshB" z t B’
and zFreshzvec: x f zvec
and zFreshyvec: x f yvec

shows (vxazvec) B = (vxyvec)([(z, y)] - B')
using assms
proof (induct n==length zvec arbitrary: zvec yvec y B’ rule: nat.induct)
case(zero zvec yvec y B')
have 0 = length xvec and length zvec = length yvec by fact+
moreover have (vxzvec))(vz))B = (vxyvec)(vy) B’ by fact
ultimately show ?case by(auto simp add: boundOutput.inject alpha)
next
case(Suc n zvec yvec y B')
have L: length xvec = length yvec and Suc n = length zvec by fact+
then obtain z’ zvec’ y’ yvec’ where zEq: zvec = x'#zvec’ and yEq: yvec =
y'#yvec’
and L” length zvec’ = length yvec’
by (cases zvec, auto, cases yvec, auto)
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have zFreshB': z § B’ by fact
have z f zvec and z { yvec by fact+
with zEq yFEq have zineqx’: z # z’ and zFreshzvec’: x § xvec’
and zineqy”: z # y’ and zFreshyvec’: z § yvec’
by simp+
have (v*zvec|)(vz) B = (v*yvec)(vy) B’ by fact
with zEq yEq have Eq: (vz')((vxzvec'|)(vz)B) = (vy')((vxyvec’)(vy)B’) by
stmp
have IH: \zvec yvec y B'.
[n = length zvec; (vxzvec)(vz) B = (vxyvec)(vy) B'; length zvec = length
yvec; x § B'; x  avec; © § yvec]
= (v*azvec) B = (vxyvec))([(z, y)] - B’) by fact
have Suc n = length xvec by fact
with zEq have L'": n = length zvec’ by simp
have (va')((vxzvec) B) = (vy')((v+yvec)([(z, y)] - B))
proof(cases z'=y")
assume z'eqy’ ' = y’
with Eq have (vszvec')(vz)B = (vsyvec')(vy) B’ by(simp add: boundOut-
put.inject alpha)
then have (vszvec) B = (vxyvec')([(z, y)] - B’) using L' zFreshB’ xFreshzvec’
xFreshyvec’ L' by (metis IH)
with z'eqy’ show ?thesis by (simp add: boundOutput.inject alpha)
next
assume z'ineqy’: ' # y’
with Eq have Fq’: (vsavec')(vz)B = (vx([(z', y")] - yvec))(v([(z’, y")] -
I )] - B)
and z'FreshB": z’ § (vxyvec')(vy)) B’
by (simp add: boundOutput.inject alpha equts)+
from L’ have length zvec’ = length ([(z', y')] - yvec’) by simp
moreover from zineqr’ xineqy’ tFreshB’ have z § [(z/, y')] - B’ by(simp add:
fresh-left calc-atm)
moreover from zineqr’ zineqy’ xFreshyvec’ have z § [(z', y')] - yvec’ by (simp
add: fresh-left calc-atm)
ultimately have (vszvec’)B = (v+([(&', 3] - yoec)) (@, (=", 1] - )] -
[(z’, y")] - B') using Eq’ zFreshzvec’ L"
by (metis IH)
moreover from z'FreshB’ have z’ § (vxyvec')([(z, y)] - B’)
proof(cases z’ f yvec’)
assume z’ ff yvec’
with z'FreshB’ have z'FreshB": z' t (vy|) B’
by (simp add: fresh-def BOresChainSupp)
show ?thesis
proof(cases z'=y)
assume z'eqy: ' =y
show ?thesis
proof(cases z=y)
assume =y
with zFreshB’ z'eqy show ?thesis by(simp add: BOresChainSupp fresh-def)
next
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assume z # y
with «x § B”» have y ¢ [(z, y)] - B’ by(simp add: fresh-left calc-atm)
with z’eqy show ?thesis by(simp add: BOresChainSupp fresh-def)
qed
next
assume z'ineqy: ' £ y
with z'FreshB’ have z’ § B’ by(simp add: abs-fresh)
with zinegz’ z’ineqy have 2’ ([(z, y)] - B') by(simp add: fresh-left calc-atm)
then show ?thesis by(simp add: BOresChainSupp fresh-def)
qed
next
assume -z’ f yvec’
then show %thesis by (simp add: BOresChainSupp fresh-def)
qed
ultimately show ?thesis using z'ineqy’ zineqx’ zineqy’
apply(simp add: boundQutput.inject alpha equts)
apply (subst perm-compose[of [(z', y')]])
by (simp add: calc-atm)
qed
with zFq yEq show ?case by simp
qed

lemma boundOutputPariDest:
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N ::'a

and Q@ :: (‘a, 'b, 'c) psi
and R :: (Ya, 'b, 'c) psi

assumes (vxzvec)M <’ P = (vxyvec)N <’ (Q || R)
and zvec fix R
and yvec fx R

obtains T where P = T || R and (v*zvec)M <’ T = (vsyvec)N <’ Q
proof —
assume AT. [P = T || R; (vxavec)M <’ T = (vxyvec)N <’ Q] = thesis
moreover obtain n where n = length zvec by auto
with assms have 3T. P = T || R A (vxavec)M <' T = (vxyvec)N <’ Q
proof (induct n arbitrary: zvec yvec M N P Q R)
case(0 avec yvec M N P Q R)
have Fq: (vxzvec)M <’ P = (vxyvec)N <’ (Q || R) by fact
from <0 = length zvec) have zvec = [| by auto
moreover with Fq have yvec = []
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundQutput.inject)
next
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case(Suc n zvec yvec M N P Q) R)
from «Suc n = length xvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from «(v*zvec)M <' P = (v*yvec)N <’ (Q || R)) <zvec = z # zvec’
obtain y yvec’ where (vx(z#zvec )M <" P = (v+(y#yvec))N <" (Q || R)
and yvec = y#yvec’
by (cases yvec) auto
then have EQ: (vz|)((v*azvec' )M <’ P) = (vy)((vxyvec')N <" (Q || R))
by simp
from <zvec f*x R) <yvec #* Ry (xvec = z#tavec’y (yvec = y#yvec’
have z £ R and 2vec’ fx R and y § R and yvec’ fx R by auto
have IH: Azvec yvec M N P Q R. [(v*avec)M <’ (P::('a, 'b, 'c) psi) =
(vxyvec)N <" (Q || R); avec #x R; yvec §x R; n = length avec] = 3T. P = T ||
R A (vkzvec)M <’ T = (v*yvec)N <’ Q
by fact
show ?case
proof(cases x = y)
assume z = y
with EQ have (vxavec)M <’ P = (vkxyvec')N <’ (Q || R)
by (simp add: boundOutput.inject alpha)
with <zvec’ #x Ry <yvec’ #*x Ry <length zvec’ = n»
obtain T where P = T || R and (vszvec' )M <’ T = (vxyvec )N <’ Q
by (auto dest: IH)
with «zvec=z#zvec’s <yvec=y#yvec’» <z=y> show ?Zcase
by (force simp add: boundOutput.inject alpha)
next
assume z # y
with EQ <z § R» <y §f R»
| )have (vravec' )M <" P = (v«([(z, y)] - yoec))([(z, y)] - N) <" (([(z, )] - Q)
R
and zFreshQR: z § (vxyvec )N <’ (Q || R)
by (simp add: boundOutput.inject alpha equts)+
moreover from <yvec’ x Ry have ([(z, y)] - yvec’) 8% ([(z, y)] - R)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with «z § R <y § R> have ([(z, y)] - yvec’) §x R by simp
moreover note <zvec’ fx R <length zvec’ = n»
ultimately obtain 7 where P = T || R and A: (vxavec')M <’ T = (v*([(=,
)] - yoec)) (2 )] - N) <" ([(z )] - Q)
by (auto dest: IH)

from A have (vz|)((vxzvec’ )M <’ T) = (vz)((v+([(z, v)] - yvec"))([(z, y)]
CN) < (@ 9)] - Q)
by (simp add: boundOutput.inject alpha)
moreover from zFreshQR have z t (vxyvec')N <’ Q
by (force simp add: boundOutputFresh)
ultimately show ?thesis using <P = T || R» <xvec=x#zvecs <yvec=y#yvec”
zFreshQR
by (force simp add: alphaBoundOutput name-swap equts)
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qed
qed
ultimately show ?thesis
by blast
qed

lemma boundOutputPariDest’:
fixes xvec :: name list

and M :: 'a:fs-name

and P :: (a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N :'a

and Q@ :: (‘a, 'b, 'c) psi
and R :: (‘a, 'b, 'c) psi

assumes (vxzvec)M <’ P = (vxyvec)N <’ (Q || R)
and zvec fix yvec

obtains T p where set p C set avec x set yvec and P = T || (p - R) and
(vxavec)M <" T = (vsyvec)N <’ Q
proof —
assume Ap T. [set p C set zvec x set yvec; P = T || (p - R); (vxavec)M <’ T
= (vxyvec)N <’ Q] = thesis
moreover obtain n where n = length xvec by auto
with assms have Ip T. set p C set zvec X set yvec N P =T || (p - R) A
(vxavec)M <" T = (vxyvec)N <’ Q
proof (induct n arbitrary: zvec yvec M N P @ R)
case(0 zvec yvec M N P Q R)
have Eq: (vxzvec)M <’ P = (vxyvec)N <’ (Q || R) by fact
from <0 = length zvec) have zvec = [| by auto
moreover with Fq have yvec = |]
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundQOutput.inject)
next
case(Suc n zvec yvec M N P Q R)
from <Suc n = length zvec
obtain z zvec’ where zvec = z#xvec’ and length zvec’ = n
by (cases zvec) auto
from ((vszvec)M <’ P = (vxyvec)N <’ (Q || R)» <zvec = z # zvec’
obtain y yvec’ where (vx(z#zvec’))M <’ P = (vx(y#Hyvec))N <" (Q || R)
and yvec = y#yvec’
by (cases yvec) auto
then have Eq: (vz|)((v*zvec’ )M <’ P) = (vy)((v+yvec')N <’ (Q || R))
by simp
from (axvec = z#avec’ <yvec=yFyvecr <wvec fx yvec) have z # y and z f
yvec’ and y § zvec’ and zvec’ #* yvec’
by auto
from Eq <z # y have Eq": (vxavec\M <’ P = [(z, y)] - (vxyvec')N <’ (Q ||
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R)
and zFreshQR: z § (vxyvec')N <’ (Q || R)
by (simp add: boundOutput.inject alpha)+
have IH: Azvec yvec M N P @ R. [(vxavec)M =<' (P::("a, 'b, 'c) psi) =
(vxyvec)N <" (Q || R); avec * yvec; n = length zvec] = Ip T. set p C set zvec
x set yvec N P =T || (p+ R) N (vxzvec)M <" T = (vxyvec)N <’ Q
by fact
show ?case
proof(cases z § (vxzvec') M <’ P)
assume z f (vxzvec’)M <’ P
with Eq have yFreshQR: y § (vxyvec)N <’ (Q || R)
by (rule boundOutputEqFresh)
with Eq’ zFreshQR have (vxzvec\M <’ P = (vxyvec )N <’ (Q || R)
by simp
with «zvec’ #x yvec’ <length zvec’ = n»
obtain p T where S: set p C set zvec’ x set yvec’and P = T || (p - R)
and A: (vxzvec )M <" T = (vxyvec')N <" Q
by (auto dest: IH)
from yFreshQR zFreshQR have yFreshQ: y § (v+yvec )N <’ Q and zFreshQ:
z § (vxyvec)N <" Q
by (force simp add: BOresChainSupp fresh-def boundOutput.supp psi.supp)+
then have (vz))((vxyvec' )N <’ Q) = (vy)((vxyvec’ )N <’ Q) by (subst
alphaBoundOutput) simp+
with A4 have (vz)((vxzvec’ )M <’ T) = (vy)((v+yvec)N <’ Q) by simp
with (azvec=z#zvec’ (yvec=y#yvec» S <P = T | (p - R)> show ?case
by auto
next
assume —(z § (vxzvec')M <’ P)
then have z € supp((v*xzvec’ )M <’ P) by(simp add: fresh-def)
with Eq have y € supp((vxyvec’)N <" (Q || R))
by (rule bound OutputEqSupp)
then have y  yvec’ by (simp add: BOresChainSupp fresh-def)
with Fq’ <z § yvec”» have (vxavec )M <’ P = (vxyvec')([(z, y)] - N) <’
([ )] - Q) || (((z, )] - )
by (simp add: equts)
moreover note <zvec’ fx yvec’s (length zvec’ = n»
ultimately obtain p T where S: set p C set zvec’ X set yvec’ and P = T
| (b (2 9)] - B) and A: (uazwec)M <" T = (uryvee) (@, 3)] - N) <" ([(z 9)]
- Q)
by (auto dest: IH)

from S have set(pQ[(z, y)]) C set(z#zvec’) x set(y#yvec’) by auto
moreover from <P =T || (p - [(z, y)] - R)>» have P =T | ((p Q [(z, v)])
. R)
by (simp add: pt2[OF pt-name-inst))
moreover from zFreshQR have zFreshQ: z § (vxyvec’)N <’ Q
by (force simp add: BOresChainSupp fresh-def boundOutput.supp psi.supp)+
with <z § yvec’ <y § yvec” <z # y have y ¢ (vxyvec')([(z, y)] - N) <’ ([(=,

vl - Q)
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by(simp add: fresh-left calc-atm)
with <z  yvec’ <y # yvec» have (vz|((vxyvec')([(z, v)] - N) <’ ([(z, y)] -
Q) = (vy)((v*yvec’ )N <" Q)
by (subst alphaBoundOutput) (assumption | simp add: equts)+
with A have (vz))((vxzvec' )M <’ T) = (vy)((vryvec )N <’ Q) by simp
ultimately show ?thesis using «zvec=z#xvec’s (yvec=y#tyvec”
by — (rule exI[where x=pQ[(z, y)]], force)
qed
qed
ultimately show ?thesis
by blast
qed

lemma boundOutputPar2Dest:
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N :'a

and @ ! , 'c) psi

= (‘a, b
and R :: (‘a, b, 'c) psi

assumes (vxzvec)M <" P = (vxyvec)N <’ (Q || R)
and zvec fix Q
and yvec fix Q

obtains T where P = Q | T and (vxavec)M <’ T = (vxyvec)N <’ R
proof —
assume AT. [P = Q | T; (vxavec)M <' T = (vxyvec)N <’ R] = thesis
moreover obtain n where n = length xvec by auto
with assms have 3T. P = Q | T A (vxavec)M <’ T = (vkyvec)N <’ R
proof (induct n arbitrary: zvec yvec M N P @ R)
case(0 zvec yvec M N P Q R)
have Eq: (vxzvec)M <’ P = (vxyvec)N <’ (Q || R) by fact
from <0 = length zvec) have zvec = || by auto
moreover with Fq have yvec = |]
by (cases yvec) auto
ultimately show Zcase using Fq
by (simp add: boundOutput.inject)
next
case(Suc n zvec yvec M N P Q R)
from <Suc n = length zvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from ((vszvec)M <’ P = (vxyvec)N <’ (Q || R)» <zvec = z # zvec’
obtain y yvec’ where (vx(z#avec’))M <’ P = (vx(y#Hyvec))N <" (Q || R)
and yvec = y#yvec’
by (cases yvec) auto
then have EQ: (vz|)((v*zvec' )M <’ P) = (vy)((v+yvec')N <" (Q || R))
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by simp
from <xvec fx Q) <yvec {x Q> <xvec = z#avec’ yvec = y#Hyvec
have z § Q and zvec’ fx Q and y § Q and yvec’ fix @ by auto
have IH: Azvec yvec M N P @ R. [(vxavec)M =<' (P::("a, 'b, 'c) psi) =
(vxyvec)N <" (Q || R); zvec t* Q; yvec fx Q; n = length avec] = I T. P = Q ||
T A (vxavec)M <’ T = (vxyvec)N <" R
by fact
show ?case
proof(cases x = y)
assume = y
with EQ have (vxavec')M <’ P = (v*xyvec')N <’ (Q || R)
by (simp add: boundOutput.inject alpha)
with <zvec’ % Q> «yvec’ tx Q> <length zvec’ = n»
obtain 7 where P = Q || T and (v*zvec’)M <’ T = (vxyvec)N <’ R
by (auto dest: IH)
with <zvec=z#zvec’s <yvec=y#yvec» <z=y> show ?Zcase
by (force simp add: boundOutput.inject alpha)
next
assume z # y
with EQ <z 8§ @ <y i @
have Qe <P = (o ) - e )+ ) <@ ()
- R
and xFreshQR: z § (vxyvec )N <’ (Q || R)
by (simp add: boundOutput.inject alpha equts)+
moreover from (yvec’ x @Q» have ([(z, y)] - yvec’) tx ([(z, y)] - Q)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § @ <y § @ have ([(z, y)] - yvec’) t* Q by simp
moreover note <zvec’ fix Q> <length zvec’ = n»
ultimately obtain T where P = Q || T and A: (vszvec )M <’ T = (vx([(z,
)] - yoec))(((z )] - N) <7 ([(, )] - B)
by (auto dest: IH)

from A have (vz|)((vxzvec' )M <’ T) = (vz)((v+([(z, v)] - yvec)([(z, y)]
L N) < ([, )] - R)
by (simp add: boundOQutput.inject alpha)
moreover from zFreshQR have z f (vxyvec)N <’ R
by (force simp add: boundOutputFresh)
ultimately show ?thesis using <P = Q || T» <zvec=z#zvec”) <yvec=y#yvec”
zFresh@QR
by (force simp add: alphaBoundOQutput name-swap equts)
qed
qed
ultimately show %thesis
by blast
qed

lemma boundOQutputPar2Dest"”:

fixes zvec :: name list
and M :: ‘a:fs-name
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and P :: (a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N :'a

and Q@ :: (‘a, b, 'c) psi

and R :: (‘a, b, 'c) psi

assumes (vxzvec)M <" P = (vxyvec)N <’ (Q || R)
and avec fx yvec

obtains T p where set p C set zvec X set yvec and P = (p - Q) || T and
(vxazvec)M <" T = (vsyvec)N <' R
proof —
assume Ap T. [set p C set zvec x set yvec; P = (p - Q) | T; (vxavec)M <’ T
= (vxyvec)N <’ R] = thesis
moreover obtain n where n = length xzvec by auto
with assms have Ip T. set p C set zvec x set yvec N P = (p - Q) || T A
(vxzvec)M <’ T = (vsyvec)N <’ R
proof (induct n arbitrary: zvec yvec M N P @ R)
case(0 zvec yvec M N P Q R)
have Eq: (vxzvec)M <’ P = (vxyvec)N <’ (Q || R) by fact
from <0 = length zvec) have zvec = [| by auto
moreover with Fq have yvec = |]
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundOutput.inject)
next
case(Suc n zvec yvec M N P Q R)
from <Suc n = length zvec
obtain z zvec’ where xvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from «(v*zvec)M <’ P = (v*yvec)N <’ (Q || R)) <zvec = z # zvec’
obtain y yvec’ where (vx(z#zvec )M <" P = (v+(y#yvec))N <" (Q || R)
and yvec = y#yvec’
by (cases yvec) auto
then have Eq: (vz|)((vxzvec )M <’ P) = (vy)((vxyvec’)N <’ (Q || R))
by simp
from (xvec = z#zvec’ <yvec=yFtyvec <xvec fx yvec) have z # y and z f
yvec’ and y § zvec’ and zvec’ #x yvec’
by auto
from Eq <z # y» have Eq”: (vxzvec')M <' P = [(z, y)] - (v*yvec )N <" (Q |
R)
and zFreshQR: z t (v+yvec )N <’ (Q || R)
by (simp add: boundOutput.inject alpha)+
have IH: Azvec yvec M N P Q R. [(vxavec)M <’ (P::('a, 'b, 'c) psi) =
(vxyvec)N <’ (Q || R); =xvec fi* yvec; n = length zvec] = Ip T. set p C set zvec
x set ypec NP =(p- Q)| T A (vrzvec)M <" T = (vxyvec)N <’ R
by fact
show Zcase
proof(cases z § (vxzvec')M <’ P)
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assume z { (v*xzvec )M <’ P
with Eq have yFreshQR: y £ (vxyvec)N <’ (Q || R)
by (rule boundOutputEqFresh)
with Eq’ ©FreshQR have (vsazvec )M <’ P = (vxyvec’ )N <’ (Q || R)
by simp
with <zvec’ #x yvec’s <length zvec’ = n»
obtain p T where S: set p C set zvec’ x set yvec'and P = (p - Q) | T
and A: (vxavec' )M <' T = (vxyvec)N <' R
by (auto dest: IH)
from yFreshQR zFreshQR have yFreshR: y § (vxyvec )N <’ R and xzFreshQ):
x f (vxyvec)N <’ R
by (force simp add: BOresChainSupp fresh-def boundOQutput.supp psi.supp)+
then have (vz)((vxyvec)N <" R) = (vy|)((vxyvec )N <’ R) by (subst
alphaBoundOutput) simp+
with A have (vz|)((vxavec’ )M <’ T) = (vy|)((vxyvec')N <’ R) by simp
with (axvec=x#zvec’ (yvec=y#Hyvec» S <P = (p - Q) || T> show Zcase
by auto
next
assume —(z § (vxzvec’)M <’ P)
then have z € supp((vxzvec’)M <’ P) by(simp add: fresh-def)
with Eq have y € supp((vxyvec’)N <" (Q || R))
by (rule boundOutputEqSupp)
then have y  yvec’ by(simp add: BOresChainSupp fresh-def)
with Eq’ <z § yvec” have (vxavec' )M <’ P = (vxyvec')([(z, y)] - N) <’
((l(z, »I - Q) I ([(z, y)] - R))
by (simp add: equts)
moreover note <zvec’ i yvec’ <length zvec’ = n»
ultimately obtain p T where S: set p C set zvec’ X set yvec’ and P = (p
(@ 1)) - Q) || T and A: (vezvec’)M < T = (uaguec)([(z, )] - N) < (3, 3)]
. R)
by (auto dest: IH)

from S have set(pQ[(z, y)]) C set(z#zvec’) x set(y#yvec’) by auto
moreover from P = (p - [(z, )] - Q) | T> have P = ((p @ [(z, 1)]) - Q)
|7
by (simp add: pt2[OF pt-name-inst))
moreover from zFreshQR have zFreshR: x § (vxyvec’ )N <’ R
by (force simp add: BOresChainSupp fresh-def boundOQutput.supp psi.supp)+
with <z § yvec” <yt yvec’ «x # y» have y ¢ (vxyvec')([(z, y)] - N) <" ([(z,
y) - R)
by (simp add: fresh-left calc-atm)
with <z § yvec’ <y § yvec» have (vz|((v+yvec')([(z, v)] - N) <’ ([(z, y)] -
R)) = (vy)((v+yvec’ )N <" R)
by (subst alphaBoundOutput) (assumption | simp add: equts)+
with A have (vz|)((vxzvec’ )M <’ T) = (vy)((vxyvec')N <’ R) by simp
ultimately show ?thesis using (zvec=z#zvec’s (yvec=y#yvec”
by (force intro!: exI[where z=pQ[(z, y)]])
qed
qed
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ultimately show ?thesis
by blast
qed

lemma boundQutputApp:
fixes zvec :: name list
and yvec :: name list
and B : (‘a:fs-name, 'b::fs-name, 'c::fs-name) boundOutput

shows (vx(2vecQyuec)) B = (vxavec))((v+yvec|) B)
by (induct zvec) auto

lemma openlnjectAuz:
fixes zvecl :: name list
and z : name
and zvec?2 :: name list
and yvec :: name list

assumes length(zvecl Qr#avec?) = length yvec

shows Jyvecl y yvec2. yvec = yvecl Qy#yvec2 A length zvecl = length yvecl A
length zvec2 = length yvec2

apply(rule exl[where z=take (length zvecl) yvec])

apply(rule exl[where z=yvec ! length zvecl))

apply(rule exl[where z=drop (length zvecl+1) yvec])

using assms by(auto simp add: id-take-nth-drop)

lemma boundOutputOpenDest:
fixes yvec :: name list

and M  :: 'a:fs-name

and P :: (‘a, 'bifs-name, 'c::fs-name) psi
and zvecl :: name list

and z :: name

and zvec?2 :: name list

and N :='a

and Q@ :: (Ya, b, 'c) psi

assumes Eq: (v+(zvecl Qr#zvec2))M <’ P = (vxyvec)N <" Q
and =z f zvecl
and =z f yvec
and zf# N
and =zt Q

and distinct yvec

obtains yvecl y yvec2 where yvec=yvecl Qy#yvec2 and length zvecl = length
yvecl and length xvec? = length yvec2
and (vx(zvec! Qzvec2))M <’ P = (vx(yvecl Qyuvec2))([(z, v)] - N) <’ ([(z, )]

- Q)
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proof —
assume Ass: Ayvecl y yvec2.
[yvec = yvecl @ y # yvec?; length xvecl = length yvecl; length zvec2 =
length yvec2;
(vx(zvecl @Q zvec2))M <’ P = (v*(yvecl Q yvec2))([(z, y)] - N) <’ ([(=,
y)l - Q)
= thesis
from Fq have length(zvecl Qz#avec?) = length yvec by (rule boundOQutput ChainEqLength)
then obtain yvecl y yvec2 where A: yvec = yvecl Qy#yvec2 and length xvecl
= length yvecl
and length zvec2 = length yvec2
by(metis openInjectAuz sym)

from <distinct yvec> A have y § yvec2 by simp

from A <x § yvec) have z § yvec2 and z § yvecl by simp+

with FEq <length zvecl = length yvecl> <x § N> <z § Q> <y yvec2> <x § zvecls A

have (v*(zvecl Qzvec2))M <’ P = (vx(yvecl Qyuec2))([(z, y)] - N) <’ ([(z, y)]
- Q)

by (force dest: boundOutput ChainOpenlH simp add: boundOutputApp BOresChain-
Supp fresh-def boundOutput.supp equts)

with <length zvecl = length yvecls <length xvec2 = length yvec2) A Ass show
Zthesis

by blast

qed

lemma boundQutputOpenDest':
fixes yvec :: name list

and M :: 'a:fs-name

and P :: (‘a, 'b:fs-name, 'c::fs-name) psi
and zvecl :: name list

and z : name

and zvec?2 :: name list

and N :'a

and Q@ :: (Ya, b, 'c) psi

assumes Eq: (v+(avecl Qr#zvec2))M <’ P = (vxyvec)N <’ Q
and z f zvecl
and =z f yvec
and z# N
and =z @

obtains yvecl y yvec2 where yvec=yvecl Qy#yvec2 and length zvecl = length
yvecl and length zvec2 = length yvec2
and (vx(avecl Qrvec2))M <’ P = (v+(yvecl Q[(z, y)] « yvec2))([(z, y)] - N) <’
(I(z, )] - Q)
proof —
assume Ass: A\yvecl y yvec2.
[yvec = yvecl Q y # yvec2; length xvecl = length yvecl; length zvec2 =
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length yvec2;
(vx(zvecl Q zvec2))M <’ P = (v*(yvecl Q ([(z, v)] - yvec2)))([(z, v)] -
N) </ (2 )] - Q)]
= thesis
from Fq have length(zvecl Qz#tzvec2) = length yvec by (rule boundOutput ChainEqLength)
then obtain yvec! y yvec2 where A: yvec = yvecl Qy#yvec?2 and length zvecl
= length yvecl
and length zvec2 = length yvec?2
by (metis openInjectAuz sym)

from A <z f yvec> have z f yvec? and z § yvec! by simp+

with FEq <length zvecl = length yvecly <z § Ny <z § @ <z §f xveclr A

have (v*(zvecl Qrvec2))M <’ P = (v*(yvecl Q([(z, y)] - yvec2)))([(z, y)] + N)
<" ([(z, y)] - Q)

by (force dest: boundOutputChainOpenlH simp add: boundOutputApp BOresChain-
Supp fresh-def boundOutput.supp equts)

with <length zvecl = length yvecl) <length zvec2 = length yvec2» A Ass show
?thesis

by blast

qed

lemma boundQOutputScopeDest:
fixes zvec :: name list

and M :: 'a:fs-name

and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
and yvec :: name list

and N :'a

and =z :: name

and Q@ :: (‘a, 'b, 'c) psi

assumes (vxzvec)M <’ P = (vxyvec)N <’ (vz)) Q
and z f zvec
and =z f yvec

obtains R where P = (vz))R and (vxzvec)M <’ R = (vxyvec)N <’ Q
proof —
assume AR. [P = (vz)R; (vxavec)M <’ R = (vxyvec)N <’ Q] = thesis
moreover obtain n where n = length zvec by auto
with assms have 3R. P = (vz)R A (vxzvec)M <’ R = (vsyvec)N <’ Q
proof (induct n arbitrary: zvec yvec M N P @ z)
case(0 avec yvec M N P Q 2)
have Fq: (vxzvec)M <’ P = (vxyvec)N <’ (vz)Q by fact
from <0 = length zvec) have zvec = [| by auto
moreover with Fq have yvec = []
by (cases yvec) auto
ultimately show ?case using Eq
by (simp add: boundOutput.inject)
next
case(Suc n zvec yvec M N P Q z)
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from «Suc n = length xvec»
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by (cases zvec) auto
from «(vsazvec)M <’ P = (vxyvec)N <’ ((v2) Q) <axvec = x # xvec’
obtain y yvec’ where (vx(z#zvec’))M <’ P = (vx(y#Hyvec))N <’ (vz)Q
and yvec = y#yvec’
by (cases yvec) auto
then have EQ: (vz|)((v*xzvec )M <’ P) = (vy)((vxyvec')N <’ (vz) Q)
by simp
from <z f zvec) <z f yvecr <xvec = xFzvec’ (yvec = yHyvec’
have z # z and 2z # y and z § zvec’ and z § yvec’
by simp+
have IH: Azvec yvec M N P Q z. [(vxzvec)M <’ (P::('a, 'b, 'c) psi) =
(vxyvec)N <’ (vz) Q; = § avec; z § yvec; n = length zvec] = I R. P = (vz)R A
(v*xzvec)M <’ R = (vkyvec)N <’ Q
by fact
show ?case
proof(cases x = y)
assume z = y
with EQ have (vszvec')M <’ P = (vxyvec')N <’ (vz)Q
by (simp add: boundOutput.inject alpha)
with <z ff zvecy <z § yvec’s <length zvec’ = n»
obtain R where P = (vz)R and (vxzvec')M <’ R = (vxyvec')N <’ Q
by (auto dest: IH)
with «zvec=z#zvec’s <yvec=y#yvec’» <z=y> show ?Zcase
by (force simp add: boundOutput.inject alpha)
next
assume z # y
with EQ <z # x <z # o
have (vxzvec’ )M <" P = (vx([(z, y)] - yoec))([(z, y)] - N) <" (v2)([(z, y)]
- Q)
and zFreshzQ: z § (v+yvec' )N <’ (vz) Q
by (simp add: boundOutput.inject alpha equts)+
moreover from <z # x> <z # y «z § yvec <x # y have z 1 ([(z, y)] - yvec’)
by(simp add: fresh-left calc-atm)
moreover note <z f zvec’ (length zvec’ = n»
ultimately obtain R where P = (vz)R and A: (v+zvec )M <’ R = (v«([(x,
o)) - yoee)) (@ )] - N) <" ([(z ) - Q)
by (auto dest: IH)

from A have (vz|)((vxzvec’ )M <' R) = (vz)((v([(z, y)] - yvec"))([(z, y)] -
N) < ([ 9)] - Q)
by (simp add: boundOutput.inject alpha)
moreover from zFreshz@Q <z # x> have z § (vxyvec' )N <’ Q
by (simp add: boundOutputFresh abs-fresh)
ultimately show ?thesis using <P = (vz|) Ry <zvec=z#zvec’s «yvec=y#yvec”
zFreshz@
by (force simp add: alphaBoundOQutput name-swap equts)
qed
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qed
ultimately show ?thesis
by blast
qed

nominal-datatype ('a, 'b, 'c) residual =
RIn 'a:fs-name 'a ('a, 'b::fs-name, 'c::fs-name) psi
| RBrin 'a:fs-name 'a (‘a, 'b::fs-name, 'c::fs-name) psi
| ROut 'a (‘a, 'b, 'c¢) boundOutput
| RBrOut 'a ('a, 'b, 'c) boundOutput
| RTau ('a, 'b, 'c) psi

nominal-datatype ‘a action = In 'a::fs-name 'a (<=(-)> [90, 90] 90)
| Brin 'a:fs-name 'a («<z-(-)> [90, 90] 90)
| Out 'a::fs-name name list 'a  («-(vx-){-)» [90, 90, 90] 90)
| BrOut 'a::fs-name name list 'a (3j-(v+-)(-)> [90, 90, 90] 90)

| Tau (xm> 90)
nominal-primrec bn :: (‘a::fs-name) action = name list
where
bn (M(N)) =[]
| on (UM(N)) = ]

| bn (M (vxzvec)(N)) = zvec
| bn (M (vxavec)(N)) = zvec
| bn (7) = ]

by (rule Truel)+

lemma bnEqut[equt]:
fixes p :: name prm
and «a :: (‘a::fs-name) action

shows (p - bn ) = bn(p - @)
by (nominal-induct « rule: action.strong-induct) auto

nominal-primrec create-residual :: ('a::fs-name) action = ('a, 'b::fs-name, 'c::fs-name)
psi = ('a, 'b, 'c) residual (x- < - [80, 80] 80)

where

(M(N)) < P = RIn M N P

| ((M(N)) < P = RBrln M N P

| M(v*avec)(N) < P = ROut M ((v*zvec)(N <’ P))

| ((M(vxavec))(N)) < P = RBrOut M ((v+zvec)(N <’ P))

| 7 < P = (RTau P)

by(rule Truel)+

nominal-primrec subject :: ('a::fs-name) action = 'a option
where
subject (M(NJ|)) = Some M
| subject ((M(N)) = Some M
| subject (M (v+zvec)(N)) = Some M
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| subject (jM(v*zvec)(N)) = Some M
| subject () = None
by (rule Truel)+

nominal-primrec object :: (‘a::fs-name) action = ’a option
where
object (M(N)) = Some N
| object (;M(N)) = Some N
| object (M (vxzvec|)(N)) = Some N
| object (M (vxzvec)(N)) = Some N
| object (1) = None
by (rule Truel)+

lemma optionFreshChain|simp]:
fixes zvec :: name list
and X :: name set

shows zvec #x (Some x) = zvec #x z
and X #x (Some z) = X #x z
and zvec #x None
and X fix None
by (auto simp add: fresh-star-def fresh-some fresh-none)

lemmas [simp] = fresh-some fresh-none

lemma actionFresh[simp]:
fixes z :: name
and « :: (‘a::fs-name) action

shows (z # o) = (z § (subject @) A z § (bn a) A z § (object «))
by (nominal-induct a rule: action.strong-induct) auto

lemma actionFreshChain[simp]:
fixes X :: name set
and a : (‘a:fs-name) action
and zvec :: name list

shows (X f#x ) = (X fx (subject o) A X #x (bn a) A X tx (object o))
and (zvec #* a) = (avec #* (subject ) A zvec g% (bn a) A avec t* (object o))
by (auto simp add: fresh-star-def)

lemma subjectEqut]equt]:
fixes p :: name prm

and « :: (‘a::fs-name) action

shows (p - subject ) = subject(p - @)
by (nominal-induct a rule: action.strong-induct) auto

lemma okjectEqut[equt]:
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fixes p :: name prm
and «a :: (‘a::fs-name) action

shows (p - object o) = object(p - )
by (nominal-induct o rule: action.strong-induct) auto

lemma create-residual Equt|equt]:
fixes p :: name prm
and « :: (‘a::fs-name) action
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

shows (p- (@« < P))=(p-a)<(p-P)
by (nominal-induct « rule: action.strong-induct)
(auto simp add: equts)

lemma residualFresh:
fixes z :: name
and « :: ‘a:fs-name action
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

shows (z § (a < P)) = (z § (subject a) A (z € (set(bn(a))) V (z § object(a) A x
: P)
by (nominal-induct « rule: action.strong-induct)
(auto simp add: fresh-some fresh-none boundQutputFresh)

lemma residualFresh2[simp]:
fixes z :: name
and « :: (‘a::fs-name) action
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

assumes = ff «
and =zt P

shows z f a < P
using assms
by (nominal-induct o rule: action.strong-induct) auto

lemma residualFreshChain2[simp):
fixes zvec :: name list

and X :: name set
and o : (‘a:fs-name) action
and P :: (a, 'b::fs-name, 'c::fs-name) psi

shows [zvec §* a; zvec t* P] = zvec % (a < P)
and [X #x o; X fx P] = X t* (a« < P)
by (auto simp add: fresh-star-def)

lemma residualFreshSimp|simp]:
fixes = :: name
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and M :: 'a:fs-name
and N :: 'a
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

shows z f (M(N) < P)=(zf4 M Azg NAztP)
and z f (; M(N) < P)=(xtMANztNAztP)
and z § (M(vxazvec)(N) < P) = (¢ § M A z § ((vxavec)(N <" P)))
and z § (jM(vxzvec)(N) < P) = (z § M A z § ((v*xzvec|) (N <’ P)))
and z f (1 < P) = (z  P)
by (auto simp add: residualFresh)

lemma residuallnject':

shows (¢ < P=RIn M N Q)= (P=Q AN a=M(|N))
and (¢ < P=RBrin M N Q) = (P = Q A a = [M(N))
and (« < P = ROut M B) = (Jzvec N. « = M (vxavec))(N) A B = (vxzvec|) (N
<Py
and (a < P = RBrOut M B) = (3avec N. a = M (vxzvec))(N) A B = (vxavec|) (N
<))
and (¢ < P=RTau Q) = (a =7 AN P = Q)
and (RIn MNQ=a <P)=(P=Q A a= M(N))
and (RBrin M N Q =a < P)=(P=Q AN a=;M(N))
and (ROut M B = a < P) = (Javec N. « = M (vxavec))(N) A B = (vxzvec|) (N
=<' P))
and (RBrOut M B = a < P) = (Javec N. a = M (vxzvec)) (N) A B = (vxavec)) (N
<Py
and (RTau @ =a < P)=(a=7ANP = Q)
proof —
show (e < P=RInMN Q) = (P = QA a= M(N))
by (nominal-induct o rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (¢ < P=RBrin M N Q) = (P = Q AN o = {M(NJ)
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (o < P = ROut M B) = (3avec N. a = M(vxzvec)(N) A B = (v*zvec)) (N
<'p)
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (a« < P = RBrOut M B) = (Jazvec N. o = {M(vsavec)(N) N B =
(vxzvec)(N <’ P))
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (a < P=RTou Q) = (a=7 A P = Q)

by (nominal-induct « rule: action.strong-induct)
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(auto simp add: residual.inject action.inject)
next
show (RIn M N Q=a < P)=(P= QA a=M(N))
by (nominal-induct o rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (RBrin M N @ =a < P) = (P = QAN a = M(|NJ))
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (ROut M B = o < P) = (3avec N. a = M(vxzvec)(N) A B = (v*zvec)) (N
<'p))
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (RBrOut M B = o < P) = (Jazvec N. o = {M(vsavec)(N) N B =
(vxzvec)(N <’ P))
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
next
show (RTau Q@ =a < P)=(a=7AP =Q)
by (nominal-induct « rule: action.strong-induct)
(auto simp add: residual.inject action.inject)
qed

lemma residualFresh ChainSimp[simpl:
fixes zvec :: name list

and X :: name set

and M :: 'a:fs-name

and N :'a

and yvec :: name list

and P :: (a, 'b::fs-name, 'c::fs-name) psi

shows zvec tx (M(N|) < P) = (zvec i+ M A zvec ix N A zvec §* P)
and avec fx ((M(N) < P) = (zvec fx M A zvec i+ N A zvec fx P)
and zvec fx (M (vxyvec)(N) < P) = (zvec §x M A zvec §* ((vxyvec)(N <’ P)))
and zvec fx ((M(vxyvec))(N) < P) = (zvec *+ M A zvec fx ((vxyvec)(N <’ P)))
and zvec #x (1 < P) = (avec fx P)
and X tx (M(N) < P) = (X t+ M A X #+ N A X # P)
and X #x (QM(N) < P) = (X t+ M A X #x N A X tx P)
and X fx (M(vxyvec)(N) < P) = (X #x M A X tx ((vxyvec)(N <’ P)))
and X fx (jM(vxyvec)(N) < P) = (X fx M A X #x ((vxyvec)(N <’ P)))
and X fx (1 < P) = (X #x P)
by (auto simp add: fresh-star-def)

lemma residualFreshChainSimp2[simp:
fixes zvec :: name list
and X :: name set
and M :: 'a:fs-name
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and N :'a
and yvec :: name list
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

shows zvec §x (RIn M N P) = (avec fix M A zvec x N A zvec tix P)
and zvec #x (RBrin M N P) = (zvec % M A zvec §x N A zvec #x P)
and avec #x (ROut M B) = (zvec tx M A zvec #* B)
and zvec #x (RBrOut M B) = (zvec g% M A zvec §x B)
and avec #x (RTau P) = (zvec fx P)
and X #+ (RIn M N P) = (X t+ M A X tx N A X #x P)
and X #x (RBrin M N P) = (X t* M A X #x N A X #x P)
and X fx (ROut M B) = (X #x M A X t* B)
and X #x (RBrOut M B) = (X * M AN X #x B)
and X #x (RTau P) = (X #x P)
by (auto simp add: fresh-star-def)

lemma freshResidual3[dest]:
fixes = :: name
and «a :: (‘a::fs-name) action
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi

assumes z f bn «
and zfa <P

shows z f a and z §f P
using assms
by (nominal-induct rule: action.strong-induct) auto

lemma freshResidualChain3[dest]:
fixes zvec :: name list
and a = (‘a:fs-name) action
and P :: (a, 'b::fs-name, 'c::fs-name) psi

assumes zvec fx (a < P)
and zvec fx bn «

shows zvec fx a and zvec fx P
using assms
by (nominal-induct rule: action.strong-induct) auto

lemma freshResidualf[dest]:
fixes = :: name
and « :: (‘a::fs-name) action
and P :: ('a, 'b::fs-name, 'c::fs-name) psi

assumes z ff « < P

shows z f subject a
using assms
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by (nominal-induct rule: action.strong-induct) auto

lemma freshResidualChaind [dest]:
fixes avec :: name list
and a = (‘a:fs-name) action
and P :: (a, 'b::fs-name, 'c::fs-name) psi

assumes zvec fx (@ < P)
shows zvec tix subject o
using assms

by (nominal-induct rule: action.strong-induct) auto

lemma alphaOutputResidual:

fixes M :: 'a:fs-name
and zvec :: name list
and N :'a
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
and p :: name prm

assumes (p + avec) fx N
and (p - zvec) * P
and set p C set avec X set(p + zvec)
and set xvec C set yvec

shows M (vsyvec)(N) < P = M(vx(p - yvec)){(p + N)) < (p - P)
and [M (vxyvec)(N) < P = {M(v+(p - yvec))((p - N)) < (p - P)
using assms
by (simp add: boundOutputChainAlpha'’)+

lemmas|[simp del] = create-residual.simps
lemma residuallnject’”:
assumes bn o = bn f3
shows (¢ < P=3<Q)=(a=8AP=Q)
using assms
by (nominal-induct « rule: action.strong-induct)
(force simp add: residual.inject create-residual.simps residuallnject’ action.inject

boundOutput.inject)+

lemmas residuallnject = residual.inject create-residual.simps residuallnject’ resid-
uallnject”

lemma bnFreshResidual[simp]:
fixes « :: (‘a::fs-name) action

shows (bn «) #x (o < P) = bn « #* (subject o)
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by (nominal-induct « rule: action.strong-induct)
(auto simp add: residualFresh fresh-some fresh-star-def)

lemma actionCases|[case-names cInput cBrinput ¢cOutput c¢BrOutput ¢ Tau):

fixes « :: (‘a::fs-name) action

assumes AM N. a = M(N|) = Prop
and AMN.a = M(N|) = Prop
and AM zvec N. « = M(vxavec)(N) = Prop
and AM zvec N. o = (M (vxavec|)(N) = Prop
and o =7 = Prop

shows Prop
using assms
by (nominal-induct o rule: action.strong-induct) auto

lemma actionPariDest:
fixes «a :: (‘a::fs-name) action
and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
and 8 :: (‘a::fs-name) action
and Q :: (‘a, 'b, 'c) psi
and R :: (‘a, 'b, 'c) psi

assumes o < P = < (Q || R)
and bn «a fx bn 8

obtains T p where set p C set(bn «) x set(bn ) and P =T | (p -

<T=p<Q
using assms
by (cases rule: actionCases|where a=aq])
(force simp add: residuallnject dest: boundOutputPariDest’)+

lemma actionPar2Dest:
fixes « :: (‘a::fs-name) action
and P :: ('a, 'b::fs-name, 'c::fs-name) psi
and 8 :: (Ya::fs-name) action
and Q :: (‘a, 'b, 'c) psi
and R :: (‘a, 'b, 'c) psi

assumes o < P = < (Q || R)
and bn «a fx bn 8

R) and «

obtains T p where set p C set(bn ) x set(bn 8) and P = (p - Q) || T and «

<T=<R
using assms
by (cases rule: actionCasesjwhere a=q])

(force simp add: simp add: residuallnject dest: boundOutputPar2Dest’)+

lemma actionScopeDest:
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fixes « :: (‘a::fs-name) action

and P :: (‘a, 'b::fs-name, 'c::fs-name) psi
fixes 8 :: (‘a::fs-name) action

and z :: name

and Q :: (‘a, 'b, 'c) psi

assumes o < P = < (vz)Q
and =zt bn «
and =zt bn g

obtains R where P = (vz)Rand « < R=0 < Q
using assms boundQutputScopeDest
by (cases rule: actionCases[where a=a]) (force simp add: residuallnject)+

lemma emptyFreshName:
fixes z :: name
and M :: 'a:fs-name

assumes supp M = ({}::name set)

shows z § M
using assms
by (auto simp add: fresh-def)

lemma emptyFresh:
fixes zvec :: name list
and M :: 'a:fs-name

assumes supp M = ({}::name set)

shows zvec fx M
using assms by (induct zvec, auto simp add: emptyFreshName)

lemma permEmptyEq:
fixes p :: name prm
and M :: 'a:fs-name

assumes suppE: supp M = ({}::name set)

shows (p - M) =M
proof (induct p)
case Nil
then show ?Zcase by simp
next
case(Cons a p)
have p +- M = M by(rule Cons)
then have ([a] - p - M) = [a] -+ M by simp
then have ((a#p) - M) =[a] - M
by(simp add: pt2[OF pt-name-inst, symmetric])
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then show ?case using suppE perm-fresh-fresh
by (cases a) (simp add: fresh-def)
qed

abbreviation
outputJudge (<-(-)» [110, 110] 110) where M(N) = M(v=([]))(N)

abbreviation
brOutputJudge (<j-(-)» [110, 110] 110) where {M(N) = M (v«([])){(N)

declare [[unify-trace-bound=100]]

locale env = substPsi substTerm substAssert substCond +
assertion SCompose’ SImp’ SBottom' SChanEq’ SOutCon’ SInCon’
for substTerm :: ('a::fs-name) = name list = 'a::fs-name list = 'a
and substAssert :: ('b::fs-name) = name list = 'a::fs-name list = 'b
and substCond :: (‘c::fs-name) = name list = 'a::fs-name list = 'c
and SCompose’ :: 'b = b= 'b
and SImp’ 2 'b = "¢ = bool
and SBottom’ ::'b
and SChanEq’ :'a = 'a = 'c
and SOutCon’ ::'a = 'a='c
and SInCon’ :'a= "a='c
begin
notation SCompose’ (infixr «®> 90)
notation Simp’ (- + - [85, 85] 85)
notation Framelmp («- Fp - [85, 85] 85)
abbreviation
FBottomJudge (<Lp»> 90) where Lp = (FAssert SBottom')
notation SChanEq’ («- + - [90, 90] 90)
notation SOutCon’ (- <X - [90, 90] 90)
notation SinCon’ (<- = - [90, 90] 90)
notation substTerm («-[-:=-]> [100, 100, 100] 100)
notation subs («-[-:=-]» [100, 100, 100] 100)
notation AssertionStatEq («- ~ - [80, 80] 80)
notation FrameStatEq (- ~p - [80, 80] 80)
notation SBottom’ (<1 190)
abbreviation insertAssertion’ (<insertAssertion)) where insertAssertion’ = as-
sertionAuz.insertAssertion (®)

inductive semantics :: 'b = (‘a, 'b, 'c) psi = ('a, 'b, 'c) residual = bool
(<- > - +— = [50, 50, 50] 50)
where
clnput: [V F M < K; distinct zvec; set zvec C supp N; zvec fx Tvec;
length xvec = length Tvec;
avec fx U; avec fx M; zvec §x K] = U > M(Axavec N|).P —
K ((N[zvec::=Tvec])|) < Plavec::=Tvec]
| ¢Brinput:[V F K »= M; distinct zvec; set zvec C supp N; avec #§x Tvec;
length zvec = length Tvec;
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avec fx U5 qvec fx M; zvec §x K] = ¥ > M(Axavec N|).P —

LK ((N[zvec::=Tvec])) < Plzvec::=Tvec]
| Output: [¥ - M <> K] = ¥ > M(N).P — K(N) < P
| BrOutput: [¥ - M < K] = ¥ > M(N).P —s {K(N) < P

| Case: [V > P — Rs; (p, P) € set Cs; ¥ F ¢; guarded P] = ¥ > Cases
Cs — Rs
| cParl: [(¥ @ ¥g) > P+—a < P’; extractFrame Q = (Ag, Vq); distinct Ag;

| cPar2:

Ag tx P; Ag % Q; Ag #x U; Ag tx o Ag tx P'; distinct(bn «);
bn o fx U5 bn o fx Uo; bn a fx Q; bn a fx P; bn o fx (subject )] =
Uo P Q=< (P Q

[(T®TUp) > Q—a < Q) extractFrame P = (Ap, Up); distinct Ap;
Ap tx P; Ap tx Q; Ap #x U; Ap #x «; Ap #x Q'; distinct(bn a);
bn o fx U; bn a i Up; bn o fx P; bn a fx Q; bn o i+ (subject )] =
Ve P Q= (P Q)

| cComm1: [V ® Yo > P+ M(N) < P’; extractFrame P = (Ap, ¥p);
distinct Ap;

U ® Up > Qr— K(vszvec)(N) < Q' extractFrame Q = (Ag, ¥go);

distinct Ag;

Ve VUp Vgt M+ K;

AP ﬂ* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; AP ﬁ* M; AP ﬂ* N; AP ﬂ* P/;
Ap tx Q; Ap fx Q' Ap fx Ag; Ap f* zvec;

AQ ﬁ* \I/; AQ ﬂ* \I/p; AQ ﬂ* P; AQ ﬁ* N; AQ ﬂ* Pl;

Ag i+ Q; Ag i+ K; Ag tx Q'; Ag #* zvec; distinct zvec;

avec #x W; zvec §x Wp; avec §x Wq; avec fx P; zvec fx M;
avec #x Q; zvec fx K| =

U Pl Qv+ 7 =< (vravec)(P'| Q)

| cComm2: [V ® ¥g > P +— M(vszvec)(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;

Ag;

U ®@Upr> Qv+ K(N) < Q' extractFrame Q = (Ag, Vq); distinct

U Up @ U Me K,

Ap fx W; Ap fix Wo; Ap fx P; Ap fx M; Ap fix N; Ap fx P’
Ap i+ Q; Ap #x Q' Ap tx Ag; Ap ti* zvec;

Ag i U; Ag % Up; Ag fx P; Ag % N; Ag fx P/

Ag t* Q; Ag tx K; Ag tx Q' Ag #* zvec; distinct zvec;

zvec fx W; zvec i Wp; zvec ix Wo; zvec §x P; zvec §x M;
avec #x Q; zvec fx K| =

UpeP| Qv 7= (vsavec)(P' || Q)

| cBrMerge: [¥ ® ¥g > P — (M(N) < P’; extractFrame P = (Ap, ¥p);
distinct Ap;

AQ;

U@ Upr> Qv (M(N) < Q'; extractFrame Q = (Ag, Vq); distinct

AP ﬂ* \I/; Ap ﬂ* \I/Q; Ap ﬂ* P; Ap ﬂ* N; Ap ﬂ* P/;
Ap B Qs Ap tx Qs Ap §x Ag;

Ap ¥ M; Ag #x M,

AQ ﬁ* \I/; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ ﬂ* P/;
Ag tx @5 Ag 1+ Q] =

Ve P Q— (MIN) < (P Q)
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| ¢cBrComml1: [V ® ¥g > P +— ;M(N) < P’; extractFrame P = (Ap, Up);
distinct Ap;
U@ Up > Q— M(vsavec)(N) < Q'; extractFrame Q = (Ag, Vo);
distinct Ag;
Ap 4+ U5 Ap fx Wg; Ap fix Py Ap #x N; Ap x P,
Ap i+ Q; Ap #x Q' Ap tx Ag; Ap ti* zvec;
Ap ¥ M; Ag #x M,
AQ ﬁ* \I/; AQ ﬁ* \I/p; AQ ]i* P; AQ ﬁ* N; AQ ]j* P/;
Ag tx Q; Ag #x Q' Ag tx zvec; distinct zvec;
zvec fx W; zvec i Wp; zvec x Wo; zvec f* P;
avec fx Q; zvec tx M| =
U Pl Qv+ iM(vsavec)(N) < (P’ || Q")
| cBrComm?2: [V ® Vg > P+ M (vxzvec)(N) < P’ extractFrame P = (Ap,
Up); distinct Ap;
URUpb> Q— (M(N) < Q' extractFrame Q = (Aqg, Vg); distinct
AQ;
AP ﬂ* \IJ; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap b Qs Ap B Q% Ap £ Ags Ap te vec
Ap ¥ M; Ag #x M,
AQ ﬁ* \IJ; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ ﬂ* P/;
Ag tx @; Ag i+ Q'; Ag ti* zvec; distinct zvec;
avec x W; zvec fx Up; zvec fx Wo; zvec fx P;
avec fx Q; zvec fx M| =
U > P Qv+ M(vkzvec)(N) < (P'] Q)
| ¢BrClose: [¥ > P — (M (v*zvec)(N) < P/
T € supp M,
distinct zvec; zvec #x W; xvec fx P;
xvec fx M;
z ;2§ avec] =
U > (vz)P — 7 < (vz)((v+zvec) P’
| cOpen: ¥ > P — M(vx(zvecQyuec))(N) < P’ x € supp N; = § avec; x 4
yvec; x § M; x § U;
distinct zvec; distinct yvec;
zvec fx W zvec §x P; zvec fx M; zvec fx yvec; yvec §x U; yvec fx P,
yvec fx M| =
U > (vz)P — M(v+(zvecQr#yvec))(N) < P’
| ¢cBrOpen: [¥ > P +—— (M (vx(zvecQyuec))(N) < P’; x € supp N; z § zvec;
x f yvec; x ft M; x U,
distinct zvec; distinct yvec;
zvec fx U zvec §x P; zvec §x M; zvec fx yvec; yvec §x V; yvec fix P,
yvec fx M| =
U > (vz)P — (M (v+(2zvecQa#yvec))(N) < P’
| eScope: [V > Pr—a < Pzt Uzt a; bnatx¥; bn atx P; bn o fx
(subject a); distinct(bn )] = ¥ > (vz)P —a < ((vz) P’
| Bang: [¥ > P || !P — Rs; guarded P] = ¥ > |P — Rs

abbreviation
semanticsBottomJudge (- — -» [50, 50] 50) where P — Rs =1 1> P —
Rs
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equivariance env.semantics

nominal-inductive2 env.semantics
avoids clnput: set zvec
| ¢Brinput: set zvec
| cParl: set Ag U set(bn «)
| cPar2: set Ap U set(bn «)
| cComm1: set Ap U set Ag U set zvec
| cComm?2: set Ap U set Ag U set zvec
| cBrMerge: set Ap U set Ag
| cBrComm1: set Ap U set Ag U set zvec
| cBrComm?2: set Ap U set Ag U set zvec
| ¢BrClose: {z} U set zvec
| cOpen: {z} U set zvec U set yvec
| ¢BrOpen: {x} U set zvec U set yvec
| ¢Scope: {z} U set(bn «)
apply —
apply(force intro: substTerm.subst{Chain subst{Chain simp add:
abs-fresh residualFresh)+
apply(force intro: substTerm.subst4Chain subst4Chain simp
add: abs-fresh residualFresh boundQutputFresh boundQutputFreshSet fresh-star-def
resChainFresh)+
done

lemma nilTrans!:

fixes U b
and M :'a
and zvec :: name list
and N :'a

and P :: (‘a, 'b, 'c) psi
assumes ¥ > 0 — M (v*zvec)(N) < P

shows Fulse
using assms
apply —
by (ind-cases ¥ > 0 — M (vxzvec)(N) < P)

lemma nilTransi":

fixes U b
and M :'a
and zvec :: name list
and N :'a

and P :: (‘a, b, 'c) psi
assumes ¥ > 0 — (M (v*zvec)(N) < P

shows Fulse
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using assms

apply —
by (ind-cases U > 0 — [ M (vxzvec))(N) < P)

lemma nilTrans2:
fixes U = 'b
and Rs :: (‘a, 'b, 'c) residual

assumes ¥ > 0 — Rs
shows Fulse
using assms
apply/(cases rule: semantics.cases)

by (auto simp add: residuallnject)+

lemma nilTrans3:

fixes U b

and M :'a

and M’ :'a

and zvec :: name list
and yvec :: name list
and N :'a

and N/ :'a

and P ('a, 'b, 'c) psi
and P’ :: (‘a, b, 'c) psi

assumes ¥ >

shows Fulse
using assms
apply —
by (ind-cases
residuallngect)

M (A xzvec N|).P — M'(vxyvec)(N') < P’

U > M(Axzvec N|).P — M'(v*yvec)(N’)

lemma nilTrans3":

fixes U b

and M :'a

and M’ :'a

and zvec :: name list
and yvec :: name list
and N :=:'a

and N/ :'a

and P :: (‘a, b, 'c) psi
and P’ ("a, 'b, 'c) psi

assumes ¥ >

shows Fulse
using assms

M(Mxzvec N|).P — {M'(vxyvec))(N') < P’
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apply —
by(ind-cases ¥ > M(Axzvec N|).P — M (v*yvec)(N') < P’) (auto simp add:
residuallnject)

lemma nilTrans/:
fixes U :: b
and Rs :: (‘a, 'b, 'c) residual

assumes ¥ > M(Axzvec N|).P —s7 < P’
shows Fulse

using assms

apply/(cases rule: semantics.cases)

by (auto simp add: residuallnject)+

lemma nilTrans5:

fixesU b

fixes U/ b
and M :'a
and zvec :: name list
and N :'a

and P :: (‘a, b, 'c) psi
assumes ¥ > {U'} — M(vxavec)(N) < P

shows Fulse
using assms
apply —
by (ind-cases ¥ > {U'} — M(vxzvec))(N) < P)

lemma nilTranss .

fixes U ')

fixes U/ b
and M :'a
and zvec :: name list
and N :'a

and P :: (‘a, 'b, 'c) psi
assumes ¥ > {U'} — M (v*zvec)(N) < P

shows Fulse
using assms
apply —
by(ind-cases ¥ > {¥'} — M (vkzvec)(N) < P)

lemma nilTrans6:

fixes U b
and Rs :: ('a, 'b, 'c) residual
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assumes ¥ > {V'} — Rs

shows Fulse
using assms
apply(cases rule: semantics.cases)
by (auto simp add: residuallnject)+

lemma nilTrans|dest]:

fixes U b
and Rs :: (‘a, 'b, 'c) residual
and M :'a
and zvec :: name list
and N :'a
and P :: (‘a, b, 'c) psi
and K :'a
and yvec :: name list
and N' :'a

and P’ :: (‘a, 'b, 'c) psi
and CsP :: (‘e x ('a, 'b, 'c) psi) list
and U/ b

shows ¥ > 0 — Rs = Fulse
and U > M(Axavec N|).P — K (vxyvec))(N') < P’ = False
and U > M(Axzvec N|).P —iK (v+yvec))(N'y < P’ = False
and ¥ > M(Axzvec N|).P —7 < P’ = False
and ¥ > M(N).P —K(N') < P = Fulse
and ¥ > M(N).P —;K(N') < P’ = False
and ¥ > M(N).P —7 < P’ = Fulse
and ¥ > {U'} — Rs = False
apply —
apply (rule nilTrans2)
apply assumption
apply/(cases rule: semantics.cases) apply(force simp add: residuallnject)+
apply(cases rule: semantics.cases) apply(force simp add: residuallnject)+
apply(rule nilTrans4)
apply assumption
apply (cases rule: semantics.cases) apply(force simp add: residuallnject)+
apply(cases rule: semantics.cases) apply(force simp add: residuallnject)+
apply(cases rule: semantics.cases) apply(force simp add: residuallnject)+
apply(rule nilTrans6)
by assumption

lemma residualFEq:
fixes o :: 'a action
and P :: (‘a, b, 'c) psi
and S :: ‘a action
and Q :: (‘a, 'b, 'c) psi

assumes a < P =3 < Q)
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and bn o tx (bn B)
and distinct(bn «)
and distinct(bn )
and bn afx (o« < P)

and bn B #x (8 < Q)

obtains p where set p C set(bn o) x set(bn(p - «)) and distinctPerm p and
=p-aand @ =p- Pand bn afx fand bn a §x Q and bdn(p - ) §x o and
bn(p - a) ix P

using assms
proof(nominal-induct « rule: action.strong-induct)

case(In M N)

then show ?case by(simp add: residuallnject)
next

case(Brin M N)

then show Zcase by(simp add: residuallnject)
next

case(Out M zvec N)

then show ?case

using boundOutputChainEq" by (force simp add: residuallnject)

next

case(BrOut M zvec N)

then show ?case

using boundOutputChainEq" by (force simp add: residuallnject)

next

case Tau

then show Zcase by(simp add: residuallnject)
qed

lemma semanticsInduct[consumes 8, case-names cAlpha cInput cBrinput c¢Out-
put cBrOutput cCase cParl cPar2 cComml1 cComm2 cBrMerge cBrComml1 cBr-
Comm2 cBrClose cOpen c¢BrOpen cScope cBang:

fixes U = 'b
and P = (Ya, 'b, 'c) psi
and « 2 'a action
and P’ : (‘a, ', 'c) psi

and Prop : 'fifs-name = 'b = (‘a, 'b, 'c) psi =
‘a action = (‘a, b, 'c) psi = bool
and C o 'fufs-name

assumes ¥ > P ——a < P’
and bn o fx (subject «)
and distinct(bn «)
and rAlpha: AV P o P'p C. [bn « t*x U; bn « §x P; bn a f*x (subject @);
bn a fx C; bn a tx (bn(p + a));
set p C set(bn a) x set(bn(p « «)); distinctPerm p;
(bn(p - a)) #x «; (bn(p - «)) tx P’ Prop C ¥ P «
P =
Prop CU P (p-a)(p- P
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and rlnput: AV M K zvec N Tvec P C.
[¥ + M + K; distinct zvec; set zvec C supp N;
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C U (M (Axzvec N|).P)
(K ((N[zvec::=Tvec)))) (Plzvec::=Tvec])
and rBrinput: AV K M zvec N Tvec P C.
[¥ - K = M; distinct zvec; set zvec C supp N;
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C ¥ (M(Axzvec N|.P)
(; K((N[zvec::=Tvec]))) (Plzvec::=Tvec])
and rOutput: N\ M KNP C. [V + M + K] = Prop C ¥ (M(N).P)
(K(N)) P
and rBrOutput: AV M K NP C. [¥ - M < K] = Prop C ¥ (M(N).P)
(K(N)) P
and rCase: A® Pa P ¢ Cs C. [¥ > P+—a < P ANC. Prop C ¥ P a P/
(p, P) € set Cs; ¥+ ¢; guarded P] =
Prop C' ¥ (Cases Cs) a P’
and rParl: AU ¥g Pa P'Ag Q C.
[¥ ® Ug > Pr+—a < P'; extractFrame Q = (Aqg, ¥q); distinct
AQ;
NC. Prop C (¥ ® ¥g) P o P;
Ag % P; Ag % Q; Ag % U; Ag x a5 Ag ix P’ Ag tx C;
distinct(bn @); bn o fx Q;
bn o fx U5 bn a ix Ug; bn a i+ P; bn o #* subject o; bn a i+ C
—
Prop C¥ (P || Q) a (P'] Q)
and rPar2: A\V Up Q o Q' Ap P C.
[¥ ® Up > Q —ra < Q'; extractFrame P = (Ap, Up); distinct
Ap;
NC. Prop C (¥ @ Up) Q o Q'
Ap fx P; Ap §x Q; Ap fix U; Ap fx o5 Ap fx Q5 Ap §x C;
distinct(bn «); bn a fx @;
bn o tx U; bn a fx Up; bn a x P; bn a fx subject a; bn a §x C]
_—
Prop C ¥ (P || Q) a (P Q)
and rCommi: N\ ¥g PM N P’ Ap ¥p Q K zvec Q' Ag C.
[T ® Uo > P —M(N) < P, NC. Prop C (¥ ® W) P (M(N))
P’
extractFrame P = (Ap, Up); distinct Ap;
U@ ¥p > Q+—K(vszvec)(N) < Q5 ANC. Prop C (¥ @ ¥p) Q
(K (vevec) (V) Q"
extractFrame @ = (Ag, Vq); distinct Ag;
UV VUpVghk M+ K;
AP ﬁ* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* M; AP ﬁ* N; Ap Ij* P/;
Ap % Q; Ap #x Q'; Ap fix Ag; Ap f* avec; Ag #x V; Ag i+ Wp;
AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* Pl; AQ ﬂ* Q; AQ ﬂ* K; AQ ﬁ* Q/;

distinct zvec;
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Ag t* zvec; zvec fx W; zvec §x Wp; zvec §* Vo; zvec fx P; zvec §x
M;
zvec §x Q; zvec fx K; Ap tx C; Ag tx C; avec §x O] =
Prop C W (P || Q) (1) ((vxzvec)(P" | Q7))
and rComm2: \¥ ¥g P M zvec N P’ Ap ¥p Q K Q' Ag C.
[¥ ® Yo > P +—M(vszvec)(N) < P"; AC. Prop C (¥ ® ¥g) P
(M (v*zvec)(N)) P’
extractFrame P = (Ap, ¥p); distinct Ap;
U@Up>Q+—K(N)=< Q5 ANC. Prop C (¥ @ ¥p) Q (K(NJ))
Q"
extractFrame @ = (Ag, Vq); distinct Ag;
VRVUp@Vohk M« K,
Ap i+ U; Ap % Ug; Ap % P; Ap fix M; Ap #x N; Ap % P’;
Ap % Q; Ap tx Qs Ap #x Ag; Ap fx avec; Ag tx U; Ag fx Up;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* P/; AQ ﬂ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
distinct zvec;
Ag t* zvec; zvec fx W; zvec §x Wp; zvec §* Vo; zvec fx P; zvec §x
M;
zvec §x Q; zvec fx K; Ap tx C; Ag tx C; avec §x O] =
Prop C W (P || Q) (1) ((vxavec)(P" | Q7))
and rBrMerge: AW Yo PM NP’ Ap Up Q Q' Ag C.
[¥ @ g > Pr+— ;M(N) < P NC. Prop C (¥ ® ¥g) P
((M(N)) P
extractFrame P = (Ap, ¥p); distinct Ap;
U Up> Q+— (M(N) < Q5 ANC. Prop C (¥ ® Up) Q
(GM(N)) Q%
extractFrame @ = (Ag, Vq); distinct Ag;
Ap ﬂ* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap fx Q; Ap B+ Qs Ap fix Ag; Ap §x M; Ag §x M;
AQ ﬁ* \I’; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ ﬁ* P/;
Ag tx Q; Ag tx Q'; Ap #x C; Ag tx C] =
Prop C'¥ (P || Q) (;M(N)) (P"|| Q)
and rBrCommi: N\¥ ¥g PM N P’ Ap ¥p Q zvec Q' Ag C.
[V® Vo> P—; M(N|) <P NC. Prop C (¥ @ ¥q) P (;M(N))
P’;
extractFrame P = (Ap, Up); distinct Ap;
U@ Up > Q+—iM(vsavec)(N) < Qs NC. Prop C (¥ ® ¥p)
Q (iM(vxzvec)(N)) Q%
extractFrame @ = (Ag, Vq); distinct Ag;
Ap Ii* \I/; Ap ﬁ* \IIQ, Ap ﬁ* P; Ap ﬁ* N; Ap ﬂ* Pl;
Ap % Q; Ap t* Qs Ap #x Ag; Ap fx zvec; Ag i+ U; Ag #x Up;
Ag tx P; Ag % N; Ag #x P'; Ag i Q; Ag tx Q'; distinct zvec;
Ap tx M; Ag tx M; zvec i+ M;
Ag #x avec; zvec fx W; avec §x Wp; avec §x Wqo; avec f*x P;
zvec fx Q; Ap % C; Ag tx C; zvec §x O] =
Prop C ¥ (P || Q) (iM(v*zvec)(N)) (P [l Q")
and rBrComm2: N\¥ ¥g P M zvec N P’ Ap ¥p Q Q' Ag C.
[¥ ® Ug > P +—jM(vszvec)(N) < P'; NC. Prop C (¥ @ Ug)
P (jM(vxavec)(N)) P’
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extractFrame P = (Ap, ¥p); distinct Ap;
U Wp > Q= M(N) < Q5 A\C. Prop C (¥ & Vp) Q ((M(N))

extractFrame Q = (Ag, Vq); distinct Ag;
AP li* \I/, Ap ﬁ* \IJQ, Ap ﬁ* P, Ap ﬁ* ]\/v7 AP ﬁ* P/;
Ap % Q; Ap i Q'; Ap % Ag; Ap fx zvec; Ag i U; Ag % Up;
Ag % P; Ag tx N; Ag tx P'; Ag i Q; Ag tx Q'; distinct zvec;
Ap f#x M; Ag #x M; avec §x M;
Ag B zvec; zvec #§x U; zvec fx Vp; avec fx Yq; zvec i* P;
zvec tx Q; Ap #x C; Ag #x C; zvec % C] =
Prop C W (P || Q) (iM{vsavec) (N) (P || @)
and rBrClose: AW P M avec N P' z C.
[¥ > P +— M(vkzvec)(N) < P’
AC. Prop C'U P (M (v*zvec)(N)) P
T € supp M;
distinct zvec; xvec fx W; zvec fx P;
avec fx M;
z f§U; z f avec] =
Prop C ¥ ((vz)P) (1) ((vz|)((v*zvec)P'))
and rOpen: AV P M zvec yvec N P' z C.
[¥ > P —M(vx(zvecQyuec))(N) < P’; z € supp N; ANC. Prop C
U P (M(vx(avecQyuvec)|)(N)) P’
x Uz M; x f§f zvec; x §f yvec; zvec ix V; zvec §x P; zvec fx M,
distinct xvec; distinct yvec;
yvec x U yvec tx P; yvec gx M; yvec §x C; z  C; avec §x C] =
Prop C ¥ ((vz)P) (M(vx(zvecQztyvec))(N)) P’
and rBrOpen: A\¥ P M zvec yvec N P’ x C.
[¥ > P —iM(vx(zvecQyuec))(N) < P’ x € supp N; AC. Prop
C U P (M(vx(zvecQyuec))(N)) P
x4 U, 2 M; xt zvec; x § yvec; azvec % W; zvec §x P; zvec §x M;
distinct xvec; distinct yvec;
yvec i U yvec i P; yvec g% M; yvec % C; z  C; avec fx C] =
Prop C U ((vz)P) (M (v+(zvecQztyvec))(N)) P’
and rScope: A\¥ P a P’z C.
[¥ > P+—a < P; A\C. Prop C¥ P a P
Uzl a; bn atx U;
bn a x P; bn o #x (subject a); x § C; bn « fx C; distinct(bn o]
_—
Prop C ¥ ((vz)P) a ((vz)P’)
and rBang: AV Pa P'C.
[¥ > P | !P+——a < P’; guarded P; NC. Prop C ¥ (P || 'P) a
P =
Prop C ¥ (IP) a P’

shows Prop C ¥ P o P’

using (U > P —a < P’ <bn « #x (subject a) «distinct(bn a)»
proof (nominal-induct t3==a < P’ avoiding: o C arbitrary: P’ rule: seman-
tics.strong-induct)

case(cInput ¥ M K zvec N Tvec P oo C' P’)
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then show ?case by(force intro: rinput simp add: residuallnject)
next
case(cBrlnput ¥ M K zvec N Tvec P v C' P’)
then show “case
by (force simp add: rBrinput residuallnject)
next
case(Output W M K NP oo C P)
then show ?case by(force intro: rOutput simp add: residuallnject)
next
case(BrOutput Y M K NP o C P
then show Zcase by(force intro: rBrOutput simp add: residuallnject)
next
case(Case ¥ P ¢ Cs o C' P)
then show ?case by(auto intro: rCase)
next
case(cParl ¥ ¥g P a P’ Q Ag o’ C P")
note <o < (P’ ]| Q) =a’ < P
moreover from «bn « fx o> have bn « #x (bn a’) by auto
moreover note <distinct (bn «)» <distinct(bn ')
moreover from <bn o #x subject a» <bn o' #x subject o’
have bn a t*x (o < P’ || Q) and bn o' #x (o’ < P'') by simp+
ultimately obtain p where S: (set p) C (set(bn «)) x (set(bn(p - «))) and
distinctPerm p
and aFq: o’ =p-«aand P'eq: P =p - (P’ | Q) and (bn(p - a)) £ «
and (bn(p - a)) = (P || Q)
by (rule residualEq)

note <V @ ¥y > P —a < P’ <extractFrame Q = (Ag, Vg)» «distinct Ag>
moreover from <bn « i+ subject a» «distinct(bn a)»
have AC. Prop C (¥ ® Ug) P a P’ by(metis cParl)
moreover note <Ag fix P> <Ag fix @ <Ag #x Uy <Ag fx ar <Ag tx P) <Ag fx
ch
dn o fx @y «distinct(bn a)y <bn o fx Uy <bn a fx U <bn a fx P> <bn o fx
subject ay <bn o #x C»
ultimately have Prop C ¥ (P || Q) « (P’ | Q)
by (metis rParl)

with bn o #x Uy bn o fx Py <bn «a fx @) <bn « #x subject ar <bn « fx C» <bn
a tx bn ay S «distinctPerm py <bn(p - a) f* ar <bn(p - a) fx (P'|| Q) <Ag tx O

have Prop C W (P | Q) (p- a) (p - (P'|| Q))

by — (rule rAlpha, auto)

with aEq P'eq <distinctPerm p> show ?case by simp
next

case(cPar2 Y Up Qa Q' P Ap o' C Q")

note <« < (P || @) =a’'< Q"

moreover from «bn o §x o> have bn « #x (bn a’) by auto

moreover note <distinct (bn «)» <distinct(bn ')

moreover from <bn a #x subject a» <bn o' #{x subject a's

have bn a i (o < P || Q') and bn o’ fx (o’ < Q") by simp+
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ultimately obtain p where S: (set p) C (set(bn «)) x (set(bn(p - «))) and
distinctPerm p
and aFg: o’ =p-aand Q'eq: Q" =p - (P || Q) and (bn(p - )) #* «
and (bn(p - a)) 8+ (P || Q)
by (rule residualEq)

note (¥ ® ¥p > Q —a < Q) <extractFrame P = (Ap, Up)» «distinct Ap»

moreover from <bn « i+ subject a «distinct(bn a)»
have AC. Prop C (¥ ® ¥Up) Q o Q' by(auto intro: cPar2)

moreover note <Ap fix Py (Ap fix Q> <Ap fix Uy <Ap tx a» <Ap #x Q" (Ap fx
(o
bn a fx @ «distinct(bn )y <bn a fx Uy <bn a fx Upy bn o fx P> <bn o #x
subject ay <bn a fx C)
ultimately have Prop C ¥ (P || Q) a (P || @)
by(metis rPar2)
with bn o #x Uy bn o fx Py <bn « fx @ <bn « #x subject ar <bn «a fx C» <bn
a fx (bn a’)y S «distinctPerm py <bn(p - ) fx a» <bn(p - a) #x (P || Q")
have Prop C 0 (P || Q) (p- ) (p - (P || Q7))
by — (rule rAlpha, auto)
with aEq Q’eq «distinctPerm p> show ?case by simp
next
case(cComml ¥ g PM N P' Ap ¥p Q K zvec Q' Ag oo C P
then have Prop C U (P || Q) (1) ((vxzvec)(P' | Q)
by (fastforce intro: rComm1)
then show ?case using 7 < (vxzvec)(P' || Q') = o« < P')
by (simp add: residuallnject)
next
case(cComm2 U W P M zvec N P' Ap ¥p Q K Q" Ag oo C' P")
then have Prop C U (P || Q) (1) ((vxzvec)(P' | Q)
by (fastforce intro: rComm2)
then show ?case using 7 < (vxzvec)(P' | Q') = o < P')
by (simp add: residuallnject)
next
case (cBrMerge W Wo P M N P'"Ap ¥p Q Q" Ag oo C' P")
then show ?case by(simp add: rBrMerge residuallnject)
next
case(cBrComml ¥ ¥g P M N P’ Ap Up Q zvec Q' Ag oo C P”)
from c¢BrComml1 <Ap fx M> (Ag fx M> «zvec §x M> have Prop C ¥ (P || Q)
(1M (wsvec) (NY) (P' ]| Q)
by (fastforce intro: rBrComml)

note (M (vxzvec)(N) < P'|| Q' =a < P

moreover from (zvec fx a» have bn (M (vxzvec)(N)) #x (bn «) by simp

moreover from <distinct zvecy have distinct (bn (jM (v+zvec|)(N))) by simp

moreover note «distinct (bn a))

moreover from (zvec #+ M» have bn (M (v*zvec)(N)) # (M (vxzvec)(N) <
P |l @) by simp

moreover from <bn « f* subject a» have bn « i (o < P”) by simp
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ultimately obtain p where S: (set p) C (set(bn (M (v*zvec)(N)))) x (set(bn(p
- ((M(v*zvec)(N))))) and distinctPerm p
and aFq: a = p - (jM(vxavec)(N)) and P’eq: P"" = p - (P'|| Q') and (bn(p
- (1M (vxzvec)) (N)))) i+ (M (vxavec)(N))
and (bn(p - (iM(vrzvec)(N)))) g+ (P" ] Q")
by (rule residualEq)

from <zvec §x Uy have bn (jM(vxzvec)(N)) tx ¥ by simp

moreover from (zvec fx Py (avec §x Q> have bn (M (vxzvec))(N)) #+ (P || Q)
by simp

moreover from (zvec fix M»> have bn (M (vxzvec)(N)) t* subject (M (v+zvec))(N))
by simp

moreover from (zvec fx C» have bn (M (vxzvec)(N)) g+ C by simp

moreover from «(bn(p - ((M(vxzvec)(N)))) t* (iM(v+avec)(N))>» have bn
(iM (vxzvec)(N)) #x bn (p - (M (vxzvec)(N))) by simp

moreover note <(set p) C (set(bn (M (vxzvec)) (N)))) x (set(bn(p - (M (v*zvec)(N)))))»
moreover note <distinctPerm p»

moreover note «(bn(p « (jM(v*zvec)(N)))) t* (M (vxavec)(N))»

moreover note <(bn(p - (jM(vxzvec)(N)))) t+ (P'| Q')

moreover note <Prop C U (P || Q) (jM(vxavec)(N)) (P'] Q')

ultimately have propEqut: Prop C ¥ (P || Q) (p - (M (vxavec)(N))) (p - (P’
| @) by(rule rAlpha)

then show ?case by (simp add: aEq P'eq propEqut)
next
case(cBrComm2 ¥ ¥g P M zvec N P' Ap Up Q Q' Ag o C P”)
from c¢BrComm? <Ap #x M» (Ag fx M> <zvec §x M> have Prop C ¥ (P || Q)
(1M (vsvec) (NY) (P' ]| Q)
by (fastforce intro: rBrComm2)

note <M (v*avec)(N) < P'|| Q"= a < P"»
moreover from (zvec fx > have bn (M (vxzvec)(N)) #x (bn o) by simp
moreover from <distinct zvecy have distinct (bn (jM (v+zvec|)(N))) by simp
moreover note «distinct (bn a))
moreover from (zvec #+ M» have bn (jM (v*zvec)(N)) #x (M (vxzvec)(N) <
P’ Q) by simp
moreover from <bn « f#* subject a» have bn « i (o < P”) by simp
ultimately obtain p where S: (set p) C (set(bn (M (v*zvec)(N)))) x (set(bn(p
- (M (v*zvec)(N))))) and distinctPerm p
and aFq: a = p - (jM(vxavec)(N)) and P'eq: P"" = p - (P'|| Q') and (bn(p
« (1M (vxzvec)(N)))) g (1M (v+zvec) (N))
and (bn(p - (iM(vsavec)(N)))) £+ (P' | Q)
by (rule residualEq)

from <zvec §x ¥» have bn (M (v+zvec)(N)) tx U by simp

moreover from <zvec f*x Py <zvec f*x Q) have bn (jM (v*zvec)(N)) #x (P || Q)
by simp

moreover from (zvec fix M»> have bn (M (vxzvec)(N)) t* subject (M (v+zvec))(N))
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by simp
moreover from (zvec % C» have bn (M (vxzvec)(N)) g+ C by simp
moreover from «(bn(p - ((M(vxzvec)(N)))) t* (iM(v+avec)(N))> have bn
(1M (vxzvec)(N)) tx bn (p - (iM(v+avec)(N))) by simp
moreover note <(set p) C (set(bn (M (vxzvec))(N)))) x (set(bn(p - (M (v*zvec)(N)))))»
moreover note (distinctPerm p»
moreover note «(bn(p - (jM(v*zvec)(N)))) t* (M (vxavec)(N))»
moreover note <(bn(p - (jM(vxzvec)(N)))) t+ (P'| Q')
moreover note <Prop C' ¥ (P || Q) (iM(vxzvec)(N)) (P'| Q')

ultimately have propEqut: Prop C ¥ (P || Q) (p - ;M (vxavec)(N))) (p - (P’
| @) by(rule rAlpha)

then show ?case by (simp add: aEq P'eq propEqut)
next
case (¢BrClose W P M zvec N P' z o« C P")
then have Prop C U ((vz)P) (1) ((vz))((v+avec) P’))
by (fastforce intro: rBrClose)
then show Zcase using «r < (vz)((vxzvec)P’) = o« < P')
by (simp add: residuallnject)
next
case(cOpen U P M zvec yvec N P’z o C' P")
note <M (vx(zvecQr#yvec))(N) < P’ = o < P')
moreover from (zvec §x a» <z § @ <yvec §x a» have (zvecQzH#yvec) fx (bn @)
by auto
moreover from <xvec §x yvec) <x § zvecr <x § yvecy «distinct zvecy <distinct yvec
have distinct(zvecQr#tyvec)
by (auto simp add: fresh-star-def) (simp add: fresh-def name-list-supp)
moreover note «distinct(bn «)»
moreover from <zvec §x M> «x § M»> <yvec §x M) have (zvecQz#yvec) tx M
by auto
then have (zvecQz#yvec) fx (M (vx(zvecQu#yvec))(N) < P’) by auto
moreover from <bn « f* subject a» have bn « i (o < P”) by simp
ultimately obtain p where S: (set p) C (set(zvecQu#yvec)) x (set(p « (zvecQu#yvec)))
and distinctPerm p
and aeq: o = (p - M)(v*(p - (zvecQz#yvec))){(p - N)) and P'eq: P"" = (p -
P
and A: (zvecQz#yvec) fix ((p - M)(vx(p - (zvecQxH#yvec))){(p - N)))
and B: (p - (zvecQuz#yvec)) tx (M (v+(zvecQa#yvec))(N))
and C: (p - (zvecQu#yvec)) fx P’
by — (rule residualEq, (assumption | simp)+)
note U > P — M (vx(zvec@Qyuec))(N) < P <z € (supp N)»

moreover {
fix C
from <zvec §x M)> <yvec §x M» have (zvecQyuec) fx M by simp
moreover from (distinct zvec) «distinct yvecr <zvec §x yvecr have distinct(zvecQyuvec)
by auto (simp add: fresh-star-def name-list-supp fresh-def)
ultimately have Prop C U P (M (v*(zvecQyuvec))(N)) P’ by(fastforce intro:
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cOpen)

}

moreover note «x § U «x § M> <z f§ avecy <z § yvee> <xvec #x Uy (xvec fx P>
<xvec x M>
cyvec #x Uy <yvec §x P> «yvec fx M)> «yvec §x C» <z § C» <xvec x C» <distinct
zvecy (distinct yvec
ultimately have Prop C U ((vz)P) (M (v(zvecQz#yvec))(N)) P’
by (metis rOpen)

with <avec fx Uy <yvec fx Uy <zvec fx P> <yvec fix P> <xvec §x M)> «yvec ix M>
<yvec g% C» S «distinctPerm py <z § C» <avec fx C»
<z 4 U <z 4 My «x i zveer «<x f yveey A B C
have Prop C ¥ ((vz)P) (p - (M(v+(2zvecQa#yvec))(N))) (p - P’
apply —
apply (rule rAlpha[where a=M (v*(zvecQz#yvec)|)(N)];clarsimp)
by (meson abs-fresh(1) abs-fresh-list-star’ freshChainAppend freshSets(5) psiFreshVec(5))
with aeq P’'eq show Zcase by simp
next
case(cBrOpen U P M zvec yvec N P’z o C P")
note <M (v*(zvecQu#yvec))(N) < P'=a < P
moreover from <zvec §x @ <z § @ <yvec §x @ have (zvecQzH#yvec) fx (bn @)
by auto
moreover from (xvec fx yvec) <z § xvecr <z § yvecy «distinct zvec) (distinct yvec
have distinct(zvecQa#yvec)
by (clarsimp simp add: fresh-star-def; safe; simp add: fresh-def name-list-supp)
moreover note «distinct(bn «)»
moreover from <zvec §x M> «x § M»> <yvec §x M) have (zvecQz#yvec) tx M
by auto
then have (zvecQu#yvec) fx (M (vx(zvecQz#yvec))(N) < P’) by auto
moreover from <bn « fx subject a» have bn a fx (o < P") by simp
ultimately obtain p where S: (set p) C (set(zvecQr#yvec)) x (set(p - (zvecQryvec)))
and distinctPerm p
and acq: a = i(p - M)(v(p - (wvec@attyvec))){(p - N)) and Pleg: P'' = (p -
P’
and A: (zvecQz#yvec) i+ (j(p - M)(v*(p - (zvecQz#yvec)))((p - N)))
and B: (p - (zvecQu#yvec)) fx (M (vx(zvecQr#yvec))(N))
and C: (p - (zvecQxH#yvec)) 4+ P’
apply —
by (rule residualEq) (assumption|simp)+
note ¥ > P ——iM (v*(zvecQyuec))(N) < P’ <z € (supp N)»

moreover {
fix C
from <zvec §x M)> <yvec §x M» have (zvecQyuec) x M by simp
moreover from <distinct zvecy <distinct yvecr <zvec #x yvecr have distinct(zvecQyvec)
by auto (simp add: fresh-star-def name-list-supp fresh-def)
ultimately have Prop C U P (jM (vx(avecQyuec)|)(N)) P’ by(fastforce intro:
¢BrOpen)
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}

moreover note x § U «x § M> <z f avecy <z § yvee> <xvec f§x Uy (xvec fx P>
<xvec x M>
<yvec fx Uy <yvec §x P «yvec fx M)> «yvec §x C» <z § C» <xvec #x C» <distinct
zvecy <distinct yvec)
ultimately have Prop C' ¥ ((vz)P) (M (v+(zvecQz#yvec))(N)) P’
by (metis rBrOpen)

with <zvec fx Uy <yvec fx Uy <xvec fix Py <yvec fx P> <xvec §x M> <yvec §x M>
<yvec fx Cy S «distinctPerm py <z § C) «xvec fx C»
<z Uy <z f My <z ff zveer <x ff yvecy A B C
have Prop C ¥ ((vz)P) (p + (M (v*(avecQa#yvec))(N))) (p - P’)
apply —
apply(rule rAlpha[where a={M (v+(zvecQx#yvec)|)(N)]; clarsimp)
by (meson abs-fresh(1) abs-fresh-list-star’ freshChainAppend freshSets(5) psiFreshVec(5))
with aeq P’eq show Zcase by simp
next
case(cScope U P a Pz o' C P")
note «a < ((vz)P’) = o’ < P
moreover from <bn «a §x o> have bn a #x (bn o’) by auto
moreover note «distinct (bn «)y <distinct(bn a’))
moreover from <bn o #x subject a» <bn o' #x subject a’s
have bn a * (o < (vz)P’) and bn o’ §x (o’ < P") by simp+
ultimately obtain p where S: (set p) C (set(bn «)) x (set(bn(p - ))) and
distinctPerm p
and aFq: o’ = p - aand P'eq: P = p - ((vz)P) and (bn(p - o)) fx «
and (bn(p - )) £+ ((va) P)
by (rule residualEq)

note <¥ > P —a < P)
moreover from <bn « f#* subject a» «distinct(bn a)»
have AC. Prop C U P « P’ by(fastforce intro: cScope)

moreover note <z § ¥y <z § o <bn a x Uy <bn «a fx P> <bn « §x subject a»
@ f Oy <bn a x Cy «distinct(bn a))
ultimately have Prop C ¥ ((vz)P) a ((vz)P")
by (rule rScope)
with <bn a #§x Uy bn o §x P> «x § a» <bn « f* subject a» <bn « fx C» <bn « fx
(bn a’)y S «distinctPerm p) <bn(p - @) gx > <bn(p - a) #* ((vz)P')
have Prop C ¥ ((vz)P) (p - «) (p - ((vz)P"))
by (fastforce intro: rAlpha)
with aFq P’eq «distinctPerm p» show ?case by simp
next
case(Bang ¥ P o« C P’)
then show ?case by(fastforce intro: rBang)
qed

lemma outputInduct[consumes 1, case-names cOutput cCase cParl cPar2 cOpen
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cScope cBang):

fixes U = 'b
and P :: (‘a, b, 'c) psi
and M :'a

and B :: (‘a, b, 'c) boundOutput

and Prop :: 'f::fs-name = 'b = (‘a, 'b, 'c) psi =
'a = ('a, 'b, 'c) boundOutput = bool

and C :: 'f:fs-name

assumes ¥ > P —ROut M B
and 7rOutput: N\ MKNPC.[¥V+ M < K] = Prop CV (M(N).P) K (N
<’ P)
and rCase: A\ PM B ¢ Cs C.
[¥ > P—(ROut M B); ANC. Prop C'¥ P M B; (¢, P) € set Cs;
U+ ¢; guarded P] =
Prop C U (Cases Cs) M B
and rParl: AV ¥g P M avee N P' Ag Q C.
[V ® o > P —M(vxzvec)(N) < P’ extractFrame Q = (Aq,
Uq); distinct Ag;
NC. Prop C (¥ ® $go) P M ((vxzvec)N <’ P’);
AQ ﬂ* P; AQ ﬂ* Q; AQ ]i* \I/; AQ ﬁ* M;
Ag tx zvec; Ag #x N; Ag tx P’y Ag tx C; zvec fx Q;
zvec #x U; zvec fx Wo; avec §x P; zvec §x M; zvec tx C] =
Prop C W (P || @) M ((wsavec)N </ (P'|| Q))
and rPar2: \V Up Q M azvec N Q' Ap P C.
[¥ @ Up > Q —M(vkzvec)(N) < Q; extractFrame P = (Ap,
Up); distinct Ap;
NC. Prop C (¥ ® Up) Q@ M ((vxavec)N <’ Q);
Ap fx Py Ap % Q; Ap ix U5 Ap §x M;
Ap f* zvec; Ap fx N; Ap #x Q'; Ap #* C; zvec #* P;
avec fx U; zvec fx Up; zvec fx Q; avec §x M; zvec §x C] =
Prop C ¥ (P | Q) M ((vxzvec)N <" (P || Q)
and 7rOpen: AV P M zvec yvec N P' z C.
[¥ > P +—M(v*(zvecQyuec))(N) < P'; x € supp N; AC. Prop C
U P M ((v*(zvecQyvec))N <’ P’);
x4V, x f M; xt zvec; x § yvec; zvec % V; zvec §x P; zvec §x M;
avec fx yvec; yvec tx W; yvee tx P; yvec fx M; yvec §x C; x  C;
zvec §x O] =
Prop C ¥ ((vz)P) M ((vx(zvecQz#yvec))N <’ P’)
and rScope: AU P M zvec N P’ z C.
[¥ > P +——M(vszvec)(N) < Ps NC. Prop C U P M ((vxzvec) N
_</ P/);
x Uz M; xf avec; z § N; avec ix U; zvec ix P; zvec $x M,
z f C; avec fx C] =
Prop C ¥ ((vz)P) M ((v+avec)N <’ (vz)P’)
and rBang: AV P M BC.
[¥ > P || !'P—(ROut M B); guarded P; NC. Prop C ¥ (P ||
IP) M B] =
Prop C ¥ (IP) M B
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shows Prop C W P M B
using <V > P ——(ROut M B)»
proof (nominal-induct ¥ P Rs==(ROut M B) avoiding: C arbitrary: B rule: se-
mantics.strong-induct)
case(cInput ¥ M K zvec N Tvec P C)
then show ?case by(simp add: residuallnject)
next
case cBrinput
then show ?case by(simp add: residuallnject)
next
case(Output W M K N P C)
then show ?case by(force simp add: residuallnject intro: rOutput)
next
case(BrOutput ¥V M N P C)
then show ?case by(simp add: residuallnject)
next
case(Case ¥ P ¢ Cs C B)
then show ?case by(force intro: rCase)
next
case(cParl ¥ ¥g P a P' Q Ag C)
then show ?Zcase by(force intro: rParl simp add: residuallnject)
next
case(cPar2 ¥ Up Q a Q' P Ap ()
then show ?case by(force intro: rPar2 simp add: residuallnject)
next
case cComml
then show Zcase by(simp add: residuallnject)
next
case cComm2
then show ?case by(simp add: residuallnject)
next
case cBrMerge
then show ?case by(simp add: residuallnject)
next
case (¢cBrComml ¥ Vo P M N P' Ap ¥p Q avec Q' Ag C B)
then show ?case by(simp add: residuallnject)
next
case (cBrComm2 U Ugy P M zvec N P' Ap Up Q Q' Ag C B)
then show ?case by(simp add: residuallnject)
next
case(cBrClose ¥ P M zvec N P’ C B)
then show ?case by(simp add: residuallnject)
next
case(cOpen U P M zvec yvec N P' z C B)
then show ?case by(force intro: rOpen simp add: residuallnject)
next
case cBrOpen
then show Zcase by(simp add: residuallnject)
next
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case(cScope W P M o P’z C)

then show ?case by(force intro: rScope simp add: residuallnject)
next

case(Bang ¥ P C B)

then show ?Zcase by/(force intro: rBang)
qed

lemma brOutputinduct[consumes 1, case-names cBrOutput cCase cParl cPar2
c¢BrComm1 c¢BrComm?2 c¢BrOpen cScope cBang:

fixes U ')
and P :: ('a, b, 'c) psi
and M ::'a

and B : (‘a, 'b, 'c) boundOutput

and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =
‘a = ('a, 'b, 'c) boundOutput = bool

and C :: f:fs-name

assumes ¥ > P — RBrOut M B
and rBrOutput: AW MKNPC.[VF M < K] = Prop C¥ (M(N).P) K
(N <'P)
and rCase: A\ PM B ¢ Cs C.
[¢ > P +——(RBrOut M B); NC. Prop C ¥ P M B; (¢, P) € set
Cs; ¥ F ¢; guarded P] =
Prop C ¥ (Cases Cs) M B
and rParl: AV Wg P M avece N P' Ag Q C.
[¥ ® Ug > P +——iM(vszvec)(N) < P’; extractFrame Q = (Aq,
Uo); distinct Ag;
NC. Prop C (¥ ® ¥g) P M ((v+zvec)N <’ P');
Ag tx P; Ag tx Q; Ag #x U; Ag i+ M,
Ag tx avec; Ag tx N; Ag i+ P'; Ag #x C; zvec fx Q;
zvec gx U; zvec f* Ug; zvec i P; zvec §x M; zvec i+ (] =
Prop C U (P || Q) M ((vxzvec)N <’ (P' ] Q))
and 7rPar2: AV Up Q M avec N Q' Ap P C.
[ @ Up > Q —>iM(vkzvec)(N) < Q'; extractFrame P = (Ap,
Up); distinct Ap;
NC. Prop C (¥ @ ¥p) Q M ((vxzvec)N <" Q");
Ap fx P; Ap i+ Q; Ap fx U5 Ap tx M;
Ap t* zvec; Ap fix N; Ap fix Q' Ap tx C; zvec t* P;
avec fx U; zvec x Up; zvec tx Q; avec fx M; avec fx C] =
Prop C W (P || Q) M ((wsavec)N </ (P || @)
and rBrComml1: N\¥ ¥ PM N P’ Ap ¥p Q zvec Q' Ag C.
[T ® Uy > P s, M(N) < P
extractFrame P = (Ap, ¥p); distinct Ap;
U ® Up > Qr—iM(vszvec)(N) < Qs NC. Prop C (¥ ® Up)
Q M ((v*zvec)N <’ Q");
extractFrame Q = (Ag, Vq); distinct Ag;
Ap §x W; Ap §x Wo; Ap i P; Ap §x N; Ap fx P,
Ap % Q; Ap tx Q'; Ap % Ag; Ap fx zvec; Ag i+ U; Ag % Up;
Ag tx P; Ag % N; Ag = P'; Ag t* Q; Ag t* Q'; distinct zvec;
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Ap tx M; Ag tx M; zvec fx M;
Ag ti* zvec; zvec fx Vs zvec §x Wp; zvec §x Wq; zvec §x P
zvec §x Q; Ap #x C; Ag #x C; zvec % C] =
Prop C U (P || @) M ((rsvec)N <’ (P’ | Q)
and rBrComm2: \¥ ¥g P M zvec N P’ Ap ¥p Q Q' Ag C.
[¥ ® Ug > P +—iM(vsavec)(N) < P'; NC. Prop C (¥ @ ¥g)
P M ((vxavec)N <’ P");
extractFrame P = (Ap, ¥p); distinct Ap;
UeUpr> Q—; M(N) < Q%
extractFrame Q = (Ag, Vq); distinct Ag;
Ap ﬂ* \I/; Ap ﬁ* \I/Q; Ap ﬂ* P; Ap ﬁ* N; Ap ﬂ* P/;
Ap % Q; Ap t* Q'; Ap % Ag; Ap fx zvec; Ag i U; Ag fx Up;
Ag tx P; Ag % N; Ag tx P’; Ag tx Q; Ag tx Q) distinct zvec;
Ap tx M; Ag 8% M; avec §x M;
Ag B zvec; zvec §x U; zvec fx Vp; avec fx Wqo; zvec i* P;
zvec tx Q; Ap #x C; Ag #x C; zvec % C] =
Prop C W (P || Q) M ((vewec)N < (P'|| Q)
and rBrOpen: AV P M zvec yvec N P’ z C.
[¥ > P +——iM(vx(zvec@Qyuvec)){N) < P'; x € supp N; AC. Prop
C U P M ((vx(zvecQyuvec))N <’ P’);
x4V, x f M; xt zvec; x § yvec; zvec g% W; zvec §x P; zvec §x M;
avec fx yvec; yvec tx W; yvec tx P; yvec fx M; yvec §x C; x  C;
zvec fx O] =
Prop C ¥ ((vz)P) M ((v+(zvecQz#yvec))N <’ P’
and rScope: AV P M zvec N P’z C.
[¥ > P —iM(vxzvec)(N) < P NC. Prop C U P M ((v+zvec)N
<P,
x4 Uz M; xf avec; z § N; avec i+ U; zvec % P; zvec §x M,
z § C; avec tx C] =
Prop C ¥ ((vz)P) M ((v+zvec)N <’ (vz)P’)
and rBang: AY P M BC.
[¥ > P || !\P+——(RBrOut M B); guarded P; \C. Prop C ¥ (P |
IP) M B] =
Prop C ¥ (IP) M B
shows Prop C vV P M B
using «¥ > P —(RBrOut M B))
proof (nominal-induct ¥ P Rs==(RBrOut M B) avoiding: C arbitrary: B rule:
semantics.strong-induct)
case(cInput O M K zvec N Tvec P C')
then show ?case by(simp add: residuallnject)
next
case cBrinput
then show Zcase by(simp add: residuallnject)
next
case(Output ¥ M K N P C)
then show ?case by(simp add: residuallnject)
next
case(BrOutput ¥ M N P C)
then show ?case by(auto simp add: residuallnject intro: rBrOutput)
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next
case(Case ¥ P ¢ Cs C B)
then show ?case by(force intro:
next
case(cParl ¥ Vg P a P’ Q Ag
then show ?case by(force intro:
next
case(cPar2 ¥ ¥p Q a Q' P Ap
then show ?case by(force intro:

rCase)

)
rParl simp add: residuallnject)

)
rPar2 simp add: residuallnject)

next
case cComml1
then show ?case by(simp add: residuallnject)
next
case cComm2
then show ?case by(simp add: residuallnject)
next
case cBrMerge
then show ?case by(simp add: residuallnject)
next
case (¢cBrComml U Uo PM N P' Ap Up Q avec Q' Ag C B)
then show Zcase by(force intro: rBrComml simp add: residuallnject)
next
case (cBrComm2 ¥ Vo P M zvec N P' Ap Up Q Q' Ag C B)
then show ?case by(force intro: rBrComm?2 simp add: residuallnject)
next
case(cBrClose ¥ P M zvec N P’ C B)
then show Zcase by(simp add: residuallnject)
next
case(cOpen ¥ P M zvec yvec N P' z C B)
then show ?case by(simp add: residuallnject)
next
case(cBrOpen ¥ P M zvec yvec N P’z C' B)
then show ?case by(force intro: rBrOpen simp add: residuallnject)
next
case(cScope U P M o Pz C)
then show ?case by(force intro: rScope simp add: residuallnject)
next
case(Bang ¥ P C B)
then show ?case by(force intro: rBang)

qed
lemma boundOutputBindObject:
fixes U :: b

and P :: ('a, b, 'c) psi
and M :'a
and yvec :: name list
and N :'a
and P’ :: ('a, b, 'c) psi
and y :: name
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assumes ¥ > P —a < P’
and bn « f* subject «
and distinct(bn «)
and y € set(bn )

shows y € supp(object )
using assms
proof (nominal-induct avoiding: P’ arbitrary: y rule: semanticsInduct)
case(cAlpha ¥ P o P’ p P y)
from <y € set(bn(p - a))» have (p - y) € (p - set(bn(p - a)))
by (rule pt-set-bij2| OF pt-name-inst, OF at-name-inst))
then have (p - y) € set(bn «) using <distinctPerm p»
by (simp add: equts)
then have (p - y) € supp(object a) by(rule cAlpha)
then have (p - p - y) € (p - supp(object ))
by (rule pt-set-bij2[OF pt-name-inst, OF at-name-inst])
then show ?case using (distinctPerm p»
by (simp add: equts)
next
case clnput
then show Zcase by simp
next
case cBrinput
then show ?case by simp
next
case cOutput
then show Zcase by simp
next
case cBrOutput
then show ?case by simp
next
case cCase
then show ?case by simp
next
case cParl
then show ?case by simp
next
case cPar2
then show ?case by simp
next
case cComml
then show ?Zcase by simp
next
case cComm2
then show ?case by simp
next
case cBrMerge
then show ?case by simp
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next

case cBrComml

then show ?case by simp
next

case cBrComm2

then show ?case by simp
next

case cBrClose

then show ?case by simp
next

case cOpen

then show ?case by(auto simp add: supp-list-cons supp-list-append supp-atm
supp-some)
next

case cBrOpen

then show ?case by(auto simp add: supp-list-cons supp-list-append supp-atm
supp-some)
next

case cScope

then show ?case by simp
next

case cBang

then show ?case by simp
qed

lemma alphaBoundOutputChain':
fixes yvec :: name list
and zvec :: name list
and B :: (‘a, 'b, 'c) boundOutput

assumes length xvec = length yvec
and gyvec ix B
and yvec tx zvec
and distinct yvec

shows (vxzvec) B = (vxyvec|)([zvec yvec| +, B)
using assms
proof (induct rule: composePermInduct)
case cBase
show ?case by simp
next
case(cStep x zvec y yvec)
then show ?case
by (auto simp add: alphaBoundOutput|of y] equts)
qed

lemma alphaBoundOutputChain'":

fixes yvec :: name list
and zvec :: name list
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and N :'a
and P :: (‘a, b, 'c) psi

assumes length xvec = length yvec
and yvec fix N
and yvec §*x P
and yvec tx zvec
and distinct yvec

shows (vxzvec)(N <’ P) = (vxyvec))(([zvec yvec] +, N) <’ ([zvec yvec] -, P))
proof —
from assms have (vxavec)(N <’ P) = (vxyvec))([zvec yvec] +, (N <’ P))
by (simp add: alphaBoundOutputChain’)
then show ?thesis by simp
qed

lemma alphaDistinct:
fixes xvec :: name list
and N :'a
and P :: (‘a, b, 'c) psi
and yvec :: name list
and M :'a
and @ = ('a, 'b, 'c) psi

assumes o < P =3 < @
and distinct(bn «)
and Az. z € set(bn o) = = € supp(object )
and bn «afix bn B
and bn o t* (object )
and bn afx @

shows distinct(bn (3)
using assms
proof —
{
fix zvec M yvec N
assume Eq: (vxavec)N <’ P = (vsxyvec)M <’ Q
assume distinct zvec and zvec fx M and zvec f* yvec and zvec fx Q
assume Mem: \z. z € set zvec = z € (supp N)
have distinct yvec
proof —
from FEq have length zvec = length yvec
by (rule boundOutputChainEqLength)
with Eq «distinct zvec) <xvec §x yvecr <xvec §x My <avec ix Q> Mem show
?thesis
proof (induct n==length zvec arbitrary: zvec yvec M Q rule: nat.induct)
case(zero zvec yvec M Q)
then show ?case by simp
next
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case(Suc n zvec yvec M Q)
have L: length zvec = length yvec and Suc n = length zvec by fact+
then obtain z zvec’ y yvec’ where TEq: zvec = z#zvec’ and yEq: yvec =
y#fyvec
and L’ length zvec’ = length yvec’
by (cases zvec, auto, cases yvec, auto)
have zvecFreshyvec: xvec §x yvec and xvecDist: distinct zvec by fact+
with zEq yEq have zineqy: © # y and zvec'Freshyvec’: xvec’ §x yvec’
and zvec'Dist: distinct xvec’ and zFreshzvec’: x § xvec’
and zFreshyvec”: x # yvec’ and yFreshzvec”: y t zvec’
by auto
have Fq: (vxavec)N <’ P = (vxyvec)M <’ Q by fact
with 2Eq yEq zineqy have Eq’: (vxzvec’)N <’ P = (v+([(z, y)] - yvec))([(=,
vl - M) <" ([(z, 9)] - @)
by (simp add: boundOutput.inject alpha equts)
moreover have Mem:\z. x € set zvec = x € supp N by fact
with zEq have Az. © € set zvec’ = x € supp N by simp
moreover have zvec fx M by fact
with ©Eq zFreshzvec’ yFreshzvec' have zvec’ #x ([(z, y)] - M) by simp
moreover have zvecFreshQ: zvec §x @ by fact
with zFq zFreshzvec’ yFreshavec' have zvec’ tx ([(z, y)] - Q) by simp
moreover have Suc n = length zvec by fact
with zEq have n = length zvec’ by simp
moreover from zvec’Freshyvec' tFreshzvec’ yFreshzvec’ have zvec’ tx ([(x,
y)] - yvec’)
by simp
moreover from L’ have length zvec’ = length([(z, y)] - yvec’) by simp
ultimately have distinct([(z, y)] - yvec’) using xvec’Dist
apply —
apply(rule Suc)
by (assumption | simp)+
then have distinct yvec’ by simp
from Mem zEq have zSuppN: x € supp N by simp
from L «<distinct zvecy <xvec §x yvecr <xvec ix My <xvec §x @
have (vsyvec)M <’ Q = (vxavec)([yvec zvec] -, M) <’ ([yvec zvec] -, Q)
by (simp add: alphaBoundOutputChain'’)
with Fq have N = [yvec zvec] -, M by simp
with zFq yEq have N = [(y, z)] - [yvec’ zvec’] -, M
by simp
with zSuppN have ySuppM: y € supp([yvec’ zvec’] -, M)
by (force simp add: calc-atm equts name-swap
dest: pt-set-bij2[where pi=[(z, y)], OF pt-name-inst, OF at-name-inst))
have y { yvec’
proof —
{
assume y € supp yvec’
then have y € set yvec’
by (induct yvec’) (auto simp add: supp-list-nil supp-list-cons supp-atm)
moreover from <zvec $x M» zEq zFreshzvec’ have zvec’ % M by simp
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ultimately have y # [yvec’ zvec’] -, M using L' zvec’Freshyvec’ zvec'Dist
by (force intro: freshChainPerm)
with ySuppM have False by(simp add: fresh-def)
}
then show ?thesis
by (simp add: fresh-def, rule notl)
qged
with «distinct yvec’s yEq show ?case by simp
qed
qed
} note res = this
show ?thesis
apply(rule actionCases[where a=a])
using assms res
by (auto simp add: residuallnject supp-some)

qed
lemma boundOutputDistinct:
fixes U b
and P :: (‘a, b, 'c) psi
and o :: 'a action

and P’ :: (‘a, b, 'c) psi
assumes ¥ > P —a < P’

shows distinct(bn «)
using assms
proof(nominal-induct ¥ P z3==« < P’ avoiding: o P’ rule: semantics.strong-induct)
case cParl
then show ?case
by (force intro: alphaDistinct boundOutputBind Object)
next
case cPar?2
then show ?case
by (force intro: alphaDistinct boundOutputBindObject)
next
case (¢cBrComml U Uo P M N P' Ap Up Q avec Q' Ag a P")
note <¥ @ Up > Q — jM(vxzvec)(N) < Q"
moreover from <zvec fx M) have bn (jM (v+zvec|)(N)) tx subject (M (v zvec))({N))
by simp
moreover from «distinct zvec) have distinct (bn (M (v+avec)(N))) by simp
ultimately have someX: A z. z € set (bn ((M(vxavec)(N))) = = € supp
(object (M (v*zvecl)(N)))
by (drule boundOutputBindObject) (assumption)

note M (vxzvec)(N) < P'|| Q@' = a < P

moreover from <distinct zvec) have distinct (bn (M (vxavec)(N))) by simp

moreover note <Az. z € set (bn (jM(v*zvec))(N))) = = € supp (object
(iM (vxzvec) (N)))»
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moreover from (zvec fx a» have bn (M (vxavec)(N)) #x bn o by simp
moreover from <zvec fx o have bn (M (vxzvec)(N)) #x object o by simp
moreover from <avec fx P’y have bn (M (v*zvec)(N)) i+ P’ by simp
ultimately show ?case
by (rule alphaDistinct)
next
case (cBrComm2 ¥V Vo P M zvec N P' Ap Up Q Q' Ag a P")
note <V ® Vg > P +— jM(vxzvec)(N) < P
moreover from (zvec fix M» have bn (M (v+zvec)(N)) t* subject (M (v+zvec)(N))
by simp
moreover from <distinct xvecy have distinct (bn (M (v+zvec))(N))) by simp
ultimately have someX: A z. z € set (bn (M (vszvec)(N))) = = € supp
(object (M (vxazvec)(N)))
by (drule boundOutputBindObject) (assumption)

note M (vxzvec)(N) < P' || Q' = a < P
moreover from <distinct xvecy have distinct (bn (jM (v+zvec|)(N))) by simp
moreover note <Az. = € set (bn (jM(v*zvec)(N))) = x € supp (object
(iM (vxzvec)(N)))»
moreover from <avec fx o have bn (jM (vxzvec)(N)) #x bn o by simp
moreover from <zvec fx a» have bn ((M(vxzvec)(N)) #* object o by simp
moreover from <zvec fx P’y have bn (M (vxzvec)(N)) $x P" by simp
ultimately show ?case
by (rule alphaDistinct)
next
case(cBrClose W P M zvec N P’ o P")
then show Zcase by(simp add: residuallnject)
next
case(cOpen ¥ P M zvec yvec N P' z o P"')
note M (vx(zvecQr#yvec))(N) < P' = a < P’
moreover from <xvec §x yvec) <x § zvecr <x § yvecy «distinct zvecy <distinct yvec
have distinct(bn(M (v+(zvecQz#yvec))(N)))
by auto (simp add: fresh-star-def fresh-def name-list-supp)
moreover {
fix y
from <¥ > P — M (vx(zvecQyuec))(N) < P’ «x € supp N> «x § avecr «x ff
yvecy <x § M> <z § U «distinct xvec) <distinct yvec) <zxvec §x W) (xvec §x P> (xvec
gx M <zvec fx yvecy (yvec fx Wy (yvec §x Py <yvec g% M)
have ¥ > (vz)) P — M (v+(zvecQzH#yvec) ) (N) < P’ by(rule semantics.cOpen)
moreover moreover from <zvec #x M> <z § M> «yvec x M>
have bn(M (vx(zvecQz#yvec))(N)) f* (subject(M (vx(zvecQz#yvec))(N)))
by simp
moreover note <distinct(bn(M (vx(zvecQz#yvec)))(N)))»
moreover assume y € set(bn(M (v+(zvecQa#yvec))(N)))

~— —

ultimately have y € supp(object(M (v*(xvecQz#yvec))(N)))
by (metis boundOutputBindObject)
}

moreover from <zvec fx o <z § ay (yvec fx
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have bn(M (vx(zvecQz#yvec))(N)) tx bn o and bn(M (v*(zvecQx#yvec))(N))
fx object o by simp+
moreover from <zvec fix P’y <z § P’ «yvec §x P’
have bn(M (v*(zvecQz#yvec))(N)) fx P' by simp
ultimately show ?case by(rule alphaDistinct)
next
case(cBrOpen ¥ P M zvec yvec N P’ z v P"')
note <M (vx(zvecQz#yvec))(N) < P’ = a < P
moreover from <xvec fx yvec) <x § zvecr <x § yvecy «distinct zvecy <distinct yvec
have distinct(bn(iM (v (zvecQz#tyvec))(N)))
by auto (simp add: fresh-star-def fresh-def name-list-supp)
moreover {
fix y
from U > P +——iM(vx(zvecQyuec))(N) < P’ <z € supp N> <z f avec) <z
yvecy <x § M)> <z § U «distinct xvec) <distinct yvec) <zxvec fx W) (xvec §x P> (xvec
fx M> <xvec ix yvecr <yvec §x Wy «yvec #x P> «yvec tx M>
have U > (vz|) P — M (v+(zvecQzH#yvec) ) (N) < P’ by(rule semantics.cBrOpen)
moreover moreover from <zvec x M> <z § M> «yvec ix M>
have bn(jM (vx(zvecQxtyvec))(N)) tx (subject(jM (v*(zvecQz#yvec)))(N)))
by simp
moreover note <distinct(bn(jM (v(zvecQz#yvec))(N)))»
moreover assume y € set(bn(jM (v(zvecQz#yvec))(N)))

ultimately have y € supp(object(iM (v*(zvecQz#yvec))(N)))
by (metis boundOutputBindObject)
}

moreover from (zvec §x ) <z § a <yvec §x a»

have bn(iM (vx(zvecQz#yvec))(N)) £+ bn o and bn(jM (vx(zvecQz#yvec)|)(N))
fx object o by simp+

moreover from <zvec fix P’y <z § P’ «yvec §x P’

have bn(iM (v+(2zvecQa#yvec))(N)) §x P by simp

ultimately show ?case by(rule alphaDistinct)
next

case cScope

then show ?case

by — (rule alphaDistinct, auto intro: bound OutputBindObject)

qed (simp-all add: residuallnject)

lemma inputDistinct:

fixes U b
and M :'a
and zvec :: name list
and N :'a
and P :: ('a, b, 'c) psi
and Rs :: (‘a, 'b, c) residual

assumes U > M(Axzvec N|).P — Rs

shows distinct xvec
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using assms
by (nominal-induct ¥ P==M (Axzvec N|).P Rs avoiding: zvec N P rule: seman-
tics.strong-induct)
(auto simp add: psi.inject intro: alphalnputDistinct)

lemma outputinduct’[consumes 2, case-names cAlpha cOutput cCase cParl cPar2
c¢Open cScope cBang]:

fixes U = 'b
and P :: (‘a, b, 'c) psi
and M :'a
and yvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =

‘a = name list = 'a = ('a, 'b, 'c) psi = bool
and C :: f:fs-name

assumes ¥ > P — M (vxavec))(N) < P’
and avec fx M
and rAlpha: NV P M avec N P’ p C. [zvec §x U; zvec §x P; avec §x M; zvec
tx C; zvec #x (p - zvec);
set p C set zvec X set(p - zvec); distinctPerm p;
(p - avec) g% N; (p » zvec) $x P’; Prop C ¥ P M
zvec N P'| =
Prop C¥ P M (p - avec) (p- N) (p- P
and rOutput: N\O MKNPC. [+ M+ K] = Prop C¥ (M(N).P) K ([])
N P
and rCase: AU P M zvec N P' ¢ Cs C. [V > P — M (vkavec)(N) < P’s \C.
Prop C ¥ P M avec N P’ (¢, P) € set Cs; ¥ + ¢; guarded P] =
Prop C ¥ (Cases Cs) M zvec N P’
and rParl: AV ¥g P M avec N P' Ag Q C.
[¥ ® Ug > P —M(vszvec)(N) < P'; extractFrame @ = (Ag,
V); distinct Ag;
NC. Prop C (¥ ® ¥g) P M zvec N P’;
Ag tx P; Ag tx Q; Ag #x U, Ag ix M,
Ag i zvec; Ag tx N; Ag i+ P’y Ag #x C; zvec fx Q;
zvec §x U; zvec i Ug; zvec i P; zvec §x M; zvec i+ C] =
Prop C ¥ (P || Q) M zvec N (P'|| Q)
and 7rPar2: AV Up Q M avec N Q' Ap P C.
[¥ @ Up > Q —>M(v*avec)(N) < Q'; extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ ® Up) Q M zvec N Q;
Ap i+ Py Ap % Q5 Ap fx U5 Ap fx M;
Ap t* zvec; Ap % N; Ap #*x Q' Ap #x C; avec #x Q;
zvec {x U; zvec fx Up; zvec §x P; zvec fx M; avec fx O] =
Prop C ¥ (P || Q) M zvec N (P | Q)
and rOpen: AV P M zvec yvec N P' z C.
[¥ > P —M(vx(zvecQyuec))(N) < P’; z € supp N; ANC. Prop C
U P M (zvec@Qyvec) N P’
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x Uz M; x f zvec; x ff yvec; zvec tix V; zvec §x P; zvec fx M,
yvec #x U yvec i P; yvec tx M; yvec §x C; z  C; zvec §x C] =
Prop C ¥ ((vz)P) M (zvecQz#yvec) N P’
and rScope: AV P M zvec N P’z C.
[¥ > P —M(vxzvec)(N) < P’; NC. Prop C ¥ P M zvec N P’;
x4 Uz M; xf avec; © § N; avec fx U
avec fx P; avec x M; z § C; zvec §x C] =
Prop C ¥ ((vz)P) M avec N ((vz)P’)
and rBang: AV P M zvec N P’ C.
[¥ > P || P —M(vxavec)(N) < P’; guarded P; ANC. Prop C
U (P || !'P) M avec N P'| =
Prop C ¥ (1P) M zvec N P’
shows Prop C ¥ P M zvec N P’
proof —
note U > P —— M (vsavec)(N) < P’
moreover from <zvec fx M» have bn(M (vxzvec)(N)) tx subject(M (vxzvec|) (N))
by simp
moreover from ¥ > P — M (vxavec)) (N) < P’y have distinct(bn(M (vxzvec)(N)))
by (rule boundOutputDistinct)
ultimately show ?thesis
proof (nominal-induct ¥ P a==M (vxzvec|)(N) P’ avoiding: C arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha U P o P’ p C M zvec N)
from «(p - @) = M(v*zvec)(N)> have (p - p - a) = p - (M(v*zvec)(N))
by (simp add: fresh-bij)
with «distinctPerm p> have A: o = (p + M)(v*(p - zvec)){(p - N))
by (simp add: equts)
with <bn a fx U) <bn a fx Py <bn « fx subject o » <bn a % Cy <bn « #x bn(p
- a)y «distinctPerm p»
have (p - zvec) i+ ¥ and (p - zvec) §x P and (p - zvec) i+ (p - M) and (p
- zvec) fx C and (p - zvec) fx (p - p - zvec)
by auto
moreover from A ¢set p C set(bn «) x set(bn(p + «))» «distinctPerm p»
have S: set p C set(p - zvec) X set(p + p - avec) by simp
moreover note (distinctPerm p»
moreover from A n(p - a) fx v <dn(p - o) §x Ph
have (p - p - zvec) fx (p - N) and (p - p - zvec) fx P’ by simp+
moreover from A have Prop C ¥ P (p - M) (p - zvec) (p - N) P’
by (rule cAlpha)
ultimately have Prop C U P (p- M) (p-p - avec) (p-p - N) (p - P’
by (rule rAlpha)
moreover from A <bn a fx subject oy have (p - zvec) % (p -+ M) by simp
then have zvec fx M by(simp add: fresh-star-bij)
from A <bn(p - @) #x @ <distinctPerm p» have zvec fx (p - M) by simp
then have (p - zvec) #x (p - p - M) by(simp add: fresh-star-bij)
with «<distinctPerm p> have (p - avec) fx+ M by simp
with «avec §x M>» S «distinctPerm p> have (p - M) = M by simp
ultimately show Zcase using S <distinctPerm p»> by simp
next
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case clnput

then show ?case by(simp add: residuallnject)
next

case cBrinput

then show ?case by simp
next

case cOutput

then show ?case by(force dest: rOutput simp add: action.inject)
next

case cBrOutput

then show Zcase by simp
next

case cCase

then show Zcase by(force intro: rCase)
next

case cParl

then show ?case by(force intro: rParl)
next

case cPar2

then show ?Zcase by(force intro: rPar2)
next

case cComml

then show ?case by(simp add: action.inject)
next

case cComm2

then show Zcase by(simp add: action.inject)
next

case cBrMerge

then show ?case by(simp add: action.inject)
next

case cBrComml

then show ?case by simp
next

case cBrComm?2

then show ?case by simp
next

case c¢BrClose

then show Zcase by simp
next

case cOpen

then show ?case by(auto intro: rOpen simp add: action.inject)
next

case cBrOpen

then show Zcase by simp
next

case cScope

then show ?Zcase by(auto intro: rScope)
next

case cBang
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then show ?case by(auto intro: rBang)
qed
qed

lemma brOutputinduct’[consumes 2, case-names cAlpha ¢BrOutput cCase cParl
cPar2 ¢BrComml c¢BrComm?2 c¢BrOpen cScope cBang:

fixes ¥ b
and P :: (‘a, b, 'c) psi
and M :'a
and yvec :: name list
and N :'a

and P’ :: ('a, b, 'c) psi
and Prop :: f::fs-name = 'b = (‘a, 'b, 'c) psi =

‘a = name list = 'a = ('a, 'b, 'c) psi = bool
and C : f:fs-name

assumes ¥ > P —— M (v+zvec)(N) < P’
and zvec fx M
and rAlpha: NV P M zvec N P’ p C. [zvec #x U; zvec §x P; zvec fx M; zvec
gx C; avec #x (p - zvec);
set p C set zvec X set(p - zvec); distinctPerm p;
(p - zvec) g% N; (p » zvec) $x P’; Prop C ¥ P M
azvec N P =
Prop C ¥ P M (p - avec) (p+ N) (p- P
and rBrOutput: A\ W MKNPC.[VF M < K] = Prop C¥ (M(N).P) K
M NP
and rCase: AV P M zvec N P’ ¢ Cs C. [V > P —iM(v*zvec)(N) < P’
AC. Prop C U P M xvec N P’ (p, P) € set Cs; ¥ I ¢; guarded P] =
Prop C ¥ (Cases Cs) M zvec N P’
and rParl: AV Wg P M avece N P' Ag Q C.
[¥ ® Ug > P +——jM(v+zvec)(N) < P’; extractFrame Q = (Aq,
Uo); distinct Ag;
AC. Prop C (¥ ® ¥g) P M zvec N P/,
Ag tx P; Ag tx Q; Ag #x U; Ag i+ M,
Aq t* zvec; Ag % N; Ag i P’ Ag #x C; zvec #* Q;
zvec §x U; zvec f* Ug; zvec i* P; zvec §x M; zvec f+ (] =
Prop C U (P || Q) M zvec N (P'|| Q)
and rPar2: AV Up Q M avec N Q' Ap P C.
[¥ @ ¥p > Q —iM(vxavec)(N) < Q' extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ ® Up) Q@ M zvec N Q%
Ap i+ Py Ap % Q5 Ap fx U5 Ap fx M;
Ap t* zvec; Ap % N; Ap t#x Q' Ap #x C; xvec #*x Q;
avec fx U; zvec fx Up; zvec §x P; zvec fx M; avec §x O] =
Prop C ¥ (P || Q) M zvec N (P || Q)
and rBrComml: N\¥ ¥ P M N P' Ap ¥p Q zvec Q' Ag C.
[T ® Uy > P —s M(N) < P
extractFrame P = (Ap, Up); distinct Ap;
U ® Up > Qr—iM(vszvec)(N) < Qs NC. Prop C (¥ ® Up)
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Q M zvec N Q'
extractFrame @ = (Ag, Vq); distinct Ag;
AP li* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap B+ Q; Ap i+ Q' Ap tx Aqg; Ap x avec; Aq tx W; Ag f* Vp;
Ag tx P; Ag i N; Ag #x P'; Ag i Q; Ag tx Q'; distinct zvec;
Ap tx M; Ag tx M; zvec f§x M;
Ag ti* zvec; zvec fx Vs zvec §x Wp; zvec §x Wo; zvec §x P
zvec fx Q; Ap ix C; Ag tx C; zvec §x O] =
Prop C U (P || Q) M zvec N (P’ || @
and rBrComm2: N\¥ ¥g P M zvec N P’ Ap ¥p Q Q' Ag C.
[¥ ® Ug > P +—iM(vszvec)(N) < P'; NC. Prop C (¥ @ Ug)
P M zvec N P/;
extractFrame P = (Ap, ¥p); distinct Ap;
UeUpr> Q— M(N) < Q%
extractFrame Q = (Ag, Vq); distinct Ag;
Ap tx W; Ap tx Ug; Ap tx P; Ap tx N Ap t P"
Ap #x Q; Ap #x Q' Ap fx Aq; Ap f* zvec; Ag #x V; Ag i+ Wp;
Ag tx P; Ag % N; Ag tx P’; Ag tx Q; Ag tx Q) distinct zvec;
Ap #x M; Ag 8% M; avec §x M;
Ag B zvec; zvec §x U; zvec fx Vp; avec fx Yqo; zvec i* P;
zvec tx Q; Ap #x C; Ag #x C; zvec % C] =
Prop C U (P || Q) M zvec N (P’ || @)
and rOpen: AY P M zvec yvec N P’z C.
[¥ > P +——iM(vx(zvec@Qyuvec)){N) < P'; z € supp N; AC. Prop
C U P M (zvecQyuvec) N P’;
x4V, x f M; xt zvec; x § yvec; zvec g% W; zvec §x P; zvec §x M;
yvec i U yvec i P; yvec tx M; yvec % C; z  C; avec fx C] =
Prop C ¥ ((vz)P) M (zvecQu#yvec) N P’
and rScope: AV P M zvec N P’ z C.
[¥ > P v+——M(v*avec)(N) < Ps NC. Prop C ¥ P M zvec N P/,
zf Uzl M; zf§ zvec; x §f N; zvec §x U,
zvec #x P; avec §x M; z 8 C; avec §x C] =
Prop C ¥ ((vz)P) M avec N ((vz)P’)
and rBang: AV P M zvec N P’ C.
[¥ > P || !'P+—iM(vszvec)(N) < P'; guarded P; NC. Prop C
U (P || !P) M zvec N P =
Prop C ¥ (IP) M zvec N P’
shows Prop C ¥ P M zvec N P’
proof —
note U > P ——{M(v*zvec)) (N) < P’
moreover from (zvec fx M» have bn(jM (vxzvec|)(N)) #x subject(;M (v+avec|)(N))
by simp
moreover from (¥ > P —— M (vxavec)(N) < P’y have distinct(bn(jM (vxzvec))(N)))
by (rule boundOutputDistinct)
ultimately show ?thesis
proof (nominal-induct ¥ P a=={M (v*xzvec|)(N) P’ avoiding: C arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha ¥ P o P’ p C M zvec N)
from «(p - a) = M (vxavec)(N)> have (p + p - @) = p - (jM(v*zvec)(N))
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by (simp add: fresh-bij)
with <distinctPerm p> have A: o = j(p - M)(v*(p - zvec)){(p - N))
by (simp add: equts)
with <bn a fx U» <bn « #x P> <bn « fx subject a > <bn « fx C> <bn « * dn(p
- a)y «distinctPerm p»
have (p - zvec) * ¥ and (p - zvec) §x P and (p - zvec) i+ (p - M) and (p
- zvec) fx C and (p - zvec) fx (p -« p + zvec)
by auto
moreover from A (set p C set(bn «) x set(bn(p - a))» <«distinctPerm p»
have S: set p C set(p - avec) X set(p - p - zvec) by simp
moreover note (distinctPerm p»
moreover from A <bn(p - «) §x @ <bn(p - a) x PH
have (p - p - zvec) §x (p - N) and (p - p - zvec) fx P’ by simp+
moreover from A have Prop C ¥ P (p - M) (p - zvec) (p - N) P’
by (rule cAlpha)
ultimately have Prop C ¥ P (p- M) (p - p - avec) (p-p+- N) (p- P
by (rule rAlpha)
moreover from A <bn « fx subject v have (p - avec) §x (p -+ M) by simp
then have zvec f§x M by(simp add: fresh-star-bij)
from A «bn(p - ) fx a» <distinctPerm p> have zvec §x (p - M) by simp
then have (p - zvec) #* (p + p + M) by(simp add: fresh-star-bij)
with <distinctPerm p> have (p « avec) fx+ M by simp
with <zvec §x M» S «distinctPerm p> have (p - M) = M by simp
ultimately show Zcase using S «distinctPerm p»> by simp
next
case clnput
then show ?case by(simp add: residuallnject)
next
case cBrinput
then show ?case by simp
next
case cQutput
then show Zcase by simp
next
case c¢BrOutput
then show ?case by(simp add: rBrOutput action.inject)
next
case cCase
then show ?Zcase by(force intro: rCase)
next
case cParl
then show ?Zcase by(force intro: rParl)
next
case cPar?2
then show ?Zcase by(force intro: rPar2)
next
case cComml
then show Zcase by(simp add: action.inject)
next
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case cComm2

then show ?case by(simp add: action.inject)
next

case cBrMerge

then show Zcase by(simp add: action.inject)
next

case cBrComml1

then show ?case

by (auto intro: rBrComml simp add: action.inject)

next

case cBrComm?2

then show ?case

by (auto intro: rBrComm?2 simp add: action.inject)

next

case c¢BrClose

then show ?case by simp
next

case cOpen

then show ?case by simp
next

case cBrOpen

then show ?case by(auto intro: rOpen simp add: action.inject)
next

case cScope

then show ?case by(auto intro: rScope)
next

case cBang

then show ?case by(auto intro: rBang)
qed

qed

lemma inputInduct[consumes 1, case-names clnput cCase cParl cPar2 cScope

cBany]:
fixes ¥ b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a

and P’ :: ('a, b, 'c) psi

and Prop :: 'f::fs-name = 'b = ('a, 'b, 'c) psi =
‘a = 'a = (‘a, 'b, 'c) psi = bool

and C :: f:fs-name

assumes Trans: ¥ > P — M(N|) < P’
and rlnput: AV M K zvec N Tvec P C.
[¥ + M + K; distinct zvec; set zvec C supp N;
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C U (M (Axzvec N|).P)
K (N[zvec::=Tvec]) (Plzvec:=Tvec])
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and rCase: N\ W PM NP ¢ Cs C.[¥ > P+—M(N) < P NC. Prop C T
P M N P’; (p, P) € set Cs; ¥ + ¢; guarded P] =
Prop C ¥ (Cases Cs) M N P’
and rParl: A\ Yo PM NP Ag Q C.
[¥ @ g > P +—M(N|) < P’ extractFrame Q = (Ag, ¥q);
distinct Ag;
NC. Prop C (¥ ® Ugo) P M N P’ distinct Ag;
Ag B+ P; Ag % Q; Ag % ¥; Ag tx M; Ag #x N;
AQ ﬁ* Pl; AQ ﬁ* Cﬂ -
Prop CW (P || Q) MN (P'] Q)
and 7rPar2: NV Up Q M N Q' Ap P C.
[¥ @ Up > Q—M(N) < Q; extractFrame P = (Ap, Up);
distinct Ap;
AC. Prop C (¥ ® Up) Q@ M N Q; distinct Ap;
Ap fx Py Ap % Q; Ap §x W5 Ap §x M; Ap §x N;
Ap t+ Q' Ap tx (] =
Prop CW (P Q) MN (P Q)
and rScope: A P M N P’z C.
[¥ > P—M(N) < P; NC. Prop C¥ PMNP;z8V;zt
M;z4 N;z4 C] =
Prop C ¥ ((vz)P) M N ((vz)P’)
and rBang: AP PMN P'C.
[¥ > P ||!P—M(N|) < P’ guarded P; NC. Prop C ¥ (P ||
IP) M N P'] = Prop C ¥ (IP) M N P’
shows Prop C ¥ P M N P’
using Trans
proof(nominal-induct ¥ P Rs==M(N|) < P’ avoiding: C arbitrary: P’ rule: se-
mantics.strong-induct)
case(cInput O M K zvec N Tvec P C)
then show ?case
by (force intro: rInput simp add: residuallnject action.inject)
next
case(cBrinput U M K zvec N Tvec P C)
then show ?case
by (simp add: residuallnject)
next
case(Output W M K N P C)
then show ?case by(simp add: residuallnject)
next
case BrOutput
then show ?case by(simp add: residuallnject)
next
case(Case ¥ P ¢ CS C P)
then show ?case by(force intro: rCase)
next
case(cParl ¥V Vg P a P’ Q Ag C P")
then show ?case by(force intro: rParl simp add: residuallnject)
next

case(cPar2 ¥ UP Q o Q' avec P C Q")
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then show ?case by(force intro: rPar2 simp add: residuallnject)
next
case(cComml1 WV WQ P M N P’ zvec P Q K zvec Q' yvec C PQ)
then show ?case by(simp add: residuallnject)
next
case(cComm2 ¥ WQ P M zvec N P' zvec ¥P Q K yvec Q' C PQ)
then show ?case by(simp add: residuallnject)
next
case cBrMerge
then show Zcase by(simp add: residuallnject)
next
case cBrComml
then show ?case by(simp add: residuallnject)
next
case cBrComm2
then show Zcase by(simp add: residuallnject)
next
case(cBrClose ¥ P M zvec N P’ C P")
then show ?case by(simp add: residuallnject)
next
case(cOpen U P M zvec N P’ x yvec C' P")
then show ?case by(simp add: residuallnject)
next
case(cBrOpen ¥ P M zvec N P’ z yvec C' P")
then show ?case by(simp add: residuallnject)
next
case(cScope W P oo P’ x C' P")
then show ?case by(force intro: rScope simp add: residuallnject)
next
case(Bang ¥ P C P’)
then show ?Zcase by/(force intro: rBang)
qed

lemma brinputinduct[consumes 1, case-names cBrinput cCase cParl cPar2 cBrMerge
cScope cBang):

fixes U ')
and P :: (‘a, 'b, 'c) psi
and M :'a
and N :'a

and P’ :: (‘a, 'b, 'c) psi

and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =
‘a = 'a = (‘a, 'b, 'c) psi = bool

and C : f:fs-name

assumes Trans: ¥ > P —; M(N|) < P’
and rBrinput: AV K M axvec N Tvec P C.
[¥ - K = M; distinct xvec; set xzvec C supp N
length zvec = length Tvec; zvec fix W;
avec fx M; zvec tx K; avec fx O] =
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Prop C U (M(Aszvec N|.P)
K (Nlzvec::=Tvec]) (Plzvec::=Tvec])
and rCase: N\U PM NP ¢ Cs C. [V > P+——;M(N) < P ANC. Prop C ¥
P M N P’; (p, P) € set Cs; ¥ + @; guarded P] =
Prop C U (Cases Cs) M N P’
and rParl: A\ Yo PM NP Ag Q C.
¥ ® Yo > P — M(N|) < P’; extractFrame Q = (Ag, Yo);
distinct Ag;
AC. Prop C (¥ ® o) P M N P’ distinct Ag;
AQ ﬂ* P; AQ ﬂ* Q; AQ ﬂ* \I/; AQ ﬂ* M; AQ ﬁ* N;
AQ ﬁ* Pl; AQ fx Cﬂ -
Prop C W (P || Q) MN (P'| Q)
and rPar2: N\V UVp Q M N Q' Ap P C.
[¥ @ ¥p > Q+—; M(N) < Qs extractFrame P = (Ap, ¥p);
distinct Ap;
NC. Prop C (¥ @ Up) Q M N Q'; distinct Ap;
Ap §x Py Ap §x @Q; Ap #x U5 Ap fx M; Ap fx N;
Ap ﬂ* QI; Ap ﬁ* O]] -
Prop CW (P | Q) MN (P Q)
and rBrMerge: AU Yo PM NP’ Ap Up Q Q' Ag C.
[T ® Uy > P —s ;M(N) < P, NC. Prop C (¥ ® ¥o) P M N

extractFrame P = (Ap, ¥p); distinct Ap;
UV@Upr> Q+— (M(IN) < Q5 ANC. Prop C (VY @ ¥p) QM N

extractFrame Q = (Ag, Vq); distinct Ag;
Ap ﬂ* \I/; Ap ﬂ* \I/Q; Ap ﬂ* P; Ap ﬂ* N; Ap ﬂ* P/;
Ap B Q; Ap x Q') Ap §x Ag; Ap Ix M; Aq = M;
Ag % U5 Ag % Up; Ag #x P; Ag i+ N; Ag tx P
4G B Q5 Ag Bx Q% Ap tx C; Ag fe C
Ap % M; Ag #x M| =
Prop CU (P | @ MN (P'|| @)
and rScope: A\ P M N P’z C.
[ > Pr——;M(|N) < P; NC. Prop CY PMNP';z4V; zf
M;z4 N;z4 C] =
Prop C U ((vz))P) M N ((vz|)P’)
and rBang: AY PMN P’ C.
[¥>P|!'P+—;M(N) < P’ guarded P; NC. Prop C ¥ (P ||
\P) M NP']| = Prop C¥ (IP) MNP’
shows Prop C W P M N P’
using Trans
proof (nominal-induct ¥ P Rs==;M(N| < P’ avoiding: C arbitrary: P’ rule:
semantics.strong-induct)
case(cInput ¥ M K zvec N Tvec P C')
then show ?case by (simp add: residuallnject)
next
case(cBrinput U K M zvec N Tvec P C)
then show ?case
by (auto intro: rBrinput simp add: residuallnject action.inject)
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next
case(Output W M K N P C)
then show ?case by(simp add: residuallnject)
next
case BrOutput
then show ?case by(simp add: residuallnject)
next
case(Case ¥ P ¢ CS C P’)
then show ?case by(force intro: rCase)
next
case(cParl ¥ ¥g Pa P’ Q Ag CP")
then show ?case by(force intro: rParl simp add: residuallnject)
next
case(cPar2 ¥ UP Q o Q' zvec P C Q")
then show ?case by(force intro: rPar2 simp add: residuallnject)
next
case(cComml ¥ WQ P M N P’ zvec UP Q K zvec Q' yvec C PQ)
then show ?case by(simp add: residuallnject)
next
case(cComm2 U WQ P M zvec N P' zvec ¥P Q K yvec Q' C PQ)
then show Zcase by(simp add: residuallnject)
next
case cBrMerge
then show Zcase by(auto intro: rBrMerge simp add: residuallnject action.inject)
next
case cBrComml
then show Zcase by(simp add: residuallnject)
next
case cBrComm2
then show ?case by(simp add: residuallnject)
next
case(cBrClose ¥ P M zvec N P’ C P")
then show ?case by(simp add: residuallnject)
next
case(cOpen ¥ P M zvec N P’ x yvec C' P")
then show ?case by(simp add: residuallnject)
next
case(cBrOpen ¥ P M xvec N P’ x yvec C P")
then show ?case by(simp add: residuallnject)
next
case(cScope W P o P' o C P”)
then show ?case by/(force intro: rScope simp add: residuallnject)
next
case(Bang ¥ P C P’)
then show ?case by(force intro: rBang)
qed

lemma taulnduct[consumes 1, case-names cCase cParl cPar2 cComm1 cComm2
¢BrClose cScope cBang):

83



fixes U b
and P :: (‘a, b, 'c) psi
and Rs :: (‘a, 'b, 'c) residual
and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =
("a, 'b, 'c) psi = bool
and C :: f:fs-name

assumes Trans: ¥ > P ——71 < P’
and rCase: AU PP ¢ Cs C. [V > P+—7 < P; NC. Prop C ¥ P P’ (p,
P) € set Cs; ¥ + ¢; guarded P] =
Prop C U (Cases Cs) P’
and rParl: AV ¥g PP’ Ag Q C.
[V ® o > P +——71 < P'; extractFrame Q = (Ag, ¥q); distinct
Ag;
AC. Prop C (¥ ® ¥g) P P/
A fx Py Ag Ix Qs Ag i+ U
AQ ﬁ* P'; AQ ﬁ* Cﬂ -
Prop C W (P || Q) (P']| Q)
and rPar2: \U Up Q Q' Ap P C.
[¥ @ Up > Q —>7 < Qs extractFrame P = (Ap, Up); distinct
Ap;
AC. Prop C (¥ ® ¥p) Q Q;
Ap fx P; Ap §x Q5 Ap §x
Ap ﬂ* Q/; Ap ﬂ* O]] =
Prop CW (P | Q) (P | Q)
and rCommi: N\ ¥g PM N P’ Ap ¥p Q K zvec Q' Ag C.
[¥ @ g > P —M(N) < P’; extractFrame P = (Ap, ¥p);
distinct Ap;
U ® Up > Q—K(vxzvec)(N) < Q'; extractFrame Q = (Ag,
Ug); distinct Ag;
Ve Up @ Uy Mo K;
Ap fx W; Ap #x Wq; Ap #x P; Ap #x M; Ap #x N; Ap §x P/
Ap #x Q; Ap #x Q' Ap fix Ag; Ap f* zvec; Ag #x V; Aqg i Up;
A t* zvec; zvec f§x W; zvec §x Wp; zvec §* Vg; zvec fx P; zvec §x

zvec tx Q; zvec fx K; Ap tx C; Ag tx C; zvec tx O] =
Prop C'¥ (P || Q) ((v+avec)(P'[| Q"))
and rComm?2: \¥ ¥g P M zvec N P’ Ap ¥p Q K Q' Ag C.
[V ® Yo > P +—M(vsavec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
U Up > Q—K(N) < Q; extractFrame Q = (Ag, Vg);
distinct Ag;
Ve ¥p Vgt M K,
Ap i+ U; Ap 8% Ug; Ap % P; Ap fix M; Ap #x N; Ap % P’;
Ap #x Q; Ap #x Q'; Ap fx Ag; Ap f* avec; Ag #x V; Aqg i+ Up;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* P/; AQ ﬁ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
Ag t* zvec; zvec fx U; azvec §x Wp; zvec §* Vo; zvec fx P; zvec §x*
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zvec fx Q; zvec fx K; Ap tx C; Ag tx C; zvec tx (] =
Prop C W (P || Q) ((vavec)(P' || Q")
and rBrClose: AU P M xvec N P' Ap ¥p x C.
[¥ > P +— M(vsavec)(N) < P’
T € supp M;
distinct zvec; xvec fx VU; xvec fx P;
avec fx M;
z ;2§ avec] =
Prop C U ((vz)P) ((vz)((v+zvec)P'))
and rScope: AU P P’z C.
[¥>Pr—7<P; ANC.PropCUY PPzt VU;z4(C] =
Prop C U ((vz)P) ((vz)P’)
and rBang: AV PP’'C.
[¥ > P | !P+~—7 < P’; guarded P; ANC. Prop C U (P || |P) P]
= Prop C ¥ (IP) P’
shows Prop C ¥ P P’
using Trans
proof (nominal-induct ¥ P Rs==1 < P’ avoiding: C arbitrary: P’ rule: seman-
tics.strong-induct)
case(cInput M K zvec N Tvec P C)
then show Zcase by(simp add: residuallnject)
next
case cBrilnput
then show ?case by(simp add: residuallnject)
next
case(Output W M K NP C)
then show Zcase by(simp add: residuallnject)
next
case BrOutput
then show ?case by(simp add: residuallnject)
next
case(Case ¥ P ¢ Cs C P’)
then show ?case by(force intro: rCase simp add: residuallnject)
next
case(cParl ¥V Vg P a P'Ag Q CP")
then show ?case by(force intro: rParl simp add: residuallnject)
next
case(cPar2 ¥ Up Qa Q' Ap P C Q")
then show ?case by(force intro: rPar2 simp add: residuallnject)
next
case(cComml ¥ ¥g PM NP’ Ap Up Q K zvec Q' Ag C PQ)
then show ?Zcase by(force intro: rComml simp add: residuallnject)
next
case(cComm2 ¥ ¥g P M zvec N P’ Ap YP Q' Ag C PQ)
then show ?case by(force intro: rComm2 simp add: residuallnject)
next
case cBrMerge
then show Zcase by(simp add: residuallnject)
next
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case cBrComml

then show ?case by(simp add: residuallnject)
next

case cBrComm2

then show Zcase by(simp add: residuallnject)
next

case cBrClose

then show ?case by(force intro: rBrClose simp add: residuallnject)
next

case(cOpen ¥ P M zvec N P’ x yvec C' P")

then show Zcase by(simp add: residuallnject)
next

case(cBrOpen W P M zvec N P’ z yvec C' P")

then show ?case by(simp add: residuallnject)
next

case(cScope W P o P’ x C P")

then show ?case by(force intro: rScope simp add: residuallnject)
next

case(Bang ¥ P C P’)

then show ?case by(force intro: rBang simp add: residuallnject)
qed

lemma semanticsFramelnduct[consumes 3, case-names cAlpha cInput cBrInput
cOutput cBrOutput cCase cParl cPar2 cCommi cComm?2 cBrMerge ¢BrComml
c¢BrComm?2 ¢BrClose ¢Open ¢BrOpen cScope cBang|:

fixesU b
and P :: ('a, b, 'c) psi
and Rs :: ('a, b, 'c) residual
and Ap :: name list
and Up b

and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =
(‘a, 'b, 'c) residual = name list = 'b = bool
and C  : 'fi:fs-name

assumes Trans: ¥ > P — Rs
and FrP: extractFrame P = (Ap, Up)
and distinct Ap
and rAlpha: NV P Ap Up p Rs C. [Ap tx U; Ap tx P; Ap tx (p - Ap); Ap
fx Rs; Ap g+ C;
set p C set Ap x set(p - Ap); distinctPerm p;
Prop CV P Rs Ap Up]| = Prop C ¥ P Rs (p
S Ap) (p - Up)
and rlnput: AU M K zvec N Tvec P C.
[¥ + M + K; distinct zvec; set zvec C supp N;
length zvec = length Tvec; zvec fix W;
avec §x M; zvec §x K; avec fx O] =
Prop C U (M (Axzvec N|).P)
(K((Nzvec::=Tvec])) < (Plazvec::=Tvecl)) ([]) (1)
and rBrinput: AV M K zvec N Tvec P C.
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[¥ - K = M; distinct xvec; set zvec C supp N
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C U (M (Axzvec N|).P)
(LK ((N[zvec::=Tvec])|) < (Plavec::=Tvec])) ([]) (1)
and rOutput: AW MKNPC. U+ M < K = Prop CV (M{(N).P) (K(N)
<P) () (1)
and rBrOutput: N\ W M K NPC. V+ M < K = Prop C ¥ (M(N).P)
(K(NV) < P)([) (1)
and rCase: AV P Rs ¢ Cs Ap Up C. [V > P+~ Rs; extractFrame P = (Ap,
Up); distinct Ap; NC. Prop C U P Rs Ap Up;
(¢, P) € set Cs; U F ¢; guarded P; ¥p ~ 1;
(supp Up) = ({}::name set);
Ap % U; Ap fx P; Ap #x Rs; Ap #x O] =
Prop C ¥ (Cases Cs) Rs ([]) (1)
and rParl: AU Yo Pa P'Ag Q Ap Up C.
[¥ ® ¥g > Pr—a < P
extractFrame P = (Ap, ¥p); distinct Ap;
extractFrame @ = (Ag, Vq); distinct Ag;
AC. Prop C (¥ ® ¥g) P (o < P') Ap ¥p; distinct(bn «);
Ap fx P; Ap fix Q; Ap % W; Ap #x a; Ap §x P'; Ap fix Ag; Ap
s Jok
Ag tx P; Ag tx Q; Ag i+ U; Ag t* a; Ag t* P'; Ag t* Up;
bn o fx U; bn a tx P; bn o ix Q; bn o fx subject a; bn « fx Up;
bn a fx Vg
Ap % C; Ag % C; bn a tx (] =
Prop CU (P || Q) (a < (P'|| Q) (Ap@Ag) (Tp © Tg)
and rPar2: AV ¥p Q o Q' Ap P Ag Yo C.
[f® Up > Qr—a< Q)
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (T @ Up) Q (o < Q) Ag VUy; distinct(bn a);
Ap #x P; Ap fx Q; Ap 1+ U; Ap #x a5 Ap fx Q5 Ap #x Ag; Ap
g Wo;
Ag tx P; Ag % Q; Ag % U5 Ag % o Ag #*x Q' Ag tx ¥p;
bn o fx U; bn o fix P; bn o fix Q; bn o f* subject a; bn o fx Up;
bn a fx Wg;
Ap % C; Ag % C; bn a tx (] =
Prop CU (P || Q) (a < (P | Q) (ApBAg) (Tp & Tg)
and rCommli: NV Wg PM N P’ Ap Up Q K zvec Q' Ag C.
[¥ ® g > P —M(N) < P'; extractFrame P = (Ap, ¥p);
distinct Ap;
AC. Prop C (¥ @ Uq) P (M(N)) < P’) Ap Up;
U ® Up > Q+—K(vxzvec)(N) < Q5 extractFrame Q = (A,
Ug); distinct Ag;
Ve Up®Ughk Mo K;
AC. Prop C (¥ @ Up) Q (K(vsavec)(N) < Q') Ag Vq; distinct
xvec;

AP ﬂ* \IJ; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* M; AP ﬂ* N; AP ﬂ* Pl;
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Ap % Q; Ap t* Q'; Ap % Ag; Ap fx zvec; Ag i U; Ag fx Up;
Ag B zvec; zvec i W; zvec §x W p; avec fx Vg; zvec §x P; zvec fx

zvec tx Q; zvec fx K; Ap tx C; Ag tx C; zvec tx O] =
Prop C U (P | Q) (1 < (vszvec)(P' || Q) (ApQAg) (Tp ® Up)
and rComm2: \¥ ¥g P M zvec N P’ Ap ¥p Q K Q' Ag C.
[V ® o > P —M(vszvec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ @ Ug) P (M(vszvec)(N) < P') Ap ¥Up;
U QUp > Q—K(N) < Q' extractFrame Q = (Ag, Vg);
distinct Ag;
AC. Prop C (¥ © ¥p) Q (K(N) < Q") Ag Vg:
UVeUPp® Vgl M K; distinet zvec;
AP ﬁ* \I/, Ap ﬁ* \I/Q, AP ﬁ* P, Ap ﬁ* ]M7 AP ﬂ* ]V7 AP ﬂ* P/;
Ap % Q; Ap tx Q'; Ap tx Ag; Ap fx zvec; Ag i+ U; Ag fx Up;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* P'; AQ ﬁ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
A ti* zvec; zvec f§x W; zvec §x Wp; zvec §* Vo; zvec fx P; zvec §x
M;
zvec Bx Q; zvec fx K; Ap tx C; Ag tx C; avec tx O] =
Prop C U (P | Q) (1 < (v*zvec)(P' || Q) (ApQAg) (Tp ® Up)
and rBrMerge: AU Yo PM NP’ Ap ¥p Q Q' Ag C.
[¥ @ g > Pr— ;M(N) < P NC. Prop C (¥ ® ¥g) P
(()MGND < P/) Ap VUp;
extractFrame P = (Ap, Up); distinct Ap;
U@Upr> Q+— (M(IN) < Q5 ANC. Prop C (¥ ® Up) Q
(M(N) < Q) Ag Yg;
extractFrame @ = (Ag, Vq); distinct Ag;
Ap tx U; Ap 8% Wg; Ap #x P; Ap tx N; Ap #x P’;
Ap % Q; Ap #x Q'; Ap fix Ag; Ap #x M; Ag i M;
AQ ﬁ* \I’; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ ﬂ* P/;
Ag t Q; Ag 1 Q5 Ap t C; Ag tr C;
Ap gx M; AQ ﬁ* Mﬂ -
Prop C W (P || Q) GM(N) < (P' | @) (Ap@Ag) (Vp & W)
and rBrComml1:\V Vg P M N P’ Ap Up Q zvec Q' Ag C.
[¥ @ g > P ——(M(N|) < P’; extractFrame P = (Ap, Up);
distinct Ap;
AC. Prop C (¥ @ ¥g) P (((M(N)) < P') Ap Up;
U@ Up > Qv—M(vsavec)(N) < Q; extractFrame Q = (Ag,
Ug); distinct Ag;
AC. Prop C (¥ ® ¥p) Q (;M(v*zvec)(N) < Q') Ag Vq; distinct
Tvec;
Ap ]i* \I/; Ap ﬂ* \I/Q; Ap ﬂ* P; Ap ﬂ* N; Ap ﬂ* P/;
Ap % Q; Ap 1+ Qs Ap % Ag; Ap fx zvec; Ag i U; Ag fx Up;
Ag B zvec; zvec #§x U; zvec fx Vp; avec fx Vg zvec i* P;
zvec fx Q; Ap tix C; Ag tx C; avec fx C}
Ap % M; Ag #% M; zvec §x M| =
Prop C'¥ (P || Q) (iM(vxzvec)(N) < (P"|| Q) (Ap@Aq) (¥p
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® Ug)
and rBrComm2:\V Vg P M zvec N P’ Ap Up Q Q' Ag C.
[ ® Vg > P r+—jM(v*azvec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ ® Ug) P ((M(v+zvec)(N) < P') Ap Up;
U®Up > Q—(M(N) < Q) extractFrame Q = (Ag, Vg);
distinct Ag;
AC. Prop C (¥ @ ¥p) Q ((M(N) < Q) Ag ¥q; distinct zvec;
Apﬁ*‘l’;APﬁ*WQ;APﬁ*P;APﬁ*N;APﬁ*Pl;
Ap #x Q; Ap #x Q'; Ap fx Aq; Ap f* zvec; Ag #x V; Ag i+ Wp;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* P’; AQ ﬁ* Q; AQ ﬁ* Ql;
Ag #x avec; zvec fx W; avec §x Wp; avec §x Wqo; avec fx P;
avec fx Q; Ap fx C; Ag #x C; avec fx C
Ap #x M; Ag tx M; avec i+ M| =
Prop C' ¥ (P | Q) (iM(vxzvec)(N) < (P"| Q) (ApQAg) (¥p
ey
and rBrClose: NV P M zvec N P' Ap Up x C.
[¥ > P +— M(vkzvec)(N) < P’
x € supp M;
AC. Prop C U P (iM(vxzvec)(N) < P') Ap Up;
extractFrame P = (Ap, Up); distinct Ap;
Ap tx U; Ap fix P; Ap #x M; Ap tix N; Ap fx P’; Ap fi* zvec;
distinct zvec; zvec f§x V; xvec fx Vp; zvec fx P;
avec fx M;
z Uz zvec; x §f Ap;
Ap tx C; zvec % C; z § C] =
Prop C ¥ ((vz)P) (7 < ((vz)((vxavec)P’))) (z#Ap) Up
and 7rOpen: ANV P M xvec yvec N P’ © Ap Up C.
[¥ > P — M(vx(zvecQyuec))(N) < P’ extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C ¥ P (M(vx(zvecQyuvec))(N) < P') Ap Up; x € supp
N;z§U;z4 M;
xf Ap; x f zvec; x § yvec; Ap % U; Ap tix P; Ap tix M; Ap fix

N; Ap #x P/;
Ap #* zvec; Ap fix yvec; zvec fx yvec; distinct xvec; distinct yvec;
zvec fx U; zvec fx P; xvec fx M; zvec §x Vp; yvec fx Up;
yvec fx W; yvec §x P; yvec x M; Ap #x C; z  C; zvec §x C; yvec
fx ] =

Prop C VU ((vz)P) (M(v*(zvecQu#yvec))(N) < P’) (z#Ap) Up
and rBrOpen: AV P M zvec yvec N P’ x Ap Up C.
[¥ > P +—M(v*(zvec@Qyuvec))(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
NC. Prop C U P (;M(vx(zvecQyuec)){N) < P’) Ap Up; = €
supp N; z § U; x § M;
xtt Ap; x f avec; x § yvec; Ap % U; Ap % P; Ap #x M; Ap fx
N; Ap #x P/
Ap #* zvec; Ap fix yvec; zvec f* yvec; distinct zvec; distinct yvec;
zvec §x U; zvec fx P; xvec fix M; zvec §x Vp; yvec §x Up;
yvec fx W; yvec §x P; yvec fix M; Ap #x C; z  C; zvec §x C; yvec
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fx O] =
Prop C ¥ ((vz)P) (iM(v(zvecQu#yvec))(N) < P') (z#Ap) Up
and rScope: AV P o P 'z Ap Up C.
[¥ > P —a < P’ extractFrame P = (Ap, Up); distinct Ap;
AC. Prop C ¥ P (a < P') Ap Up;
vi U s dasat Ap; Ap te U5 Ap e Py
Ap #x a; Ap tx P’ distinct(bn «);
bn a fx U; bn a §x P; bn « §x subject o; bn « fix Wp;
Ap tx C;z 8 C; bn a fx O] =
Prop C ¥ ((vz)P) (a < ((vz)P’) (z#Ap) ¥p
and rBang: AY P Rs Ap ¥p C.
[¢ > P || P+ Rs; guarded P; extractFrame P = (Ap, ¥p);
distinct Ap;
AC. Prop C U (P || !P) Rs Ap (¥p @ 1); ¥p ~ 1; supp ¥p =
({}::name set);

() (@)
shows Prop C W P Rs Ap ¥p

using Trans FrP <distinct Ap>
proof (nominal-induct avoiding: Ap ¥p C rule: semantics.strong-induct)
case(cInput W M K zvec N Tvec P Ap Up C)
from <extractFrame (M (Axzvec N|).P) = (Ap, Up)»
have Ap = [Jand ¥p =1
by auto
with <0 = M < K> <distinct xvecy <set xvec C supp N> <length xvec = length
Tvecy
<xvec fx Wy <xvec fx M)> «xvec §x K> <zvec fx C)
show ?case by(blast intro: rInput)
next
case(cBrinput ¥ K M zvec N Tvec P Ap ¥p C)
from <extractFrame (M (Axzvec N|).P) = (Ap, Up)»
have Ap = [ and ¥p =1
by auto
with «U = K = M) <distinct zvecy <set zvec C supp N) <length xvec = length
Tvecy
<xvec fix Wy <xvec fx M)> «xvec §x K> <xvec fx C)
show ?case by(blast intro: rBrinput)
next
case(Output W M K N P Ap Up)
from <extractFrame (M(N).P) = (Ap, ¥p)»
have Ap = [ and ¥p =1
by auto
with <V F M + K) show ?case
by (blast intro: rOutput)
next
case(BrOutput W M K NP Ap ¥p)
from <extractFrame (M(N).P) = (Ap, Up)
have Ap =[] and ¥p =1
by auto

Ap tx U; Ap % P; Ap tx Rs; Ap fx C] = Prop C ¥ (!P) Rs
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with «U F M < K» show ?case
by (blast intro: rBrOutput)
next
case(Case ¥ P Rs ¢ Cs Acp Uep C)
obtain Ap Up where FrP: extractFrame P = (Ap, Up) and distinct Ap
and Ap #x (¥, P, Rs, C)
by (rule freshFrame)
then have Ap f+ ¥ and Ap fx P and Ap #x Rs and Ap #x C
by simp+
note <V > P —— Rs» FrP <distinct Ap»
moreover from FrP <distinct Ap> <NAp ¥p C. [extractFrame P = (Ap, Up);
distinct Ap] = Prop C U P Rs Ap Up»
have AC. Prop C ¥ P Rs Ap Up by simp
moreover note «(p, P) € set Cs» <V F ¢y <guarded P»
moreover from <guarded Py FrP have Up ~ 1 and supp Vp = ({}::name set)
by (metis guardedStatEq)+
moreover note <Ap fix U <Ap fix Py <Ap tx Rs» «Ap #x C)
ultimately have Prop C' ¥ (Cases Cs) Rs ([]) (1)
by (rule rCase)
then show ?case using <extractFrame(Cases Cs) = (A.p, U.p)» by simp
next
case(cPar] v \I’Q P« P’ Q AQ APQ \IJPQ C)
obtain Ap ¥p where FrP: extractFrame P = (Ap, Up) and distinct Ap
Ap ﬁ* (P, Q7 \I/, a, P/, AQ, APQ, C7 \I/Q)
by (rule freshFrame)
then have Ap t+ P and Ap f#x Q and Ap fx ¥ and Ap fx o and Ap fx P’
and Ap #x Ag and Ap t* Apg and Ap #x C and Ap f* Yo
by simp+

have FrQ: extractFrame Q = (Ag, Yg) by fact

from <Ag #x P> <Ap tx Ag» FrP have Ag i ¥p
by (force dest: extractFrameFreshChain)

from <bn « fx P> <Ap fix a» FrP have bn o fx ¥p
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypg)» FrP FrQ (Ap fx Ag» <Ap t* Ug»
(Ag % Up>
have ((ApQAq), ¥p ® ¥q) = (Apq, Yprq)
by simp
moreover from <distinct Ap» <distinct Ag» <Ap #x Ag» have distinct(Ap@Aqg)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Yeq: Upg =p - (¥p ® V) and Aeq: Apg = (p - Ap)Q(p - Ag)
using (Ap #x Apg» (Ag #x Apg» «distinct Apg>
apply —
apply(rule frameChainEq’)
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by (assumption | simp add: equts)+
note «<¥ ® Vg > P —a < P FrP «distinct Ap» FrQ <distinct Ag»

moreover from FrP <distinct Ap> «NAp ¥p C. [extractFrame P = (Ap, Up);
distinct Ap] = Prop C (¥ ® ¥g) P (o < P') Ap Up»
have AC. Prop C (¥ ® Ug) P (a < P') Ap ¥p by simp

moreover note <Ap f#x Py <Ap fx Q) <Ap f#x U» <Ap fx a» <Ap fix P (Ap f*
Agy Ap tx W
(Ag % Py (Ag #x @ <Ag tx Uy <Ag tix ar <Ag #x P <Ag tx Up» «distinct(bn
a)»
<hn o fx Uy <bn a fx Py «bn o fx @ <bn « fx subject a» <bn a fx Upyr <bn
a fx Yo
<Ap fix C) (Ag fx C) <bn a fix C
ultimately have Prop C ¥ (P || Q) (o < (P' ]| Q)) (ApQAg) (¥p @ Tp)
by(metis rParl)
with <Ap i+ U» <Ap i+ P> <Ap fx @ <Ap t* o> (Ap fx P <Ap tx Apgr <Ap
fx C»
(Ag tx W) (Ag % Py <(Ag t* @ (Ag #x ar <Ag tx P) (Ag i Apg» (Ag fx
h
S «distinctPerm py Aeq
have Prop C ¥ (P || Q) (a < (P']| Q) (p - (Ap84Q)) (p - (¥p @ Wg))
apply —
apply(rule rAlpha)
by (assumption | simp add: equts)+
with Ueq Aeq show ?case by(simp add: equts)
next
case(cParQ v \I’P Q « Q/PAP APQ \IJPQ O)
obtain Ag VYo where FrQ: extractFrame Q = (Ag, V) and distinct Ag
AQ ﬁ* (P, Q, \If, a, Q/, AP, APQ, C, \pr)
by (rule freshFrame)
then have Ag i+ P and Ag i+ Q and Ag fx ¥ and Ag f#* o and Ag #* Q’
and Ag #x Ap and Ag t#* Apg and Ag #* C and Ag #x ¥p
by simp+

from <Ag #* Ap> have Ap f§x Ag by simp
have FrP: extractFrame P = (Ap, Up) by fact

from «Ap ix @ (Ag i Ap> Fr@ have Ap fx Vg
by (force dest: extractFrameFreshChain)

from bn o x @ (Ag f* a> Fr@ have bn o §x ¥g
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypg)» FrP FrQ «Ap fx Ag» <Ap t* U
(Ag #x ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \IJPQ>
by simp
moreover from <distinct Ap» <distinct Ag» <Ap #x Ag» have distinct(Ap@QAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
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ultimately obtain p where S: (set p C (set(Ap@Ag)) x (set Apg)) and
distinctPerm p
and Veq: Vpg = p - (¥p ® Yq) and Aeq: Apg = ((p - Ap)Q(p - Ag))
using (Ap #x Apg» (Ag #* Apg» «distinct Apg>
apply —
apply(rule frameChainEq’)
by (assumption | simp add: equts)+

note <¥ @ Up > Q —ra < Q) FrP <distinct Ap» FrQ <distinct Ag>

moreover from FrQ «distinct Ag» <NAg Vg C. [extractFrame Q = (Ag, Yg);
distinct Ag] = Prop C (¥ ® ¥p) Q (a < Q') Ag ¥
have AC. Prop C (Vv @ ¥p) Q (o < Q') Ag V¢ by simp

moreover note <Ap fix Py (Ap fix Q> <Ap fx Uy <Ap tx a» <Ap #x Q" (Ap fx
AQ) <Ap ﬂ* \I/Q)
(Ag fix Py <Ag % @ <Ag 8% Uy (Ag #x v <Ag tx Q) <Ag tx ¥p» «distinct(bn
a)»
<hn o fx U <bn a fx Py «<bn a fx @ <bn « fx subject v <bn a §x Upy <bn
o fx Yo
Ap #x O (Ag tx C» <bn a fx C)
ultimately have Prop C ¥ (P || Q) (o < (P || Q') (ApQAg) (¥p @ V)
by (metis rPar2)

with <Ap i+ U) <Ap fx Py <Ap fx Q> <Ap fx o <Ap tx Q) <Ap % Apgr <Ap
g C»
(Ag t* Uy (Ag tx Py <Ag #x @ <Ag fx v <Ag tx Q) (Ag fix Apg> «Ag ti*
ch
S «distinctPerm p» Aeq
have Prop C ¥ (P || Q) (a < (P || @) (p - (Ap@AQ)) (p - (Tp ® Tg))
apply —
apply(rule rAlpha)
by (assumption | simp add: equts)+
with Weq Aeq show ?case by(simp add: equts)
next
case(cComml ¥ ¥g PM NP’ Ap Up Q K zvec Q' Ag Apg ¥pg C)
from <distinct Ap» <distinct Ag> <Ap i+ Ag» have distinct(Ap@QAqg)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
from cComm1 have Prop C ¥ (P | Q) (7 < (vxzvec)(P' || Q) (ApQAg)
(Tp @ ¥q)
by (metis rComm1)
moreover from <eztractFrame(P || Q) = (Apg, Ypq)» <extractFrame P = (Ap,
Up)» <extractFrame Q = (Ag, Yo)
Ap #x Ag> (Ap fx Vr <Ag fx Up»
have ((ApQ@Aq), (Vp ® Vq)) = (Apq, ¥rq)
by simp
with (Ap % Apg> <Ag #* Apg> «distinct(ApQ@QAg)» «distinct Apg>
obtain p where S: (set p C (set(Ap@QAg)) x (set Apg)) and distinctPerm p
and Veq: Upg =p - (¥p ® V) and Aeq: Apg = p - (ApQAg)
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apply —
apply(rule frameChainEq’)
by (assumption | simp)+
moreover note (Ap #x U» (Ag fx U <Ap fix Pr <Ag fix P» «Ap fix @ <Ag
Q> <Ap tx zvec
(Ag t* zvecy <Ap fx P <Ag tx P) (Ap tx Q) <Ag tix Q" <Ap tx Apg> <(Ag
ﬁ* ApQ)
(Ap tx Oy (Ag tx O
ultimately have Prop C ¥ (P || Q) (7 < (vxzvec)(P' | Q) (p - (ApQAg))
(p- (Vp® ¥q))
by (fastforce simp add: rAlpha)
with Weq Aeq show Zcase by simp
next
case(cComm2 ¥ ¥g P M avec N P' Ap Up Q K Q' Ag Apg ¥pg C)
from <distinct Ap» <distinct Ag> <Ap #* Ag» have distinct(Ap@Ag)
by(auto simp add: fresh-star-def fresh-def name-list-supp)
from cComm?2 have Prop C ¥ (P | Q) (7 < (vxzvec)(P' || Q) (ApQAg)
(Up ®@ ¥q)
by (metis rComm2)
moreover from <eztractFrame(P || Q) = (Apg, Ypq)» <extractFrame P = (Ap,
Up) <extractFrame Q = (Ag, Yo)
(Ap ﬁ* AQ) (Ap ﬁ* \I/Q> (AQ ﬂ* \I/p)
have ((Ap@Aq), (¥p ® ¥q)) = (Apq, ¥rq)
by simp
with <Ap fx Apgr <Ag tix Apg «distinct(Ap@QAg)» <distinct Apg>
obtain p where S: (set p C (set(Ap@QAg)) x (set Apg)) and distinctPerm p
and VYegq: \IJPQ =0p- (\I’p (%9 \I/Q) and Aeq: APQ =9p- (AP@AQ)
apply —
apply(rule frameChainEq’)
by (assumption | simp)+
moreover note (Ap #x U» (Ag fix U <Ap fix Pr <Ag fix P> <Ap fix O <Ag fx*
Q> <Ap tx zvec
(Ag t* zvecy <Ap fx P <Ag tx P) (Ap tx Q) <Ag tix Q" <Ap tx Apg> <Ag
ﬁ* ApQ)
Ap #x Oy (Ag tx O
ultimately have Prop C ¥ (P || Q) (7 < (v*zvec)(P' | Q) (p - (ApQAg))
(r- (Vp @ VQ))
by (fastforce intro: rAlpha)
with Veq Aeq show Zcase by simp
next
case(cBrMerge W W PM N P Ap Up Q Q' Ag Apg YUpg O)
from <distinct Ap» <distinct Ag> <Ap #* Ag» have distinct(Ap@Aqg)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
from c¢BrMerge have Prop C' ¥ (P || Q) ((M(N) < (P'|| Q) (Ap@QAg) (¥p
® ¥q)
by (fastforce introl: rBrMerge)
moreover from <eztractFrame(P || Q) = (Apg, Ypq)» <extractFrame P = (Ap,
Up)» <extractFrame Q = (Ag, Yo)
Ap #x Ag> (Ap tx Vor <Ag tix Up»
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have ((ApQ@Aq), (¥p ® Vq)) = (Apq, ¥rq)
by simp
with «Ap % Apg> (Ag ix Apg> «distinct(ApQAg)» «distinct Apg»
obtain p where S: (set p C (set(ApQAg)) x (set Apg)) and distinctPerm p
and Ueq: Upg =p - (¥p ® V) and Aeg: Apg = p - (ApQAg)
apply —
apply(rule frameChainEq’)
by (assumption | simp)+
moreover note (Ap #x U» (Ag fix U <Ap fix Py <Ag fix P» <Ap fix O <(Ag
Q>
(Ap tx P (Ag i P <Ap #x Q) <Ag tx Q) «<Ap tx Apg> «Ag t* Ap>
Ap #x Oy (Ag tx Cr (Ap % M» <Ag tx M> <Ap tx N> <Ag #x N»
ultimately have Prop C ¥ (P || Q) (;M(N) < (P’ || @) (p - (Ap@Aq)) (p
- (Vp ® ¥q))
by (fastforce intro: rAlpha)
with Weq Aeq show ?2case by simp
next
case(cBrComml W g P M N P’ Ap Up Q zvec Q' Ag Apg Vpg O)
from «distinct Ap» <distinct Ag> <Ap #* Ag>» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
from c¢BrComml have Prop C ¥ (P | Q) (iM(vxzvec)(N) < (P" | Q)
(Ap@Aq) (¥p ® Vq)
by (metis rBrComm1)
moreover from <extractFrame(P || Q) = (Apg, Ypq)» <extractFrame P = (Ap,
Up)» <extractFrame Q = (Ag, Yo
<Ap fix Ag» (Ap #x U (Ag fx Up»
have ((4pQ@Aq), (¥p ® Vq)) = (Apq. ¥rq)
by simp
with <Ap ﬁ* ApQ) <AQ ﬂ* APQ} <distinct(Ap@AQ)> <distinct ApQ)
obtain p where S: (set p C (set(ApQAg)) x (set Apg)) and distinctPerm p
and Ueq: Upg =p - (¥p ® V) and Aeg: Apg = p - (ApQAg)
apply —
apply(rule frameChainEq’)
by (assumption | simp)+
moreover note <Ap fx W) <Ag fix Uy (Ap fix Py (Ag §x Py (Ap ix @ <Ag #*
Q> (Ap tx xvec
(Ag t* zvecy <Ap fx P <Ag tx P (Ap tx Q) <Ag tix Q" <Ap tx Apg> <Ag
ﬁ* ApQ)
Ap #x Oy (Ag tx O (Ap % M» <Ag tx M> <Ap ix N> <Ag #x N»
ultimately have Prop C U (P || Q) (iM(v*avec))(N) < (P'| Q")) (p - (ApQAg))
(b (Vp © Vg))
by (fastforce intro: rAlpha)
with Ueq Aeq show ?case by simp
next
case(cBrComm2 ¥ Wg P M zvec N P' Ap ¥p Q Q' Ag Apg Vpg O)
from <distinct Ap»> <distinct Ag> <Ap #* Ag» have distinct(Ap@Ag)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
from c¢BrComm2 have Prop C ¥ (P || Q) (jM(vxzvec)(N) < (P' | Q)
(Ap@Aq) (¥p ® Vq)
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by (metis rBrComm2)
moreover from <extractFrame(P || Q) = (Apg, Ypg)» <extractFrame P = (Ap,
Up) <extractFrame Q = (Ag, Vo)
<Ap fix Ag> (Ap #x Uy (Ag fx Up»
have ((ApQAq), (Vp @ ¥q)) = (Arq, Yrq)
by simp
with <Ap ﬁ* ApQ) <AQ ﬂ* APQ> <dz’stinct(Ap@AQ)> <distinct APQ>
obtain p where S: (set p C (set(Ap@QAg)) x (set Apg)) and distinctPerm p
and Veq: Upg =p - (¥p ® V) and Aeq: Apg = p - (ApQAg)
apply —
apply(rule frameChainEq’)
by (assumption | simp)+
moreover note <Ap fx W) <Ag fix Uy (Ap §x Py (Ag §x Py (Ap fix @ <Ag #*
Q> (Ap fx avec
(Ag tx zveer <Ap fx P <Ag tx P «(Ap tx Q) <Ag tix Q" <Ap tx Apg> <Ag
ﬂ* ApQ)
Ap #x Oy (Ag tx Cr (Ap % M» <Ag tx M> <Ap tx N> <Ag #x N»
ultimately have Prop C U (P || Q) (M (v*avec))(N) < (P'| Q")) (p - (ApQAg))
(b (Vp @ ¥Q))
by (fastforce intro: rAlpha)
with Ueq Aeq show ?case by simp
next
case(cBrClose U P M zvec N P’ x Ap' Up' C)
obtain Ap ¥p where FrP: extractFrame P = (Ap, Vp) and distinct Ap
and Ap #x (¥, P, M, zvec, N, P, Ap’, p', C, 1)
by (rule freshFrame)
then have Ap fix U and Ap #x P and Ap #fx M and Ap f* zvec and Ap #x N
and Ap fx P’
and Ap f#x Ap’ and Ap fix Up’and Ap tx C and z § Ap
by simp+
from FrP <Ap #x zvecy <xvec fx P> have zvec fx Up
by (force dest: extractFrameFreshChain)
from <Ap #x zvec) <Ap #fx P <z § Ap»
have Ap #x (7 < (vz)((v*zvec)P')) by simp
from <extractFrame P = (Ap, Up) <extractFrame ((vz)P) = (Ap’, Up')
have ((z#Ap), Up) = (Ap’, Up’) by simp
with «Ap tx Ap"y <z Ap’ <z § Ap> «distinct Ap» <distinct Ap"
obtain p where S: (set p C (set (x#Ap)) x (set Ap’)) and distinctPerm p
and Veq: Up' = p - Up and Aeq: Ap’ = p - (z#Ap)
apply —
apply(rule frameChainEq’)
by (assumption | simp)+

from <z § Ap”"» Aeq have z § (p - (z#Ap)) by simp
moreover from S Aeq <distinct Ap"y <z § Ap’» <Ap x Ap’ have (p - z) §f Ap
by simp
from cBrClose FrP <distinct Apy <Ap tx Uy <(Ap tix Py (Ap tx M» <Ap f* zvecs
(Ap tx N> <Ap #x Ph
<Ap #{x Ap’ <Ap fix Up» «Ap #x C> <z ft Ap> <avec §x Wpr (Ap fx C» <xvec
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fx O <z § O
have Prop C U ((vz)P) (1 < (vz)((v*zvec)P')) (z#Ap) ¥p
by (force intro: rBrClose)

moreover from Aeq <Ap tx Ap”» have Ap #x (p - Ap) by simp
moreover from Aeq «(set p C (set (z#Ap)) X (set Ap"))
have (set p C (set (z#Ap)) % (set (p - (z#Ap)))) by simp
moreover from (Ap tix Py <z § Ap» have Ap #x ((vz)P) by simp
moreover from S (z § Ap” have p -z # z
using Aeq by fastforce
moreover from <z § Ap”» Aeq have z ff p - Ap by simp
moreover note (Ap fx Uy (Ap #x Py (Ap #x (7 < (vz))((vxavec)P"))
<Ap fx C» «distinctPerm p»
W g O «(p-z)t Ap»
ultimately
have Prop C U ((vz)P) (1 < (vz)((vxzvec)P")) (p - (z#Ap)) (p - Up)
by (fastforce introl: rAlpha simp add: abs-fresh)
with Veq Aeq show Zcase by simp
next
case(cOpen U P M zvec yvec N P’z Ayp ¥,p C)
obtain Ap Up where FrP: extractFrame P = (Ap, Up) and distinct Ap
and Ap #x (U, P, M, zvec, yvec, N, P', Ayp, U,p, C, 1)
by (rule freshFrame)
then have Ap f§x ¥ and Ap #x P and Ap fx M and Ap f* zvecand Ap f*
yvec and Ap $x N and Ap #x P’
and Ap tx A,p and Ap #x ¥, p and Ap fix C and z §f Ap
by simp+

from <xvec #x Py <Ap #x zvecy FrP have zvec fx Up
by (force dest: extractFrameFreshChain)

from «yvec #x P> (Ap #* yvec» FrP have yvec fx Up
by (force dest: extractFrameFreshChain)

from <extractFrame((vz))P) = (Ayzp, Vop)» FrP
have <(Z‘#AP), \I/p> = <Azp, \I/zp>
by simp
moreover from <z § Ap» «distinct Ap» have distinct(z#Ap) by simp
ultimately obtain p where S: set p C set (z#Ap) x set (p - (z#Ap)) and
distinctPerm p
and Veq: U, p = p - Up and Aeq: App = (p - )#(p - Ap)
using <Ap fx A.py<x § App> <distinct Ay p>
apply —
apply(rule frameChainEq’)
by (assumption | simp)+

note ¥ > P —— M (vx(zvecQyuec)))(N) < P’ FrP «distinct Ap»

moreover from FrP <distinct Apy <NAp ¥p C. [extractFrame P = (Ap, Up);
distinct Ap] = Prop C ¥ P (M(v*(azvecQyuec))(N) < P') Ap Up»

have AC. Prop C U P (M (v*(zvecQyuec))(N) < P') Ap ¥p by simp
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moreover note <z § Uy <z § M> <z f avecy <x § yveer <z € supp Ny <x § Ap>
(Ap % Uy <Ap tix Uy <Ap #x Py <Ap #x M> <Ap fix zvecy <Ap #x yvecs <Ap fx N>
«Ap tx P’
<xvec fx Wy «xvec ix Py <avec fx M> <xvec fx Wp) <yvec fx Wy <yvec fx P>
<yvec §x M> <yvec fx Up>
(Ap tx C) «x § C) «xvee fix C) <yvec §x C» <xvec fx yveer <distinct xvecy <distinct
yvec
ultimately have Prop C ¥ ((vz)P) (M (vx(zvecQu#yvec))(N) < P") (z#Ap)
Up
by (metis rOpen)

with <Ap #x U) <Ap #x Py <Ap fix M) <Ap #x zvecy <Ap #x yvecy <Ap fx N>
(Ap fix Py (Ap #x Ayp> <Ap ttx Oy <z tt App> <Ap fix Aypy <z f Ap>
<zt U «x f My <z i Cy <x ff zveey <x  yveer Aeq
S «distinctPerm p»
have Prop C U ((vz)P) (M(v+(2zvecQa#yvec))(N) < P’) (p - (z#Ap)) (p -
Up)
apply —
apply(rule rAlpha[where Ap=1#Ap]|)
by (assumption | simp add: abs-fresh fresh-star-def boundOutputFresh)+
with Weq Aeq show ?case by(simp add: equts)
next
case(cBrOpen ¥ P M zvec yvec N P’z Ayp U,p C)
obtain Ap ¥p where FrP: extractFrame P = (Ap, Vp) and distinct Ap
and Ap #x (¥, P, M, zvec, yvec, N, P’, Ayp, ¥, p, C, x)
by (rule freshFrame)
then have Ap fx W and Ap #x P and Ap fx M and Ap fix zvecand Ap f#x
yvec and Ap #§x N and Ap #x P’
and Ap tx A.p and Ap #x ¥, p and Ap fx C and z § Ap
by simp+

from <zvec fx P> <Ap f* xzvec> FrP have xvec fx VUp
by (force dest: extractFrameFreshChain)

from «yvec #x Py <Ap #x yvecr FrP have yvec fx Up
by (force dest: extractFrameFreshChain)

from <extractFrame((vz)P) = (Azp, Yop)» FrP
have (z#Ap), Up) = (A,p, Vup)
by simp
moreover from <z § Ap> «distinct Ap> have distinct(z#Ap) by simp
ultimately obtain p where S: set p C set (z#Ap) x set (p - (z#Ap)) and
distinctPerm p
and Veq: U, p = p - Up and Aeq: App = (p - )#(p - Ap)
using (Ap #x A, py<x § Aypy «distinct Azp>
apply —
apply(rule frameChainEq’)
by (assumption | simp)+

note U > P ——iM(v*(zvecQyuec))(N) < P’ FrP «distinct Ap»
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moreover from FrP <distinct Ap» <NAp ¥p C. [extractFrame P = (Ap, Up);
distinct Ap] = Prop C ¥ P (jM(vx(zvecQyuec))(N) < P') Ap Up>
have AC. Prop C ¥ P (jM(vx(zvec@yuec))(N) < P’') Ap Up by simp
moreover note <z § U <z § M> <z f§ avecy «x § yvecr <x € supp Ny <x § Ap»
(Ap #x U <Ap fix Uy (Ap tix Py «Ap tix My (Ap tx zvec) <Ap #x yvees <Ap fx N>
<Ap f#x P
<zvec fx Wy <xvec ix Py <xvec fx My <xvec fx Upy <yvec §x Uy <yvec x P>
<yvec §x M <yvec fx Up>
Ap fx Cy <zt C) <xvec % Cy <yvec §x C) <xvec f* yvecr <distinct zvecy <distinct
yvec
ultimately have Prop C ¥ ((vz))P) (M (vx(zvecQz#tyvec))(N) < P') (z#Ap)
Up
by (metis rBrOpen)

with (Ap fx Uy (Ap fx P> (Ap #x M» <Ap tix zvecy (Ap fx yveer <Ap x N>
(Ap % P «Ap tx Aypy <Ap tix Cr «x f App> <Ap fix Ayp) <z ff Ap>
<z g U <z My <z f Oy <z § zvee> <z § yvee) Aeq
S «distinctPerm p»
have Prop C U ((vz)P) (M (v+(zvecQr#yvec))(N) < P’) (p - (z#Ap)) (p -
Up)
apply —
apply(rule rAlpha[where Ap=x#Ap))
by (assumption | simp add: abs-fresh fresh-star-def boundOutputFresh)+
with Ueq Aeq show ?case by(simp add: equts)
next
case(cScope W P o P’z Ayp U,p O)
obtain Ap ¥p where FrP: extractFrame P = (Ap, Up) and distinct Ap
and AP ﬁ* (\If, P, «, Pl7 Azp, \I/_Tp, C, :L’)
by (rule freshFrame)
then have Ap fix ¥ and Ap fx P and Ap f#i* o and Ap fx P’
and Ap tx A,.p and Ap #x ¥, p and Ap fix C and z §f Ap
by simp+

from <bn o §x Py <Ap #x o> FrP have bn o fx Up
by (force dest: extractFrameFreshChain)

from <extractFrame((vz)P) = (Azp, Yop)» FrP
have (z#Ap), Up) = (A,p, Vup)
by simp
moreover from <z § Ap> «distinct Ap> have distinct(z#Ap) by simp
ultimately obtain p where S: set p C set (z#Ap) x set (p - (z#Ap)) and
distinctPerm p
and Veq: U, p = p - Up and Aeq: App = (p - )#(p - Ap)
using (Ap #x A, py<x § Aypy «distinct Azp>
apply —
apply(rule frameChainEq’)
by (assumption | simp)+

note ¥ > P ——a < P’ FrP «distinct Ap»
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moreover from FrP <distinct Ap» <NAp ¥p C. [extractFrame P = (Ap, Up);
distinct Ap] = Prop C ¥ P (a < P") Ap Up»
have AC. Prop C ¥ P (a < P') Ap ¥p by simp
moreover note <z § ¥ <x f§ ay <z § Ap> <Ap tix U» <Ap #x U» (Ap §x P> (Ap
fx o «Ap tx P’ «distinct(bn a))
bn a fx Uy <bn a fx Py <bn « t* subject ay <bn o fix Wpy <Ap tx Cr <z C
hn o fx C»
ultimately have Prop C ¥ ((vz)P) (o < ((vz)P’)) (z#Ap) Up
by (metis rScope)

with <Ap #x Uy <Ap fix Py <Ap fix a» <Ap fix Py <Ap fx Ay.p> (Ap % C) «x
Agpy <Ap fix App) <z f Ap»
i Wz far g O Aeg
S «distinctPerm p»
have Prop C' ¥ ((vz)P) (a < ((vz)P’) (p - (z#Ap)) (p - ¥p)
apply —
apply(rule rAlpha[where Ap=x#Ap))
by (assumption | simp add: abs-fresh fresh-star-def)+
with Ueq Aeq show ?case by(simp add: equts)
next
case(Bang U P Rs App YUpp C)

obtain Ap ¥p where FrP: extractFrame P = (Ap, Up) and distinct Ap
and Ap #x (¥, P, Rs, C)
by (rule freshFrame)

then have Ap fix ¥ and Ap #x P and Ap #x Rs and Ap fix C
by simp+

note <¥ > P || |P — Rs» <guarded P> FrP (distinct Ap»
moreover from FrP have extractFrame (P || |P) = (Ap, Yp ® 1)
by simp
with <distinct Ap> «<\NAp ¥p C. [extractFrame (P || \P) = (Ap, ¥p); distinct
Ap] = Prop C ¥ (P || !P) Rs Ap ¥p>
have AC. Prop C ¥ (P || !P) Rs Ap (Ip ® 1) by simp
moreover from <guarded Py FrP have ¥Up ~ 1 and supp Vp = ({}::name set)
by (metis guardedStatEq)+
moreover note <Ap fix Uy <Ap tix Py <Ap tx Rs» «Ap #§x C)
ultimately have Prop C' ¥ (IP) Rs ([]) (1)
by (rule rBang)
then show ?case using <extractFrame(!P) = (App, Ypp)» by simp
qed

lemma semanticsFramelnduct'[consumes 5, case-names cAlpha cFrameAlpha cIn-
put cBrinput cOutput cBrOutput cCase cParl cPar2 cComml1 cComm2 cBrMerge
c¢BrComm1 c¢BrComm?2 c¢BrClose cOpen c¢BrOpen cScope cBang:
fixes U =D
and P :: (‘a, 'b, 'c) psi
and Rs :: ('a, 'b, 'c) residual
and Ap :: name list
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and Up = 'b

and Prop :: 'f::fs-name = 'b = (‘a, 'b, 'c) psi = 'a action =
("a, b, 'c) psi = name list = 'b = bool

and C : f:fs-name

assumes Trans: ¥ > P —a < P’
and FrP: extractFrame P = (Ap, Up)
and distinct Ap
and bn « f* subject «
and distinct(bn «)
and rAlpha: NV P o P'p Ap Up C. [bn a #x U; bn « % P; bn « #x subject
a; bn o fx Up;
bn a fx C; bn a fx (p - «); Ap tx U; Ap fx P;
Ap #x o; Ap #x P’ Ap #x C;
set p C set(bn «) x set(bn(p - «)); distinctPerm
p;
bn(p « «) tx «; (bn(p - @) 4% P’; Prop C ¥ P «
P’ Ap \I/p]] -
Prop C ¥ P(p-a)(p-P) Ap Up
and rFrameAlpha: ANV P Ap Up p a P' C. [Ap tx U; Ap #x P; Ap #x (p -
Ap); Ap % a; Ap fix P’y Ap tx C
set p C set Ap x set(p - Ap); distinctPerm
p; Ap tx subject «;
Prop CV Pa P'"Ap Yp] = Prop C ¥ P
aP'(p-Ap) (p- Vp)
and rlnput: AV M K zvec N Tvec P C.
[¥ + M + K; distinct zvec; set zvec C supp N;
length zvec = length Tvec; xvec §x U;
avec $x M; zvec i K; zvec fx O] =
Prop C U (M (Axzvec N|).P)
(K((Nzvec::=Twvec])) (Plavec::=Tvec]) ([]) (1)
and rBrinput: N\¥ M K zvec N Tvec P C.
[¥ - K = M; distinct xvec; set zvec C supp N
length xvec = length Tvec; xvec §x U;
avec $x M; zvec §x K; avec fx O] =
Prop C U (M(Axzvec N|).P)
(( K ((N[zvec::=Tvec))|)) (Plzvec::=Tvec]) ([]) (1)
and rOutput: A\ W MKNPC.V+ M+ K= Prop CV (M(N).P) (K(N))
P () (1)
and rBrOutput: N\ W M K NPC. V+ M < K = Prop C ¥ (M(N).P)
(K(N)) P ([]) (1)
and rCase: NV P a P ¢ Cs Ap Up C. [¥ > P —a < P’; extractFrame P
= (Ap, Up); distinct Ap; NC. Prop C ¥ P « P' Ap ¥Up;
(¢, P) € set Cs; U F ¢; guarded P; ¥p ~ 1;
(supp ¥p) = ({}::name set);
Ap ﬁ* \I/; Ap ﬁ* P; Ap ﬁ*Oé; AP ﬁ* Pl; Ap ﬂ*
C] = Prop C U (Cases Cs) a P’ ([]) (1)
and rParl: AU Yo Pa P'Ag Q Ap Up C.
[V® Vg > Pr—a < P
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g U

bn o fx Vo;

and rPar2:

fx Wo;

bn a fx Vg

extractFrame P = (Ap, ¥p); distinct Ap;

extractFrame Q = (Ag, Vq); distinct Ag;

AC. Prop C (¥ @ Ug) Pa P' Ap Up;

Ap fx Py Ap fx Q5 Ap §x W5 Ap §x a; Ap fix P’y Ap §x Ag; Ap

Ag tix Py Ag tx Q; Ag fx U; Ag tix a; Ag t* P'; Ag ti* Up;
bn o fx U; bn a tx P; bn o ix Q; bn o fx subject a; bn « fx Up;

Ap % C; Ag #x C; bn a tx (] =

Prop C U (P @ a (P']| Q) (Ap@Aq) (¥p & Wg)

/\\I’ \pr Qa Q/Ap PAQ \I’Q C.

[¥®Tp > Qr—a< Q%

extractFrame P = (Ap, ¥p); distinct Ap;

extractFrame Q = (Ag, Vq); distinct Ag;

/\C Prop C (\I’ ® \I/p) Qa @ Ag Yo;

Ap i« Py Ap % Q; Ap 8+ U; Ap #x a5 Ap % Q'; Ap i Ag; Ap

Ag tx P; Ag i+ Q; Ag % U5 Ag % o Ag #x Q' Ag % Up;
bn a fx U; bn a tx P; bn a ix Q; bn o §x subject a; bn o fx Up;

Ap % C; Ag % C; bn a tx (] =
Prop CU (P @ a (P Q) (Ar6dg) (Up ® Ug)

and rCommi: N\ ¥g PM N P’ Ap ¥p Q K zvec Q' Ag C.

distinct Ap;

[V ® Vg > P+—M(N|) < P’; extractFrame P = (Ap, ¥p);

AC. Prop C (¥ ® Ug) P (M(N)) P' Ap Up;
U ® Up > Q+—K(vxzvec)(N) < Q5 extractFrame Q = (A,

Ug); distinct Ag;

M;

Ve VUp® Vg M« K; distinct zvec;

AC. Prop C (¥ @ Up) Q (K(v*zvec)(N)) Q' Ag ¥g;

AP ﬁ* \I/, Ap ﬁ* \I/Q, AP ﬁ* P, Ap ﬁ* ]\47 AP ﬂ* ]V7 AP ﬂ* P/;
Ap % Q; Ap i Q'; Ap % Ag; Ap fx zvec; Ag tx U; Ag fx Up;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* Pl; AQ ﬁ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
A tx zvec; zvec f§x W¥; avec §x Wp; zvec §* Vo; zvec fx P; zvec §x

zvec fx Q; zvec fx K; Ap tx C; Ag tx C; avec tx O] =
Prop C W (P | @) (1) ((vxavec)(P' || Q) (ApQAg) (¥p @ ¥q)

and rComm2: \¥ ¥g P M zvec N P’ Ap ¥p Q K Q' Ag C.

[¥ ® Vg > P +—M(vsavec)(N) < P’; extractFrame P = (Ap,

Up); distinct Ap;

distinct Ag;

AC. Prop C (¥ ® Ug) P (M(vszvec)(N)) P’ Ap ¥p;
U Up > Q—K(N) < Q; extractFrame Q = (Ag, Vg);

AC. Prop C (¥ ® Wp) Q (K(N) Q' Aq Wo;
Ve VUp® Vg M« K; distinct zvec;

AP ﬁ* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* M; AP ﬁ* N; Ap Ij* P/;
Ap #x Q; Ap #x Q'; Ap fix Ag; Ap f* avec; Ag #x V; Aqg i+ Wp;
AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* Pl; AQ ﬂ* Q; AQ ﬂ* K; AQ ﬂ* Q/;
Ag t* zvec; zvec fx W; zvec §x Wp; zvec §* Vo; zvec fx P; zvec §x
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zvec fx Q; zvec tx K; Ap fx C; Ag x C; zvec tx C] =
Prop C U (P || Q) (7) ((wovec)(P || Q1) (Ap@Agq) (¥p © W)
and rBrMerge: AW Yo PM NP’ Ap Up Q Q' Ag C.
[¥ @ g > P+— ;M(N) < P NC. Prop C (T ® ¥g) P
((M(N)) P" Ap Up;
extractFrame P = (Ap, ¥p); distinct Ap;
U@ Upr> Q+— (M(IN) < Q5 ANC. Prop C (¥ ® Up) Q
(MND) Q' Aq Uo;
extractFrame Q = (Ag, Vq); distinct Ag;
Ap ﬂ* \I/; Ap ﬁ* \I/Q; Ap ﬂ* P; Ap ﬁ* N; Ap ﬂ* P/;
Ap B Q; Ap i Q') Ap B+ Ag; Ap Ix M; Aq = M;
Ag % U5 Ag #x Up; Ag #x P; Ag % N; Ag tx P
Ag i+ Q; Ag #x Q' Ap tx C; Ag 1+ O] =
Prop U (P || @) (GMIND) (P’ ]| @) (Ap@Ag) (¥ & To)
and rBrComm1:A\V Uo P M NP’ Ap Up Q zvec Q' Ag C.
[¥ @ ¥g > P ——;M(N|) < P’; extractFrame P = (Ap, Up);
distinct Ap;
AC. Prop C (¥ @ W) P ((M(N)) P’ Ap p;
U@ Up > Q+—iM(vszvec)(N) < Q; extractFrame Q = (Ag,
Uo); distinct Ag;
distinct zvec;
AC. Prop C (¥ ® ¥p) Q (iM(v*avec)(N)) Q" Ag Vg;
Ap Ii* \I/; Ap ﬁ* \IJQ, Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap % Q; Ap #x Q'; Ap fix Ag; Ap f* avec; Ag #x V; Aqg i+ Wp;
AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* Pl; AQ ﬂ* Q; AQ ﬂ* Q/;
Ag #* avec; zvec §x V; avec §x Wp; avec §x Wq; avec f* P;
avec fx Q; Ap fx C; Ag #x C; avec fx C
Ap % M; Ag % M; zvec §x M| =
| Prop C W (P || Q) (M{usavec) (N)) (P' || Q') (Ap@Agq) (Up o
Yo
and rBrComm2:\V Uo P M zvec NP' Ap Up Q Q' Ag C.
[¥ ® Ug > P +—iM(vszvec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ ® ¥q) P (jM(v+zvec)(N)) P' Ap V¥p;
URUp>Q—(M(N) < Q) extractFrame Q = (Ag, Vg);
distinct Ag;
AC. Prop € (U © Up) Q (;M(N)) Q' Ag Vg:
distinct zvec;
Ap Ii* \I/; Ap ﬁ* \IIQ, Ap ﬁ* P; Ap ﬁ* N; Ap ﬂ* Pl;
Ap % Q; Ap #x Q'; Ap fix Ag; Ap f* avec; Ag #x V; Ag i+ Up;
AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* Pl; AQ ﬂ* Q; AQ ﬂ* Q/;
Ag #* avec; zvec §x V; avec §x Wp; avec §x Wq; avec f* P;
avec fx Q; Ap tx C; Ag tx C; avec fx C
Ap % M; Ag % M; zvec §x M| =
| Prop C W (P || Q) (M{usavec) (N)) (P' || Q') (Ap@Ag) (Up ©
Yo
and rBrClose: AW P M avec N P' Ap ¥p x C.
[¥ > P+ jM(vxzvec)(N) < P’
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x € supp M;

AC. Prop C ¥ P (iM(vxavec))(N)) P’ Ap ¥p;

extractFrame P = (Ap, Up); distinct Ap;

Ap % U; Ap fix P; Ap fx M; Ap tix N; Ap fix P’; Ap fix zvec;

distinct zvec; zvec f§x U; zvec fx VUp; zvec fx P;

zvec §x M;

x Uz f avec; x § Ap;

Ap tx C; zvec ix C; z ff C] =

Prop C U ((vz)P) () ((vz)((v+avec) P’)) (z#Ap) Up

and rOpen: AU P M xvec yvec N P' x Ap Up y C.

[¥ > P +—M(v*(zvecQyuec))(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;

NC. Prop C U P (M(vx(zvecQyuec))(N)) P’ Ap Up; z € supp
N;zd Uzt M;

xf Ap; x ff xvec; x § yvec; Ap #x U; Ap tix P; Ap tix M; Ap

N; Ap #x P/;
Ap tx xvec; Ap tix yvec; xvec fx yvec; distinct zvec; distinct yvec;
avec fx U; zvec #x P; zvec §x M; xvec §x Up;
yvec fix U; yvec ix P; yvec ix M; Ap tx C; z ff C; avec ix C; yvec
g C;

yF oyt Wyt Pryt M;ydavee; y§ yvec; y § Ny § Pyt
Ap;yt Upsyt C] =
Prop C ¥ ((va) P) (M (vx(zvecQystyvec)){([(z, y)] - N))) ([(z,
y)l - P') (z#Ap) Up
and rBrOpen: ANV P M xvec yvec N P' x Ap Up y C.
[¥ > P +—M(vx(zvecQyuec))(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;
NAC. Prop C U P ((M(v+(zvecQyuec))(N)) P’ Ap Up; z € supp
N,z 4 VU z 8 M;
x f Ap; x f zvec; x § yvec; Ap #x U; Ap tix P; Ap tx M; Ap fx*

N; Ap #x P/,
Ap #x zvec; Ap fix yvec; zvec f§* yvec; distinct zvec; distinct yvec;
avec fx U5 zvec #x P; xvec §x M; zvec fx Up;
yvec §x W; yvec §x P; yvec fix M; Ap tx C; z  C; xvec §x C; yvec
g C;

y#F oy Wyl Pyt M;yt wvec; y f yvec; y i Ny y§ Py
Ap;yt Vpyt O] =
Prop C W ((vz)P) (iM(v*(zvecQy#yvec))(([(z, y)] - N))) ([(=,
y)l - P') (z#Ap) Vp
and rScope: AV P o P'z Ap Up C.
[¥ > P —a < P’ extractFrame P = (Ap, Up); distinct Ap;
NC. Prop C¥ P a P Ap Up;
vt U s dasat Ap; Ap te U Ap e Py
Ap t* a; Ap #x P/;
bn a fx U; bn o §x P; bn « #x subject o; bn o fx Up;
Ap tx C; 2zt C; bn a #x O] =
Prop C U ((vz))P) a ((vz)P’) (z#Ap) Up
and rBang: AV Pa P’ Ap Up C.
[¥ > P || !P+——a < P’; guarded P; extractFrame P = (Ap, Up);
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distinct Ap;
NC. Prop C¥ (P ||!P) a P' Ap (¥Yp ® 1); Up ~ 1; supp Up
= ({}::name set);
Ap tx U; Ap #x P; Ap 8% a; Ap fix P’; Ap % C] = Prop C' ¥
(tP) @ P’ () (1)
shows Prop C WV P o P’ Ap ¥p
using Trans FrP «distinct Ap> <bn « #x subject v <distinct(bn «)»
proof (nominal-induct ¥ P Rs==a < P’ Ap Up avoiding: C « P’ rule: seman-
ticsFramelInduct)
case cAlpha
then show ?case using rFrameAlpha
by auto
next
case clnput
then show ?Zcase using rinput
by (auto simp add: residuallnject)
next
case cBrinput
then show ?case using rBrinput
by (auto simp add: residuallnject)
next
case cOutput
then show ?case using rOutput
by (auto simp add: residuallnject)
next
case cBrOutput
then show ?case using rBrOutput
by (auto simp add: residuallnject)
next
case cCase
then show ?case using rCase
by (auto simp add: residuallnject)
next
case(cParl WV Vg P a P’ Ag Q Ap ¥p C o' P”)
note «a < (P'|| Q) =a’ < P
moreover from «bn « §x o> have bn « #x (bn o’) by auto
moreover note «distinct (bn «)y <distinct(bn a’))
moreover from <bn o #x subject a» <bn o' #x subject a’s
have bn a t* (o < P’ | Q) and bn o’ % (o’ < P'') by simp+
ultimately obtain p where S: (set p) C (set(bn o)) x (set(bn(p - «))) and
distinctPerm p
and aFq: o' =p-aand P'eq: P =p - (P’ | Q) and (bn(p - a)) #* «
and (bn(p - )) 2+ (P’ || Q)
by (rule residualEq)

note «<¥ ® Vg > P —a < P’ <extractFrame Q = (Aq, Vq)» «distinct Ag»

moreover from <bn o fx subject a» <distinct(bn o)y <Ap f*x a»
have AC. Prop C (¥ @ Ug) P o P’ Ap Up by(fastforce intro: cParl)
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moreover note <Ag fx P> <Ag tx @ <Ag #x Uy <Ag #x ar <Ag 1 P) (Ag f*
Cy «Ap fx Py (Ap #x Q) <Ap fx U <Ap tx a» <Ap fix P (Ap #x C»
hn o fx @y «distinct(bn o)y <bn o fx U <bn a fx Uor <bn o gx P> <bn « f*
subject cvy <bn a #x C»
cextractFrame P = (Ap, Up)» «distinct Ap> <Ap #x Ag> <Ap tx U <Ag f#*
Upy <bn a fx Upy
ultimately have Prop C ¥ (P || Q) o (P' || Q) (ApQ@QAg) (¥p ® ¥g)
by (metis rParl)
with <bn « fx Uy bn a fix Py <bn o f* @y <bn o f* subject a» <bn « fx C»> <bn
a fx (bn a’)y S «distinctPerm p> <bn(p - «) i+ ar <dn(p - a) = (P’ || Q) <bn «
fx Upy <bn a fx U <Ap fx v (Ag t* av (Ap fx a» (Ag tx o'y aEq <bn o fx*
Upy <bn o fx a'y (Ap tx Uy (Ag fx U <Ap % Py (Ag fx P> <Ap tx @ <Ag ti*
Q> «Ap % P <Ag % P <Ap #x C) (Ag #x O
have Prop C U (P || Q) (p - a) (p+ (P' | Q)) (ApGAg) (Up © Wg)
by (fastforce intro!: rAlpha)
with aEq P'eq <distinctPerm p> show ?case by simp
next
case(cPar2 UV Up Q o Q' Ap P Ag Vg C o’ Q")
note «a < (P || @) =a’'< Q"
moreover from <«bn « §x o> have bn « #x (bn o’) by auto
moreover note «distinct (bn «)y <distinct(bn a’))
moreover from <bn o #x subject a» <bn o' #x subject o’y
have bn a t*x (o < P || Q') and bn o’ fx (o’ < Q") by simp+
ultimately obtain p where S: (set p) C (set(bn «)) x (set(bn(p - «))) and
distinctPerm p
and aFg: o' =p-aand Q'eq: Q" =p - (P || Q) and (bn(p - @) #* «
and (bn(p - o)) £ (P || Q'
by (rule residualEq)

note <V @ Up > Q —ra < Q" <extractFrame P = (Ap, Up)» «distinct Ap»
moreover from <bn o fx subject a» <distinct(bn o)y <Ag f* @
have AC. Prop C (¥ @ Up) Q o Q' Ag Vg by(fastforce introl: cPar2)

moreover note (Ag fx Py (Ag i @ <Ag fx U» <Ag fx ar (Ag fx Q) (Ag
Cy (Ap fix Py (Ap fx Q> <Ap tx Uy <Ap f#x v <Ap f1x Q" <Ap #x C»
hn o fx @y «distinct(bn o)y <bn o fx U <bn a fx Yor <bn o gx P> <bn o f§x
subject cy <bn a #x C»
cextractFrame Q = (Aq, Wq)» «distinct Ag> <Ap i Ag> <Ap #x ¥gr <(Ag t*
Upy <bn « fx Up>
ultimately have Prop C ¥ (P || Q) a (P || Q') (Ap@QAg) (¥Yp ® ¥g)
by (fastforce introl: rPar2)
with <bn «a fx U bn a fix Py <bn o f* Q> <bn « f* subject a» <bn « g% C> <bn
a fx (bn a’)y S «distinctPerm py <bn(p « ) fx a» <bn(p - «) fx (P || Q") <bn «
fx Upy <bn a fx Uy <Ap fx v (Ag t* av (Ap fx a» (Ag i* o'y aEq <bn o fx*
a’y (Ap fx W) <Ag tx U (Ap fx Py <Ag fx Py <Ap % Q) <Ag tx @ (Ap tx Q)
(Ag tx Q) <Ap tx C) <Ag tx C»
have Prop C U (P || Q) (p - a) (p+ (P || Q1) (ApGAg) (Up © Wg)
by (fastforce intro!: rAlpha)
with aEq Q’eq «distinctPerm p> show ?case by simp
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next
case(cComml UV Vg P M N P' Ap Up Q K zvec Q" Ag C o P”)
then show ?case using rComm1
apply —
apply(drule meta-speclwhere =M (NJ)])
apply(drule meta-speclwhere z=K (v*zvec|)(N)])
by (auto simp add: residuallnject)
next
case(cComm2 ¥ ¥g P M avec NP Ap Up QK Q' Ag C a Q")
then show ?case using rComm2
apply —
apply(drule meta-speclwhere z=M (vxzvec|)(N)])
apply(drule meta-speclwhere z=K (NJ)])
by (auto simp add: residuallnject)
next
case(cBrMerge W W P M N P' Ap Up Q Q' Ag C a P
then show ?case using rBrMerge
apply —
apply(drule meta-speclwhere z=; M(N))])
apply(drule meta-speclwhere z=; M(N))])
by (auto simp add: residuallnject)
next
case(cBrComml ¥ ¥g P M N P’ Ap ¥p Q zvec Q' Ag C o P")
have bn (;M(N)) #x subject (;M(N)) by simp
moreover have distinct (bn (M (N))) by simp
moreover have (M(N) < P'= ;M(N]) < P’ by simp
moreover note cBrComml
ultimately have inProp: A\C. Prop C (¥ ® Vo) P (;M(N)) P’ Ap ¥p by
simp

note <zvec x M> <distinct zvec> cBrComml
then have outProp: AC. Prop C (¥ ® ¥p) Q (iM(v*zvec)(N)) Q' Ag ¥g by

stmp

note inProp outProp ¢cBrComml
then have bigProp: Prop C ¥ (P || Q) (M (vxzvec)(N)) (P'| Q") (Ap @ Agp)
(Tp ® Ug) by (simp add: rBrComm1)

note (M (vxzvec)(N) < (P'|| Q) = a < P'»

moreover from (zvec fx a» have bn (M (vxzvec)(N)) #x (bn o) by simp

moreover from «distinct zvec) have distinct (bn (M (v+avec)(N))) by simp

moreover note <distinct(bn a)»

moreover from <zvec §x M» <bn « f* subject a

have bn (jM(vxzvec)(N)) i+ (jM(v*zvec)(N) < P’ | Q') and bn « £ (o <
P’ by simp+

ultimately obtain p where S: (set p) C (set(bn (jM(vxzvec)(N)))) x (set(bn(p
- (iM(v*zvec)(N))))) and distinctPerm p

and aFq: o = p - (jM(vxavec)(N)) and P'eq: P""=p - (P'|| Q)
and (bn(p - (M (vxzvec)(N)))) #x (M (vxzvec)(N)) and (bn(p - (M (v*zvec)(N))))
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g (P Q)
by (rule residualEq) simp

from <avec f§x U have bn ((M(vxzvec)(N)) fx U by simp
moreover from <zvec §x Py <zvec §*x Q) have bn (jM (v*zvec)(N)) #x (P || Q)
by simp
moreover note <zvec fx M)
moreover from (zvec §+ ¥p) <zvec fx Ug» have bn (jM (vxavec)(N)) #* (Up
® Pg) by auto
moreover from <avec f§x C» have bn (jM (vxzvec))(N)) g+ C by simp
moreover from (zvec x a» aEq have bn (M (v*zvec) (N)) t* (p - (jM (v*xzvec) (N)))
by simp
moreover from <Ap #x U» (Ag #§x ¥» have (Ap @ Ag) #+ ¥ by simp
moreover from <Ap #x Py <Ag tx Q) (Ap tx @ <(Ag fx P> have (Ap @ Ag)
e (P || Q) by simp
moreover from <Ap f#* a» <Ag #* o> have (Ap @ Ag) tx o by simp
moreover from <Ap fx P’y (Ag #x Q" Ap #x Q" <Ag i+ P’ have (Ap Q
Aq) #= (P || Q') by simp
moreover from Ap tx C» (Ag i+ C» have (Ap @ Ag) #x C by simp
moreover note S <distinctPerm p> «(bn(p - (iM (vxzvec))(N)))) tx (M (v*zvec)(N))»
(bn(p - (M (uezvec)(N)))) £ (P || Q") bigProp
Ap #x My (Ag tx My <Ap fx zvecy <Ag #x avecy (Ap i N> (Ag #x N>

ultimately have Prop C U (P || Q) (p - ((M(vxzvec)(N))) (p - (P'|| Q")) (Ap

@ Ag) (Yp ® V)
by (fastforce intro!: rAlpha)

then show ?case using aFq P’eq by simp
next

case(cBrComm2 ¥ Wg P M zvec N P' Ap ¥p Q Q" Ag C a Q")

have bn (; M(N)) tx subject ((M(N)) by simp

moreover have distinct (bn (M (N))) by simp

moreover have | M(N|) < Q' = ;M(N|) < Q' by simp

moreover note cBrComm?2

ultimately have inProp: AC. Prop C (¥ ® Up) Q ((M(N)) Q' Ag ¥q by
simp

from <zvec tx M> have bn (M (v*zvec))(N)) i+ subject (M (v*zvec)(N)) by
stmp

moreover from <distinct zvecy have distinct (bn (jM (v+zvec|)(N))) by simp

moreover have M (vxzvec)(N) < P’ = M (v*zvec)(N) < P’ by simp

moreover note cBrComm2

ultimately have outProp: \C. Prop C (¥ ® ¥q) P (iM(vxzvec))(N)) P' Ap
Up by simp

note inProp outProp ¢cBrComm2

then have bigProp: Prop C ¥ (P || Q) (M (vxzvec)(N)) (P'| Q") (Ap @ Agp)
Up ® Ug) by (simp add: rBrComm?2
( Q

note (M (vxzvec)(N) < (P' || Q) =a < Q"
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moreover from (zvec fx > have bn (M (vxzvec)(N)) #x (bn «) by simp
moreover note «distinct (bn (M (v*zvec)(N))) <distinct(bn «))
moreover from <bn (M (v*zvec))(N)) #* subject ((M(v*zvec))(N))» <bn « fx*
subject v
have bn (jM(vxavec)(N)) #x (M (vxavec)(N) < P’ | Q') and bn « t* (a <
Q") by simp+
ultimately obtain p where S: (set p) C (set(bn (M (v*zvec)(N)))) x (set(bn(p
- (M (v*zvec)(N))))) and distinctPerm p
and aEq: « = p - (jM(vxzvec)(N)) and P'eq: Q" = p - (P'| Q') and (bn(p
« (iM(vxzvec)(N)))) #x (1M (v+zvec) (N))
and (bn(p - (iM(vrzvec)(N)))) tx (P" ] Q")
by (rule residualEq)

from <zvec #x ¥» have bn (M (v+zvec)(N)) tx U by simp
moreover from <zvec §*x Py <zvec f*x Q) have bn (jM (v*zvec)(N)) #x (P || Q)
by simp
moreover note bn (jM(vxzvec))(N)) tx subject (M (vxzvec)(N))»
moreover from <zvec §x Up» zvec §x Wo» have bn (jM (vxzvec)(N)) g+ (¥p
® ¥g) by auto
moreover from <avec f§x C» have bn (jM (vxzvec))(N)) tx C by simp
moreover from <zvec fi* o> aEq have bn (jM (v+zvec)(N)) g (p - (M (v+zvec)(N)))
by simp
moreover from <Ap i U» (Ag #x ¥» have (Ap @ Ag) #+ ¥ by simp
moreover from <Ap §x P <Ag i () (Ap tx @ <(Ag fx P> have (Ap @ Ag)
g (P || Q) by simp
moreover from <Ap f#* a» <Ag #* a» have (Ap @ Ag) tx o by simp
moreover from <Ap fx P’ (Ag #x Q" <Ap #x Q" <Ag fx P’» have (Ap Q
Aq) ¢+ (Pl Q') by simp
moreover from <Ap i+ C) <Ag t* C» have (Ap @ Ag) #x C by simp
moreover note S <distinctPerm py <(bn(p - ({M (vxzvec) (N)))) % (M (vxavec)(N))>
«(bn(p - ((M(vxzvec)(N)))) 4= (P' || Q')> bigProp
Ap #x My (Ag tx M <Ap fx zvec) <Ag #x avecy (Ap #x N> (Ag #x N>

ultimately have Prop C U (P || Q) (p - ((M(v*zvec)(N))) (p - (P'|| Q")) (Ap
@ dg) (Vp © Ug)
by (fastforce introl: rAlpha)
then show ?case using aFq P’eq by simp
next
case(cBrClose W P M zvec N P’ Ap Up z C o P")
note <7 < (vz))((v*zvec)P") = a < P
moreover have bn (1) fx (bn «) by simp
moreover have distinct (bn (1)) by simp
moreover note «distinct (bn a)»
moreover have (bn (1) fx (7 < (vz|)((vxzvec) P’))) by simp
moreover from «bn « fx subject a» have bn a fx (a« < P') by simp
ultimately obtain p where S: (set p) C (set(bn (7)) x (set(bn(p - (7))))
and aFq: a« = p - (1) and P'eq: P = p - ((vz|)((vxzvec) P’))
and bn (7) f*x « and bdn (1) tx P”’
and (bn(p - (7)) £+ (r) and (bn(p - (7)) tx ((va)((vszvec) P')
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by (rule residualEq) simp
moreover from c¢BrClose have A\C. Prop C U P (M (vxavec)(N)) P' Ap ¥p
by simp
moreover with cBrClose have Prop C ¥ ((vz)P) (1) ((vz))((v+zvec)P"))
(s#:Ap) Up
by (simp add: rBrClose)
with S have Prop C U ((vz)P) (p - 7) (p - (vz)((vxavec)P’)) (z#Ap) ¥p by
stmp
then show ?case using aFq P'eq
by simp
next
case(cOpen U P M zvec yvec N P' ¢ Ap Up C o P”)
note <M (vx(zvecQz#yvec))(N) < P/ = a < P')
moreover from (zvec §x a» <z § @ <yvec §x a» have (zvecQzH#yvec) fx (bn )
by auto
moreover from <xvec §x yvecy <x § zvecr <x § yvecy «distinct zvecy <distinct yvec
have distinct(zvecQr#tyvec)
by (auto simp add: fresh-star-def) (simp add: fresh-def name-list-supp)
moreover note «distinct(bn «)»
moreover from <avec §x M> <x § M> <yvec §x M» have (zvecQz#yvec) fx M
by auto
then have (zvecQx#yvec) tx (M (v+(zvecQrtyvec))(N) < P') by auto
moreover from <bn « f* subject a» have bn o x (o < P”) by simp
ultimately obtain p where S: (set p) C (set(zvecQu#yvec)) x (set(p « (zvecQu#yvec)))
and distinctPerm p
and aeq: o = (p + M)(v*(p - (zvecQz#yvec))){(p - N)) and P'eq: P"" = (p -
P
and A: (zvecQu#yvec) g+ ((p - M)(vx(p - (zvecQz#yvec))){(p - N)))
and B: (p - (zvecQuz#yvec)) tx (M (v*(zvecQa#yvec))(N))
and C: (p - (zvecQu#yvec)) fx P’
apply —
apply(rule residualEq)
by (assumption | simp)+

note U > P —— M (v(zvecQyuec))(N) < P’ <z € (supp N)»

moreover {
fix C
from <zvec §x M)> <yvec §x M»> have (zvecQyuec) x M by simp
moreover from <distinct zvecy <distinct yvecy <zvec fx yvecr have distinct(zvecQyvec)
by (auto simp add: fresh-star-def name-list-supp fresh-def)
ultimately have Prop C U P (M (vx(zvecQyuec))(N)) P’ Ap Up using <Ap
fx avecy <Ap fx yvecy (Ap tx M> <Ap fx N»
by (fastforce intro!: cOpen)
}

moreover obtain y:name where y § ¥ and y # z and y § P and y f avec
and yf yvecand y fcand y§ P'and yff Apand yff ¥Yp and y § M and y 4
Nand y 4 Cand yf p

by (generate-fresh name) auto
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moreover note x § U «x § M> <z f avecy <z § yvee> «xvec fx Uy (xvec fx P>
<zvec tix M>
cyvec fx Uy <yvec fx Py «yvec fx M)> «yvec fx C» «x ff C» <avec #x C» <distinct
xvecy (distinct yvec
cextractFrame P = (Ap, Up)) «distinct Ap» <x § Ap» <xvec §x yvec) <xvec fx
\I/p>
CAp fx Uy (Ap fix Py <Ap fix M> <Ap t* zvecy <Ap #x yvecy <Ap fx N> <Ap #x
P’ «Ap tx C»
ultimately have Prop C U ((vz|) P) (M (v*(zvecQy#yvec)){([(z, y)] - N))) ([(=,
D) - PY) (a#dp) Up
by (metis rOpen)
moreover have ([(z, )] - p) - [(z, 9)] - M) = [(z, )] - p - M
by (subst perm-compose[symmetric]) simp
with «y § M» <z § @ aeq <y & p <zt M> have D: (([(z, y)] - p)- M) =p - M
by (auto simp add: equts freshChainSimps)
moreover have (([(z, y)] - p) - [(z, y)] - 2vec) = [(z, y)] - p + zveC
by (subst perm-compose[symmetric]) simp
with <y  zveey <z § @ aeq <y § p <z f zvecy have E: (([(z, y)] - p) - zvec) = p
- zvec
by (auto simp add: equts freshChainSimps)
moreover have (([(z, )] - p) - [(z, v)] - yvec) = [(z, y)] - p - yoec
by (subst perm-compose[symmetric|) simp
with <y § yveo) <z f a» aeq <y f p <z yvee> have F: (([(z, y)] + p) - yvec) = p
- yvec
by (auto simp add: equts freshChainSimps)
moreover have (([(z, y)] - p) - [(z, y)] - z) = [(z, y)] - p - =
by (subst perm-compose[symmetric]) simp
with <y # » «y ¢ p» have G: (([(z, y)] - p) - y)=p- 2
apply(simp add: freshChainSimps calc-atm)
apply(subgoal-tac y # p - x)
apply(clarsimp)
using A «aeq
apply(simp add: equts)
apply(subst fresh-atm[symmetric])
apply(simp only: freshChainSimps)
by simp
moreover have ([(z, )] - p) -« [(, )] - N) = [(z. )] - p - N
by (subst perm-compose[symmetric]) simp
with (£ N> @ b y £ p> acg have H: (2, 9)] - p) - [(@ 9)] - N) = p - N
by (auto simp add: equts freshChainSimps)
moreover have (([(z, y)| - p) - [(z, y)] - P') = [(z, y)] - p - P’
by (subst perm-compose[symmetric]) simp
with <y § P» <z § P"» <y § p» P'eq have I: (([(z, y)] - p) * [(z, v)] - P)) =»p -
P/
by (auto simp add: equts freshChainSimps)
from <y 4§ p» <y # 2> have y # p - x
apply (subst fresh-atm[symmetric])
apply(simp only: freshChainSimps)
by simp
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moreover from S have ([(z, y)] - set p) C [(z, y)] - (set(zvecQr#Hyvec) X set(p
- (zvecQx#yvec)))
by (simp)
with <y # p - © «(([(z, ¥)] - p) - y) = p - © <z § zveey <y § zveer x § yveer <y
# yvecy <y § p» <z § a» aeq have
set([(z, y)] - p) C set(zvecQy#yvec) x set(([(z, y)] - p) - (zvecQy#yvec))
by(simp add: equts calc-atm perm-compose)
moreover note <xvec fx U <yvec fx Uy «xvec fx P> <yvec fx Py <xvec fx M)
<yvec tix M>
«yvec fx Cy S <distinctPerm py <x § C» <xvec % C) <xvec fx Wp) «yvec fx Up»
x § U
(Ap fx zvecy <z ff Apy <Ap tx yveey <Ap #x M> <x § zveey «x § yveer <x § M>
<z § Ap> <Ap tx N>
ABC aeq Aptx ar <yt Wy <y # x> <y § Py <y § My <y § Upy <yt C) <avec
B o> <z f a (yvec fx > <y o> <Ap #§x P> (Ap #x U <y § Ap> <yt Ny <Ap fx
P <yt P <Ap #x C) Pleq
ultimately have Prop C ¥ ((vz)P) (([(z, y)] * p) - (M (v*(2zvecQy#yvec)){([(z,
o] - N ([ )] - ) - (@ 9)] - PY) (a#tAp) p
apply —
apply(rule rAlpha[where a=M (v*(zvecQy#yvec))(([(z, y)] - N))])
apply (assumption | simp)+
apply(simp add: equts)
apply (assumption | simp add: abs-fresh)+
apply(simp add: fresh-left calc-atm)
apply (assumption | simp)+
apply(simp add: fresh-left calc-atm)
apply(assumption | simp)+
by (simp add: equts fresh-left)+
with aeq P'eq D EF G H I show ?case
by (simp add: equts)
next
case(cBrOpen ¥ P M zvec yvec N P’z Ap Up C o P")
note M (vx(zvecQz#yvec))(N) < P’ = a < P')
moreover from (zvec §x a» <z § @ <yvec §x a» have (zvecQzH#yvec) fx (bn )
by auto
moreover from <xvec §x yvec) <x § zvecr <x § yvecy «distinct zvecy <distinct yvec
have distinct(zvecQa#yvec)
by (auto simp add: fresh-star-def) (simp add: fresh-def name-list-supp)
moreover note «distinct(bn «)»
moreover from <zvec x M> «x § My <yvec tx M> have (zvecQz#yvec) fx M
by auto
then have (zvecQz#yvec) #x (M (v*(zvecQr#yvec)){N) < P') by auto
moreover from <bn « f§* subject a» have bn «a tx (o < P”) by simp
ultimately obtain p where S: (set p) C (set(zvecQu#yvec)) x (set(p « (zvecQr#yvec)))
and distinctPerm p
and aeg: o = i(p - M)(ua(p - (vec@utbyvec))((p - N)) and Peg: P = (p -
P
and A: (zvecQz#yvec) tx (j(p - M)(v+(p - (zvecQz#yvec))){(p - N)))
and B: (p - (zvecQz#yvec)) tx (M (v+(zvecQryvec))(N))
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and C: (p - (zvecQz#yvec)) g+ P’
apply —

apply (rule residualEq)

by (assumption | simp)+

note (U > P ——M(v(zvecQyuvec))(N) < P’ «x € (supp N)»

moreover {
fix C
from «avec #§x M> <yvec §x M> have (zvecQyuec) #fx M by simp
moreover from <distinct zvecy «distinct yvecy <zvec fx yvecy have distinct(zvecQyuvec)
by auto (simp add: fresh-star-def name-list-supp fresh-def)
ultimately have Prop C U P (M (vx(zvecQyuec))(N)) P’ Ap ¥p using «(Ap
fx zvec) <Ap tx yvecy <Ap fx My <Ap fx N»
by (fastforce introl: ¢BrOpen)
}

moreover obtain y::name where y § ¥ and y # z and y § P and y f avec
and y f yvecand y f c«and y § P'and yff Apand yff Yp and y § M and y 4
Nand yf Cand yf p
by (generate-fresh name) auto
moreover note «x § U «x § M> <z f§ avecy <z § yvee> <xvec #x Uy (avec fx P>
<xvec fx M
<yvee fx Uy <yvec fx Py <yvec fx My <yvec §x C> «x § C) <avec §x C» «distinct
zvecy (distinct yvec
cextractFrame P = (Ap, Up)) «distinct Ap» <x § Ap» <avec §x yvec) <zvec fx*
\I/p)
(Ap % Uy <Ap #x Py <Ap fx M» <Ap % zvec) <Ap tx yvecy <Ap fx Ny <Ap fix
P (AP ﬂ* ()
ultimately have Prop C U ((vz)P) (M (vx(zvecQy#yvec))(([(z, v)] - N)))
(I(z, 9)] - P) (s#Ap) Up
by (metis rBrOpen)
moreover have (([(z, 9)] - p) - [(z, )] - M) = [(z, )] - p - M
by (subst perm-compose[symmetric]) simp
with <y § M> <z § o> aeq <y § p <z § M> have D: (([(z, y)] -p) - M)=p - M
by (auto simp add: equts freshChainSimps)
moreover have (([(z, y)] - p) - [(z, y)] - 2vec) = [(z, y)] - p - zvec
by (subst perm-compose[symmetric]) simp
with <y § zveer <x §f o> aeq <y £ p> «x § 2vecy have E: (([(z, y)] + p) - avec) = p
- zVeC
by (auto simp add: equts freshChainSimps)
moreover have (([(z, y)] - p) - [(z, y)] - yvec) = [(z, y)] - p - yvec
by (subst perm-compose[symmetric]) simp
with «y § yveer <z § ar aeq <y § p> <z § yveo> have F: (([(z, y)] - p) - yvec) = p
- yvec
by (auto simp add: equts freshChainSimps)
moreover have (([(z, 9)] - p) - [(z, )] - 7) = [(z, 9)] - p - @
by (subst perm-compose[symmetric]) simp

with <y # 2 «y ¢ p have G: (([(z, y)] - p) - y) =p -z
apply(simp add: freshChainSimps calc-atm)
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apply(subgoal-tac y # p - x)
apply (clarsimp)
using A «aeq
apply(simp add: equts)
apply (subst fresh-atm[symmetric])
apply(simp only: freshChainSimps)
by simp
moreover have (([(z, y)] - p) - [(, )] - N) = [(a. y)] - p- N
by (subst perm-compose[symmetric]) simp
with <y § N> <z § a» <y § p» aeq have H: (([(z, )] - p) - [(z, y)]- N)=p - N
by (auto simp add: equts freshChainSimps)
moreover have ([(z, )] - p) - [(z, )] - P*) = [(# )] - p - P’
by (subst perm-compose[symmetric]) simp
with <y § P» <zt P"» <y § p P’eq have I: (([(z, y)] - p) - [(z, v)] - P)) =»p -
Pl
by (auto simp add: equts freshChainSimps)
from «y # p» <y # x> have y # p - x
apply(subst fresh-atm[symmetric])
apply(simp only: freshChainSimps)
by simp
moreover from S have ([(z, y)] - set p) C [(z, y)] - (set(zvecQr#Hyvec) X set(p
- (zvecQx#yvec)))
by (simp)
with <y £ p - © «(([(z, ¥)] - p) - y) = p - > <z § zTverr <y § Ve T § Yveer <y
# yvecy <y f p» <z f a» aeq have
set([(z, y)] - p) C set(zvecQyH#yvec) x set(([(z, y)] - p) - (zvecQy#yvec))
by (simp add: equts calc-atm perm-compose)
moreover note <xvec fx Uy <yvec fx Uy «xvec fx P> <yvec fx Py <xvec fx M)
<yvec §x M)
«yvec fix Cy S <distinctPerm py <z § C» <xvec x C) <xvec fx Up) <yvec fx ¥p»
x § U
(Ap f*x zvecy <z ff Apy <Ap tx yveer <Ap #x M> «x § zveey «x § yveer <x f M>
x f Ap> <Ap tx N>
ABC aeq Aptx ay <yt Wy <y £ x> <y § Py <y § My <y § Upy <yt C) <xvec
fx ay <z § ay <yvec fix a» <y f o <Ap #§x Py <Ap tx U <y i Apy <y § N> <Ap f#x
P <yt P «Ap #x C) P'eq
ultimately have Prop C ¥ ((vz)P) (([(z, v)] - p) - (iM (vx(zvecQy#yvec)){([(z,
o) - M) (@ )] - p) - (@ 9)] - P) (s#Ap) Up
apply —
apply(rule rAlpha[where a=jM (vx(zvecQy#yvec)){([(z, y)] - N))])
apply (assumption | simp)+
apply(simp add: equts)
apply (assumption | simp add: abs-fresh)+
apply(simp add: fresh-left calc-atm)
apply(assumption | simp)+
apply(simp add: fresh-left calc-atm)
apply (assumption | simp)+
by (simp add: equts fresh-left)+
with aeq P'eq D E F G H I show ?case
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by (simp add: equts)
next
case(cScope U P a P'x Ap ¥p C o' P")
note «a < ((vz)P’) = o’ < P
moreover from <bn « §x o> have bn a #x (bn o’) by auto
moreover note <distinct (bn «)» <distinct(bn ')
moreover from <bn o #x subject a» <bn o’ #x subject a’s
have bn a * (o < (vz)P’) and bn o’ §x (o’ < P") by simp+
ultimately obtain p where S: (set p) C (set(bn «)) x (set(bn(p - ))) and
distinctPerm p
and aFq: o’ =p - aand P'eq: P = p - ((vz)P) and (bn(p - o)) fx «
and (ba(p - o) £+ ((vs)P)
by (rule residualEq)

note <¥ > P +—a < P)
moreover from <bn « f#* subject a» «distinct(bn a)»
have AC. Prop C ¥ P a P' Ap Up by(fastforce intro!: cScope)

moreover note <z § U <z § ay <bn a fx U» <bn « fx Py <bn a fx subject a» <bn
a fx Upy
x f Oy <bn a x C» «distinct(bn a) <extractFrame P = (Ap, Up)
<distinct Apy <z § Apy (Ap f*x U) (Ap fix Py <Ap #x a» (Ap % P <Ap #x C>
ultimately have Prop C' ¥ ((vz)P) o ((vz)P’) (z#Ap) ¥p
by (metis rScope)
with «bn «a #x Uy <bn a fx Py <z § a» <bn « #* subject a» <bn a fx C» bn «
fx (bn ')y S <distinctPerm p> <bn(p - «) g% > <bn(p - «) tx ((vz) P’ <Ap fx
(Ap tx a'y aBq <z § o> <bn a tx Upy <bn a fx o' <z § O Ap §x U <z § Ap»
(Ap % Py <Ap #x Pz § C) <Ap tx O
have Prop C ¥ ((vz)P) (p - ) (p - ((vz)P") (z#Ap) Up
by (fastforce introl: rAlpha simp add: abs-fresh)
with aEq P'eq <distinctPerm p> show ?case by simp
next
case(cBang U P Ap Up C a P
then show ?case by(fastforce introl: rBang)
qed

lemma inputFramelnduct[consumes 3, case-names cAlpha cInput cCase cParl
cPar2 cScope cBang]:

fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a

and P’ :: ('a, b, 'c) psi
and Prop :: 'f::fs-name = 'b = ('a, 'b, 'c) psi =

‘a = 'a = (‘a, 'b, 'c¢) psi = name list = 'b = bool
and C : 'f:fs-name

assumes Trans: ¥ > P —M(N|) < P’
and FrP: extractFrame P = (Ap, Up)

115



and distinct Ap
and rAlpha: N\V PM N P’ Ap Up p C. [Ap 1+ U; Ap #x P; Ap tx M; Ap fx
N; Ap tx P'; Ap #x (p - Ap); Ap i+ C;
set p C set Ap x set(p - Ap); distinctPerm p;
Prop C¥ PMN P’ Ap Up] = Prop C' ¥
PMNP (p-Ap) (p-¥p)
and rlnput: AV M K zvec N Tvec P C.
[¥ + M + K; distinct zvec; set zvec C supp N;
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C ¥ (M(Axzvec N|.P)
K (N[zvec::=Tvec]) (Plzvec::=Tvec]) ([]) (1)
and rCase: AU PM NP o Cs Ap Up C. [V > P—M(N|) < P’; extractFrame
P = (Ap, Up); distinct Ap; NC. Prop C ¥ P M N P’ Ap Up;
(p, P) € set Cs; ¥ I ¢; guarded P; Up ~ 1;
(supp Up) = ({}::name set);
Ap #x VU; Ap #x P; Ap tix M; Ap fix N; Ap
fx P’y Ap #x C] = Prop C ¥ (Cases Cs) M N P’ ([]) (1)
and rParl: N\ Wg PM NP’ Ag Q Ap ¥p C.
[ ® ¥g > P+—M(N) < P
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (¥ @ o) P M N P' Ap Wp;
Ap tx Py Ap fx Q; Ap tx W; Ap §x M; Ap fx N; Ap §x P'; Ap x
Ag; Ap §x Vo
AQ ﬁ* P; AQ ﬂ* Q; AQ ﬂ* ‘I/; AQ ﬂ* M; AQ ﬁ* N; AQ ﬂ* P/; AQ
fx Up;
Ap #x C; Ag #x C] =
Prop C W (P ]| Q MN (P'|| Q) (4p@Aq) (Vp & Wg)
and rPar2: NV ¥p Q M N Q' Ap P Ag Vg C.
(Vo Up > QsM(N) < Q"
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (¥ @ Up) Q M N Q' Ag Wo;
Ap tx P; Ap fx Q; Ap #x W5 Ap #x M; Ap fix N; Ap i+ Q'; Ap
g Ag; Ap fx Vg;
AQ ﬂ* P; AQ ﬂ* Q; AQ ﬁ* \I/; AQ ﬂ* M; AQ ﬂ* N; AQ ﬁ* Ql; AQ
fx Up;
Ap #x C; Ag #x C] =
Prop C U (P || Q) MN (P || Q) (4pGAg) (¥p © )
and rScope: A\ PM N P’z Ap Up C.
[¥ > P—M(N|) < P’; extractFrame P = (Ap, Up); distinct Ap;
NC. Prop CY PMNP' Ap Up; c § U; 2§ M; z § N;
T § Ap; Ap fx W5 Ap §x P; Ap fx M; Ap §x N; Ap §x P’
Ap tx C; z § C] =
Prop C ¥ ((vz)P) M N ((vz)P’) (z#Ap) Up
and rBang: AV PMNP' Ap ¥p C.
[¢ > P ||'P—M(N) < P’; guarded P; extractFrame P = (Ap,
Up); distinct Ap;
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NC. Prop C¥ (P ||!P) MNP’ Ap (Ip ® 1); Up ~ 1; (supp
Up) = ({}::name set);
Ap tx U; Ap % P; Ap % M; Ap 8% N; Ap tx P'; Ap i+ C] =

Prop C ¥ (IP) M N P’ ([]) (1)
shows Prop C W P M N P’ Ap ¥p

using Trans FrP <distinct Ap»
proof (nominal-induct ¥ P Rs==M(N|) < P" Ap Up avoiding: C arbitrary: P’
rule: semanticsFramelnduct)

case cAlpha

then show ?case by (simp add: rAlpha)
next

case clnput

then show ?case by(auto simp add: rinput residuallnject)
next

case cBrinput

then show Zcase by(simp add: residuallnject)
next

case cOutput

then show ?case by(simp add: residuallnject)
next

case cBrOutput

then show ?case by(simp add: residuallnject)
next

case cCase

then show ?case by(simp add: rCase residuallnject)
next

case cParl

then show ?case by(auto simp add: rParl residuallnject)
next

case cPar2

then show ?case by(auto simp add: rPar2 residuallnject)
next

case cComml1

then show ?case by(simp add: residuallnject)
next

case cComm2

then show Zcase by(simp add: residuallnject)
next

case cBrMerge

then show ?case by(simp add: residuallnject)
next

case cBrComml

then show Zcase by(simp add: residuallnject)
next

case cBrComm2

then show ?case by(simp add: residuallnject)
next

case cBrClose

then show ?case by(simp add: residuallnject)

117



next

case cOpen

then show ?case by(simp add: residuallnject)
next

case cBrOpen

then show ?case by(simp add: residuallnject)
next

case cScope

then show ?case by(auto simp add: rScope residuallnject)
next

case cBang

then show ?case by(simp add: rBang residuallnject)
qed

lemma brinputFramelnduct[consumes 3, case-names cAlpha cBrinput cCase cParl
cPar2 cBrMerge cScope cBang]:

fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a

and P’ :: (‘a, 'b, 'c) psi
and Prop :: 'f::fs-name = 'b = (‘a, 'b, 'c) psi =

'a = 'a = (‘a, 'b, 'c) psi = name list = 'b = bool
and C :: 'f:fs-name

assumes Trans: ¥ > P —;M(N|) < P’
and FrP: extractFrame P = (Ap, Up)
and distinct Ap
and rAlpha: N\V PM N P’ Ap Up p C. [Ap i+ U; Ap #x P; Ap tx M; Ap fx
N; Ap tx P’; Ap tix (p - Ap); Ap fx C;
set p C set Ap x set(p - Ap); distinctPerm p;
Prop C¥ PMN P’ Ap Up] = Prop C ¥
PMNP (p-Ap) (p-¥p)
and rBrinput: A¥ M K zvec N Tvec P C.
[¥ - K = M; distinct zvec; set zvec C supp N
length zvec = length Tvec; zvec fix W;
avec fx M; zvec §x K; avec fx O] =
Prop C U (M (Axzvec NJ|).P)
K (N[zvec::=Tvec]) (Plzvec::=Tvec]) ([]) (1)
and rCase: A\¥ PM NP ¢ Cs Ap Up C. [¥ > P+—;M(N) < P’ extract-
Frame P = (Ap, ¥p); distinct Ap; NC. Prop C ¥ P M N P’ Ap Up;
(p, P) € set Cs; ¥ I ¢; guarded P; Up ~ 1;
(supp Up) = ({}::name set);
Ap #x U; Ap #x P; Ap tix M; Ap fix N; Ap
fx P’; Ap #x C] = Prop C ¥ (Cases Cs) M N P’ ([]) (1)
and rParl: AW o PM NP Ag Q Ap ¥p C.
[T ® Uy > P —s M(N) < P
extractFrame P = (Ap, Up); distinct Ap;
extractFrame @Q = (Ag, Vq); distinct Ag;
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AC. Prop C (¥ @ Ug) PM N P'Ap Up;
Ap tx Py Ap fx Q5 Ap fx W; Ap fix M; Ap i+ N; Ap fix P’ Ap §*
Ag; Ap fx Uq;
AQ ﬁ* P; AQ ﬂ* Q; AQ ﬁ* \1’; AQ ﬁ* M; AQ ﬁ* N; AQ ﬁ* P/; AQ
fx Wp;
Ap #x C; Ag #x C] =
Prop C¥ (P || Q) M N (P Q) (Ap@QAq) (Vp ® ¥q)
and rPar2: NV ¥p Q M N Q' Ap P Ag Vg C.
[V e Up > Q —M(N) < Q"
extractFrame P = (Ap, Up); distinct Ap;
extractFrame @ = (Ag, Vq); distinct Ag;
AC. Prop C (¥ @ Up) QM N Q' Ag Vy;
Ap tx P; Ap #x Q; Ap fix W5 Ap #x M; Ap #x N; Ap i+ Q' Ap
gx Ag; Ap tx U
AQ ﬂ* P; AQ ﬂ* Q; AQ ﬁ* \If; AQ ﬁ* M; AQ ﬂ* N; AQ ﬁ* Q/; AQ
fx Up;
Ap % C; Ag tx C] =
Prop CV (P || Q) MN (P | Q) (Ap@Ag) (Vp ® V¥q)
and rBrMerge: N\W W P M NP’ Ap Up Q Q' Ag C.
[T ® Uo > P (M(N) < P, NC. Prop C (¥ ® ¥o) P M N
P’ AP \I/p;
extractFrame P = (Ap, ¥p); distinct Ap;
Ve Up> Qs (M(IN) < Qs NC. Prop C (¥ @ Up) Q M N
Q" Ag Vq;
extractFrame Q = (Ag, Vq); distinct Ag;
Ap tx U5 Ap ix Ug; Ap §x Py Ap §x N; Ap i P’
Ap tx Qs Ap tx Qs Ap §x Ag; Ap fix M; Ag fx M;
Ag tx U; Ag tx Up; Ag tix P; Ag i N; Ag fx P
Ag t* Q; Ag tx Q'; Ap #x C; Ag tx C] =
Prop C W (P || Q) M N (P'| Q) (ApQAq) (Vp @ Vq)
and rScope: A\ PM N P’z Ap ¥p C.
[¥ > P+ M(N|) < P’; extractFrame P = (Ap, Up); distinct
Ap;
NC. Prop CU PMN P’ Ap Up; 2 U; x § M; x § N;
z§ Ap; Ap tx W5 Ap fix P; Ap §x M; Ap tx N; Ap fx P
Ap tx C; z § C] =
Prop C ¥ ((vz)P) M N ((vz)P’) (z#Ap) ¥p
and rBang: AV PM N P’ Ap ¥p C.
[ > P | !P—;M(|N) < P’ guarded P; extractFrame P =
<Ap, \I/p>; distinct AP;
ANC. Prop CU (P ||!P) MNP Ap (¥p ® 1); Up ~ 1; (supp
Up) = ({}::name set);
Ap tt* v, Ap ﬁ* P; Ap ﬂ* M; Ap ﬁ* N; Ap ﬂ* Pl; Ap ﬂ* C]] -
Prop C ¥ (1P) M N P’ ([]) (1)
shows Prop C W P M N P’ Ap Up
using Trans FrP <distinct Ap>
proof (nominal-induct ¥ P Rs==]M(N|) < P’ Ap ¥p avoiding: C arbitrary: P’
rule: semanticsFramelnduct)
case cAlpha
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then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then

show ?case by (simp add: rAlpha)

cInput
show ?case by(simp add:

cBrinput
show ?case by(auto simp

cOutput
show ?case by(simp add:

c¢BrOutput
show ?case by(simp add:

cCase
show ?case by(simp add:

cParl
show ?case by(auto simp

cPar2
show ?case by(auto simp

cComml1
show ?case by(simp add:

cComm?2
show ?case by(simp add:

cBrMerge
show ?case by(auto simp

cBrComm1
show ?case by(simp add:

cBrComm?2
show ?case by(simp add:

c¢BrClose
show ?case by(simp add:

cOpen
show ?case by(simp add:

c¢BrOpen
show ?case by(simp add:

cScope
show ?case by(auto simp

residuallnject)

add: rBrinput residuallnject)

residuallnject)

residuallnject)

rCase residuallnject)

add: rParl residuallnject)

add: rPar2 residuallnject)

residuallnject)

residuallnject)

add: rBrMerge residuallnject)

residuallnject)

residuallnject)

residuallnject)

residuallnject)

residuallnject)

add: rScope residuallnject)
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next

case cBang

then show ?case by(simp add: rBang residuallnject)
qed

lemma outputFramelnduct[consumes 3, case-names cAlpha cOutput cCase cParl
cPar2 c¢Open cScope cBang]:

fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and B :: (‘a, 'b, 'c) boundOutput
and Ap :: name list
and Up b

and Prop :: 'fi:fs-name = 'b = (‘a, 'b, 'c) psi =
'a = (‘a, 'b, 'c) boundOutput = name list = 'b = bool
and C :: f:fs-name

assumes Trans: ¥ > P —ROut M B
and FrP: extractFrame P = (Ap, ¥p)
and distinct Ap
and rAlpha: NV P M Ap ¥p p B C. [Ap #x U; Ap #x P; Ap % M; Ap #x (p
- Ap); Ap #x B; Ap tx C;
set p C set Ap x set(p - Ap); distinctPerm p;
Prop CV PMB Ap ¥p] = Prop C¥ PMB
(p-Ap) (p- ¥p)
and rOutput: A\ W MKNPC. Y+ M+ K= Prop C¥ (M(N).P) K (N
<) () (1)
and rCase: N\ PM By Cs Ap Up C. [¥ > P +——(ROut M B); extractFrame
P = (Ap, Up); distinct Ap; NC. Prop C ¥ P M B Ap Up;
(¢, P) € set Cs; U+ ¢; guarded P; Up ~ 1;
(supp Up) = ({}::name set);
Ap §x U3 Ap §x Py Ap §x M; Ap §x B; Ap fx
C] = Prop C U (Cases Cs) M B ([]) (1)
and rParl: NV g P M zvec NP' Ag Q Ap ¥p C.
[ @ g > P —M(vxzvec)(N) < P’;
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
NC. Prop C (¥ ® Vo) P M ((vxzvec)N <" P') Ap Up;
Ap tix P; Ap #x Q; Ap #x VU; Ap fix M; Ap #x avec; Ap x N; Ap
i P Ap fx Ag; Ap x Ug;
Ag % P; Ag tx Q; Ag #x ;5 Ag ix M; Ag fx zvec; Ag #x N; Ag
fx P’y Ag #x Up;
avec §x U; zvec fx P; zvec f§x Q; avec fx M; avec tx Vp; avec fx Ve;
Ap #x C; Ag B C; zvec % C] =
Prop C ¥ (P || Q) M ((vxzvec)N <’ (P'|| Q)) (Ap@QAg) (¥p ®
Vo)
and rPar2: AV ¥p Q M avec N Q' Ap P Ag ¥y C.
[V @ Up > Q —M(vsavec)(N) < Q
extractFrame P = (Ap, ¥p); distinct Ap;
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extractFrame @Q = (Ag, Vq); distinct Ag;
AC. Prop C (¥ @ ¥p) Q M ((vxzvec)N <" Q") Ag Yo
Ap tx P; Ap #x Q; Ap fix U; Ap #§x M; Ap tx zvec; Ap §x N; Ap
B Q Ap fx Ag; Ap fIx Vo;
Ag tx P; Ag % Q; Ag #x ¥; Ag % M; Ag i zvec; Ag tx N; Ag
B Q% Aq fx Up;
avec §x Vs gvec fx P; zvec fx Q; avec fx M; avec tx Vp; avec ix Vo,
Ap tx C; Ag tx C; zvec g O] =
Prop C ¥ (P || Q) M ((vxzvec)N <’ (P || Q) (Ap@QAg) (¥p @
Vo)
and rOpen: AV P M zvec yvec N P’z Ap Up C.
[¥ > P +——M(v*(zvecQyuec))(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;
ANC. Prop C U P M ((vx(zvecQyuec))N <’ P’) Ap Up; x € supp
N;z§V;zd M;
x f Ap; x f xvec; x § yvec; Ap fix VU; Ap tix P; Ap tix M; Ap fix

N; Ap #x P/;

Ap #x avec; Ap #x yvec;

avec fx U; zvec #x P; zvec §x M; zvec §x Up;

yvec fx W; yvec §x P; yvec {x M; Ap #x C; x § C; zvec #x C; yvec
fx O] =

Prop C VU ((vz)P) M ((v+(zvecQztyvec))N <’ P') (z#Ap) Up
and rScope: AV P M zvec N P’z Ap ¥p C.
[¥ > P —M(vxzvec)(N) < P'; extractFrame P = (Ap, ¥p);
distinct Ap;
ANC. Prop C ¥ P M ((vxzvec)N <’ P’) Ap Up;
c U,z M; xtzvec; x 8 Ny xff Ap; Ap tx U5 Ap tx P;
Ap % M; Ap #x N; Ap #x P’ Ap f* zvec;
avec fx U; zvec #x P; zvec §x M; zvec §x Up;
Ap tx C; z tf C; zvec i+ C] =
Prop C ¥ ((vz)P) M ((v*zvec)N <’ ((vz)P")) (z#Ap) ¥p
and rBang: AV PM B Ap ¥Up C.
[ > P | !P+——ROut M B; guarded P; extractFrame P = (Ap,
Up); distinct Ap;
NC. Prop C¥ (P ||!P) M BAp (Yp ® 1); ¥p ~ 1; supp Yp
= ({}::name set);
Ap tx U; Ap #x P; Ap #x M; Ap #x C] = Prop C ¥ (IP) M
B () (1)

shows Prop C W PM B Ap ¥p
proof —
{
fix B
assume ¥ > P —ROut M B
then have Prop C WV P M B Ap Yp using FrP «distinct Ap>
proof(nominal-induct ¥ P Rs==ROut M B Ap Vp avoiding: C arbitrary: B
rule: semanticsFramelnduct)
case cAlpha
then show ?case by(auto intro: rAlpha)
next
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case clnput

then show ?case by(simp add: residuallnject)
next

case cBrinput

then show ?case by(simp add: residuallnject)
next

case cOutput

then show Zcase by(force intro: rOutput simp add: residuallnject)
next

case cBrOutput

then show ?case by(simp add: residuallnject)
next

case cCase

then show Zcase by(force intro: rCase simp add: residuallnject)
next

case cParl

then show ?case

by (auto introl: rParl simp add: residuallnject)

next

case cPar2

then show ?case

by (auto introl: rPar2 simp add: residuallnject)

next

case cComml

then show ?Zcase by(simp add: residuallnject)
next

case cComm2

then show %case by(simp add: residuallnject)
next

case cBrMerge

then show ?Zcase by(simp add: residuallnject)
next

case cBrComml1

then show ?case by(simp add: residuallnject)
next

case cBrComm?2

then show ?case by(simp add: residuallnject)
next

case cBrClose

then show ?case by(simp add: residuallnject)
next

case cOpen

then show ?case by(auto intro: rOpen simp add: residuallnject)
next

case c¢BrOpen

then show Zcase by(simp add: residuallnject)
next

case cScope

then show ?case by(force intro: rScope simp add: residuallnject)
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next
case cBang
then show Zcase by(force intro: rBang simp add: residuallnject)
qed
}
with Trans show ?thesis by (simp add: residuallnject)
qed

lemma broutputFramelnduct[consumes 3, case-names cAlpha c¢BrOutput cCase
cParl cPar2 ¢cBrComml! ¢BrComm2 ¢BrOpen cScope cBang|:

fixes U b
and P :: ('a, b, 'c) psi
and M :'a
and B :: (‘a, b, 'c) boundOutput
and Ap :: name list
and Up b

and Prop :: 'f::fs-name = 'b = (‘a, 'b, 'c) psi =
‘a = ('a, 'b, 'c) boundOutput = name list = 'b = bool
and C :: 'f:fs-name

assumes Trans: ¥ > P ——RBrOut M B
and FrP: extractFrame P = (Ap, Up)
and distinct Ap
and rAlpha: NV P M Ap Up p B C. [Ap 8% U; Ap #x P; Ap tx M; Ap #x (p
- Ap); Ap #x B; Ap fx C;
set p C set Ap X set(p - Ap); distinctPerm p;
Prop C WV PMBAp ¥p] = Prop C¥ PMB
(p-Ap) (p- ¥p)
and 7rBrOutput: N\ M K NPC. ¥+ M < K = Prop C ¥ (M(N).P) K
(N =<' P) () (1)
and rCase: AV PM B¢ Cs Ap ¥p C. [V > P+——(RBrOut M B); extractFrame
P = (Ap, Up); distinct Ap; NC. Prop C ¥ P M B Ap Up;
(¢, P) € set Cs; U F ¢; guarded P; ¥p ~ 1;
(supp Up) = ({}::name set);
AP ﬁ* \I/; Ap ﬁ* P; AP Ij* ]\4-7 Ap ﬁ* B; AP Ij*
C] = Prop C U (Cases Cs) M B ([]) (1)
and rParl: AV ¥go P M avec NP Ag Q Ap ¥p C.
[¥ ® g > P —iM(vzvec)(N) < P’
extractFrame P = (Ap, ¥p); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (¥ ® Vo) P M ((vxzvec)N <" P') Ap ¥p;
Ap fx P; Ap fix Q; Ap #x U; Ap tix M; Ap tx zvec; Ap fix N; Ap
fx P Ap fx Ag; Ap tx Vo;
Ag tx P; Ag % Q; Ag #x W; Ag ix M; Ag fx zvec; Ag ix N; Ag
fx P’y Ag #* Up;
zvec fx W; zvec fx P; zvec ix Q; zvec fx M; xvec §x Up; zvec fx Wi
Ap #x C; Ag #x C; zvec fx C] =
Prop C ¥ (P || Q) M ((vxzvec)N <’ (P'| Q)) (ApQAg) (¥p ®
Vo)
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and rPar2: AV ¥p Q M avec N Q' Ap P Ag Vg C.
[ ® Up > Q+—iM(vxzvec)(N) < Q;
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (T @ Up) Q@ M ((vxzvec)N <" Q") Ag Vq;
Ap #x P; Ap fix Q; Ap tx U; Ap fix M; Ap #x avec; Ap #x N; Ap
B Q" Ap #x Ag; Ap fx Vg;
Ag tx Py Ag fix Q; Ag tx W; Ag tix M; Ag fx zvec; Ag ix N; Ag
Q" Ag tx Up;
zvec fx W; zvec fx P; zvec §x Q; zvec §x M; xvec f§x Wp; zvec fx Ve,
Ap % C; Ag #x C; zvec fx C] =
Prop C ¥ (P | Q) M ((vxzvec)N <" (P || Q) (ApQAg) (¥p ®
V)
and rBrComm1:A\V Uo P M NP’ Ap Up Q avec Q' Ag C.
[¥ @ ¥g > P ——{M(N|) < P’; extractFrame P = (Ap, Up);
distinct Ap;
U@ Up > Qv+—M(vsavec)(N) < Q; extractFrame Q = (Ag,
Vg); distinct Ag;
distinct zvec;
AC. Prop C (T @ Up) Q M ((vxzvec)N <" Q") Ag Vo;
AP li* \I/, Ap ﬁ* \I/Q, AP ﬁ* P, Ap ﬁ* N, AP ﬁ* P/;
Ap % Q; Ap t*x Qs Ap % Ag; Ap fx zvec; Ag i U; Ag % Up;
Ag #x P; Ag % N; Ag #x P’ Ag tx Q; Ag t* Q
Ag ti* zvec; zvec fx Vs zvec §x Wp; zvec §x Wq; zvec §x P
zvec fx Q; Ap tix C; Ag tx C; avec fix C}
Ap % M; Ag #x M; zvec §x M| =
Prop C U (P || Q) M ((vxzvec)N <’ (P’ || Q') (ApQAg) (Tp
® Vo)
and rBrComm2:\V Vg P M zvec N P’ Ap Up Q Q' Ag C.
[ ® Ug > P r+——jM(v*azvec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
AC. Prop C (¥ @ Ug) P M ((vszvec)N <" P') Ap ¥Up;
U ®Up > Q—(M(N) < Q) extractFrame Q = (Ag, Vg);
distinct Ag;
distinct zvec;
Ap 4+ Ws Ap §x Wq; Ap §x Py Ap ix N; Ap fx P
Ap #x Q; Ap #x Q'; Ap fx Ag; Ap f* zvec; Ag #x V; Ag i+ Wp;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* P'; AQ ﬁ* Q; AQ ﬁ* Ql;
Ag #x avec; zvec fx W; avec §x Wp; avec §x Wq; avec fx P;
avec Ix Q; Ap fx C; Ag #x C; avec fx C
Ap #x M; Ag tx M; avec i+ M| =
Prop C U (P || Q) M ((vxzvec)N <’ (P’ || Q') (ApQAg) (Tp
® Vo)
and rBrOpen: AV P M zvec yvec N P’ x Ap ¥p C.
[¥ > P +—M(v*(zvec@yuvec))(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
NC. Prop C U P M ((vx(zvecQyuec))N <’ P’) Ap Up; x € supp
N;z W zd M;
ztt Ap; x ff avec; x f yvec; Ap % U; Ap % P; Ap #x M; Ap fx
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N; Ap #x P/;
Ap #x avec; Ap §x yvec;
avec fx U; zvec #x P; zvec §x M; zvec §x Up;
yvec fx W; yvec §x P; yvec x M; Ap #x C; x § C; zvec #x C; yvec
fx O] =
Prop C VU ((vz)P) M ((v+(zvecQz#yvec))N <’ P') (z#Ap) Up
and rScope: AV P M zvec N P’z Ap ¥p C.
[¥ > P +——iM(v*avec){N) < P’; extractFrame P = (Ap, Up);
distinct Ap;
NC. Prop C¥ P M ((vxzvec)N <’ P’) Ap Up;
c U,z M; ztavec; xf Ny xff Ap; Ap tx U5 Ap tx P,
Ap % M; Ap #x N; Ap #x P’ Ap f* zvec;
avec fx U; zvec #x P; zvec §x M; zvec §x Up;
Ap tx C; z tf C; zvec i+ C] =
Prop C ¥ ((vz)P) M ((v*zvec)N <’ ((vz)P")) (z#Ap) ¥p
and rBang: AV PM B Ap ¥Up C.
[¥ > P || 'P ——RBrOut M B; guarded P; extractFrame P =
<AP, \I/p>; distinct Ap;
NC. Prop C¥ (P ||!P) M BAp (Yp ® 1); ¥p ~ 1; supp Yp
= ({}::name set);
Ap tx U; Ap #x P; Ap #x M; Ap #x C] = Prop C ¥ (IP) M
B () (1)

shows Prop C WV P M B Ap ¥p
proof —
{
fix B
assume ¥ > P —RBrOut M B
then have Prop C WV P M B Ap Yp using FrP «distinct Ap>
proof(nominal-induct ¥ P Rs==RBrOut M B Ap ¥p avoiding: C arbitrary:
B rule: semanticsFramelnduct)
case cAlpha
then show ?case by(auto intro: rAlpha)
next
case clnput
then show ?case by(simp add: residuallnject)
next
case cBrinput
then show ?case by(simp add: residuallnject)
next
case cOutput
then show ?Zcase by(simp add: residuallnject)
next
case cBrOutput
then show ?case by(force intro: rBrOutput simp add: residuallnject)
next
case cCuase
then show ?Zcase by(force intro: rCase simp add: residuallnject)
next
case cParl
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then show ?case by(auto introl: rParl simp add: residuallnject)
next

case cPar2

then show ?Zcase by(auto introl: rPar2 simp add: residuallnject)
next

case cComml

then show %case by(simp add: residuallnject)
next

case cComm2

then show ?Zcase by(simp add: residuallnject)
next

case cBrMerge

then show ?case by(simp add: residuallnject)
next

case cBrComml

then show ?case by(auto intro: rBrComml simp add: residuallnject)
next

case cBrComm?2

then show ?case by(auto intro: rBrComm?2 simp add: residuallnject)
next

case cBrClose

then show ?case by(simp add: residuallnject)
next

case cOpen

then show ?Zcase by(simp add: residuallnject)
next

case cBrOpen

then show ?case by(auto intro: rBrOpen simp add: residuallnject)
next

case cScope

then show ?Zcase by (force intro: rScope simp add: residuallnject)
next

case cBang

then show ?case by(force intro: rBang simp add: residuallnject)
qed

}
with Trans show %thesis by(simp add: residuallnject)
qged

lemma tauFramelnduct[consumes 3, case-names cAlpha cCase cParl cPar2 cComm1
cComm2 ¢BrClose cScope cBang]:
fixes U b
and P :: (‘a, b, 'c) psi
and P’ :: ('a, b, 'c) psi
and Prop :: 'f::fs-name = 'b = (‘a, 'b, 'c) psi =
("a, b, 'c) psi = name list = 'b = bool
and C :: f:fs-name

assumes Trans: ¥ > P —7 < P’
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and FrP: extractFrame P = (Ap, Up)
and distinct Ap
and rAlpha: NV P P' Ap Up p C. [Ap #x V; Ap #x P; Ap #x P’; Ap tx (p -
Ap); Ap x C;
set p C set Ap x set (p « Ap); distinctPerm p;
Prop CV PP Ap Up] = Prop C ¥V PP’ (p -
Ap) (p - ¥p)
and rCase: AW P P' ¢ Cs Ap ¥p C. [¥ > P71 < P extractFrame P =
(Ap, Up); distinct Ap; NC. Prop C ¥ P P’ Ap Up;
(¢, P) € set Cs; U F ¢; guarded P; ¥p ~ 1;
(supp Up) = ({}::name set);
Ap tx U; Ap ttx P; Ap #ix P'; Ap tx C] =
Prop C ¥ (Cases Cs) P'([]) (1)
and rParl: A\W Wo PP Ag Q Ap ¥p C.
[V® Vg > Pr+—71 < P
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
/\C Prop C (\I/ ® \I/Q) PP’ AP \I/p;
Ap % P; Ap §x Q; Ap #x W5 Ap fix P Ap % Aq; Ap tix Vo
AQ ﬁ* P; AQ ﬂ* Q; AQ ﬂ* \I/; AQ ﬁ* P/; AQ ﬁ* \IJP;
Ap % C; Ag tx C] =
Prop C U (P ]| Q) (P']| Q) (Ap@Ag) (Up © Wg)
and rPar2: ANV ¥p Q Q' Ap P Ag Vg C.
[ ® Up > Qr—1 < Q
extractFrame P = (Ap, Up); distinct Ap;
extractFrame Q = (Ag, Vq); distinct Ag;
AC. Prop C (T @ Up) Q Q' Ag Vo;
Ap % Py Ap 1+ Q; Ap #x W5 Ap fix Q5 Ap fix Ag; Ap f* Wg;
Ag tx P; Ag i+ Q; Ag #x U; Ag % Q'; Ag fx ¥p;
Ap % C; Ag tx C] =
Prop CU (P | Q) (P || @) (Ap04q) (¥p ® Wg)
and rCommi: N\ Yo PM N P’ Ap ¥p Q K zvec Q' Ag C.
[¥ @ g > P —M(N) < P'; extractFrame P = (Ap, ¥p);
distinct Ap;
U ®Up > Q—K(vxzvec)(N) < Q'; extractFrame Q = (Ag,
Ug); distinct Ag;
VR Up®VYghk M & K, distinct zvec;
Ap ﬂ* \I/; Ap ﬁ* \I/Q; Ap ﬁ* P; Ap ﬁ* M; Ap ﬂ* N; AP ﬂ* Pl;
Ap % Q; Ap t* Q'; Ap % Ag; Ap fx zvec; Ag i U; Ag fx Up;
AQ ﬁ* P; AQ ]j* N; AQ ﬁ* Pl; AQ ﬁ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
Ag B zvec; zvec i W; zvec §x W p; avec fx Vg; zvec fx P; zvec #x*

zvec Bx Q; zvec fx K; Ap tx C; Ag tx C; zvec tx O] =
Prop C U (P || Q) ((vswvec)(P’ || @) (Ap@Ag) (Tp © Tg)
and rComm2: NV Wg P M zvec N P' Ap ¥p Q K Q' Ag C.
[¥ @ Uy > P ——M(vsavec)(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;
U Up > Q—K(N) < Q; extractFrame Q = (Ag, Vg);
distinct Ag;
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Ve¥p Vgt M K; distinct zvec;

Ap % U; Ap % Ug; Ap #x P; Ap fix M; Ap #x N; Ap §x P’;
Ap % Q; Ap #x Q'; Ap fix Ag; Ap f* avec; Ag #x V; Aqg i+ Up;
AQ ﬁ* P; AQ ﬂ* N; AQ ﬁ* Pl; AQ ﬁ* Q; AQ ﬁ* K; AQ ﬁ* Q/;
Ag t* zvec; zvec fx U; zvec §x W p; zvec §* Vo; zvec fx P; zvec §x*

zvec tx Q; zvec §x K; Ap #x C; Ag tx C; zvec i+ C] =

Prop C W (P || Q) ((wovec)(P' || @) (Ap@Ag) (¥p @ Wg)
and rBrClose: AU P M avec N P' Ap ¥p x C.

[¥ > P — M(vszvec)(N) < P’

T € supp M;

extractFrame P = (Ap, ¥p); distinct Ap;

Ap #x U; Ap #x P; Ap #x M; Ap x N; Ap tx P'; Ap fix avec;

distinct zvec; zvec fx U; zvec fx U p; zvec f* P;

zvec fx M;

xt U; zf avec; x § Ap;

Ap tx C; zvec tx C; z f C] =

Prop C ¥ ((vz)P) ((vz)((vxzvec)P’)) (z#Ap) Up
and rScope: AU P P’z Ap Up C.

[¥ > P 7 < P extractFrame P = (Ap, Up); distinct Ap;

NC. Prop C¥ PP Ap Up; x § U;

z§ Ap; Ap §x U5 Ap §x P; Ap §x P

Prop C ¥ ((vz)P) ((vz)P’) (z#Ap) Up
and rBang: AV PP’ Ap Up C.

[¥ > P || !P 7 < P’ guarded P; extractFrame P = (Ap, ¥p);

distinct Ap;
NC. Prop C U (P || !P) P Ap (¥p ® 1); Up ~ 1; supp Up =
({}::name set);

() (1)
shows Prop C W P P’ Ap Up

using Trans FrP <distinct Ap>
proof (nominal-induct ¥ P Rs==7 < P’ Ap Up avoiding: C arbitrary: P’ rule:
semanticsFramelnduct)

case cAlpha

then show Zcase by(force intro: rAlpha simp add: residuallnject)
next

case clnput

then show ?case by(simp add: residuallnject)
next

case cBrinput

then show Zcase by(simp add: residuallnject)
next

case cOutput

then show ?case by(simp add: residuallnject)
next

case cBrOutput

then show ?case by(simp add: residuallnject)

Ap tx U; Ap % P; Ap % P’; Ap % C] = Prop C ¥ (I!P) P’
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next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
next
case
then
qed

cCase
show ?case by(force intro: rCase simp add: residuallnject)

cParl
show ?case by(force intro: rParl simp add: residuallnject)

cPar?2
show ?case by(force intro: rPar2 simp add: residuallnject)

cComm1
show ?case by(force intro: rComml simp add: residuallnject)

cComm?2
show ?case by(force intro: rComm2 simp add: residuallnject)

cBrMerge
show ?case by(simp add: residuallnject)

cBrComm1
show ?case by(simp add: residuallnject)

cBrComm?2
show ?case by(simp add: residuallnject)

c¢BrClose
show ?case by(force intro: rBrClose simp add: residuallnject)

cOpen
show ?case by(simp add: residuallnject)

cBrOpen
show ?case by(simp add: residuallnject)

cScope
show ?case by(force intro: rScope simp add: residuallnject)

cBang
show ?case by(force intro: rBang simp add: residuallnject)

lemma inputFreshDerivative:

fixes

v '

and P :: (‘a, 'b, 'c) psi
and M ::'a

and N :: ‘a

and P’ :: (‘a, 'b, 'c) psi
and z :: name
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assumes ¥ > P — M(N|) < P’
and =z P
and z f# N

shows z § P’
proof —
have dn(M(N)) tx subject(M(N)) and distinct(bn(M(N))) by simp+
with «<U > P —M(N)) < P’ show ?thesis using «x § P> <z § N»
proof (nominal-induct ¥ P a==M(N|) P’ avoiding: x rule: semanticsInduct)
case(cAlpha U P o P’ p x)
then show Zcase by simp
next
case(cInput ¥ M' K zvec N’ Tvec P z)
from (K ((N'[zvec:=Tvec])) = M(N|)> have M = K and NegN": N =
N'[zvec::=Tvec] by (simp add: action.inject)+
note <length zvec = length Tvecy <distinct zvecy then
moreover have z { Tvec using «set zvec C supp N'» «<x § N» NeqN'
by (blast intro: substTerm.subst3)
moreover from (zvec fx v <z § M'(Axavec N').P»
have z § P by(simp add: inputChainFresh) (simp add: name-list-supp fresh-def)
ultimately show ?case using (zvec §x z» by auto
next
case cBrinput
then show ?case by simp
next
case(cOutput ¥ M K N P )
then show Zcase by simp
next
case c¢BrOutput
then show ?case by simp
next
case(cCase U P P’ ¢ Cs x)
then show Zcase by(induct Cs, auto)
next
case(cParl U Wy P P’ zvec Q )
then show ?case by simp
next
case(cPar2 ¥ Up Q Q' zvec P 1)
then show Zcase by simp
next
case(cComml ¥ g PM NP’ Ap Up Q K zvec Q' Ag x)
then show ?case by simp
next
case(cComm2 ¥ ¥g P M zwec NP' Ap Up Q K Q' Ag x)
then show ?case by simp
next
case cBrMerge
then show ?case by simp
next
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case cBrComml1
then show Zcase by simp
next
case cBrComm2
then show ?case by simp
next
case cBrClose
then show ?case by simp
next
case(cOpen U P M zvec yvec N P’ z y)
then show Zcase by simp
next
case(cBrOpen U P M zvec yvec N P’ z y)
then show ?case by simp
next
case(cScope ¥ P P’ z y)
then show ?case by(simp add: abs-fresh)
next
case(cBang ¥ P P’ 1)
then show ?case by simp

qged
qed
lemma brinputFreshDerivative:
fixes U ::'b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and z :: name

assumes ¥ > P —; M(N|) < P’
and z P
and zf# N

shows z § P’
proof —
have bn(; M(NJ)) t* subject(; M(N)) and distinct(bn(; M(NJ))) by simp+
with «<U > P ——;M(N|) < P’» show ?thesis using «z § P> <x § N»
proof (nominal-induct ¥ P a==; M(N|) P’ avoiding: = rule: semanticsInduct)
case(cAlpha ¥ P o P’ p x)
then show ?case by simp
next
case(cInput W M’ K zvec N’ Tvec P x)
then show ?case by simp
next
case(cBrinput ¥ M’ K zvec N' Tvec P )
from <« M'((N'[zvec::=Tvec])) = ;M(N|)»> have M’ = M and NegN": N =
N'[zvec::=Tvec] by (simp add: action.inject)+
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note <length zvec = length Tvecy <distinct zvecy then
moreover have r § Tvec using (set zvec C supp N> <z § Ny NegN'
by (blast intro: substTerm.subst3)
moreover from <zvec f* x> <z f§ K(Axzvec N').P»
have z P by(simp add: inputChainFresh) (simp add: name-list-supp fresh-def)
ultimately show Zcase using <zvec fx x> by auto
next
case(cOutput ¥ M K N P z)
then show ?case by simp
next
case cBrOutput
then show Zcase by simp
next
case(cCase U P P’ ¢ Cs )
then show ?case by(induct Cs, auto)
next
case(cParl ¥ Wg P P’ zvec Q )
then show ?case by simp
next
case(cPar2 U ¥p Q Q' zvec P z)
then show ?case by simp
next
case(cComml ¥ g PM NP’ Ap Up Q K zvec Q' Ag x)
then show ?case by simp
next
case(cComm2 ¥ $go P M zwec NP Ap Up Q K Q' Ag x)
then show Zcase by simp
next
case cBrMerge
then show ?case by simp
next
case cBrComml
then show Zcase by simp
next
case cBrComm2
then show ?case by simp
next
case cBrClose
then show Zcase by simp
next
case(cOpen U P M zvec yvec N P’ z y)
then show ?case by simp
next
case(cBrOpen ¥ P M xvec yvec N P’ z y)
then show ?case by simp
next
case(cScope U P P’z y)
then show ?case by(simp add: abs-fresh)
next
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case(cBang U P P’ )
then show Zcase by simp
qed
qed

lemma inputFreshChainDerivative:
fixes ¥ b

and P :: (‘a, b, 'c) psi
and M :'a

and N :'a

and P’ :: ('a, b, 'c) psi
and zvec :: name list

assumes ¥ > P — M(N|) < P’
and zvec fx P
and zvec fx N

shows zvec #x P’
using assms
by (induct zvec)
(auto intro: inputFreshDerivative)

lemma brinputFreshChainDerivative:

fixes ¥

b

and P :: (‘a, 'b, 'c) psi
and M :'a

and N :'a

and P’ :: ('a, b, 'c) psi
and zvec :: name list

assumes ¥ > P —; M(N|) < P’
and zvec fx P
and azvec fix N

shows zvec #x P’
using assms
by (induct zvec)
(auto intro: brinputFreshDerivative)

lemma outputFreshDerivativeN:

fixesV = 'b
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :=:'a
and P’ :: (‘a, b, 'c) psi
and z :: name

assumes ¥ > P —— M (v*zvec) (N) <

Pl
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and zvec fix M
and distinct zvec
and zff P

and =z f zvec

shows z §f N
proof —
note <¥ > P —— M (vkzvec)(N) < P’
moreover from «zvec fx M» have bn(M (v*zvec) (N)) i+ subject(M (v+avec|)(N))
by simp
moreover from <distinct xvecy have distinct(bn(M (vxzvec))(N))) by simp
ultimately show freshN: z § N using <z P> <z § avec»
proof (nominal-induct ¥ P a==M (vxzvec)({N) P’ avoiding: = arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha U P o P' p © M zvec N)
have S: set p C set(bn a) x set(bn(p - o)) by fact
from «(p + o) = M(vxzvec)(N)» have (p - p - a) = p - (M(vxavec)(N))
by (simp add: fresh-star-bij)
with <distinctPerm p> have @ = (p - M)(v*(p - zvec)){((p - N)) by simp
moreover from «(p - a) = M(vxavec)(N)> <z f zvec) have = t (bn(p - o)) by
stmp
with ¢<(bn «) #* 2> «x § 2vecy S have z § (p + avec)
by (fastforce dest: pt-fresh-bij1[OF pt-name-inst, OF at-name-inst, where
pi=p and z=zvec])
ultimately have z £ (p - N) using «z § P> by(metis cAlpha)
then have (p - z) § (p - p - N) by(simp add: pt-fresh-bij1[OF pt-name-inst,
OF at-name-inst))
with <distinctPerm p> <bn(a) fx x> «x § (bn(p - @))»S show Zcase by simp
next
case clnput
then show ?case by simp
next
case cBrinput
then show Zcase by simp
next
case cOutput
then show Zcase by(simp add: action.inject)
next
case cBrOutput
then show ?case by(simp add: action.inject)
next
case (cCase ¥ P P’ ¢ Cs & M zvec N)
then show ?case by(auto simp add: action.inject dest: memFresh)
next
case cParl
then show ?case by simp
next
case cPar2
then show ?case by simp
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next
case cComm]1
then show ?case by simp
next
case cComm2
then show Zcase by simp
next
case cBrMerge
then show ?case by simp
next
case cBrComml
then show Zcase by simp
next
case cBrComm2
then show ?case by simp
next
case cBrClose
then show ?case by simp
next
case(cOpen U P M zvec yvec N P' z y M’ zvec N')
from «M (vx(zvecQz#yvec))(N) = M'(v+zvec)(N')» have zvec = zvecQr#yvec
and N = N’
by (simp add: action.inject)+
from <y § (vz)P> <z § y» have y § P by(simp add: abs-fresh)
moreover from <y § zvee) <zvec = zvecQr#yvecrhave y § (zvecQyuvec)
by simp
ultimately have y § N by(fastforce intro!: ¢cOpen)
with (N = N’ show Zcase by simp
next
case cBrOpen
then show ?case by simp
next
case cScope
then show ?case by(auto simp add: abs-fresh)
next
case cBang
then show ?case by simp

qed
qed
lemma broutputFreshDerivativeN:
fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: (‘a, b, 'c) psi
and =z :: name
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assumes ¥ > P M (vszvec)(N) < P’
and zvec ffx M
and distinct zvec
and =z f P
and =z f zvec

shows z §f N
proof —
note ¥ > P ——M(v*zvec) (N) < P’
moreover from <zvec fx M) have bn(iM (vxzvec|)(N)) f* subject(iM (vxzvec|) (N))
by simp
moreover from <distinct zvecy have distinct(bn(jM (vxzvec)(N))) by simp
ultimately show freshN: z § N using <z § P> <z § avec
proof (nominal-induct ¥ P a=={M (v*zvec)(N) P’ avoiding: x arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha U P o P' p © M zvec N)
have S: set p C set(bn a) x set(bn(p - a)) by fact
from «(p - a) = M(vxzvec)(N)» have (p - p - a) = p - ((M(v*zvec)(N))
by(simp add: fresh-star-bij)
with «distinctPerm p> have o = j(p - M)(vx(p - zvec)){(p - N)) by simp
moreover from «(p - a) = (M (vxavec)(N)» <z § zvec have z § (bn(p - «))
by simp
with <(bn «) #* 2> <z § avecy S have z § (p + avec)
by (fastforce dest: pt-fresh-bij1[OF pt-name-inst, OF at-name-inst, where
pi=p and z=zvec])
ultimately have z £ (p - N) using «z § P> by(metis cAlpha)
then have (p - z) § (p - p + N) by(simp add: pt-fresh-bij1[OF pt-name-inst,
OF at-name-inst))
with <distinctPerm p> <bn(a) fx 2> «x § (bn(p - @))»S show ?Zcase by simp
next
case clnput
then show ?case by simp
next
case cBrinput
then show ?case by simp
next
case cOutput
then show ?case by(simp add: action.inject)
next
case c¢BrOutput
then show ?case by(simp add: action.inject)
next
case cCase
then show ?case by(auto simp add: action.inject dest: memFresh)
next
case cParl
then show ?case by simp
next
case cPar2
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then show Zcase by simp
next
case cComm]1
then show ?case by simp
next
case cComm2
then show ?case by simp
next
case cBrMerge
then show ?case by simp
next
case cBrComml
then show ?case by simp
next
case cBrComm2
then show ?case by simp
next
case cBrClose
then show ?case by simp
next
case(cOpen U P M zvec yvec N P' zy M’ zvec N')
then show ?case by simp
next
case(cBrOpen U P M zvec yvec N P’ z y M’ zvec N')
from (M (v*(zvecQa#yvec))(N) = (M '(vxzvec)(N’)» have zvec = zvecQz#yvec
and N = N’
by (simp add: action.inject)+
from <y § (vz)P> <z § y» have y § P by(simp add: abs-fresh)
moreover from <y § zveey (zvec = zvecQu#yvecrhave y f (zvecQyuvec)
by simp
ultimately have y § N by(fastforce intro!: ¢BrOpen)
with <N = N’y show ?case by simp
next
case cScope
then show ?case by(auto simp add: abs-fresh)
next
case cBang
then show Zcase by simp

qed
qed
lemma outputFreshDerivativeP:
fixes U b
and P :: ('a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: ('a, b, 'c) psi
and z :: name
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assumes ¥ > P — M (vxavec)(N) < P’
and zvec fx M
and distinct zvec
and =z P
and z § zvec

shows =z P’
proof —
note U > P —— M (vkavec)(N) < P’
moreover from «zvec fx M> have bn(M (v*zvec|)(N)) i+ subject( M (v+zvec))(N))
by simp
moreover from <distinct zvecy have distinct(bn(M (v+zvec))(N))) by simp
ultimately show z # P’ using <z § P> <z § zvec
proof (nominal-induct ¥ P a==M (vxzvec)(N) P’ avoiding: © arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha ¥ P « P' p x M xvec N)
have S: set p C set(bn a) x set(bn(p - o)) by fact
from «(p - a) = M(vxavec)(N)» have (p - p - a) = p - (M(v*zvec)(N))
by (simp add: fresh-star-bij)
with «distinctPerm p> have o = (p - M)(vx(p - zvec))((p - N)) by simp
moreover from «(p - a) = M(v*zvec)(N)> <z { zvecy have z § (bn(p - a)) by
stmp
with «(bn «) #* 2> «x § avecy S have z § (p + avec)
by (fastforce dest: pt-fresh-bij1[OF pt-name-inst, OF at-name-inst, where
pi=p and z=zvec])
ultimately have = § P’ using «x § P> by(metis cAlpha)
then have (p « z) & (p - P’) by(simp add: pt-fresh-bij1[OF pt-name-inst, OF
at-name-inst))
with <distinctPerm p> <bn(a) fx 2> <z § (bn(p - @))»S show ?case by simp
next
case clnput
then show Zcase by simp
next
case cBrinput
then show ?case by simp
next
case cQutput
then show ?case by(simp add: action.inject)
next
case cBrOutput
then show Zcase by(simp add: action.inject)
next
case cCase
then show ?case by(auto simp add: action.inject dest: memFresh)
next
case cParl
then show ?case by simp
next
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case cPar?2
then show Zcase by simp
next
case cComml1
then show ?case by simp
next
case cComm2
then show ?case by simp
next
case cBrMerge
then show Zcase by simp
next
case cBrComml
then show ?case by simp
next
case cBrComm?2
then show Zcase by simp
next
case c¢BrClose
then show ?case by simp
next
case(cOpen U P M zvec yvec N P' zy M' zvec N')
from «M (vx(azvecQz#yvec))(N) = M'(vxzvec)) (N')» have zvec = zvecQu#yvec
by (simp add: action.inject)
from «y £ (vz)P> <z § v have y £ P by(simp add: abs-fresh)
moreover from <y § zvee) <zvec = xvecQryvecrhave y f (zvecQyuec)
by simp
ultimately show y £ P’
by (fastforce intro!: cOpen)
next
case cBrOpen
then show ?case by simp
next
case cScope
then show ?case by(auto simp add: abs-fresh)
next
case cBang
then show Zcase by simp

qed
qed
lemma broutputFreshDerivativeP:
fixes U b
and P :: ('a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: ('a, b, 'c) psi
and z :: name
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assumes ¥ > P —iM (vxzvec|)(N) < P’
and zvec fx M
and distinct zvec
and =z P
and z § zvec

shows =z P’
proof —
note U > P M (v*zvec)(N) < P
moreover from (zvec fi* M»> have bn(jM (vxzvec))(N)) #x subject(iM (v+zvec|)(N))
by simp
moreover from <distinct zvecy have distinct(bn(jM (vxzvec))(N))) by simp
ultimately show z # P’ using <z § P> <z § zvec
proof (nominal-induct ¥ P a=={M (v*zvec))(N) P’ avoiding: x arbitrary: M zvec
N rule: semanticsInduct)
case(cAlpha ¥ P « P' p x M xvec N)
have S: set p C set(bn a) x set(bn(p - o)) by fact
from «(p - a) = M (vxavec)(N)> have (p - p - @) = p - (jM(v*zvec)(N))
by (simp add: fresh-star-bij)
with «distinctPerm p> have o = j(p - M)(vx(p - zvec)){(p - N)) by simp
moreover from «(p - a) = (M (vxavec)(N)» <z § zvecy have z § (bn(p - a))
by simp
with «(bn «) #* 2> «x § avecy S have z § (p + avec)
by (fastforce dest: pt-fresh-bij1[OF pt-name-inst, OF at-name-inst, where
pi=p and z=zvec])
ultimately have = § P’ using «x § P> by(metis cAlpha)
then have (p « z) & (p - P’) by(simp add: pt-fresh-bij1[OF pt-name-inst, OF
at-name-inst))
with <distinctPerm p> <bn(a) fx 2> <z § (bn(p - @))»S show ?case by simp
next
case clnput
then show Zcase by simp
next
case cBrinput
then show ?case by simp
next
case cQutput
then show ?case by(simp add: action.inject)
next
case cBrOutput
then show Zcase by(simp add: action.inject)
next
case cCase
then show ?case by(auto simp add: action.inject dest: memFresh)
next
case cParl
then show ?case by simp
next
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case cPar?2
then show Zcase by simp
next
case cComml1
then show ?case by simp
next
case cComm2
then show ?case by simp
next
case cBrMerge
then show Zcase by simp
next
case (¢cBrComml ¥ W P M N P’ Ap Up Q zvec Q' Ag © M’ zvec N')
from «z § (P || @) have z § P and z § @ by simp+

from «<¥ @ Up > Q — [M(v*zvec)(N) < Q" «avec #§x M> «distinct zvecy (x
i @ <xvec fx x>
have z § N by(simp add: broutputFreshDerivativeN)

with <V ® g > P — (M(N) < P <z § P> have z § P’ by(simp add:
brinputFreshDerivative)

then show ?case using c¢BrComml1 by simp

next
case (¢cBrComm2 U Wgo P M zvec N P' Ap Up Q Q' Ag © M’ zvec N')
from «z § (P || @) have z § P and z § @ by simp+

from ¥ ® Vg > P +—— (M(vszvec)(N) < P’» <zvec x M» «distinct zvec) «x
f P> «xvec f*
have z § N by(simp add: broutputFreshDerivativeN)

with <0 @ Up > Q — ;M(N) < Q" <z § @ have z § Q' by(simp add:
brinputFreshDerivative)

then show ?case using cBrComm2 by simp
next
case c¢BrClose
then show Zcase by simp
next
case cOpen
then show ?case by simp
next
case(cBrOpen ¥ P M zvec yvec N P’ x y M’ zvec N')
from ¢ M (v*(zvec@x#yvec))(N) = M '(v*zvec)) (N')» have zvec = zvecQr#yvec
by (simp add: action.inject)
from «y £ (vz) P> <z § v have y £ P by(simp add: abs-fresh)
moreover from <y £ zvee) <zvec = zvecQryvecrhave y § (zvecQyuvec)
by simp
ultimately show y # P’
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by (fastforce intro: ¢BrOpen)
next
case cScope
then show ?case by(auto simp add: abs-fresh)
next
case cBang
then show ?case by simp

qed
qed
lemma outputFreshDerivative:
fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: ('a, b, 'c) psi
and z :: name

assumes ¥ > P — M (vxavec)(N) < P’
and zvec fx M
and distinct xvec
and =z P
and z f§ zvec

shows z§ N
and z§ P’
using assms
by (auto simp add: outputFreshDerivativeN outputFreshDerivativeP)

lemma broutputFreshDerivative:

fixes U ')
and P :: ('a, b, 'c) psi
and M :'a
and zvec :: name list
and N :=:'a
and P’ :: (‘a, 'b, 'c) psi
and =z :: name

assumes ¥ > P —iM(vxzvec|)(N) < P’
and zvec fix M
and distinct xvec
and zf§P
and z § zvec

shows z 4 N
and zf P’
using assms
by (auto simp add: broutputFreshDerivativeN broutputFreshDerivativeP)

143



lemma outputFreshChainDerivative:

fixesU =D
and P :: (‘a, 'b, 'c) psi
and M :'a
and zvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and yvec :: name list

assumes ¥ > P —— M (v*zvec))(N) < P’
and zvec fx M
and distinct zvec
and yvec §x P
and yvec #* zvec

shows yvec ix N
and yvec fx P’
using assms
by (induct yvec) (auto intro: outputFreshDerivative)

lemma broutputFreshChainDerivative:

fixesU b
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a

and P’ :: ('a, b, 'c) psi
and yvec :: name list

assumes ¥ > P — M (vxzvec|)(N) < P’
and avec fx M
and distinct zvec
and yvec fix P
and yvec #x zvec

shows yvec §x N
and yvec fx P’
using assms
by (induct yvec) (auto intro: broutputFreshDerivative)

lemma tauFreshDerivative:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and P’ :: (‘a, 'b, 'c) psi
and z :: name

assumes ¥ > P ——7 < P’
and z P
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shows z § P’
proof —
have bn(7) #x subject(r) and distinct(bn(r)) by simp+
with «<U > P ——7 < P’ show ?thesis using <z § P>
proof(nominal-induct ¥ P a==(7::("a action)) P’ avoiding: = rule: semantic-
sInduct)
case cAlpha
then show ?case by simp
next
case clnput
then show Zcase by simp
next
case cBrinput
then show ?case by simp
next
case cOutput
then show ?case by simp
next
case cBrOutput
then show ?case by simp
next
case cCase
then show ?case by(auto dest: memFEresh)
next
case cParl
then show Zcase by simp
next
case cPar2
then show ?case by simp
next
case cComml
then show ?case
by (auto dest: inputFreshDerivative outputFreshDerivative simp add: resChain-
Fresh)
next
case cComm2
then show ?case
by (auto dest: inputFreshDerivative outputFreshDerivative simp add: resChain-
Fresh)
next
case cBrMerge
then show Zcase by simp
next
case c¢BrComml
then show ?case by simp
next
case cBrComm?2
then show ?case by simp
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next
case cBrClose
then show ?case
by (auto dest: brinputFreshDerivative broutputFreshDerivative simp add: resChain-
Fresh abs-fresh)
next
case cOpen
then show ?case by simp
next
case cBrOpen
then show Zcase by simp
next
case cScope
then show ?case by(simp add: abs-fresh)
next
case cBang
then show Zcase by simp

qed
qed
lemma tauFreshChainDerivative:
fixesU b
and P :: ('a, b, 'c) psi
and M :'a
and N :'a

and P’ :: (‘a, b, 'c) psi
and zvec :: name list

assumes ¥ > P ——71 < P’
and avec fix P

shows zvec #x P’
using assms
by (induct zvec) (auto intro: tauFreshDerivative)

lemma freeFreshDerivative:
fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
and o :: ’a action
and P’ :: (‘a, 'b, 'c) psi
and z :: name

assumes ¥ > P —a < P’
and bn « fix subject o
and distinct(bn «)
and =z f «
and =z P

shows =z f P’
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using assms
apply —
by (rule actionCases|where a=q])
(auto intro: inputFreshDerivative brinputFreshDerivative
tauFreshDerivative
outputFreshDerivative broutputFreshDerivative)

lemma freeFreshChainDerivative:

fixes ¥ =’
and P = (Ya, 'b, 'c) psi
and « : 'a action

and P’ :: (‘a, b, 'c) psi
and zvec :: name list

assumes ¥ > P —a < P’
and bn « f* subject «
and distinct(bn «)
and avec fix P
and avec fix «

shows zvec fx P’
using assms

by (auto intro: freeFreshDerivative simp add: fresh-star-def)

lemma Input:

fixes U ')
and M :'a
and K :'a
and zvec :: name list
and N :'a

and Tvec :: 'a list

assumes V- M + K
and distinct zvec
and set xvec C supp N
and length xvec = length Tvec

shows U > M(Asxzvec N|).P — K (N[zvec::=Tvec]|) < Plzvec::=Tvec]
proof —
obtain p where zvecFreshPsi: ((p::name prm) - (zvec::name list)) fx U
and zvecFreshM: (p - zvec) % M
and zvecFreshN: (p - zvec) fx N
and zvecFreshK: (p « avec) fx K
and zvecFreshTvec: (p - zvec) i Tvec
and zvecFreshP: (p - zvec) #x P
and S: (set p) C (set avec) x (set(p - zvec))
and dp: distinctPerm p
apply —
by (rule name-list-avoiding|where zvec=zvec and c¢=(¥, M, K, N, P, Tvec)])
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(auto simp add: equts fresh-star-prod)
note <V - M + K>
moreover from <(distinct zvecy have distinct(p - zvec)
by simp
moreover from <(set zvec) C (supp N)» have (p - (set zvec)) C (p - (supp N))
by simp
then have set(p - zvec) C supp(p - N)
by (simp add: equts)
moreover from <length zvec = length Tvec)> have length(p - zvec) = length Tvec
by simp
ultimately have U > M(Ax(p - zvec) (p - N)).(p -+ P) —K((p - N)[(p -
avec)::=Tvec|)) < (p - P)[(p - avec)::=Tvec]
using zvecFreshPsi xvecFreshM xvecFreshK xvecFreshTvec
by (metis cInput)
then show ?thesis using zvecFreshN xvecFreshP S <length zvec = length Tvec»
dp
by (auto simp add: inputChainAlpha’ substTerm.renaming renaming)
qed

lemma Brinput:

fixes U ')
and M :'a
and K :'a
and zvec :: name list
and N :'a

and Tvec :: 'a list

assumes V - K = M
and distinct zvec
and set xvec C supp N
and length xvec = length Tvec

shows U > M(Asxzvec N|).P —{ K (N|[zvec::=Tvecl]|) < Plzvec::=Tvec]
proof —
obtain p where zvecFreshPsi: ((p::name prm) - (zvec::name list)) fx U
and avecFreshM: (p - avec) $x M
and zvecFreshN: (p - zvec) tx N
and zvecFreshK: (p « avec) fx K
and zvecFreshTvec: (p - zvec) i Tvec
and zvecFreshP: (p - zvec) #x P
and S: (set p) C (set avec) X (set(p - zvec))
and dp: distinctPerm p
apply —
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, M, K, N, P, Tvec)])
(auto simp add: equts fresh-star-prod)
note <V - K = M>»
moreover from «distinct zvec) have distinct(p - zvec)
by simp
moreover from <(set zvec) C (supp N)» have (p - (set zvec)) C (p - (supp N))
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by simp
then have set(p - zvec) C supp(p - N)
by (simp add: equts)
moreover from <length zvec = length Tvec)> have length(p - zvec) = length Tvec
by simp
ultimately have ¥ > M(Ax(p + avec) (p - N)).(p + P) —¢K((p + N)[(p -
avec)::=Tvec|)) < (p - P)[(p - avec)::=Tvec]
using zvecFreshPsi xvecFreshM xvecFreshK xvecFreshTvec
by (metis ¢cBrinput)
then show “thesis using zvecFreshIN xzvecFreshP S <length xvec = length Tvec)
dp
by (auto simp add: inputChainAlpha’ substTerm.renaming renaming)
qed

lemma residualAlpha:

fixes p :: name prm

and « :: ‘a action
and P :: (‘a, b, 'c) psi

assumes bn(p - «) fx object «
and bn(p - «)fx P
and bn « f* subject «
and bn(p - «) fix subject «
and set p C set(bn «) x set(bn(p - «))

showsa < P=(p-a)<(p- P)
using assms
apply —
apply(rule actionCases[where a=a])
apply(simp only: equts bn.simps)
apply simp
apply(simp only: equts bn.simps)
apply simp
apply simp
apply(simp add: boundOutputChainAlpha’ residuallnject)
apply simp
apply(simp add: boundOutputChainAlpha'' residuallnject)
by simp

lemma Parl:

fixes U b
and Yo =D
and P :: (‘a, b, 'c) psi
and o :: ‘a action
and P’ :: (‘a, 'b, 'c) psi
and Ag :: name list

and Q@ :: (‘a, b, 'c) psi

assumes Trans: ¥ ® ¥g > P —a < P’
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and extractFrame Q = (Ag, ¥g)
and bn o fx @

and Ag #§x U
and Ag #x P
and Ag #*x o
shows U > P || Q@ —a < (P'| Q)
proof —
{
fix¥ ='b
and Uy ='b
and P :: (a, ', 'c) psi
and o :: ‘a action
and P’ :: (‘a, 'd, 'c) psi
and Ag :: name list

and @ ::(‘a, b, 'c) psi

assume ¥ ® Yo > P +—a < P’
and extractFrame Q = (Ag, Vo)
and bn afx @
and bn a f*x subject a
and Ag fx ¥
and Ag #x P
and Ag #* o
and distinct Ag

have U > P | Q+—a < (P'| Q)
proof —
from <V @ Vg > P —a < P’ have distinct(bn «) by(rule boundOutput-
Distinct)
obtain ¢::name prm where bn(q - ) fx U and bn(q - «) #§x P and bn(q -
a) fx @ and bn(q - «) fx «
and bn(q - a) t* Ag and bn(q - o) §* P’ and bn(q « o) fx ¥g
and Sq: (set q) C (set (bn «)) x (set(bn(q - a)))
apply —
by (rule name-list-avoiding[where zvec=bn o and ¢=(¥, P, Q, o, Ag, ¥q,
PN]) (auto simp add: equts)
obtain p::name prm where (p - Ag) t+* ¥ and (p - Ag) f* P and (p - Ag)
¢ Qand (p - Ag) tr a
and (p - Ag) #* a and (p - Aq) #* (¢ - @) and (p - Ag) #x P’
and (p - Ag) t* (¢ - P’) and (p - Ag) fx ¥g and Sp: (set p) C (set Ag)
x (set(p - Ag))
apply —
by (rule name-list-avoiding[where zvec=Ag and c¢=(V, P, Q, o, bn a, ¢ *
a, P, (q- P/)v \IIQ)D auto
from <distinct(bn «)> have distinct(bn(q - @))
by — (rule actionCases[where a=ql, auto simp add: equts)
from <Ag f*x ar <bn(q + a) tx Ag> Sq have Ag #* (¢ - «)

apply —
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apply(rule actionCases[where a=a])
apply(simp only: bn.simps equts, simp)
apply(simp only: bn.simps equts, simp)
apply(simp add: freshChainSimps)
apply(simp add: freshChainSimps)
by simp
from <bn o fx subject a» have (¢ - (bn a)) #* (q - (subject o))
by (simp add: fresh-star-bij)
then have bn(q - «) §x subject(q - ) by(simp add: equts)
from ¥ ® g > P ——a < P) n(q - a) f* ar <bn(q « «) fx P <bn o f*
(subject a)y Sq
have Trans: ¥ @ ¥ > P +——(¢-a) < (¢ - P
by (force simp add: residualAlpha)
then have Ag t+ (¢ - P’) using <bn(q - «) #* subject(q - «)> «distinct(bn(q
-a)) (Ag tx Py <Ag tx (¢ - a)
by (auto intro: freeFreshChainDerivative)
from Trans have (p - (¥ ® ¥g)) > (p- P)r—p - (¢ a) < (¢ P)
by (rule semantics.equt)
with (Ag i+ ¥ (Ag #x P> (Ag t* (¢ - a) «(p - Ag) #* (¢ - a)» (Ag #* (¢ -
P’)»
(p - Ag) tx W «(p - Aq) §x P» «(p - Ag) #* (¢ - P')» Sp
have U ® (p - ¥g) > P (g - o) < (¢ - P’) by(simp add: equts)
moreover from <extractFrame @ = (Ag, Vo) «(p + Ag) t* Yo» Sp have
extractFrame @ = ((p + Ag), (p + Vo))
by (simp add: frameChainAlpha’ equts)
moreover from ((bn(q - «)) * Tor «(bn(q - «)) dx Ag» «(p - Ag) t* (q -
a)y Sp
have (bn(q - ) §x (p - ¥q)
by (simp add: freshAlphaPerm,)
moreover from <distinct Ag> have distinct(p - Ag) by simp
ultimately have ¥ > P || Q — (¢ - ) < ((¢- P) || Q)
using «(p + Ag) fx P> «(p - Ag) #x @ «(p - Ag) #x s «(p - Ag) ti* (¢ - a)»
(p+ Ag) tx (g + P «(bnlg - @) b B <(bn(g - @) £ Q> <(bnlg - )

(bn(q + a)) fx (subject (q - «))» <distinct(bn(q - «))»
by (metis cParl)

fx P»

then show ?%thesis using <bn(q - «) fx a» <bn(q - @) #x P <bn « f* subject
ay <bn(q - «) §x Q> <bn a fx @ Sq
by (force simp add: residualAlpha)
qed
}
note Goal = this
from <extractFrame Q = (Ag, Ygo)» (Ag tx U» <Ag t* Pr <Ag t* a»
obtain Ay’ where FrQ: extractFrame Q = (Ag’, ¥g) and distinct Ag’ and
Ag' tx U and Ag’ #* P and A’ fx «
apply —
by (rule distinctFrame[where C=(¥, P, «)]) auto
show ?thesis
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proof (induct rule: actionCasesjwhere a=ql)
case(cInput M N)
from Trans FrQ (Ag’ #x Uy <Ag' tix Py <Ag’ t* e «distinct Ag" <bn « #x Q>
show ?case using «« = M(N|)» by(force intro: Goal)
next
case(cBrinput M N)
from Trans FrQ <Ag’ = U» <Ag' tix Py <Ag’ t* o «distinct Ag”» <bn « #x @
show ?case using «« = ;| M(N))» by(force intro: Goal)
next
case cTau
from Trans FrQ <Ag’ = U» <Ag' tix Py <Ag’ t* o «distinct Ag" <bn a #x @
show ?case using <« = 1) by(force intro: Goal)
next
case(cOutput M xvec N)
from «a = M(v*zvec)(N)» <Ag’ t* a» <bn « 1+ @ have zvec fx Ag’ and zvec
2 Q
by simp+
obtain p where (p - zvec) i+ N and (p - zvec) #x P’ and (p - zvec) fx Q
and (p - zvec) §+ M and (p - zvec) fx Ag’
and S: set p C set zvec x set(p - zvec)
apply —
by (rule name-list-avoiding[where zvec=zvec and c=(N, P’, Q, M, Ag")])
auto
from Trans «a=M (v+zvec)(N)> have ¥ @ Vg > P — M (v*zvec))(N) < P’
by simp
with «(p - zvec) §x N» «(p « zvec) §x P S
have U @ Uy > P —M(v*(p « zvec)){(p + N)) < (p + P’
by (simp add: boundOutputChainAlpha'’ create-residual.simps)
moreover from (zvec fx Ag" «(p « zvec) fx Ao <(Ag’ fx av S
have Ag’ #* (p - ) by(simp add: freshChainSimps del: actionFreshChain)
ultimately have ¥ > P | Q —>M(vx(p - avec)){(p - N)) < (p- P) || @
using FrQ <Ag’ = U» (Ag’ tx P> «distinct Ag" «(p - zvec) t* Q> <Ag’ f* av
(p + avec) tx My «a = M(vxavec))(N)»
by (force intro: Goal)
with «(p - zvec) fx N> «(p - zvec) % P’ «(p - avec) fx Q> <xvec fx @ S «a =
M (vszvec)(N)»
show ?case
by (simp add: boundOutputChainAlpha'’ equts create-residual.simps)
next
case(cBrOutput M zvec N)
from «a = [M(vxzvec)(N)» <Ag’ #* a» <bn a i+ Q> have zvec fx Ag’ and
zvec fx @
by simp+
obtain p where (p - 2vec) §x N and (p « avec) #x P’ and (p - zvec) % Q
and (p - zvec) §x M and (p - zvec) fx Ag’
and S: set p C set avec X set(p - zvec)
by (rule name-list-avoiding[where zvec=zvec and c=(N, P’, Q, M, Ag")])
auto
from Trans <a=iM (vxzvec))(N)» have ¥ ®@ Uy > P M (v*zvec)(N) < P’
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by simp
with «(p - zvec) fx N> «(p - zvec) §x P S
have U @ Uy > P +——M(v*(p - zvec)){(p - N)) < (p - P)
by (simp add: boundOutputChainAlpha’ create-residual.simps)
moreover from (zvec §x Ag" «(p « zvec) fx Agh (Ag' f#x ar S
have Ag’ #* (p - a) by(simp add: freshChainSimps del: actionFreshChain)
ultimately have U > P || Q@ — M (vx(p - zvec)){((p - N)) < (p- P) || @
using FrQ «Aq' fx Uy (Ag’ tx Py «distinct Ag" «(p + avec) §x @ <Ag’ fx a»
«(p - zvec) tx M ca = (M (vxavec)(N)»
by (force intro: Goal)
with «(p - zvec) fx N> «(p « zvec) #x P’ «(p - mvec) #x Q> <xvec fx @ S «a =
iM (vxzvec|) (N)»
show ?case
by (simp add: boundOutputChainAlpha’ equts create-residual.simps)
qed

qed
lemma Par2:
fixesU ')

and Vp b
and Q@ ::('a, b, 'c) psi
and o :: 'a action
and Q' :: (‘a, b, 'c) psi
and Ap :: name list

and P :: (‘a, 'b, 'c) psi

assumes Trans: ¥ @ Up > Q —a < Q'
and extractFrame P = (Ap, Up)
and bn afx P
and Ap fx ¥
and Ap #x Q
and Ap #x «

shows U > P || Q@ —a < (P | @)

proof —
{
fix¥v =
and Up b
and @ = (‘a, b, 'c) psi
and o :: ‘a action
and Q' :: (Ya, b, 'c) psi
and Ap :: name list

and P :: (a, ', 'c) psi

assume ¥ @ Up > Q —a < Q'
and extractFrame P = (Ap, Up)
and bn o fx P
and bn a f*x subject a
and Ap fx U

153



and Ap #x @
and Ap fx
and distinct Ap

have UV > P || Q+—a < (P | Q)
proof —
from <V @ Up > Q —a < Q" have distinct(bn «) by(rule boundOutput-
Distinct)
obtain ¢::name prm where bn(q - ) fx U and bdn(q - «) #x P and bn(q -
a) tx Q and bn(q - a) f* «
and bn(q - a) t* Ap and bn(q - a) i+ Q' and bdn(q - a) i+ Up
and Sq: (set q) C (set (bn a)) x (set(bn(q - a)))
by (rule name-list-avoiding[where zvec=bn o and ¢=(¥, P, Q, a, Ap, ¥p,
QN]) (auto simp add: equts)
obtain p::name prm where (p - Ap) §x ¥ and (p - Ap) §x P and (p - 4p)
fx Q and (p - Ap) #* «
and (p - Ap) tx aand (p - Ap) 4% (¢ - o) and (p - Ap) fx Q'
and (p - Ap) #* (¢ - Q') and (p - Ap) §x Up
and Sp: (set p) C (set Ap) x (set(p - Ap))
by (rule name-list-avoidinglwhere zvec=Ap and ¢=(¥, P, Q, «a, q - o, Q’,
(¢- Q) ¥p)]) auto
from <distinct(bn «)> have distinct(bn(q - @))
apply —
by (rule actionCases|where a=«a]) (auto simp add: equts)
from <Ap #x a» <bn(q - ) f*x Ap> Sq have Ap #x (¢ - «)
apply —
apply(rule actionCases[where a=a])
apply(simp only: bn.simps equts, simp)
apply(simp only: bn.simps equts, simp)
apply(simp add: freshChainSimps)
apply(simp add: freshChainSimps)
by simp
from <bn « #* subject v have (¢ - (bn «)) t* (¢ - (subject @))
by (simp add: fresh-star-bij)
then have bn(q - «) 1+ subject(q - o) by(simp add: equts)
from (0 @ Up > Q —a < Q) <bn(q - @) fx > <bn(q - a) #x Q" <bn « fx
(subject o)y Sq
have Trans: ¥ @ Up > Q (g - a) < (¢ - Q")
by (force simp add: residualAlpha)
then have Ap f* (¢ - Q') using <bn(q - a) #x subject(q - «)> <distinct(bn(q
ca)) <Ap % Q@ (Ap fx (g - a)
by (auto intro: freeFreshChainDerivative)
from Trans have (p - (V. ® Vp)) > (p- Q) —p - ((¢- @) < (¢ Q")
by (rule semantics.equt)

with (Ap i+ U» <Ap fx @ «Ap tx (¢ - a)» «(p - Ap) t* (¢ - o) <Ap #* (¢ -
Q)
(p- Ap) tx Uy «((p- Ap) 8% @ «(p - Ap) #x (¢ - Q') Sp

have ¥ ® (p - ¥p) > Q —(q - @) < (¢ - Q') by(simp add: equts)
moreover from <extractFrame P = (Ap, ¥p)» «(p + Ap) fx ¥p>» Sp have
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extractFrame P = {(p - Ap), (p - ¥p))
by (simp add: frameChainAlpha’ equts)
moreover from «(bn(q - «)) fx Up> «(bn(qg - ) tx Ap> «(p - Ap) B (¢ -
a)y Sp
have (bn(q - @)) g (p - ¥p)
by (simp add: freshAlphaPerm,)
moreover from <distinct Ap» have distinct(p - Ap) by simp
ultimately have ¥ > P || Q@ — (¢ - a) < (P || (¢ - Q)
using «(p - Ap) #x P> «(p - Ap) #x Q> «(p - Ap) fx U» «(p - Ap) 8% (¢ - a)
ﬁ (p - Ap) tx (g - Q) «(bn(q + @) t* Uy «(bn(q - o)) % @ «(bn(q - ))
* P
«(bn(q + a)) x (subject (q - «))» <distinct(bn(q + «))»
by (metis cPar2)

then show ?thesis using «bn(q - a) #x a» <bn(q - a) fx Q" <bn a #x subject
ay <bn(q - a) tx P> <bn a #x P> Sq
by (force simp add: residualAlpha)
qed
}
note Goal = this
from <extractFrame P = (Ap, Up)) <Ap #x U <Ap fx @ <Ap tx a»
obtain Ap’ where FrP: extractFrame P = (Ap’, Up) and distinct Ap’ and
Ap'fx* U and Ap’ fx Q and Ap’ fix «
apply —
by (rule distinctFrame[where C=(¥, Q, «)]) auto
show ?thesis
proof (induct rule: actionCasesjwhere a=ql)
case(cInput M N)
from Trans FrP «Ap' f+ U» <Ap' #x Q) <Ap’ #x a» «distinct Ap"» <bn a fx P»
show ?case using «« = M(N|)» by(force intro: Goal)
next
case(cBrInput M N)
from Trans FrP <Ap' fx U «(Ap’ fix Q> <Ap’ fix av <distinct Ap”y <bn a f#*x P»
show ?case using «« = ;| M(N))» by(force intro: Goal)
next
case cTau
from Trans FrP <Ap'fx U «Ap’ fix Q> <Ap’ ft*x v <distinct Ap”y <bn a f#x P»
show ?case using <« = 1) by(force intro: Goal)
next
case(cOutput M zvec N)
from <« = M(vxavec)(N)» <Ap’ i > <bn « i P> have avec t+ Ap’ and zvec
fx P
by simp+
obtain p where (p - 2vec) §x N and (p « avec) #x Q' and (p « zvec) * P
and (p - zvec) §x M and (p - zvec) #x Ap’
and S: set p C set avec X set(p - zvec)
by (rule name-list-avoiding[where zvec=zvec and ¢=(N, Q', P, M, Ap’)])
auto
from Trans «a=M (vxzvec)(N)> have ¥ @ Up > Q — M (vxzvec)(N) < Q'
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by simp
with «(p - zvec) tx N» «(p - zvec) fx Q) S
have U @ Up > Q —>M(vx(p - zvec)){(p - N)) < (p - Q")
by (simp add: boundOutputChainAlpha’ create-residual.simps)
moreover from <xvec fx Ap”y «(p - zvec) tx Ap" «Ap’'tx ar S
have Ap’ fix (p - ) by(simp add: freshChainSimps del: actionFreshChain)
ultimately have U > P | @ — M (v*(p - zvec)){(p - N)) < P || (p - @)
using FrP «Ap' x Uy <Ap’ tx Q) «distinct Ap’s <(p - zvec) §x P> (Ap' fx cv»
«(p - zvec) tx My <«a = M(v*zvec)(N)»
by (force intro: Goal)
with «(p - zvec) fix Ny «(p - zvec) fx Q" «(p + mvec) #* P> «xvec fx P> S «a =
M (vxavec)(N)»
show ?case
by (simp add: boundOutputChainAlpha’ equts create-residual.simps)
next
case(cBrOutput M zvec N)
from <o = [M(vxzvec)(N)» <Ap’ tix a» <bn « fx P> have zvec #§x Ap’ and
xvec fx P
by simp+
obtain p where (p - 2vec) §x N and (p - avec) §x Q' and (p - zvec) * P
and (p - zvec) §x M and (p - zvec) §x Ap’
and S: set p C set avec X set(p - zvec)
by (rule name-list-avoidinglwhere zvec=zvec and c=(N, Q’', P, M, Ap")])
auto
from Trans «a={M (vxzvec))(N)> have ¥ @ Up > Q — M (vxavec)(N) < Q'
by simp
with «(p - zvec) fx N> «(p - zvec) fx Q) S
have UV @ Up 1> Q —iM(vx(p « zvec)){(p - N)) < (p - Q")
by (simp add: boundOutputChainAlpha’’ create-residual.simps)
moreover from <zvec fx Ap”y «(p - zvec) fx Ap" «Ap’tx ar S
have Ap' i (p - a) by(simp add: freshChainSimps del: actionFreshChain)
ultimately have ¥ > P || Q —{M(vx(p - zvec)){(p - N)) < P | (p - Q)
using FrP «Ap’ #x Uy <Ap' fx @) «distinct Ap’s «(p - zvec) fx Py <Ap’ ix a»
«(p - zvee) x M> <o = M (vxavec))(N)»
by (force intro: Goal)
with <(p - zvec) #x Ny «(p - zvec) #x Q" «(p « wvec) §x Py <axvec fx Py S <o =
iM (vszvec) (N)»
show ?Zcase
by (simp add: boundOutputChainAlpha'' equts create-residual.simps)
qed

qed
lemma Open:
fixes U b
and P :: (‘a, b, 'c) psi
and M :'a

and zvec :: name list
and yvec :: name list
and N :'a
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and P’ :: ('a, b, 'c) psi
and £ :: name

assumes Trans: ¥ > P — M (v(zvecQyuvec))(N) < P’
and =z € supp N
and zfVU
and z i M
and z f§ zvec
and =z ff yvec

shows U > (vz)P — M (vx(zvecQz#yvec))(N) < P’

proof —
from Trans have distinct(zvecQyuec) by(force dest: boundOutputDistinct)
then have zvec §x yvec by(induct zvec) auto

obtain p where (p - yvec) fix ¥ and (p - yvec) x P and (p - yvec) fx M
and (p - yvec) #x yvec and (p - yvec) §x N and (p - yvec) §x P’
and z § (p - yvec) and (p - yvec) x zvec
and Sp: (set p) C (set yvec) x (set(p - yvec))
by (rule name-list-avoiding[where zvec=yvec and ¢=(¥, P, M, zvec, yvec, N,
P’ )
(auto simp add: equts fresh-star-prod)
obtain ¢ where (g « avec) * ¥ and (q - zvec) fx P and (q « zvec) *+ M
and (q - zvec) #* avec and (g - zvec) fx N and (g - zvec) fx P’
and z § (¢ - zvec) and (q - zvec) #* yvec
and (q - zvec) §* p and (q - avec) §* (p - yvec)
and Sq: (set q) C (set zvec) X (set(q - zvec))
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, M, xvec, yvec, p -
yvec, Na P/, z, p)])
(auto simp add: equts fresh-star-prod)

note ¥ > P — M (v(zvecQyuec))(N) < P’
moreover from «(p - yvec) fx N> «(q - zvec) fx N» <zvec #x yveer <(q - avec) fx
yvecy <(q + avec) fx (p - yvec)r «(p + yvec) tx zvec) Sp Sq
have ((pQgq) - (azvec @ yvec)) fx N
apply (simp only: equts)
apply(simp only: pt2[OF pt-name-inst))
by simp
moreover from «(p - yvec) §x P’ «(q - zvec) 4x P’y <xvec #* yvecr «(q - zvec)
fx yveey «(q - xvec) fx (p - yvec)r «(p + yvec) #* avec> Sp Sq
have ((pQq) - (zvec @ yvec)) tx P’ by(simp del: freshAlphaPerm add: equts
pt2|OF pt-name-inst])
moreover from Sp Sq <zvec #x yveer (q - zvec) #x yveer «(q + xvec) fx (p -
yvec)y «(p + yvec) i zvec)
have Spq: set(pQq) C set(zvecQ@yuvec) X set((pQgq) « (zvecQyuvec))
by (simp add: pt2[OF pt-name-inst] equts) blast
ultimately have ¥ > P — M (vx((pQq) - (zvecQyuec))){((pQgq) - N)) < ((pQq)
. P)
apply(simp add: create-residual.simps)
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by (erule rev-mp) (subst boundOutputChainAlpha, auto)

with Sp Sq <zvec i+ yvecy <(q + zvec) fx yvecr <(q - zvec) fx (p - yvec) «(p -
yvec) fx zvec
have ¥ > P +—M(vx((q - zvec)Q(p - yuec))){((pQq) - N)) < ((pQq) - P’)
by (simp add: equts pt2]OF pt-name-inst] del: freshAlphaPerm)
moreover from <z € supp N) have ((pQgq) - z) € (pQgq) + (supp N)
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))
with «z § zvecy <z § yvee) «x § (q - zvec)y <z § (p - yvec)» Sp Sq
have z € supp((pQgq)- N) by(simp add: equts pt2[OF pt-name-inst])
moreover from <distinct(zvec@yuvec)) have distinct(q - zvec) and distinct(p -
yvec)
by auto
moreover note <z § (¢ - zvec)> <z § (p - yvec) <z § M> <z § ¥»
«(q - zvec) tx Uy «(q - azvec) §x Py «(q - zvec) g% M» <(q - zvec) #x (p - yvec)
(p - yvee) tx Wy «(p - yvec) fx Py «(p « yvec) #x M> «distinct(q - zvec))
ultimately have ¥ > (vz)|P — M (vx((q - zvec)Qz#(p - yvee))){((pQgq) - N))
< ((pQq) - P’)
by (metis ¢Open)
with «z § zvecy <z § yvee) «x § (q - avec) <z f (p - yvec)
«xvec fx yveer «(q - zvec) fx yveer «(q - zvec) #x (p - yvec)r «(p - yvec) t* zvec
Sp Sq
have U &> (vz) P —M(v+((pQq) - (zvecQa#yvec)))(((pQq) - N)) < ((pQq) -
P’
by (simp add: equts pt2|OF pt-name-inst] del: freshAlphaPerm)
then show ?%thesis using «((pQgq) - (zvec @ yvec)) t+x N» «((pQgq) - (zvec @
yvec)) i+ P’y Spq
apply(simp add: create-residual.simps)
by (erule rev-mp) (subst boundOutputChainAlpha, auto)

qed
lemma BrOpen:
fixes U b
and P :: (‘a, b, 'c) psi
and M :'a

and zvec :: name list
and yvec :: name list

and N :'a
and P’ :: ('a, b, 'c) psi
and £ :: name

assumes Trans: ¥ > P — M (v(zvecQyuec))(N) < P’
and =z € supp N
and z VU
and z i M
and z f zvec
and =z ff yvec

shows U > (vz) P — M (vx(zvecQu#yvec))(N) < P’
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proof —
from Trans have distinct(zvecQyuec) by (force dest: boundOutputDistinct)
then have zvec #§x yvec by(induct zvec) auto

obtain p where (p - yvec) fx U and (p - yvec) fx P and (p - yvec) fx M
and (p - yvec) #x yvec and (p - yvec) §x N and (p - yvec) §x P’
and z # (p - yvec) and (p - yvec) x zvec
and Sp: (set p) C (set yvec) x (set(p - yvec))
by (rule name-list-avoiding[where zvec=yvec and c¢=(¥, P, M, zvec, yvec, N,
)
(auto simp add: equts fresh-star-prod)
obtain ¢ where (g « avec) x ¥ and (q - zvec) fx P and (q « zvec) x M
and (q - zvec) #* avec and (g - zvec) fx N and (q - zvec) fx P’
and z § (¢ - zvec) and (q - zvec) #* yvec
and (q - zvec) §x p and (q - avec) #* (p - yvec)
and Sq: (set q) C (set zvec) X (set(q - zvec))
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, M, xvec, yvec, p -
yvec, Na P/, z, p)])
(auto simp add: equts fresh-star-prod)

note U > P +—— M (v*(zvecQyuvec))(N) < P
moreover from «(p - yvec) fx N> «(q - zvec) fx N» <xvec #x yveer <(q - avec) fx
yvecy <(q + avec) fx (p - yvec)y «(p + yvec) tx zvec) Sp Sq
have ((pQgq) - (zvec @ yvec)) fx N
apply(simp only: equts)
apply(simp only: pt2[OF pt-name-inst))
by simp
moreover from «(p - yvec) $x P’ «(q - zvec) 4x P’y <xvec #* yvecr «(q - zvec)
fx yveey «(q - xvec) fx (p - yvec)y «(p + yvec) t* avec> Sp Sq
have ((pQgq) - (zvec @ yvec)) tx P’ by(simp del: freshAlphaPerm add: equts
pt2|OF pt-name-inst])
moreover from Sp Sq <zvec fx yveer (q - zvec) #x yveer «(q + avec) fx (p -
yvec)y «(p + yvec) i zvec)
have Spq: set(pQq) C set(zvecQ@yuec) X set((pQgq) « (zvecQyuvec))
by (simp add: pt2[OF pt-name-inst] equts) blast
ultimately have ¥ > P —M(vx((pQgq) - (zvecQyuec)))(((pQq) - N)) <
((p@q) - P)
apply(simp add: create-residual.simps)
by (erule rev-mp) (subst boundOutputChainAlpha, auto)

with Sp Sq <avec i+ yveer «(q - zvec) t* yvecr <(q - xzvec) tx (p - yvee)y «(p -
yvec) f* zvec

have ¥ > P +—iM(jvx((q - zvec)Q@(p - yvec)))(((pQq) - N)) < ((pQq) - P’)
by(simp add: equts pt2|OF pt-name-inst] del: freshAlphaPerm)

moreover from <z € supp N») have ((pQgq) - z) € (pQgq) - (supp N)
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))

with «z § zvecy <z § yvee) «x § (q - zvec)r <x § (p - yvec)» Sp Sq

have z € supp((pQq)- N) by(simp add: equts pt2[OF pt-name-inst])

moreover from <distinct(zvecQyuec)» have distinct(q - zvec) and distinct(p -
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yvec)
by auto
moreover note <z § (¢ - zvec)) <z § (p - yvec) <z § M> <z § ¥»
«(q - zvec) tx Uy «(q - avec) §x Py «(q - zvec) g% M> «(q - zvec) #x (p - yvec)
(p - yvee) tx Wy «(p - yvec) fx Py «(p « yvec) #x M> «distinct(q - zvec))
ultimately have ¥ > (vz)P —iM(v*((q - zvec)Qz#(p - yvec))){((pQq) - N))
< ((p@g) - P
by (metis ¢BrOpen)
with «z § zvecy <z § yvee) <z § (q - avec) <zt (p - yvec)
«xvec fx yveer «(q - xvec) fx yveer «(q - zvec) #x (p - yvec)r «(p - yvec) t* zvec
Sp Sq
ll;ave U > (va) P —iM(v+((pQq) - (zvecQu#yuvec)))(((pQq) - N)) < ((pQq) -
P
by (simp add: equts pt2[OF pt-name-inst] del: freshAlphaPerm)
then show ?%thesis using «((pQgq) - (zvec @ yvec)) t+x N» «((pQgq) - (zvec @
yvec)) fix P’y Spq
apply(simp add: create-residual.simps)
by (erule rev-mp) (subst boundOutputChainAlpha, auto)

qed
lemma Scope:
fixes U b
and P :: ('a, b, 'c) psi
and o :: ‘a action
and P’ :: (‘a, b, 'c) psi
and =z :: name

assumes ¥ > P —a < P’
and z VU
and =z f «

shows ¥ > (vz)P —a < (vz) P’
proof —

{
fix U P M avec N P' z

assume U > P — M (vszvec)(N) < P’
and (z:name) § ¥
and z § M
and z f§ avec
and z §f N

obtain p::name prm where (p - zvec) x ¥ and (p - zvec) g+ P and (p - avec)
fx M and (p - avec) fx avec
and (p - zvec) #* N and (p - zvec) fx P and z § (p - zvec)
and S: (set p) C (set avec) X (set(p - xvec))
by (rule name-list-avoidinglwhere zvec=zvec and ¢=(¥, P, M, avec, N, P’

2)])

(auto simp add: equts fresh-star-prod)
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from «¥ > P —— M (v*zvec)(N) < P’ «(p « avec) tx N> «(p - zvec) g% P» S
have U > P — M (vx(p - zvec)){(p -+ N)) < (p - P’)
by (simp add: boundOutputChainAlpha’ create-residual.simps)
moreover then have distinct(p - zvec) by(force dest: boundQutputDistinct)
moreover note «z § U «x § My <z £ (p - zvec)
moreover from <z § zvee) <z § p - zvec) <z § Ny S have z § (p - N)
by (simp add: fresh-left del: freshAlphaSwap)
ultimately have ¥ > (vz)P — M (v*(p - zvec)){(p - N)) < (vz)(p - P’
using ¢(p - zvec) $x U <(p - zvec) #x Py «(p - zvec) fx M>
by (force intro: cScope)
moreover from <z § zvecy <z § p - zvec> S have p - x = = by simp
ultimately have ¥ > (vz)P — M (v+(p « zvec)){(p + N)) < (p - ((vz)P")
by simp
moreover from «(p - zvec) fx P’ «x § zvec) <z § (p - zvec)> have (p - zvec)
tx (vz) P’
by (simp add: abs-fresh-star)
ultimately have ¥ > (vz)P — M (vxzvec)(N) < (vz|)P’ using ¢(p - avec)
fx N> S
by (simp add: boundOutputChainAlpha’’ create-residual.simps)
}

then have

outputCase: NV P M zvec N P’ x.

[¥ > P —M(vkxzvec))(N) < P’

(z::name) § ¥,

z § M;

x t zvec;

z ¢ N] =

U > (vz) P — M (vxzvec)(N) < (vz|) P’ by simp

fix O P M zvec N P' z

assume U > P M (vxzvec)(N) < P’
and (z:name) f ¥
and z§ M
and =z f§ zvec
and z§ N

obtain p::name prm where (p + zvec) x ¥ and (p - zvec) §* P and (p - avec)
fx M and (p - zvec) fx zvec
and (p - zvec) t* N and (p - zvec) fx P and z § (p - zvec)
and S: (set p) C (set avec) x (set(p - zvec))
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, M, xvec, N, P’

z)))
(auto simp add: equts fresh-star-prod)
from ¥ > P ——jM(vxavec)(N) < P’ «(p + zvec) #x N> «(p - avec) fx P) S
have ¥ > P —iM(v*(p + avec)){(p - N)) < (p - P’)
by (simp add: boundOutputChainAlpha'’ create-residual.simps)
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moreover then have distinct(p - zvec) by(force dest: boundOutputDistinct)
moreover note <z § Uy «x § M» <z £ (p - zvec)
moreover from <z § zvec> <z § p - zvec> <z § Ny S have z § (p - N)
by (simp add: fresh-left del: freshAlphaSwap)
ultimately have ¥ > (vz)P —iM(vx(p - zvec)){(p + N)) < (vz)(p - P’
using «(p - zvec) tx Uy <(p - zvec) §x P> <(p - zvec) $x M>
by (force simp add: cScope)
moreover from <z § zvecy <z § p + zvec> S have p - x = = by simp
ultimately have ¥ > (vz)P — M (v+(p - avec)){(p - N))} < (p - ((vz)P’))
by simp
moreover from ((p - zvec) $x P’ «x f zvec) <z § (p - zvec)) have (p - xvec)
gx (vz) P’
by (simp add: abs-fresh-star)
ultimately have ¥ > (vz)P — M (vxavec)(N) < (vz|) P’ using «(p - zvec)
fx Ny S
by (simp add: boundOutputChainAlpha'’ create-residual.simps)
}

then have

broutputCase: AW P M avec N P’ .

[¥ > P —iM(vxzvec)(N) < P;

(z::name) § T;

xt M;

x t zvec;

z ¢ N] =

U > (vz) P —iM(v*zvec)) (N) < (vz) P’ by simp

show ?thesis
proof (induct rule: actionCasesjwhere a=ql)

case(cInput M N)

with assms show ?case by(force intro: cScope)
next

case(cBrInput M N)

with assms show Zcase by(force intro: cScope)
next

case(cOutput M xvec N)

with assms show Zcase by(force intro: outputCase)
next

case(cBrOutput M zvec N)

with assms show Zcase by(force intro: broutputCase)
next

case cTau

with assms show Zcase by(force intro: cScope)
qed

qed

lemma inputSwapFrameSubject:

fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
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and M ::'a

and N :: a

and P’ :: (‘a, 'b, 'c) psi
and z :: name

and y : name

assumes ¥ > P — M(N|) < P’
and =z P
and yf P

shows ([(z, )] - ¥) & P — ([(z, y)] - M)IN) < P’
using assms
proof (nominal-induct avoiding: x y rule: inputInduct)
case(cInput ¥ M K zvec N Tvec P z y)
from <z § M(Axzvec N|).P> have z § M by simp
from <y § M(A+xzvec N|).P> have y § M by simp
from U - M « K> have ([(z, y)] - ©) F ([(z, v)] - M) < ([(z, v)] - K)
by (rule chanEqClosed)
with «z § M» <y £ M» have ([(z, y)] - ¥) - M + ([(z, y)] - K)
by (simp)
then show ?case using «distinct zvecy <set zvec C supp N> <length xvec = length
Tvecy
by (rule Input)
next
case(cCase W P M N P’ ¢ Cs z y)
from <z § Cases Csy <y § Cases Cs» «(p, P) € set Cs» have z § ¢ and z § P
and y f pand y P
by(auto dest: memPFresh)
from «z § Py <y § P> have ([(z ,y)] - ¥) > P +— ([(z, y)] - M)(N|)) < P’/ by(rule
cCase)
moreover note «(p, P) € set Cs»
moreover from (U + ¢ have ([(z, y)] - ¥) F ([(z, v)] - ¢) by(rule statClosed)
with <z £ ) <y £ > have ([(z, y)] - ¥) F ¢ by simp
ultimately show ?case using <guarded P> by(rule Case)
next
case(cParl W Wg PM NP’ Ag Q z y)
from «x § P | @ have z § P and z {§ Q by simp+
from <y § P | @ have y f P and y  Q by simp+
from Py «yt P> <Avy. [z8 Pyt Pl = ([(z, y)] - (¥ ® Vg)) > P
—(((z, )] - MYIN) < P
have ([(z, y)] - ¥) ® ([(z, y)] - Yo) > P —([(z, y)] - M)(N) < P’
by (simp add: equts)

moreover from <eztractFrame @ = (Ag, ¥q)» have ([(z, y)] - (extractFrame

Q) = (=, ) - (Aq, Te))
by simp
with <Ag #x o @ § @ <Ag #x v v § @ have (Ag, ([(z, y)] - Vo)) =
extractFrame @
by (simp add: equts)
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moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - ¥)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i+ o <Ag t* y» have Ag t* ([(z, y)] - ¥) by simp
moreover from <Ag #x M> have ([(z, y)] - Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with Ag t* © Ag #* v have Ag tx ([(z, y)] - M) by simp
ultimately show ?case using (Aqg fi* P> (Ag §*x N»
by (force intro!: Parl)
next
case(cPar2 ¥ Up Q M N Q" Ap Pz y)
from <z § P | @ have z § P and z § @ by simp+
from <y § P | @ have y f P and y  Q by simp+
from w2 Q@ i@ Avy [o8 @yt Q= (&) (Ve vp) e Q
—([(z, )] - M)(N) < Q"
have ([(z, y)] - ¥) @ ([(z, y)] - Yp) > Q —(((z, y)] - M)(N) < Q'
by (simp add: equts)

moreover from <extractFrame P = (Ap, Up)» have ([(z, y)] - (extractFrame
P)) = ([(z, y)] - {(Ap, ¥p))
by simp
with (Ap % o> <z §f P> <Ap tx y» <y § P> have (Ap, ([(z, y)] - Up)) = extract-
Frame P
by (simp add: equts)
moreover from (Ap i+ ¥ have ([(z, y)] - Ap) t#* ([(z, y)] - V)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2 <Ap tx v have Ap #x ([(z, y)] - ¥) by simp
moreover from «Ap i+ M»> have ([(z, y)] - Ap) #x ([(z, v)] -+ M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> (Ap #x y» have Ap t* ([(z, y)] - M) by simp
ultimately show ?case using (Ap fx Q> <Ap fx N>
by (force intro: Par2)
next
case(cScope W P M N P’ z z y)
from <z § (vz)P> <z § > have z § P by(simp add: abs-fresh)
from <y § (vz)P> <z § v have y § P by(simp add: abs-fresh)
from @ { Py« Py Azy. [2§ Pyt Pl = ([(z, v)] - V) > P+—([(z, y)] -
M)(N) < P’
have (((z, 9)] - ¥) & P +—(((z, )] - M)(N) < P’ by simp
moreover with <z § U» have ([(z, v)] - 2) § [(z, y)] - ¥
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § 2> <z § v have z § [(z, y)] - ¥ by simp
moreover with «z § M» have ([(z, y)] - 2) t [(z, v)] - M
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with <z §f =» <z  y» have z { [(z, y)] - M by simp
ultimately show ?case using <z § N»
by (force intro!: Scope)
next
case(cBang ¥ P M N P’ z y)
then show ?case by(force intro: Bang)
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qed

lemma brinputSwapFrameSubject:

fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M :'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and z :: name
and y :: name

assumes ¥ > P —; M(N|) < P’
and =z f P
and yf P

shows ([(z, 1)] - ¥) & P —> ([(z, )] - M)(N) < P’
using assms
proof (nominal-induct avoiding: x y rule: brinputInduct)
case(cBrinput ¥ K M zvec N Tvec P x y)
from «x § M(Axzvec N|).P> have z § M by simp
from <y § M(A+xzvec N|).P> have y f M by simp
from ¥ - K = M have (([(z, )] - ) F (((z, v)] - K) = ([(z, )] - M)
by (rule chanInConClosed)
with «z § M» <y £ M> have ([(z, )] - ©) F ([(z, y)] - K) = M
by (simp)
then show ?Zcase using <distinct zvec) <set xvec C supp N> <length xvec = length
Tvecy
by (rule Brinput)
next
case(cCase U P M NP ¢ Cszy)
from <z § Cases Cs» <y  Cases Cs» (¢, P) € set Cs» have z § ¢ and = § P
and y f pand y § P
by(auto dest: memPFresh)
from «x § P> <y § P> have ([(z ,y)] - ¥) > P — i([(z, v)] - M)(N) < P’
by (rule cCase)
moreover note «(p, P) € set Cs»
moreover from (U + ¢ have ([(z, y)] - ¥) F ([(z, v)] - ¢) by(rule statClosed)
with «z § ¢ <y § ¢ have ([(z, y)] - ) F ¢ by simp
ultimately show ?case using <guarded P> by(rule Case)
next
case(cParl W Wog PM NP’ Ag Q zy)
from <z § P || @ have z § P and z § Q by simp+
from <y § P | @ have y ff P and y  Q by simp+
from «x § Py «yt P> <ANvy. [z8 Pyt Pl = ([( y)] - (¥ ® Vg)) > P
—i(l(z, )] - M)IND < P
have ([(z, 1)] - ¥) ® (((z, )] - ¥o) & P +—([(w, )] - M)IN) < P’
by (simp add: equts)

moreover from <extractFrame @ = (Ag, Yq)» have ([(z, y)] - (extractFrame
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Q) = (= 9)] - (4g, ¥q))
by simp
with (Ag #x  «x § @ dg t* v <y § @ have (4g, ([(z, v)] - Yg)) =
extractFrame @
by (simp add: equts)
moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - )
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ag t* ) (Ag #* v have Ag tx ([(z, y)] - ¥) by simp
moreover from <Ag #x M> have ([(z, y)] - Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with Ag t* © Ag #* v have Ag tx ([(z, y)] - M) by simp
ultimately show ?case using (Aqg fi* P> (Ag §x N»
by (force intro!: Parl)
next
case(cPar2 ¥ Up Q M N Q" Ap Pz y)
from <z § P | @ have z § P and z £ @ by simp+
from <y § P | @ have y f P and y  Q by simp+
from @t Q i Q Ary ot @yt Q= ()] (¥ev) s Q
—i(l(z, 9)] - MY(N) < Q"
have ([(z, y)] - ¥) @ ([(z, y)] - Vp) > Q —i([(z, y)] - M)(N) < Q'
by(simp add: equts)

moreover from <extractFrame P = (Ap, Up)» have ([(z, y)] - (extractFrame
P) = (((z, )] - (Ap, Up))
by simp
with <Ap t+ © @ § P> <Ap #x y» <y § P> have (Ap, ([(z, y)] - ¥p)) = extract-
Frame P
by (simp add: equts)
moreover from (Ap #x Uy have ([(z, y)] - Ap) #x ([(z, y)] - ©)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> <Ap tx v have Ap #x ([(z, y)] - ¥) by simp
moreover from «Ap i+ M» have ([(z, y)] - Ap) #x ([(z, v)] - M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> (Ap tx y» have Ap t* ([(z, y)] - M) by simp
ultimately show ?case using <(Ap #x Q> <Ap fx N»
by (force intro!: Par2)
next
case (cBrMerge UV Vo PM N P' Ap Up Q Q' Ag = y)
from <z § P | @ have z § P and z £ @ by simp+
from <y § P | @ have y f P and y § Q by simp+

from <extractFrame P = (Ap, ¥p)» have ([(z, y)] - (extractFrame P)) = ([(z,
y)l - (Ap, ¥p))
by simp
with <Ap fx o> <z f Py <Ap #x y» <y § P> have extractFrame P = (Ap, ([(z, y)]
- ¥p))
by (simp add: equts)
from <extractFrame Q = (Ag, Vg)> have ([(z, y)] - (extractFrame Q))

([(=,
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y)] - (A, ¥q))
by simp
with (4dg i+ o «x § Q@ <Ag #x v <y § @ have extractFrame Q = (Ag, ([(=,

)l - ¥Q))
by (simp add: equts)

from « § Py «yt P> <Avy. [z8 Pyt Pl = ([(z, y)] - (¥ ® Vg)) > P
—il(z, )] - MY(N) < P’
have ([(z, )] - V) @ ([(z, y)] - Vo) > P —i([(w, y)] - M)(N) < P’
by (simp add: equts)
moreover from <z Q@ «yi @ Azy. [z8Q; vt Q) = ([(z, y)] - (¥ ® Up))
> Q —i(((x, )] - MY(N) < @
have ((z, )] - ) @ ([(z, )] - Tp) & Q —i(((z, 1)] - M)(N] < Q"
by (simp add: equts)
moreover note <extractFrame P = (Ap, ([(z, y)] - Up))» <extractFrame Q =
(Aq, ([(z, y)] - To))»

moreover from (Ap #x Uy have ([(z, y)] - Ap) #x ([(z, y)] - ¥)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ap i+ z» <Ap fx y have Ap fx ([(z, y)] - ¥) by simp
moreover from <Ap #x Uy have ([(z, y)] « Ap) i ([(z, v)] - Vo)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap #* 2> <Ap tx v have Ap #x ([(z, y)] - ¥g) by simp
moreover from (Ap + M»> have ([(z, y)] - Ap) 8 ([(z, v)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «Ap i+ v <Ap §x y» have Ap tx ([(z, y)] - M) by simp

moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - )
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i o <Ag #* y» have Ag t* ([(z, y)] - ¥) by simp
moreover from <Ag #x Up> have ([(z, y)] + Ag) i ([(z, )] - Up)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag t* 2y <Ag t* y» have Ag t* ([(z, y)] - Up) by simp
moreover from <Ag #+ M> have ([(z, v)] + Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i 2 <Ag i+ y» have Ag t* ([(z, y)] - M) by simp

moreover note <distinct Ap»> <distinct Ag»
(Ap tx Py (Ap % N> <Ap tx P) (Ap fx @ <Ap t* Q" <Ap ix Ag>
(Ag % Py <Ag fix Ny <Ag tx P <Ag tx @ (Ag fx Q"
ultimately show ?case
by (force intro!: semantics.cBrMerge)
next
case(cScope W P M N P’ z z y)
from <z § (vz)P> <z § > have z § P by(simp add: abs-fresh)
from <y § (vz)P> <z § v have y § P by(simp add: abs-fresh)
from «z § P <y Pr <Azy. [z Pyt Pl = ([(z, 9)] - V) > P r—i([(z, y)]
- M)(N) < P
have ([(z, )] - ¥) & P —;(((z, 9)] - M)(N) < P’ by simp
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moreover with <z § U» have ([(z, v)] - 2) § [(z, y)] - ¥
by(simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § 2> <z § v have z § [(z, y)] - ¥ by simp
moreover with «z § M» have ([(z, y)] - 2) ¢ [(z, v)] - M
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with <z ff =» <z  y» have 2z t [(z, y)] - M by simp
ultimately show ?case using <z § N»
by (force intro: Scope)
next
case(cBang ¥ P M N P’ z y)
then show Zcase by(force intro: Bang)

qed
lemma inputPermFrameSubject:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and p : name prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P —M(N|) < P’
and S:setp C Xs X Ys
and Xs tx P
and Ystx P

shows (p - ¥) > P — (p - M)(N|) < P’
using S
proof (induct p)
case Nil
from «<¥ > P — M(N|) < P
show ?case by simp
next
case(Cons a p)
from «set(a#p) C Xs x Ys have set p C Xs x Ys by auto
with <set p C Xs x Ys = (p- ¥) > P+— (p - M)(N) < Ph
have Trans: (p - ¥) > P +— (p - M)(N|) < P’ by simp
from <set(a#tp) C Xs x Ys» show Zcase
proof(cases a)
case (Pair z y)
then have r € Xsand y € Ys
using <set(a#p) C Xs x Ys» by auto
with «Xs tix P> <Ys fx Py have x § Pand y ff P
by (auto simp add: fresh-star-def)
with Trans have ([(z, y)] - p - ¥) > P +— ([(=, y)] - p - M)(N) < P’
by (rule inputSwapFrameSubject)
then show ?thesis

168



using Pair by simp

qed
qed
lemma brinputPermFrameSubject:
fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and p : nmame prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P —; M(N|) < P’
and S:setp C Xs x Ys
and Xsfix P
and Ystx P

shows (p - ¥) > P — ;(p - M)(N) < P’
using S
proof (induct p)
case Nil
from ¥ > P ——; M(N) < P)
show ?case by simp
next
case(Cons a p)
from <set(a#p) C Xs x Ys» have set p C Xs x Ys by auto
with <set p C Xs x Ys = (p- V) > P+ {(p+- M)(N) < Ph
have Trans: (p - ¥) > P+ i(p - M)(N|) < P’ by simp
from <set(a#p) C Xs x Ys» show Zcase
proof(cases a)
case (Pair z y)
then have z € Xsand y € Ys
using <set(a#p) C Xs x Ys» by auto
with «Xs fix P> <Ys fx Py have x f Pand y ff P
by (auto simp add: fresh-star-def)
with Trans have ([(z, y)] - p - ¥) > P +— i([(z, y)] - p - M)(N) < P’
by (rule brinputSwapFrameSubject)
then show ?thesis
using Pair by simp

qed
qed
lemma inputSwapSubject:
fixes U ::'b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a
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and P’ :: (‘a, 'b, 'c) psi
and z :: name
and y :: name

assumes ¥ > P — M(N|) < P’

and zf§P
and yf P
and z VU
and yt U

shows U > P+ ([(z, y)] - M)(N) < P’
proof —
from «<¥ > P —M(N|) < P <z § P> <yt P>
have ([(z, y)] - ¥) > P —([(z, y)] - M)(N) < P’
by (rule inputSwapFrameSubject)
with «z § Uy <y £ U» show ?thesis

by simp
qed
lemma brinputSwapSubject:
fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and z :: name
and y : name

assumes ¥ > P —; M(N|) < P’

and zff P
and yt P
and 2z VU
and y VU

shows ¥ > P — ;([(z, y)] - M)(N) < P’
proof —
from <0 > P+—;M(N) < Phxx g Pyt P
have ([(z, 9)] - ) & P —;([(z, 9)] - M)(N) < P’
by (rule brinputSwapFrameSubject)
with <z § U <y §f U» show ?thesis
by simp
qed

lemma inputPermSubject:

fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: ‘a

and P’ :: (‘a, 'b, 'c) psi
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and p :: nmame prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P — M(N|) < P’
and S:setp C Xs x Ys

and Xsfx P
and Ystx P
and Xsfx ¥
and Ystx U

shows ¥ > P+ (p - M)(N) < P’
proof —
from <¥ > P ——M(N) < P» S «Xs fix Py «Ys fx P»
have (p - ¥) > P +—(p - M)(N|) < P’
by (rule inputPermFrameSubject)
with «Xs fx U <Ys fix Uy S show Zthesis
by simp

qed
lemma brinputPermSubject:
fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N ::’a

and P’ :: (‘a, 'b, 'c) psi
and p : mame prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P —; M(N|) < P’
and S:setp C Xs X Ys

and Xsfx P
and Ystx P
and Xsfx U
and Ystx U

shows U > P+ j(p - M)(N|)) < P’
proof —
from ¥ > P ——;M(N) < P» S «Xs #x P> <Ys x P»
have (p - ¥) > P +——(p - M)(N) < P’
by (rule brinputPermFrameSubject)
with «Xs fix Uy (Vs fx ¥y S show ?thesis
by simp
qed

lemma inputSwapFrame:

fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
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and M ::'a

and N :: a

and P’ :: (‘a, 'b, 'c) psi
and z :: name

and y : name

assumes ¥ > P — M(N|) < P’

and =z P
and yf P
and z§ M
and y i M

shows ([(z, y)] - ¥) > P — M(N) < P’
proof —
from <0 > P —M(N|) < P <x f P> <yt P>
have ([(z, )] - ¥) & P (s, y)] - M)(N) < P’
by (rule inputSwapFrameSubject)
with <z § M» <y § M> show ?%thesis

by simp
qed
lemma brinputSwapFrame:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and z :: name
and y :: name

assumes ¥ > P —; M(N|) < P’

and =zt P
and yf P
and z i M
and y{ M

shows ([(z, y)] - ¥) > P — (| M(N|) < P’
proof —
from «<¥ > P+—;M(N) < Ph«x i Pyt P
have ([(, )] - ¥) & P —si(((z, 9)] - M)(N) < P’
by (rule brinputSwapFrameSubject)
with «x § M» <y § M> show ?thesis

by simp
qed
lemma inputPermFrame:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
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and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and p : name prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P — M(N|) < P’
and S:setp C Xs X Ys

and Xs fx P
and Ystx P
and Xstx M
and VYstx M

shows (p - ¥) > P — M(N|) < P’
proof —
from <0 > P —M(N|) < P"» S «Xs fx P> «Ys fix P»
have (p - ¥) > P +——(p - M)(N|) < P’
by (rule inputPermFrameSubject)
with «(Xs fx M» <Ys §x M» S show ?thesis

by simp
qed
lemma brinputPermFrame:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
and N : 'a

and P’ :: (‘a, 'b, 'c) psi
and p : name prm
and Xs :: name set
and Ys :: name set

assumes ¥ > P —; M(N|) < P’
and S:setp C Xs x Vs

and Xs fx P
and Ystx P
and Xstx M
and Ystx M

shows (p - ¥) > P — (M(N) < P’
proof —
from <¥ > P ——;M(N) < P» S «Xs #x P> <Ys fix P»
have (p - ¥) > P +——(p - M)(N) < P’
by (rule brinputPermFrameSubject)
with «Xs fx M» <Ys §x M» S show ?thesis
by simp
qed

lemma inputAlpha:
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fixes U b
and P :: (‘a, b, 'c) psi

and M :'a

and N :'a

and P’ :: (‘a, b, 'c) psi
and p :: name prm

and zvec :: name list

assumes ¥ > P — M(N|) < P’
and set p C (set zvec) x (set (p - zvec))
and distinctPerm p
and zvec fx P
and (p - zvec) #§x P

shows ¥ > P —M((p- N)) < (p+ P’
proof —

from <@ > P —M(N|) < P’ «set p C (set zvec) x (set (p - zvec))» <xvec fx
Py «(p + avec) fx P»

have (p - ¥) > P ——(p - M)(N) < P’ by — (rule inputPermFrameSubject,
auto)

then have (p - p - ¥) > (p- P) —(p - ((p - M)(N|) < P’)) by(rule equts)

with «distinctPerm py <zvec fix Py «(p - avec) §x P> <set p C (set zvec) X (set (p
- zvec)))

show ?thesis by (simp add: equts)

qed
lemma brinputAlpha:
fixes U b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a
and P’ :: (‘a, b, 'c) psi
and p :: name prm

and zvec :: name list

assumes ¥ > P —; M(N|) < P’
and set p C (set zvec) x (set (p - zvec))
and distinctPerm p
and zvec fx P
and (p - zvec) §x P

shows ¥ > P —;M((p - N)) < (p - P)
proof —
from <V > P ——;M(N) < P «set p C (set zvec) x (set (p - zvec))s <xvec fx*
Py «(p + avec) fx P»
have (p - U) > P +——((p - M)(N) < P’ by — (rule brinputPermFrameSubject,
auto)
then have (p - p-U)> (p- P)— (p- (i(p - M)(N) < P’)) by(rule equts)
with <distinctPerm p> <xvec fx Py «(p - zvec) §x P> <set p C (set zvec) x (set (p
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- zvec)))
show ?thesis by (simp add: equts)
qed

lemma framePFresh[dest]:
fixes = :: name
and A :: name list
and Up 2 b

assumes z § Ap
and =z ﬁ <AF, \IJF>

shows z § U
using assms

by (simp add: frameResChainFresh) (simp add: fresh-def name-list-supp)

lemma outputSwapFrameSubject:

fixes¥U b
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and z :: name
and y :: name

assumes ¥ > P — M (vxavec)(N) < P’
and avec fix M
and z P
and yf P

shows ([(z, y)] - ¥) > P —([(z, y)] - M)(v*zvec)(N) < P’
using assms
proof(nominal-induct avoiding: x y rule: outputInduct’)
case cAlpha
then show ?case by(simp add: create-residual.simps bound OutputChainAlpha’)
next
case(cOutput W M K N P x y)
from <z § M(N).P> have z § M by simp
from <y § M(N).P»> have y # M by simp
from «<¥ - M + K» have ([(z, y)] - ) F ([(z, v)] - M) + ([(z, v)] - K)
by (rule chanEqClosed)
with «z § M» <y £ M» have ([(z, y)] - ¥) - M + ([(z, v)] - K)
by (simp)
then show ?case by(rule Output)
next
case(cCase U P M zvec N P' ¢ Cs z y)
from <z § Cases Cs» <y  Cases Cs» (¢, P) € set Cs» have z § ¢ and = § P
and y f pand y § P
by (auto dest: memPFresh)
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from <z § P> <y § P> have ([(z ,y)] - ¥) > P —([(z, y)] - M)(v*zvec)(N) <
P’ by(rule cCase)

moreover note ((p, P) € set Cs»

moreover from (U + ¢ have ([(z, y)] - ¥) F ([(z, v)] - ¢) by(rule statClosed)

with «z § > <y § ¢ have ([(z, y)] - ) F ¢ by simp

ultimately show ?case using <guarded P> by(rule Case)
next

case(cParl W g P M zvec N P' Ag Q z y)

from «x § P || @ have z § P and z { Q by simp+

from <y § P || @ have y f P and y §f Q by simp+

from «x § Py <yt P> <ANzvy. [z Pyt Pl = ([(z y)] - (¥ ® Vg)) > P
—([(z, y)] - M)(vxzvec)(N) < P’

have ([(z, 9)] - ¥) ® (((z, )] - ¥Q) & P —([(z, y)] - M){wsavec) (N) < P"

by (simp add: equts)

moreover from <extractFrame @ = (Ag, Yo)» have ([(z, y)] - (Ao, Vo)) =
([(z, v)] + (extractFrame Q))
by simp
with <Ag i+ v @ § @ <Ag #x v «w § @ have (Ag, ([(z, y)] - ¥g)) =
extractFrame @
by(simp add: equts)
moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - ¥)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (A i+ ) <Ag #* v have Ag tx ([(z, y)] - ¥) by simp
moreover from <Ag #x M> have ([(z, y)] - Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with A t* © Ag #* v have Ag tx ([(z, y)] - M) by simp
ultimately show ?case using «Ag f#* P> (Ag i+ N> «avec #§x @ (Ag t* zvec
by (force intro: Parl)
next
case(cPar2 ¥ Up Q M avec N Q' Ap Pz y)
from <z § P | @ have z § P and z § @ by simp+
from <y § P | @ have y ff P and y # Q by simp+
from @8 Q Wt Q Ary ot Qyt Q= (&) (¥ev) s Q
—(((z, 9)] - M)(wsavec)(N) < Q"
have ([(z, y)] - ¥) @ ([(z, y)] - Yp) > Q —([(x, y)] - M)(vrzvec)(N) < Q'
by (simp add: equts)

moreover from <(eztractFrame P = (Ap, Up)) have ([(z, y)] - (Ap, Up)) =
([(z, v)] - (extractFrame P))
by simp
with <Ap t+ © @ § P> <Ap #x y» <y § P> have (Ap, ([(z, y)] - ¥p)) = extract-
Frame P
by(simp add: equts)
moreover from (Ap #x Uy have ([(z, y)] - Ap) #x ([(z, y)] - ©)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2 <Ap tx v have Ap #x ([(z, y)] - ¥) by simp
moreover from (Ap i+ M»> have ([(z, y)] - Ap) #x ([(z, v)] - M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
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with <Ap i+ 2> <Ap fx y» have Ap i ([(z, y)] - M) by simp
ultimately show ?case using <Ap fx Q> <Ap fix N> <zvec fx P> <Ap #x xvec
by (force intro: Par2)
next
case(cOpen U P M zvec yvec N P’ z x y)
from <z § (vz)P> <z § > have z § P by(simp add: abs-fresh)
from <y § (vz)P> <z £ y» have y § P by(simp add: abs-fresh)
from < § Pr gt Pr Aoy [t Pryt Pl = (((r, )] - ¥) & P —(((z, 9)] -
M) (v*(zvec@yuec))(N) < P’
have ([(z, y)] - ) > P —([(z, y)] - M)(v*(zvecQyuvec)))(N) < P’ by simp
moreover with «z § U» have ([(z, y)] - 2) § [(z, y)] - ¥
by(simp add: pt-fresh-bij[OF pt-name-inst, OF at-name-inst])
with <z §f z» <z  y» have z § [(z, y)] - ¥ by simp
moreover with «z §f M» have ([(z, y)] - 2) ¢ [(z, y)] - M
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § o> <z § v have z § [(z, y)] - M by simp
ultimately show ?case using <z € supp N> <z § zvecy <z §f yvec>
by (force introl: Open)
next
case(cScope W P M avec N P’ z x y)
from <z § (vz)P» <z § > have z § P by(simp add: abs-fresh)
from <y § (vz)P> <z £ y» have y § P by(simp add: abs-fresh)
from <z § P» «yff P <Az y. [z4 Pyt Pl = ([(z, )] - V) > P r—([(z, y)] -
M) (vxzvec)(N) < P’
have ([(z, y)] - ¥) > P —([(z, y)] - M)(vxzvec|)(N) < P’ by simp
moreover with <z § U» have ([(z, y)] - 2) ¢ [(z, y)] - ¥
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with <z §f =» <z  y» have z § [(z, y)] - ¥ by simp
moreover with <z § M» have ([(z, y)] - 2) & [(z, y)] - M
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § o> <z § v have z § [(z, y)] - M by simp
ultimately show ?case using <z § N» <z § zvec
by (force intro!: Scope)
next
case(cBang V P M B z y)
then show ?case by(force intro: Bang)
qed

lemma broutputSwapFrameSubject:

fixesU b
and P :: (‘a, 'b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and z :: name
and y :: name

assumes ¥ > P ——iM(vxzvec|)(N) < P’
and avec fix M
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and z P
and yf P

shows ([(z, y)] - ¥) > P —i([(z, y)] - M)(vxavec)(N) < P’
using assms
proof(nominal-induct avoiding: x y rule: brOutputInduct’)
case cAlpha
then show ?case by(simp add: create-residual.simps bound OutputChainAlpha’)
next
case(cBrOutput ¥ M K N P y)
from <z § M(N).P> have z § M by simp
from <y § M(N).P»> have y # M by simp
from ¥ - M < K> have (((z, )] - ) F (s, )] - M) = (((z, y)] - K)
by (rule chanOutConClosed)
with «z § M» <y £ M»> have ([(z, y)] - ¥) - M < ([(z, v)] - K)
by (simp)
then show ?case by(rule BrOutput)
next
case(cCase U P M avec N P' ¢ Cs z y)
from <z § Cases Cs» <y  Cases Cs» (¢, P) € set Cs» have z § ¢ and z § P
and y f pand y § P
by (auto dest: memFresh)
from <z § Py <y § P> have ([(z ,y)] - ¥) > P —([(z, y)] + M)(v*zvec)(N) <
P’ by(rule cCase)
moreover note «(p, P) € set Cs»
moreover from (U + ¢ have ([(z, y)] - ¥) F ([(z, v)] - ¢) by(rule statClosed)
with «z § ¢ <y § ¢ have ([(z, y)] - ) F ¢ by simp
ultimately show ?case using <guarded P> by(rule Case)
next
case(cParl ¥ W P M avec NP Ag Q = y)
from «x § P | @ have z § P and z § Q by simp+
from <y § P | @ have y ff P and y # Q by simp+
from «x § Py <yt P> <ANvy. [z Pyt Pl = (((z y)] - (¥ ® Vg)) > P
—i(1(z, )] - M)(wrovec) (N) < P’
have ([(z, 9)] + ¥) ® ([(z, )] - Wq) > P r—i({(w, y)] - M)(veavec)(N) < P’
by (simp add: equts)

moreover from <extractFrame @ = (Ag, Yo)» have ([(z, y)] - (Ao, Yo)) =
([(z, )] + (extractFrame Q))
by simp
with <Ag #x o @ § @ <Ag #x v «w § @ have (Ag, ([(z, y)] - Vo)) =
extractFrame @
by (simp add: equts)
moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - )
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i+ o <Ag #* y have Ag t* ([(z, y)] - ¥) by simp
moreover from <Ag #x M> have ([(z, y)] - Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag t* o <Ag t* y» have Ag t* ([(z, y)] -+ M) by simp
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ultimately show ?case using «Ag t#* P> (Ag t* N> «avec §x @ (Ag t* zvec
by (force intro: Parl)
next
case(cPar2 ¥ Up Q M avec N Q' Ap Pz y)
from <z § P | @ have z § P and z § @ by simp+
from <y § P | @ have y ff P and y  Q by simp+
from @ ¢ Q gt Q@ vy 57 Q oyt Q = (@ y)] - (Ve ¥p) > Q
iz, )] - M)Qravec) (V) < Q"
have ([(z, y)] - ¥) @ ([(z, )] - Yp) > Q@ +—i([(z, y)] - M)(v*avec)(N) < Q'
by (simp add: equts)

moreover from <(eztractFrame P = (Ap, Up)) have ([(z, y)] - (Ap, Up)) =
([(z, )] + (extractFrame P))
by simp
with <Ap i+ © @ § P> <Ap % y» <y § P> have (Ap, ([(z, y)] - ¥p)) = extract-
Frame P
by (simp add: equts)
moreover from (Ap #x Uy have ([(z, y)] - Ap) #x ([(z, y)] - ¥)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ap i+ z» <Ap fx y have Ap fx ([(z, y)] - ¥) by simp
moreover from <Ap i+ M> have ([(z, y)] - Ap) #* ([(z, v)] - M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> (Ap tx y» have Ap tx ([(z, y)] - M) by simp
ultimately show ?case using <Ap fx Q> <Ap fix N> <zvec fx P> <Ap #x avec
by (force intro: Par2)
next
case(cBrComml ¥ ¥g P M N P’ Ap Up Q zvec Q' Ag z y)
from <z § P | @ have z § P and z £ @ by simp+
from <y § P | @ have y f P and y @ by simp+

from <0 @ U > P+— ;M(N) < Pz § Pyt P»
have ([(z, y)] - (V @ ¥q)) > P —i([(z, y)] - M)(N) < P’
by (rule brinputSwapFrameSubject)
tl}laen have permln: (([(z, y)] - ¥) @ ([(z, )] - ¥q)) > P r—i(((z, y)] - M)(N)
_< /
by (simp add: equts)
moreover from <z § Q) «y i @ Azy. [z8Q; vt Q) = ([(z, y)] - (¥ ® Up))
> Q —i([(z, y)] - M)(vrzvec)(N) < Q"
hz)ve permOut: ([(z, y)] - ¥) @ ([(z, y)] - ¥p) > Q —i([(z, y)| - M)(v*zvec)(N)
< 0
by (simp add: equts)

moreover from <extractFrame P = (Ap, Up)» have ([(z, y)] - (Ap, ¥p)) =
([(z, y)] + (extractFrame P))
by simp
with (Ap fx 2> «x § P> <Ap tx y» <y § P> have extractFrame P = (Ap, ([(z, y)]
- Up))
by (simp add: equts)
moreover from <extractFrame @ = (Ag, Yo)» have ([(z, y)] - (Ao, Vo)) =
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([(z, v)] + (extractFrame Q))
by simp
with (4dg i+ o «x § Q@ <Ag #x v <y § @ have extractFrame Q = (Ag, ([(=,
D) - vo))
by (simp add: equts)
moreover from «Ap i+ ¥ have ([(z, y)] - Ap) t* ([(z, y)] - D)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> <Ap tx v have Ap #x ([(z, y)] - ¥) by simp
moreover from <Ag #x ¥» have ([(z, y)] - Ag) t* ([(z, y)] - ¥)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ag t* ) «Ag #*x vy have Ag i ([(z, y)] - ¥) by simp
moreover from <Ap tx Uy have ([(z, y)] « Ap) 8 ([(z, v)] - o)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2 <Ap t* v have Ap #x ([(z, y)] - Yg) by simp
moreover from <Ag #x Up> have ([(z, y)] + Ag) #* ([(z, )] - Up)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag t* 2 <Ag t* y» have Ag t* ([(z, y)] - Up) by simp
moreover from <Ap tx M) have ([(z, v)] - Ap) t* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ap i+ 2y <Ap §x y» have Ap tx ([(z, y)] - M) by simp
moreover from <Ag #x M> have ([(z, y)] - Ag) #* ([(z, y)] - M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag t* 2 <Ag t* y» have Ag t* ([(z, y)] -+ M) by simp
moreover from (zvec fx ¥ have ([(z, y)] - 2vec) tx ([(z, y)] - ¥)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (zvec fx v <zvec tx y» have avec #x ([(z, y)] - ¥) by simp
moreover from <zvec fx ¥go» have ([(z, y)] - zvec) §x ([(z, y)] - ¥o)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <zvec #* z) <zvec t* y» have zvec #* ([(z, y)] - ¥q) by simp
moreover from <avec §x ¥p» have ([(z, y)] - zvec) #* ([(z, y)] - Up)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «zvec f*x v <zvec §x y» have avec #§x ([(z, y)] - ¥p) by simp
moreover from <zvec fx M> have ([(z, y)] « avec) #x ([(z, y)] - M)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «zvec f*x v «zvec fx y» have zvec #x ([(z, y)] - M) by simp

moreover note <distinct Ap» <distinct Ag» (Ap t* Py <Ap #x N> (Ap tx P
(Ap fx @ Ap #x Q) Ap f#x A
(Ap tx zvecy (Ag fx Py (Ag tx N» <Ag % P <Ag tx @ <Ag t* Q) (Ag fx
zvec
<distinct zvec) <xvec §x Py <xvec % @Q
ultimately show ?case
by(simp add: semantics.cBrComml)
next
case(cBrComm2 ¥ Wg P M zvec N P' Ap ¥p Q Q' Ag z y)
from <z § P | @ have z § P and z § @ by simp+
from <y § P || @ have y f P and y §f Q by simp+

from <0 @ Up > Q+— ;M(N) < Q) <z Q@ <yt
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have ([(z, y)] - (¥ @ ¥p)) > Q —i([(z, y)] - M)(N) < Q
by (rule brinputSwapFrameSubject)
tléen have permIn: (([(z, y)] - ¥) ® ([(z, y)] - ¥p)) > @ —i([(z, y)] - M)(N)
< 0
by (simp add: equts)
moreover from «z § P> <yt Py <Az y. [z P; yt P] = ([(z, v)] - (T ® ¥q))
> P —i([(z, y)] - M)(vxzvec)(N) < P’
h;Ve permOut: ([(z, y)] - ¥) @ ([(z, y)] - ¥q) > P +—i([(z, y)] - M)(v+zvec)(N)
_< /
by (simp add: equts)

moreover from <(eztractFrame P = (Ap, Up)) have ([(z, y)] - (Ap, Up)) =
([(z, )] + (extractFrame P))
by simp
with <Ap fx x> <z § Py <Ap fx y» <y § P> have extractFrame P = (Ap, ([(z, y)]
- ¥p))
by (simp add: equts)
moreover from <extractFrame @ = (Ag, Yo)» have ([(z, y)] - (Ag, Vo)) =
([(z, y)] - (extractFrame Q))
by simp
with «Ag i+ o § @ (Ag tx v <y § @ have extractFrame Q = (Ag, ([(z,
o) - o))
by (simp add: equts)
moreover from (Ap i+ ¥ have ([(z, y)] - Ap) t#* ([(z, y)] - V)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2 <Ap tx v have Ap #x ([(z, y)] - ¥) by simp
moreover from <Ag #+ ¥» have ([(z, y)] - Ag) t* ([(z, y)] - ¥)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i* 2 <Ag t* y» have Ag t* ([(z, y)] - ¥) by simp
moreover from <Ap #x Uy have ([(z, y)] - Ap) #x ([(z, v)] - o)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ 2> <Ap tx v have Ap #x ([(z, y)] - ¥go) by simp
moreover from <Ag #+ Up> have ([(z, y)] + Ag) #* ([(z, ¥)] - ¥p)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (A i* 0 (Ag #* v have Ag tx ([(z, y)] - ¥p) by simp
moreover from <Ap #+ M> have ([(z, y)] - Ap) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap i+ ) <Ap tx v have Ap #x ([(z, y)] - M) by simp
moreover from <Ag #+ M> have ([(z, y)] + Ag) #* ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag i o <Ag t* y» have Ag t* ([(z, y)] - M) by simp
moreover from (avec fx ¥ have ([(z, y)] - avec) #x ([(z, y)] - ¥)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <zvec fx ) <zvec #$x y» have zvec #* ([(z, y)] - ) by simp
moreover from <zvec §x Vo» have ([(z, y)| - zvec) i ([(z, y)] - ¥q)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <zvec i z) <zvec §* y> have zvec * ([(z, y)] - Yq) by simp
moreover from <avec f§x ¥p» have ([(z, y)] « zvec) i+ ([(z, y)] - Up)
by(simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
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with <zvec fx 1> <zvec $x y» have zvec #x ([(z, y)] - Up) by simp

moreover from <zvec §x M> have ([(z, y)] « avec) §x ([(z, y)] - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])

with «zvec fx v <zvec fx y» have avec #x ([(z, y)] - M) by simp

moreover note <distinct Ap» <distinct Ag> (Ap % Py <Ap #x N> <Ap fx P
(Ap % @ Ap ix Q) (Ap #x Ag>
(Ap #* zvecy <Ag % Py (Ag tx Ny <Aqg fx P <Ag fx @ (Ag #x Q) <Ag t*
xvec
<distinct zvecy <xvec fx P> (zvec fx @Q»
ultimately show Zcase
by (simp add: semantics.cBrComm2)
next
case(cBrOpen U P M zvec yvec N P’ z z y)
from <z § (vz)P» <z § 2> have z § P by(simp add: abs-fresh)
from <y f (vz)P> <z § v have y § P by(simp add: abs-fresh)
from @ £ Py gt Pr Nz [52 Pyt Pl = (3 9)] - ¥) & P —i([(z, )]
- M) (vx(zvecQyuec))(N) < P’
have ([(z, y)] - ) > P —i([(z, v)] - M)(v*(zvecQyuvec))(N) < P’ by simp
moreover with «z § U» have ([(z, )] - 2) § [(z, y)] - ¥
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with <z ff z» <z  y» have z § [(z, y)] - ¥ by simp
moreover with <z § M» have ([(z, y)] - 2) & [(z, y)] - M
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § 2> <z § v have z § [(z, y)] - M by simp
ultimately show ?case using <z € supp N» <z § zvec> <z § yvec
by (force intro: BrOpen)
next
case(cScope U P M xvec N P' z z y)
from «x § (vz)P> <z § 2> have z § P by(simp add: abs-fresh)
from <y § (vz)P> <z § v have y § P by(simp add: abs-fresh)
from £ Py gt Pr Aoy [28 Pyt Pl = ((x, 9)] - ¥) > P rsi(((z, 1)
- M)(vxavec)(N) < P’
have ([(z, y)] - ¥) > P —i([(z, y)] - M)(v*zvec)(N) < P’ by simp
moreover with «z § U» have ([(z, )] - 2) £ [(z, y)] - ¥
by (simp add: pt-fresh-bij|OF pt-name-inst, OF at-name-inst])
with «z § > <z § v have z § [(z, y)] - ¥ by simp
moreover with <z § M> have ([(z, y)] - 2)  [(z, v)] - M
by(simp add: pt-fresh-bij[OF pt-name-inst, OF at-name-inst])
with «z § o> <z § v have z § [(z, y)] - M by simp
ultimately show ?case using <z §f N» <z § zvec)
by (force intro: Scope)
next
case(cBang V P M B x y)
then show ?case by(force intro: Bang)
qed

lemma outputPermFrameSubject:
fixes U b

182



and P :: ('a, b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P — M (vxzvec)(N) < P’
and S: set p C set yvec X set zvec
and yvec fx P
and zvec f#x P

shows (p - ¥) > P —(p - M)(vzvec))(N) < P’
proof —
{
fix zvec N P’ Xs YS
assume U > P — M (vkavec)(N) < P’ and zvec fx M and zvec §* yvec and
zvec fx zvec
have (p + U) > P ——(p + M)(v*zvec)(N) < P’ using S
proof (induct p)
case Nil
from «¥ > P —— M (v*zvec)(N) < P"
show ?case by simp
next
case(Cons a p)
from <set(a#tp) C set yvec x set zvec) have set p C set yvec X set zvec by
auto
then have Trans: (p - ¥) > P —(p - M)(vxavec))(N) < P’ by(rule Cons)
show ?case
proof(cases a)
case (Pair t y)
note Trans
moreover from <zvec fx yvecy (xvec #§x zvecr <set p C set yvec X set zvec)
<zvec i M> have zvec fx (p - M)
by (simp add: freshChainSimps)
moreover have z € set yvec and y € set zvec
using <set (a # p) C set yvec X set zvec) Pair by auto
with «yvec fix P> <zvec §x P> have z § P and y f P
by (auto simp add: fresh-star-def)
ultimately have ([(z, y)] - p - ¥) > P —([(z, y)] - p - M)(v*zvec|)(N)
< P’
by (rule outputSwapFrameSubject)
then show ?thesis
using Pair by simp
qed
qed

}

183



note Goal = this
obtain ¢::name prm where (¢ - zvec) fx yvec and (q - zvec) fx zvec and (q -
avec) fx zvec
and (g - zvec) fx N and (¢ - zvec) fx P’ and (q - zvec) fx M
and Sq: (set q) C (set avec) x (set(q - avec))
by (rule name-list-avoidinglwhere zvec=zvec and c¢=(P, xvec, yvec, zvec, N,
M, P')]) auto
with «U > P — M(vxzvec))(N) < P» have ¥ > P — M (vx(q - zvec)){(q -
N)) < (q- P
by (simp add: boundOutputChainAlpha'" residuallnject)
then have (p - ¥) > P +——(p - M)(v*(q - avec)){(q - N)) < (¢ - P’
using «(q - zvec) #x M> «(q - zvec) #x yvec) <(q - zvec) fx zvec
by (rule Goal)
with «(q - zvec) §x N> <(q - zvec) #* P’» Sq show ?thesis
by (simp add: boundOutputChainAlpha'" residuallnject)

qed
lemma broutputPermFrameSubject:
fixes U =D
and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: (‘a, b, 'c) psi
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P —iM(vxzvec|)(N) < P’
and S: set p C set yvec X set zvec
and yvec §x P
and zvec % P

shows (p - ¥) > P +—j(p - M)(v*zvec)(N) < P’
proof —
{
fix zvec N P’ Xs YS
assume ¥ > P —— M (vxavec)(N) < P"and zvec §x M and zvec f* yvec and
xvec fx zvec
have (p - U) > P ——j(p - M)(v*zvec)(N) < P’ using S
proof (induct p)
case Nil
from «¥ > P ——jM(vxavec)(N) < P’
show ?case by simp
next
case(Cons a p)
from «set(a#p) C set yvec X set zvecy have set p C set yvec X set zvec by
auto
then have Trans: (p - ¥) > P ——j(p + M)(vxavec)(N) < P’ by(rule Cons)
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show ?case
proof (cases a)
case (Pair = y)
note Trans
moreover from (zvec §x yvecy <xvec fix zvec <set p C set yvec X set zvec)
<xvec % M> have zvec fx (p - M)
by (simp add: freshChainSimps)
moreover have z € set yvec and y € set zvec
using «set (a # p) C set yvec X set zveey Pair by auto
with (yvec ix P> <zvec f* P> have x 4 P and y § P
by (auto simp add: fresh-star-def)
ultimately have ([(z, y)] - p - ¥) > P —([(z, y)] - p + M)(v*zvec)(N)
< P’
by (rule broutputSwapFrameSubject)
then show ?thesis
using Puair by simp
qed
qed
}
note Goal = this
obtain ¢::name prm where (q - zvec) i+ yvec and (q - zvec) #* zvec and (q -
avec) fx zvec
and (q - zvec) f* N and (g - zvec) §x P’ and (q - zvec) fx M
and Sq: (set q) C (set avec) X (set(q - zvec))
by (rule name-list-avoiding[where zvec=zvec and c¢=(P, zvec, yvec, zvec, N,
M, P")]) auto
with «¥ > P — M (v*zvec)(N) < P’» have ¥ > P —iM(v*(q « avec)){(q -
N)) < (q- P
by (simp add: boundOutputChainAlpha’’ residuallnject)
then have (p - ¥) > P —j(p - M)(v*(q - avec)){(q - N)) < (¢ - P’)
using «(q - azvec) $x M>» «(q - zvec) #x yvec) «(q - zvec) fx zvec
by (rule Goal)
with <(q - zvec) #x N> <(q - zvec) $x P> Sq show ?thesis
by (simp add: boundOQutputChainAlpha’ residuallnject)

qed
lemma outputSwapSubject:
fixes U b

and P :: ('a, b, 'c) psi
and M :'a
and B :: (‘a, b, 'c) boundOutput
and z :: name
and y :: name

assumes ¥ > P — M (vxavec)(N) < P’
and zvec fix M

and =z P
and yf P
and z VU
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and y VU

shows ¥ > P —([(z, y)] - M)(v*zvec)(N) < P’
proof —
from «¥ > P — M(v*azvec|)(N) < P’ czvec % M> <z §f Py <y § P>
have ([(z, y)] -+ ¥) > P +—([(z, y)] - M)(v*zvec)(N) < P’
by (rule outputSwapFrameSubject)
with «z § U <y f U» show ?thesis
by simp
qed

lemma broutputSwapSubject:

fixes U b
and P :: (‘a, b, 'c) psi
and M :'a
and B : (‘a, 'b, '¢c) boundOutput
and z :: name
and y :: name

assumes ¥ > P ——iM (vxzvec)(N) < P’
and zvec fx M

and zf§P
and yf P
and z VU
and yt U

shows U > P +—i([(z, y)] - M)(v*zvec))(N) < P’
proof —
from U > P ——jM (vxavec)(N) < P’y <xvec fix My <z § P> <y § P»
have ([(z, y)] - ¥) > P —i([(=, y)] - M)(v*zvec)(N) < P’
by (rule broutputSwapFrameSubject)
with «z § Uy <y £ U» show ?thesis

by simp

qed

lemma outputPermSubject:

fixes¥U b

and P :: ('a, b, 'c) psi
and M :'a
and B : (‘a, 'b, 'c) boundOutput
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P — M (vxavec)(N) < P’
and S: set p C set yvec X set zvec
and yvec §x P
and zvec % P
and yvec gx ¥
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and zvec fx U

shows ¥ > P —(p - M)(vxavec)(N) < P’
proof —
from assms have (p - ¥) > P —(p - M)(vxavec)(N) < P’
by(metis outputPermFrameSubject)
with S <yvec fx Uy <zvec fx V) show %thesis

by simp

qed

lemma broutputPermSubject:

fixes ¥ b

and P :: (‘a, b, 'c) psi
and M :'a
and B :: (‘a, b, 'c) boundOutput
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P — M (vxzvec|)(N) < P’
and S: set p C set yvec X set zvec
and yvec §*x P
and zvec f#ix P
and yvec §x ¥
and zvec fx ¥

shows U > P +——j(p «+ M)(v*zvec)(N) < P’
proof —
from assms have (p - ¥) > P —j(p + M)(v*azvec)(N) < P’
by (metis broutputPermFrameSubject)
with S <yvec fx U» <zvec fx U» show ?thesis

by simp

qed

lemma outputSwapFrame:

fixesV b

and P :: (‘a, 'b, 'c) psi
and M :'a
and B :: (‘a, 'b, 'c) boundOutput
and z :: name
and y :: name

assumes ¥ > P —— M (v*zvec))(N) < P’
and zvec fx M

and =z P
and yf P
and zf M
and gyt M
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shows ([(z, y)] - ¥) > P — M (vxzvec)(N) < P’
proof —
from U > P —— M (v*zvec)(N) < Py «xvec tx My <z § P> <y § P>
have ([(z, y)] - ) > P —([(x, y)] - M)(v*zvec)(N) < P’
by (rule outputSwapFrameSubject)
with «x § M> <y § M»> show ?%thesis

by simp

qed

lemma broutputSwapFrame:

fixes U b

and P :: ('a, b, 'c) psi
and M :'a
and B :: (‘a, b, 'c) boundOutput
and z :: name
and y :: name

assumes ¥ > P —iM(vxzvec|)(N) < P’
and avec fx M

and =z f P
and yt P
and z§ M
and y i M

shows ([(z, y)] - ¥) > P M (v*zvec)(N) < P’
proof —
from U > P —— M (v*zvec)(N) < P’ «xvec i+ My «x § Py <y § P>
have ([(z, y)] + ¥) > P +—i([(z, y)] + M)(v*zvec)(N) < P’
by (rule broutputSwapFrameSubject)
with <z § M> <y § M»> show ?thesis

by simp

qed

lemma outputPermFrame:

fixes U = 'b

and P :: (‘a, 'b, 'c) psi
and M :'a
and B :: (‘a, 'b, 'c) boundOutput
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P —— M (v*zvec))(N) < P’
and S: set p C set yvec X set zvec
and yvec fix P
and zvec f§x P
and yvec ix M
and zvec #§x M
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shows (p - ¥) > P —— M (vkzvec)(N) < P’
proof —
from assms have (p - ¥) > P —(p - M)(vxavec|)(N) < P’
by (metis outputPermFrameSubject)
with S <yvec fx M» <zvec % M> show ?thesis

by simp

qed

lemma broutputPermFrame:

fixes¥U b

and P :: ('a, b, 'c) psi
and M :'a
and B : (‘a, 'b, 'c) boundOutput
and p :: name prm

and yvec :: name list
and zvec :: name list

assumes ¥ > P —iM(vxzvec|)(N) < P’
and S: set p C set yvec X set zvec
and yvec §x P
and zvec % P
and yvec fx M
and zvec tx M

shows (p - ¥) > P —M(vxzvec|)(N) < P’
proof —
from assms have (p - ¥) > P —j(p - M)(v*zvec)(N) < P’
by (metis broutputPermFrameSubject)
with S <yvec #x M» <zvec §x M»> show ?thesis
by simp
qed

lemma Comml1:

fixes¥U b
and Uy = 'b
and P :: (‘a, 'b, 'c) psi
and M :'a
and N :'a
and P’ :: ('a, b, 'c) psi
and Ap :: name list
and Up == 'b
and Q@ :: (‘a, b, 'c) psi
and K :'a

and zvec :: name list
and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assumes ¥ @ g > P — M(N|) < P’
and extractFrame P = (Ap, Up)
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and U ® Up > Q+— K(vxzvee)(N) < Q'
and extractFrame @ = (Ag, V)
and V@ V¥p @ Ughk- M K
and Ap #x ¥

and Ap #x P

and Ap #x Q

and Ap #x M

and Ap #x Ag

and Ag #x U

and Ag #x P

and Ag #x @

and Ag #x K

and avec fix P

shows ¥ > P || Q —7 < (vxzvec) (P’ | Q)
proof —

{
fix¥ =’

and ¥ = b

and P :: (‘a, 'b, 'c) psi
and M :'a

and N :'a

and P’ :: ('a, ', 'c) psi
and Ap :: name list
and Up :: b

and @ :: (‘a, 'b, 'c) psi
and K :'a

and zvec :: name list
and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assume ¥ ® ¥y > P —M(N|) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and ¥ ® ¥p > Q —K(vxavec)(N) < Q'
and extractFrame Q = (Ag, ¥q)
and distinct Ag
and\IJ®\I/p®\I/QI—M<—>K
and Ap fx ¥
and Ap fix P
and Ap fx @
and Ap fx M
and Ap fx Ag
and Ag fx ¥
and Ag f* P
and Ag fx Q
and Ag fx K
and zvec ix P
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have ¥ > P || Q 7 < (v*zvec)(P' | Q)
proof —

obtain r:name prm where (r - zvec) $x U and (r - zvec) §* P and (r -
avec) fx @ and (r - zvec) fx M
and (r - zvec) §x K and (r - avec) fx N and (r - zvec) §* Ap and (r -
zvec) % Ag
and (r - zvec) fx P’ and (r - zvec) fx Q' and (r - zvec) §x ¥p and (r -
zvec) tx Yo
and Sr: (set r) C (set zvec) X (set(r - zvec)) and distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, @, M, K, N,
Ap, Aq, Vp, ¥q, P’ Q"))
(auto simp add: equts fresh-star-prod)
obtain g¢::name prm where (¢ - Ag) #+* U and (¢ - Ag) f* P and (¢ - Ag)
fx Q and (¢ - Ag) tx K
and (¢ - Ag) tx (r - N) and (q - Ag) #x (r - zvec) and (q - Ag) i (r - Q')
and (¢« Ag) #* (r - P) and (¢ - Ag) #* Up and (¢ - Ag) f* Ap and (g
< Aq) tx Vg
and Sg¢: set ¢ C set Ag x set(q -+ Ag)
by (rule name-list-avoidinglwhere zvec=Ag and c¢=(¥, P, Q, K, r - N, r
- avec, Ug, Ap, Up, r- Q', 7+ P')])
(auto simp add: equts fresh-star-prod)
obtain p::name prm where (p - Ap) #x ¥ and (p - Ap) #x P and (p - Ap)
g« Q and (p - Ap) tx M
and (p - Ap) i (r - N)and (p - Ap) #* (r - zvec) and (p - Ap) i* (r - Q)
and (p+ Ap) #x (r - P’) and (p - Ap) ffx Up and (p - Ap) #* ¥ and (p
- Ap) fx Aq
and (p - Ap) #* (¢ - Ag) and Sp: (set p) C (set Ap) x (set(p « Ap))
by (rule name-list-avoiding[where zvec=Ap and ¢=(¥, P, Q, M, r - N, r
- avee, Ag, q¢ - Ag, Vo, ¥p, r - Q' r - P
(auto simp add: equts fresh-star-prod)
have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Aqg, Yg) by fact

from (Ap #x O FrQ <Ap #x Ag> have Ap fx ¥g
by (force dest: extractFrameFreshChain)
from (Ag tx P> FrP (Ap §x Ag> have Ag t*x ¥p
by (force dest: extractFrameFreshChain)
from «(r - zvec) $x Ap) «(p - Ap) t* (r « avec)y «(r « avec) fx Ap» Sp have
(r - avec) t* (p + Ap)
by (simp add: freshChainSimps)

from <0 @ ¥y > P —M(N|) < P’ Sr «distinctPerm 7> <xzvec % P> «(r -
avec) fx P»
have ¥ ® Vg > P +—M((r - N)) < (r - P)
by (rule inputAlpha)
then have (¢ - (¥ ® ¥g)) > P —(q - M)((r - N)) < (r - P’) using Sq
(Ag tx Py «(q - Ag) tx P>
by — (rule inputPermFrameSubject, (assumption | simp)+)
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then have PTrans: ¥ ® (¢ - Ug) > P +—(q - M)((r - N)) < (r -+ P’) using
Sq Ag #x ¥ (g - Ag) x>
by (simp add: equts)

moreover from <eztractFrame P = (Ap, Up)) Sp «(p + Ap) #x ¥p»
have FrP: extractFrame P = ((p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <distinct Ap» have distinct(p - Ap) by simp

moreover from (U ® ¥p > Q — K (v*xzvec))(N) < Q" Sr «(r - xvec) fx
Ny «(r « zvec) i+ Q"
have U @ Up > Q — K (vx(r - zvec)){(r - N)) < (r - Q)
by (simp add: boundOutputChainAlpha’ create-residual.simps)
then have (p - (¥ @ ¥p)) > Q —(p - K)(v*(r « avec))((r - N)) < (r -
Q') using Sp <Ap #x Q> «(p - Ap) #*x @ «(r « zvec) fx K> «(r - zvec) fx Ap> «(r
- avec) fx (p + Ap)
by (fastforce intro: outputPermFrameSubject)
then have QTrans: ¥ @ (p - ¥p) > Q —(p - K)(v(r - zvec)){(r - N)) <
(r - Q') using Sp <Ap #x > <(p - Ap) 4+ U»
by (simp add: equts)
moreover then have distinct(r - zvec) by(force dest: boundOutputDistinct)
moreover from <eztractFrame @ = (Ag, Yq)» Sq <«(q - Ag) tx T
have FrQ: extractFrame Q = ((¢ - Ag), (¢ - o))
by (simp add: frameChainAlpha)
moreover from «distinct Ag» have distinct(q - Ag) by simp

moreover from <V @ Up @ Vg M < K> have (p: ¢+ (¥ ®@ Up ® ¥g))
F-q-M)<(p-q-K)
by (metis chanEqClosed)
with (Ap i+ ¥ «(p + Ap) fx U» <Ag fx Uy «((q - Ag) tx ¥ <Ag i+ Up> (g
< Ag) Bx Upy
<Ap fix Wy <(p - Ap) % Uy <Ap tx My «(p - Ap) % M> «(q - Ag) tx Ap>
(p - Ap) * (g - Ag)
(Ag i+ K> «(q - Ag) tx K» <Ap % Ag» «(p - Ap) #x Ag> Sp Sq
have U ® (p - ¥p) ® (¢« ¥o) F (¢ - M) < (p - K) by(simp add: equts
freshChainSimps)
moreover note «(p - Ap) fx I»
moreover from «(p - Ap) tx Ag» «(p - Ap) t* (¢ - Ag)» «(p - Ap) t* U
Sq have (p - Ap) £+ (q - V)
by (simp add: freshChainSimps)
moreover note «(p - Ap) #x P»
moreover from «(p - Ap) tx Ag> «(p - Ap) 1+ (¢ - Ag)» «(p - Ap) tx M> Sq
have (p - Ap) §* (¢ - M)
by (simp add: freshChainSimps)
moreover note «(p - Ap) tx (r«- N «(p - Ap) tx (r - P')» «(p - Ap) t1x @
(p - Ap) g (r - Q") «(p - Ap) #x (g - Ag)
(p - Ap) t* (r - zvec)r <(q - Ag) t*x >
moreover from «(q - Ag) fx Ap> «(p - Ap) fx Ag> (¢ - Ag) t* Up» «(p -
Ap) t (q - Aq) Sp S have (q - Aq) t (p - p)
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by (simp add: freshChainSimps)
moreover note (g « Ag) fx P> «(q - Ag) tx (1« N)«(q - Ag) t (r - P'»
(q - Ag) t*x @
moreover from «(q - Ag) tx Ap> «(p - Ap) #* Ag> (g - Ag) #x K> «(p -
Ap) tx (¢ - Ag)> Sp Sq have (q - Ag) #* (p - K)
by (simp add: freshChainSimps)
moreover note <(q - Ag) fx (r- Q') <(q - Ag) #* (r « zvec)» «(r - zvec) #x*
v
moreover from «(r - zvec) §x Ap> <(p - Ap) t* (r - avec)s «(r - zvec) fx Up»
Sp have (r - zvec) g% (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) tx Ag> <(q « Ag) t* (r « zvec)r «(r « zvec) fx V>
Sq have (r - zvec) #* (¢ + ¥g)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx P»
moreover from «(r - zvec) fx Ag» <(q - Ag) tx (r - zvec)y «(r - zvec) fx M>
Sq have (r - zvec) #x (¢ - M)
by (simp add: freshChainSimps)
moreover note ¢(r - zvec) fx @
moreover from «(r - zvec) fx Ap> «(p - Ap) t* (r - avec)) «(r - zvec) §x K>
Sp have (r - zvec) i+ (p - K)
by (simp add: freshChainSimps)
ultimately have ¥ > P || Q —7 < (vx(r « avec))((r - P') || (r - Q)
by — (rule cComm1)
with «(r - zvec) §x P’ «(r - zvec) §x Q" Sr
show ?Zthesis
by (subst resChainAlpha) auto
qed
}
note Goal = this
note <U ® U > P —M(N) < P» ¥ @ ¥p > Q —K(v*zvec)(N) < Q"
<\I/®‘1/p®\1/Q|—M<—)K>
moreover from <eztractFrame P = (Ap, Up)) <Ap #x U <Ap #x Py (Ap #x @
(Ap #x My (Ap tx Ag»
obtain Ap’ where extractFrame P = (Ap’, Up) and distinct Ap’ and Ap’ fi*
U and Ap’fx P and Ap’ #x Q and Ap’ #x M and Ap’ fx Ag
by — (rule distinctFrame[where C=(V, P, Q, M, Ag)], auto)
moreover from (extractFrame Q = (Ag, Vo) Ag #x ¥ Ag fx Pr (Ag f*
Q> Ag tx K» <Ap' tx Ag»
obtain Ag’ where extractFrame QQ = (Ag’, ¥¢) and distinct Ag’ and Ag' §x
U and Ag' t+x P and Ag’ fx Q and Ag’ i+ K and Ap’ #x Ag’
by — (rule distinctFrame[where C=(¥, P, Q, K, Ap’)], auto)
ultimately show ?thesis using <zvec fx P>
by (metis Goal)

qed
lemma Comm2:
fixes & = 'b
and Ugp = 'b
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and P :: ('a, b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up = 'b

and Q@ :: (‘a, b, 'c) psi
and K :'a

and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assumes ¥ ® Vo > P — M (vxzvec)(N) < P’
and eztractFrame P = (Ap, Up)
and V@ Up > Qr—K(N) =< Q'
and extractFrame Q = (Ag, V)
and \1/®\pr®\I’QFM<—>K

and Ap fx ¥
and Ap fx P
and Ap 8+ Q
and Ap fx M
and Ap #x Ag
and Ag #x ¥
and Ag #x P
and Ag #x @
and Ag #ix K

and 2zvec fx @

shows ¥ > P || Q —7 < (vxzvec)(P' || Q')
proof —

{

fix v =

and Ug == 'b

and P :: (‘a, 'b, 'c) psi
and M :'a

and zvec :: name list
and N :'a

and P’ :: ('a, ', 'c) psi
and Ap :: name list
and Up :: b

and Q@ :: (‘a, 'b, 'c) psi
and K :'a

and Q' :: (‘a, b, 'c) psi
and Ag :: name list

assume ¥ ® Uy > P ——M(v*avec)(N) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and ¥ ® ¥p > Q —K(N) < Q’
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and ezstractFrame Q = (Ag, ¥q)
and distinct Ag

and YV @ ¥p @ Vg M < K
and Ap fx ¥

and Ap fx P

and Ap fx Q

and Ap fx M

and Ap fx Ag

and Ag fx ¥

and Ag f* P

and Ag i* Q

and Ag fix K

and zvec *x @

have ¥ > P || Q —7 < (vxavec)(P' | Q)
proof —

obtain r:name prm where (r - zvec) * ¥ and (r - zvec) f* P and (r -
avec) fx @ and (r - zvec) fx M
and (r - zvec) §x K and (r - avec) fx N and (r - zvec) §* Ap and (r -
zvec) fx Ag
and (r - avec) x P'and (r - avec) #x Q' and (r - zvec) fx ¥p and (r -
zvec) fx ¥g
and Sr: (set r) C (set zvec) x (set(r - zvec)) and distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, Q, M, K, N,
Ap, Ag, ¥p, ¥q, P’ Q"))
(auto simp add: equts fresh-star-prod)
obtain g¢::name prm where (¢ - Ag) #* ¥ and (¢ - Ag) f* P and (¢ -+ Ag)
¢+ Qand (¢ - Ag) t K
and (¢ - Ag) tx (r - N) and (¢ - Ag) = (r - zvec) and (q - Ag) #* (r - Q)
and (¢ - Ag) #* (r - P) and (¢ - Ag) #* Up and (¢ - Ag) f* Ap and (g
< AQ) tx Vg
and Sg: set ¢ C set Ag x set(q + Ag)
by (rule name-list-avoidinglwhere zvec=Ag and ¢=(¥, P, Q, K, r - N, r
- avee, ¥g, Ap, Up, r- Q', r - P')])
(auto simp add: equts fresh-star-prod)
obtain p::name prm where (p - Ap) #§* ¥ and (p - Ap) §x P and (p - 4p)
fx Q and (p - Ap) x M
and (p - Ap) #x (r - N) and (p - Ap) fx (r - zvec) and (p - Ap) #x (r - Q)
and (p - Ap) * (r - P’)and (p - Ap) % Up and (p - Ap) §* ¥ and (p
- Ap) tx Aq
and (p - Ap) #* (¢ - Ag) and Sp: (set p) C (set Ap) x (set(p + Ap))
by (rule name-list-avoidinglwhere zvec=Ap and ¢=(¥, P, Q, M, r - N, r
- zvec, Ag, ¢+ Ag, Vo, ¥p, r - Q', 7+ P)])
(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Aqg, ¥g) by fact
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from (Ap #x @ FrQ <Ap #§x Ag> have Ap fx ¥g
by (auto dest: extractFrameFreshChain)

from <A % P> FrP (Ap #x Ag> have Ag t* ¥p
by (auto dest: extractFrameFreshChain)

from «(r - zvec) fx Agy «(q - Ag) #x (r - zvec)r «(r « zvec) tx Ag> Sq have
(r -+ zvec) t* (¢ « Ag)
by (simp add: freshChainSimps)

from «<¥ ® Vg > P —— M (vszvec)(N) < P’» Sr «(r - zvec) tx N» «(r + zvec)
fx P’
have ¥ ® Vg > P —M(vx(r - zvec)){(r + N)) < (r - P’)
by (simp add: boundOutputChainAlpha’ create-residual.simps)
then have (¢ - (T ® Ug)) > P —(q - M)(vx(r - zvec)){(r - N)) < (r -
P’) using Sq <Ag fx Py <(q - Ag) fx Py «(r - avec) fx M> «(r - zvec) fx Ag> «(r
- zvec) tx (g + Ag)
by (fastforce intro: outputPermFrameSubject)
then have PTrans: U @ (¢ - Ug) > P ——(q + M)(v*(r - zvec)){(r - N)) <
(r - P) using Sq <Ag #x ¥ «(q - Ag) fx ¥
by (simp add: equts)
moreover then have distinct(r - zvec) by(force dest: boundOutputDistinct)

moreover from <extractFrame P = (Ap, Up)» Sp «(p - Ap) #x Up»
have FrP: extractFrame P = {(p -+ Ap), (p - ¥p))

by (simp add: frameChainAlpha)
moreover from «distinct Ap» have distinct(p - Ap) by simp

moreover from «<¥ ® Up > Q —K(N) < Q" Sr «distinctPerm r» <zvec
fx Q> (1 - zvec) fx @
have U @ Up > Q —K((r - N)) < (r - Q)
by (rule inputAlpha)
then have (p - (¥ @ Up)) > Q —(p - K)((r - N)) < (r - Q) using Sp
Ap fx Q> «(p - Ap) tx Q>
by — (rule inputPermFrameSubject, (assumption | simp)+)
then have QTrans: T @ (p- Up) > Q@ —(p - K)((r - N)) < (r - Q') using
Sp «Ap tx U «(p - Ap) fx U»
by (simp add: equts)

moreover from <eztractFrame @ = (Ag, Yq)» Sq <«(q - Ag) t* Vg
have FrQ: extractFrame Q = ((¢ - Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)
moreover from «distinct Ag» have distinct(q - Ag) by simp

moreover from <V @ Up @ Vo M < K> have (p: ¢ (¥ ® Up ® ¥g))
F-q-M)<(p-q- K)
by (metis chanEqClosed)
with <Ap i+ Uy <(p - Ap) x U» <Ag #x Uy (g - Ag) #x ¥ <(Ag i+ Tp> <(g
- Ag) t* Upy
<Ap i Wy <(p - Ap) tx Uy <Ap tx My «(p - Ap) % M> «(q - Ag) tx Ap>
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(p - Ap) b (g - Ag)
(Ag i+ K> «(q - Ag) #x K» <Ap f#x Ag» «(p - Ap) #x Ag> Sp Sq
have ¥V ® (p - ¥p) ® (¢ Vq) F (¢- M) < (p - K)
by (simp add: equts freshChainSimps)
moreover note «(p - Ap) fx »
moreover from «(p - Ap) i+ Ag» «(p - Ap) tx (¢ - Ag)» «(p - Ap) t* U
Sq have (p - Ap) b (¢ - Vq)
by (simp add: freshChainSimps)
moreover note «(p - Ap) fx P»
moreover from «(p - Ap) tx Ag> «(p - Ap) t* (¢ - Ag)» «(p - Ap) #x M> Sq
have (p - Ap) §* (¢ - M)
by (simp add: freshChainSimps)
moreover note «(p - Ap) tx (r+- N «(p - Ap) tx (r - P')» «(p - Ap) t1x @
((p - Ap) g (r - Q) «(p - Ap) #x (q - Ag)
(p - Ap) t* (r - zvec)r <(q - Ag) i )
moreover from <(q - Ag) fx Ap> «(p - Ap) fx Ag> (¢ + Ag) i+ Up» «(p -
Ap) t (q - Ag)r Sp Sq have (¢ - Ag) t (p - Wp)
by (simp add: freshChainSimps)
moreover note «(q - Ag) fx P> «(q - Ag) #* (r - N)»<«(q - Ag) t* (r - P')»
(q - Ag) tx @
moreover from «(q - Ag) t* Ap> «(p + Ap) t* Ag> «(¢q - Ag) #x K> «(p -
Ap) tx (¢ - Ag)> Sp Sq have (q - Ag) §* (p - K)
by (simp add: freshChainSimps)
moreover note ((q - Ag) fx (r- Q") «(q - Ag) t* (r - zvec)) «(r - zvec) §x
W)
moreover from «(r - zvec) §x Ap> <«(p - Ap) t* (r - zvec)r «(r « zvec) fx Up>
Sp have (r - zvec) g% (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) tx Agy <(q + Ag) t* (r - zvec)r «(r « zvec) fx V>
Sq have (r - zvec) t* (¢ - Ug)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx P»
moreover from «(r - zvec) fx Ag» (¢ - Ag) i (r - zvec)y «(r - zvec) fx M)>
Sq have (r - zvec) #x (q - M)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx Q>
moreover from «((r - zvec) fx Ap> «(p - Ap) t* (r - avec)y «(r - zvec) §x K>
Sp have (r - zvec) i+ (p - K)
by (simp add: freshChainSimps)
ultimately have ¥ > P | Q —7 < (vx(r - zvec))((r - P') || (r - Q7))
by — (rule cComm2)
with «(r - zvec) #x P" «(r « zvec) §x Q" Sr
show ?thesis
by (subst resChainAlpha) auto
qed
}

note Goal = this
note <U ® Ug > P —M(vxzvec)(N) < P» «¥ @ Up > Q —K(N) < Q"
<\P®\I/p®\1/QFM<—)K>
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moreover from <eztractFrame P = (Ap, Up)) <Ap #x U <Ap #x Py (Ap #x @
(Ap #x My (Ap tx Ag»
obtain Ap’ where extractFrame P = (Ap’, Up) and distinct Ap’ and Ap’ fix*
U and Ap’fx P and Ap’ #x Q and Ap’ #x M and Ap’ fx Ag
by — (rule distinctFrame[where C=(V, P, Q, M, Ag)], auto)
moreover from (extractFrame Q = (Ag, Vo) Ag #x ¥ Ag f*x Pr (Ag f*
Q> Ag tx K» <Ap' tx Ag>
obtain Ag’ where extractFrame Q = (Ag’, ¥¢) and distinct Ag’ and Ag’ §x
U and Ag’ t+x P and Ag’ fx Q and Ag’ fx K and Ap’ #x Ag’
by — (rule distinctFrame[where C=(¥, P, Q, K, Ap’)], auto)
ultimately show ¢thesis using <zvec §x Q>
by (metis Goal)

qed
lemma BrMerge:
fixes U b

and Ugp = 'b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a
and P’ :: (‘a, 'b, 'c) psi
and Ap :: name list
and Up = 'b

and Q@ :: (‘a, 'b, 'c) psi
and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assumes ¥ ® ¥g > P +—;M(N|) < P’
and extractFrame P = (Ap, Up)
and V@ Up > Qr—; M(N) < Q'
and extractFrame Q = (Ag, Vo)

and Ap #x ¥
and Ap #x P
and Ap #x @
and Ap #x M
and Ap ix Ag
and Ag #x ¥
and Ag #x P
and Ag #x @
and Ag fx M
shows ¥ > P || Q — M (N|) < (P'| Q)
proof —
{
fix¥v =
and Uy == 'b
and P :: (‘a, 'b, 'c) psi
and M :'a
and N :'a
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and P’ :: ('a, ', 'c) psi
and Ap :: name list
and Up :: b

and Q@ :: (‘a, 'b, 'c) psi
and Q' :: (‘a, b, 'c) psi
and Ag :: name list
and svec :: name list

assume ¥ ® Uy > P —; M(N|) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and V@ Up > Q+—;  M(N) < Q'
and exstractFrame @ = (Ag, ¥q)
and distinct Ag
and Ap fx ¥
and Ap fx P
and Ap fx Q
and Ap fx M
and Ap fx Ag
and Ag fx ¥
and Ag f* P
and Ag i* Q
and Ag i+ M

have U > P || Q@ —;M(N|) < (P'|| Q")
proof —
obtain ¢::name prm where (q - (Ag::name list)) ¢+ U and (¢ - Ag) i+ P
and (¢ - Ag) #* Q and (q - Ag) #x M
and (¢ - Ag) #* ¥Yp and (¢ - Ag) i+ Ap and (¢ - Ag) t* ¥q
and (¢ - Ag) #* N and (¢ - Ag) tx P’ and (¢ - Ag) f* Q'
and Sq: set g C set Ag x set(q - Ag)
and distinctPerm q
by (rule name-list-avoiding[where ¢=(¥, P, M, N, P, Q’, Q, Uq, Ap,
Up)])
(auto simp add: equts fresh-star-prod)
obtain p::name prm where (p - Ap) + U and (p - Ap) fx P
and (p - Ap) §* Q and (p - Ap) tfx M
and (p - Ap) #* Up and (p - Ap) fx Ug and (p - Ap) #*x Ag
and (p - Ap) t* N and (p - Ap) §x P and (p - Ap) #x Q'
and Sp: set p C set Ap X set(p - Ap)
and (p - Ap) #* (¢ - Ag)
by (rule name-list-avoiding[where ¢c=(¥, P, N, P', Q', Q, M, Aq, q - Ag,
Vg, ¥p)))
(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, ¥p) by fact
have FrQ: extractFrame Q = (Aqg, ¥g) by fact

from (Ap #x @ FrQ <Ap #x Ag> have Ap fx ¥g
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by (force dest: extractFrameFreshChain)
from (Ag #x Py FrP <Ap #x Ag» have Ag fix ¥p
by (force dest: extractFrameFreshChain)

from Sq <Ag #x M» «(q - Ag) tx M>
have (¢ - M) =M

by simp
from Sp <Ap tx M> «(p - Ap) #x M>»
have (p - M) =M

by simp

from <distinct Ap»> have distinct(p -+ Ap) by simp
moreover from «distinct Ag» have distinct(q - Ag) by simp
moreover from <eztractFrame P = (Ap, Up)) Sp «(p - Ap) tx Up»
have FrP: exstractFrame P = ((p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <eztractFrame @ = (Ag, Yg)» Sq «(q « Ag) f* ¥
have FrQ: extractFrame Q = ((¢ - Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)

moreover have (¢ - (¥ ® ¥qg)) > P (¢ - M)(N|) < P’ using Sq <4g
fx Py «(q - Ag) tx Py «<¥ ® ¥ > P —; M(N|) < P"
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have (¥ ® (¢ - ¥g)) > P +——((q - M)(N|) < P’ using Sq <Ag fx ¥»
(q - Ag) fx Iy
by (simp add: equts)
with «(¢ -+ M) = M> have PTrans: (¥ ® (¢ - ¥q)) > P —; M(N|) < P’
by simp

moreover have (p - (¥ ® ¥p)) > Q —i(p - M)(N) < Q' using Sp <Ap
fx Q@ «(p- Ap) tx <V @ Up > Q —  M(N|) < Q>
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have (¥ ® (p - ¥p)) > Q —i(p+- M)(N) < Q' using Sp <Ap f#x ¥»
(p - Ap) fx Uy
by (simp add: equts)
with «(p -+ M) = M) have PTrans: (¥ ® (p - Vp)) > Q — M(N) < Q'
by simp
moreover from «(p - Ap) tx Ag» «(p - Ap) t* (¢ - Ag)» «(p - Ap) t* U
Sq have (p - Ap) £ (¢ - Vq)
by (simp add: freshChainSimps)
moreover from <(q - Ag) fx Ap> «(p + Ap) fx Ag» «(q¢ - Ag) #x Up>» «(p
Ap) t+ (¢ - Ag)> Sp Sq have (q - Ag) #* (p - ¥p)
by (simp add: freshChainSimps)

moreover note
(p - Ap) #x U «(p -
«(p- Ap) tx P «(p -
«(p-Ap) #x @ «(p -
(g - Ag) tx ) «(q - Aq

Ap) $x M)

Ap) tx N» «(p - Ap) #x P

Ap) tx Q> «(p - Ap) 8+ (¢ - Ag)
)t M>
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((q - Aq) tx P» «(q - Aq) #x N> «(q - Aq) #x P
(g Aq) #+ @ «(q - Ag) #*x @"
ultimately show ?thesis
by (simp add: cBrMerge)
qed
}

note Goal = this

note <V ® WUy > P+ M(N) < PH» <0 @ ¥p > Q+— M(N) < Q"
moreover from <extractFrame P = (Ap, Up)) <Ap fx U <Ap fx P> (Ap fx O
(Ap % My (Ap tx Ag»
obtain Ap’ where extractFrame P = (Ap’, Up) and distinct Ap’ and Ap’ #x
U and Ap’fx P and Ap’ §x Q and Ap' fx M and Ap’fx Ag
by — (rule distinctFramelwhere C=(U, P, Q, M, Ag)], auto)
moreover from <extractFrame Q = (Ag, Ug)» <Ag fx Uy <Ag fx Py (Ag tx*
Q> Ag tx My <Ap’ x Ag>
obtain Ag’ where extractFrame QQ = (Ag’, ¥¢o) and distinct Ag’ and Ag’ #*
U and Ag’ #+ P and A’ #x Q and A’ #x M and Ap’ #x Ag’
by — (rule distinctFrame[where C=(U, P, Q, M, Ap’)], auto)
ultimately show ?thesis
by (metis Goal)

qged
lemma BrComm!1:
fixesV b

and ¥ =D
and P :: ('a, b, 'c) psi
and M :'a
and N :=:'a
and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up = 'b

and @ :: ('a, ', 'c) psi
and zvec :: name list
and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assumes ¥ ® ¥g > P +— M(N|) < P’
and extractFrame P = (Ap, Up)
and U @ Up > Q —jM(v*avec)(N) < Q'
and extractFrame Q = (Ag, Vo)
and Ap #x ¥
and Ap #x P
and Ap #x Q
and Ap #x M
and Ap ix Ag
and Ag #§x U
and Ag #x P
and Ag #x @
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and Ag fx M
and avec fix P

shows ¥ > P || Q — M (v*avec)(N) < (P'| Q)

proof —
{
fix¥v =

and ¥ = 'b

and P :: (‘a, 'b, 'c) psi
and M :'a

and N :'a

and P’ :: ('a, ', 'c) psi
and Ap :: name list
and Up :: b

and Q@ :: (‘a, 'd, 'c) psi
and zvec :: name list
and Q' :: (‘a, b, 'c) psi
and Ag :: name list

assume ¥ ® Uy > P —; M(N|) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and U ® Up > Q —>M(vxzvec)(N) < Q'
and extractFrame Q = (Ag, ¥q)
and distinct Ag
and Ap fx U
and Ap fx P
and Ap fx Q
and Ap fx M
and Ap fx Ag
and Ag fx ¥
and Ag f* P
and Ag i* Q
and Ag i+ M
and zvec fix P

have U > P || Q — M (vxzvec)(N) < (P'] Q")
proof —
obtain r::name prm where (r - zvec) * ¥ and (r - zvec) f* P and (r -
avec) fx @ and (r - zvec) fx M
and (7 - zvec) fx N and (r - zvec) §* Ap and (r - zvec) f* Ag
and (r - zvec) fx P’ and (r - zvec) fx Q' and (r - zvec) §x Up and (r -
zvec) fx Yg
and Sr: (set r) C (set zvec) x (set(r « zvec)) and distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and ¢c=(¥, P, @, M, N, Ap,
Ag, Vp, ¥q, P, Q/)D
(auto simp add: equts fresh-star-prod)
obtain g¢::name prm where (¢ - Ag) t* ¥ and (¢ - Ag) f* P and (¢ -+ Ag)
¢ Qand (g - Ag) £+ M
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and (¢« Ag) tx (r+ N) and (¢ + Ag) tx (r « zvec) and (g - Ag) #* (r - Q')
and (¢ - Ag) t* (r - P’) and (¢ - Ag) f*x ¥p and (¢ - Ag) #* Ap and (¢
< Ag) tx ¥
and Sq: set g C set Ag x set(q - Ag)
by (rule name-list-avoiding[where zvec=Ag and ¢=(¥, P, Q, M, r - N, r
- avec, Ug, Ap, Up, r- Q', r+ P')])
(auto simp add: equts fresh-star-prod)
obtain p::name prm where (p - Ap) §x ¥ and (p - Ap) #x P and (p - Ap)
fx Q and (p - Ap) fx M
and (p - Ap) i (r - N)and (p - Ap) #* (r - zvec) and (p - Ap) i* (r - Q)
and (p+ Ap) #x (r - P’) and (p - Ap) ffx Up and (p - Ap) #* ¥ and (p
- Ap) #x Ag
and (p - Ap) #* (¢ - Ag) and Sp: (set p) C (set Ap) x (set(p - Ap))
by (rule name-list-avoidinglwhere zvec=Ap and c=(¥, P, Q, M, r - N, r
- qvee, Ag, q¢ - Ag, Yo, ¥p, T+ Q' - P
(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Aqg, Yg) by fact

from Sp <Ap #x M> «(p - Ap) fx M)
have (p - M) =M

by simp
from Sq <Ag #x M> «(q - Ag) tx M
have (¢ - M) =M

by simp

from (Ap #x @ FrQ <Ap #x Ag> have Ap fx ¥g
by (auto dest: extractFrameFreshChain)
from <A tx P> FrP (Ap #x Ag> have Ag t* ¥p
by (auto dest: extractFrameFreshChain)
from «(r - zvec) fx Ap> «(p - Ap) fx (r - avec)s «(r - avec) §x Ap> Sp have
(r - avec) t* (p + Ap)
by (simp add: freshChainSimps)

from «<¥ ® ¥g > P +——;M(N) < P’ Sr «distinctPerm r> <xvec fx Py «(r -
avec) fx Py
have U @ Uy > P +—;M((r - N)) < (r - P/
by (rule brinputAlpha)
then have (¢ - (¥ ® ¥g)) > P (¢ M)((r - N)) < (r - P’) using Sq
(Ag tx Py «(q - Ag) tx P>
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have ¥ ® (¢ - ¥go) > P ——i(q - M)((r - N)) < (r - P’) using Sq
Ag t+ Uy «(q - Ag) tx T»
by (simp add: equts)
with «(¢ - M) = M> have PTrans: ¥ @ (q - ¥g) > P +—;M((r - N)) < (r
- P’) by simp

moreover from <eztractFrame P = (Ap, Up)>» Sp <«(p + Ap) t*x Up»
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have FrP: extractFrame P = {(p - Ap), (p - Up))
by (simp add: frameChainAlpha)
moreover from <distinct Ap» have distinct(p - Ap) by simp

moreover from ¥ ® Up > Q —M(vxavec)(N) < Q" Sr «(r - zvec) fx*
Ny «(r - avec) x Q"
have U @ Up > Q —iM(vx(r - zvec)){(r - N)) < (r - Q")
by (simp add: boundOutputChainAlpha’ create-residual.simps)
then have (p - (¥ @ Up)) > Q —i(p - M)(v*(r - zvec)){(r - N)) < (r -
Q') using Sp «Ap tx @ «(p + Ap) #x @ «(r - mvec) fx M «(r - zvec) #x Ap» «(r
- zvec) $x (p - Ap)
by (fastforce intro: broutputPermFrameSubject)
then have ¥ ® (p - Up) > Q —i(p - M)(v(r - zvec)){(r - N)) < (r - Q)
using Sp (Ap §x Uy «(p + Ap) fx U»
by (simp add: equts)
with «(p - M) = M> have QTrans: ¥ ® (p - Up) > Q —iM(vx(r - zvec)){(r
«N)) < (r - Q') by simp
moreover then have distinct(r « zvec) by(force dest: boundOutputDistinct)
moreover from <extractFrame @ = (Ag, Yq)» S¢ <(q - Ag) t* V¢
have FrQ: extractFrame Q = ((q¢ - Ag), (¢ - ¥g))
by (simp add: frameChainAlpha)
moreover from «distinct Ag» have distinct(q - Ag) by simp

moreover note ¢(p - Ap) tx U»
moreover from «(p - Ap) fx Ag» «(p - Ap) t* (¢ - Ag)» «(p - Ap) t* U
Sq have (p - Ap) #* (¢ - ¥q)
by (simp add: freshChainSimps)
moreover note «((p - Ap) #x P> «(p - Ap) tx M>
moreover note <«(p - Ap) tx (r«- N «(p - Ap) tx (r - P')» «(p - Ap) tx @
((p - Ap) g (r - Q) «(p - Ap) #x (q - Ag)
(p - Ap) t* (r - zvec)r <(q - Ag) t*x U»
moreover from «(q - Ag) fx Ap> «(p + Ap) fx Ag> (¢ + Ag) t* Up» «(p -
Ap) t (g - Ag)r Sp Sq have (¢ - Ag) t (p - Wp)
by (simp add: freshChainSimps)
moreover note «(q - Ag) fx P> «(q - Ag) #* (r - N)<«(q - Ag) t* (r - P')»
(g - Ag) tx @ «(q - Ag) #x M>
moreover note <(q - Ag) fx (r - Q') <(q - Ag) #* (r « zvec)r «(r - zvec) #*
W)
moreover from «(r - zvec) tx Ap> «(p + Ap) % (r « avec)s «(r - zvec) fx Vp>
Sp have (r - avec) fx (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Agy <«(q + Ag) t* (r « zvec)r «(r « zvec) fx Uy»
Sq have (r - zvec) t* (¢ + Ug)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx Py (r - zvec) fx M)
moreover note «(r - zvec) fx Q) «(r - avec) fx M»
ultimately have ¥ > P || Q — M (v(r - zvec)){(r - N)) < ((r - P’) || (r
)
by — (rule ¢cBrComm1)
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then have permuted: ¥ > P || Q —iM(v*(r - zvec)){(r - N)) < (r - (P'||
Q") by simp
note «(r - zvec) fx N>
moreover from «(r - zvec) §x P’ «(r - zvec) fx Q"
have (r - zvec) §x (P’ | Q") by simp
moreover note Sr
moreover have set zvec C set zvec by simp
ultimately have (vxzvec)N <’ (P’ | Q') = (v*(r - zvec))(r - N) <’ (r -
(P Q)
by (rule boundOutputChainAlpha'’)
then have M (vxzvec)(N) < (P’ | Q") = M (vx(r - zvec)){(r + N)) < (r -
(P Q)
by (simp only: create-residual.simps)
with permuted show #thesis
by simp
qed
}

note Goal = this

note «<¥ @ Vo > P+— M(N|) < P» U Q Up > Q —iM(v*zvec)(N) < Q"
moreover from <extractFrame P = (Ap, Up)) <Ap fx U» (Ap fx P> <Ap fx O
(Ap % My (Ap tx Ag»
obtain Ap’ where extractFrame P = (Ap’, Up) and distinct Ap’ and Ap’ #x
U and Ap’fx P and Ap’§x Q and Ap'fx M and Ap’fx Ag
by — (rule distinctFrame[where C=(U, P, Q, M, Ag)], auto)
moreover from <extractFrame Q = (Ag, Ug)» <Ag fx U <Ag fx Py (Ag tx*
Q> Ag tx My <Ap’ x Ag>
obtain Ag’ where extractFrame Q = (Ag’, ¥¢o) and distinct Ag’ and Ag’ #*
U and Ag' g+ P and Ag’ t* Q and Ag’ i+ M and Ap’ fx Ag’
by — (rule distinctFrame[where C=(¥, P, Q, M, Ap")], auto)
ultimately show ?thesis using <zvec §x P»
by(metis Goal)

qed
lemma BrComm?2:
fixes U ')

and ¥ =D
and P :: ('a, b, 'c) psi
and M :'a
and zvec :: name list
and N :=:'a
and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up = 'b

and Q@ :: (‘a, 'd, 'c) psi
and Q' :: (Ya, b, 'c) psi
and Ag :: name list

assumes ¥ ® ¥g > P — M (vazvec)(N) < P’
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and extractFrame P = (Ap, Up)
and ¥ ® Up > Q+— M(N) < Q'
and extractFrame Q = (Ag, Vo)
and Ap #x ¥

and Ap #x P

and Ap #x Q

and Ap #x M

and Ap #x Ag

and Ag #x U

and Ag #x P

and Ag #x @

and Ag fx M

and zvec fx @Q

shows ¥ > P || Q —iM(vxzvec)(N) < (P'|| Q)
proof —

{
fix¥ =’

and ¥ = b

and P :: (‘a, 'b, 'c) psi
and M :'a

and zvec :: name list
and N :'a

and P’ :: (‘a, 'd, 'c) psi
and Ap :: name list
and Vp ::'b

and @ = (‘a, b, 'c) psi
and Q' :: (‘a, b, 'c) psi
and Ag :: name list

assume ¥ ® Uy > P M (v*zvec)(N) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and V@ Up > Q —;M(N|) < Q'
and extractFrame Q = (Aqg, Yq)
and distinct Ag
and Ap fx U
and Ap fx P
and Ap fx Q
and Ap fx M
and Ap fx Ag
and Ag fx ¥
and Ag f* P
and Ag fi* Q
and Ag i+ M
and zvec #x Q

have U > P || Q —M (vxzvec)(N) < (P'] Q"
proof —
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obtain r::name prm where (r - zvec) * ¥ and (r - zvec) f+ P and (r -
avec) fx @ and (r - zvec) fx M
and (r - zvec) §x M and (r - zvec) t* N and (r - zvec) g%+ Ap and (r -
zvec) i Ag
and (r - zvec) fx P’ and (r - zvec) fx Q' and (r - zvec) §x Up and (r -
zvec) fx Ug
and Sr: (set r) C (set zvec) x (set(r - zvec)) and distinctPerm r
by (rule name-list-avoidinglwhere zvec=zvec and ¢=(¥, P, Q, M, N, Ap,
Ag, Vp, ¥q, P, Q/)D
(auto simp add: equts fresh-star-prod)
obtain ¢::name prm where (¢ - Ag) t+* ¥ and (¢ - Ag) f* P and (¢ -+ Ag)
¢ Qand (g - Ag) £+ M
and (¢ - Ag) tx (r - N) and (¢ - Ag) #* (r - zvec) and (q - Ag) 8 (r - Q')
and (¢ - Ag) #x (r - P)) and (¢ - Ag) #* Up and (¢ - Ag) f* Ap and (g
- Aq) tx Vg
and Sgq: set ¢ C set Ag x set(q -+ Ag)
by (rule name-list-avoiding[where zvec=Ag and ¢=(¥, P, Q, M, r - N, r
+ TVec, \I/Qa APa \IJP, - le [ Pl)])
(auto simp add: equts fresh-star-prod)
obtain p::name prm where (p - Ap) #§x ¥ and (p - Ap) §x P and (p - Ap)
fx Q and (p - Ap) fx M
and (p- Ap) tx (r - N)and (p - Ap) #x (r - zvec) and (p - Ap) 1+ (7 - Q)
and (p - Ap) #x (r- P’) and (p - Ap) fix Up and (p - Ap) #* Yo and (p
. Ap) ﬁ* AQ
and (p - Ap) #*x (¢ - Ag) and Sp: (set p) C (set Ap) x (set(p - Ap))
by (rule name-list-avoidinglwhere zvec=Ap and ¢=(¥, P, Q, M, r - N, r
- avec, Ag, ¢ + Ag, Vg, ¥p, 7+ Q'+ P
(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, ¥p) by fact
have FrQ: extractFrame Q = (Aqg, ¥g) by fact

from Sp <Ap #x M» «(p - Ap) tx M
have (p - M) =M

by simp
from Sq <Ag #x M» «(q - Ag) tx M>
have (¢ - M) =M

by simp

from (Ap #x O FrQ <Ap #x Ag> have Ap fx ¥g
by (auto dest: extractFrameFreshChain)
from (Ag tx P> FrP (Ap #x Ag> have Ag t* ¥p
by (auto dest: extractFrameFreshChain)
from «(r - zvec) tx Ag> «(q - Ag) tx (r + zvec)s «(r - zvec) fx Ag> Sq have
(r - zvec) b (g - Ag)
by (simp add: freshChainSimps)

from (¥ @ ¥g > P +——jM(vszvec)(N) < P’ Sr «(r - zvec) §* N> «(r - zvec)
fx P’
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have ¥ ® Vg > P ——M(vx(r - zvec)){(r - N)) < (r - P’
by (simp add: boundOutputChainAlpha’ create-residual.simps)
then have (¢ - (¥ ® Ug)) > P —i(q - M)(v(r - zvec)){(r - N)) < (r -
P’) using Sq «Ag fx Py <(q - Ag) fx Py «(r - avec) fx M> «(r - zvec) fx Ag> «(r
- zvec) tx (g + Ag)
by (fastforce intro: broutputPermFrameSubject)
then have ¥ ® (¢ - ¥g) > P (g - M)(v(r - zvec)){(r - N)) < (r - P’
using Sq Ag tx Uy <(¢ - Ag) i+ U»
by (simp add: equts)
with (¢ - M) = M» have PTrans: ¥ @ (q - ¥g) > P —M(vx(r - zvec)){(r
- N)) < (r - P’) by simp
moreover then have distinct(r « zvec) by(force dest: boundOutputDistinct)

moreover from <eztractFrame P = (Ap, Up)» Sp «(p - Ap) t*x Up»
have FrP: exstractFrame P = ((p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <distinct Ap> have distinct(p - Ap) by simp

moreover from ¥V ®@ Up > Q —; M(N|) < Q" Sr «distinctPerm 1 (zvec
fx Q@ «(r - zvec) fx @
have ¥V @ Up > Q —; M ((r - N)) < (r - Q')
by (rule brinputAlpha)
then have (p - (¥ @ Up)) > Q +—i(p - M)((r - N)) < (r - Q') using Sp
Ap % @ <«(p - Ap) tx @
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have QTrans: ¥ ® (p - ¥p) > Q —i(p - M)((r - N)) < (r - Q)
using Sp (Ap #x Uy «(p « Ap) #x U»
by (simp add: equts)
with «(p - M) = M» have U ® (p - ¥p) > Q —;M((r - N)) < (r - Q)
by simp

moreover from <eztractFrame @ = (Ag, Yq)» Sq «(q - Ag) t* VU
have FrQ: extractFrame Q = ((¢ - Ag), (¢ - o))

by(simp add: frameChainAlpha)
moreover from «distinct Ag» have distinct(q - Ag) by simp

moreover note «(p - Ap) fx I»
moreover from «(p - Ap) tx Ag» «(p - Ap) t* (¢ - Ag)» «(p - Ap) t* U
Sq have (p - Ap) tx (g - ¥q)
by (simp add: freshChainSimps)
moreover note ((p - Ap) #x Py «(p - Ap) * M>
moreover note <«(p - Ap) fx (r«- N «(p - Ap) #x (r - P «(p - Ap) tx @
(p-Ap) x (r- Q) <«(p - Ap) #x (¢ - Ag)
(p - Ap) i (r - zvec) <«(q - Ag) tx T»
moreover from «(q + Ag) tx Ap» «(p + Ap) Bx Ag> (¢ + Ag) 1+ Up» «(p -
Ap) § (¢ - Ag)> Sp Sq have (¢ - Ag) #* (p - ¥p)
by (simp add: freshChainSimps)
moreover note «(q + Ag) fx P> «(q - Ag) tx (r + N)«(q + Ag) i (r - P')»
(g Ag) tx @ <(q - Aq) #x M)
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moreover note <(q - Ag) fx (r - Q') <(q - Ag) #* (r « zvec)» «(r - zvec) #x*
v
moreover from «(r - zvec) §x Ap> «(p - Ap) % (r + zvec)s «(r - zvec) fx VUp»
Sp have (r - zvec) g% (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Agr «(q - Ag) i (r - zvec)s «(r - zvec) fx Vg
Sq have (r - zvec) #* (¢ + ¥g)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx P> «(r - zvec) fx M)>
moreover note «(r - zvec) fx Q> «(r - zvec) fx M>
ultimately have ¥ > P || Q — M (v*(r + zvec)){(r - N)) < ((r - P') || (r

- Q)
by — (rule ¢cBrComm2)
then have permuted: ¥ > P || Q — M (v+(r - zvec)){(r - N)) < (r - (P'||
Q") by simp
note «(r - zvec) fx N»
moreover from «(r - zvec) x P’ «(r « avec) fx Q"
have (r - zvec) #x (P’ || Q') by simp
moreover note Sr
moreover have set xvec C set xvec by simp
ultimately have (vxavec)N <’ (P’ | Q') = (v*(r - zvec))(r - N) <’ (r -
1 @)
by (rule boundOutputChainAlpha'’)
then have jM (vxzvec)(N) < (P' || Q') = iM(vx(r - zvec)){(r - N)) < (r -
1 @)
by (simp only: create-residual.simps)
with permuted show ?Zthesis
by simp
qed

}

note Goal = this

note «<¥ ® Yo > P —M(vzvec)(N) < PH» <0 @ ¥p > Q — M(N) < Q"
moreover from <eztractFrame P = (Ap, Up)) <Ap #x U <Ap #x Py (Ap #x @
(Ap #x M> (Ap tx Ag»
obtain Ap’ where extractFrame P = (Ap’, Up) and distinct Ap’ and Ap’ fx*
U and Ap't+* P and Ap’ #x Q and Ap’ #x M and Ap’ fx Ag
by — (rule distinctFrame[where C=(V, P, Q, M, Ag)], auto)
moreover from <eztractFrame @ = (Ag, Vg)» <Ag fx ¥ <Ag fx Py (Ag fx*
Q> Ag tx My <Ap’ #x Ag»
obtain Ag’ where extractFrame Q = (Ag’, ¥o) and distinct Ag’ and Ag’ #*
U and Ag' tx P and Ag’ #fx Q and Ag’ i« M and Ap' tx Ag’
by — (rule distinctFrame[where C=(¥, P, Q, M, Ap")], auto)
ultimately show ?thesis using <zvec §x @
by (metis Goal)
qed

lemma BrClose:
fixes U = 'b
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and P :: ('a, b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and z :: name

assumes ¥ > P — (M (v*zvec)(N) < P’

and =z € supp M
and 2z VU

shows U > (vz)P — 7 < (vz|) ((vxavec) P’)
proof —
obtain p where zvecFreshPsi: ((p::name prm) - (zvec::name list)) fx U
and avecFreshM: (p - xzvec) $x M
and zvecFreshN: (p « avec) fx N
and zvecFreshP: (p - zvec) #x P
and zvecFreshP: (p - zvec) i P’
and zvecFrechz: (p - zvec) fx x
and S: (set p) C (set avec) x (set(p - zvec))
and dp: distinctPerm p
by (rule name-list-avoiding[where zvec=zvec and ¢=(V, M, N, P, P’, z)])
(auto simp add: equts fresh-star-prod)

obtain y::name where y § P and y § zvec and y # z and y § N
and y # (p - zvec) and y £ (p - P')
and yt M and y f ¥ and y { P’
by (generate-fresh name) (auto simp add: freshChainSimps)

from <y £ (p - avec) <y & (p - P’
have yFreshRes: y & ((vx(p + zvec))(p - P'))
by (simp add: resChainFresh)

from U > P — M (vxzvec)(N) < P» S
«(p - zvec) tx N» «(p - zvec) fx P"

have ¥ > P — (M(vx(p - zvec)){(p - N)) < (p - P)
by (simp add: alphaOutputResidual)

then have [(r, ) - (¥ &= P — iMlvs(p -zl (- ) < (0 )
y simp
with «(p - zvec) #x x> <y § (p - zvec)
<z Uy § U
have pretrans: ¥ > ([(z, y)] - P) — i([(z, y)] - M)(v*(p - zvec))(([(z, y)] - (p
- N)) < ([(z, )] - (p- P)

by (simp add: equts)
moreover from <«x € supp M»> «y § M»

have y € supp ([(z, y)] - M)
by (metis fresh-bij fresh-def swap-simps)
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moreover from pretrans
have distinct (p + zvec)
by (force dest: boundOQutputDistinct)

moreover note «(p - zvec) x U»

moreover from «¢(p - zvec) §x Py «(p » zvec) fx x> <y § (p - zvec)
have (p - zvec) #* ([(z, y)] - P) by simp

moreover from «(p - zvec) fx M> «(p - zvec) #* 2 <y £ (p - zvec)
have (p - zvec) t* ([(z, y)] - M) by simp

moreover note <y f§ Uy <y § (p - zvec)

ultimately have U > (vy)([(z, v)] - P) — 7 < (vy)((v*(p - zvec))([(z, v)] -
(p-P"))

by (rule ¢BrClose)

with «(p - zvec) tx > <yt (p - 2vec)

have U > (vy)([(z, 1)) - P) —> 7 < (wyD([(@ 9)] - ((wx(p - zec))(p - P)
by (simp add: equts)

with yFreshRes <y § P>

have U > (vz)P — 7 < (vz)((v*(p - zvec))(p - P'))
by(simp add: alphaRes)

with «(p - zvec) tx P S
show ?thesis
by (simp add: resChainAlpha)
qged

lemma semanticsCasesAuz[consumes 1, case-names cInput cBrinput cOutput cBrOut-
put cCase cParl cPar2 cComml1 cComm2 cBrMerge cBrComm1 c¢cBrComm2 cBr-
Close cOpen cBrOpen cScope cBang|:
fixes ¢cP :: (‘a, b, c) psi
and cRs :: (‘a, 'b, 'c) residual
and C :: 'f:fs-name
and = :: name

assumes ¥ > cP —— cRs
and rlnput: AM K zvec N Tvec P. [c¢P = M(Axzvec N|).P; cRs = K((N[zvec::=Tvec]))
=< Plavec::=Tvec];
U - M < K; distinct xvec; set xvec C supp N,
length xvec=length Tvec;
zvec §x Tvec; zvec fx W; zvec #§x M; zvec #x K;
avec §x C] = Prop
and rBrinput: AM K zvec N Tvec P. [cP = M(Axzvec N|).P; cRs = {K((N[zvec::=Tvec])|
=< Plavec::=Tvec];
U - K > M; distinct zvec; set xzvec C supp N;
length xvec=length Tvec;
zvec §x Tvec; zvec fx WU; zvec §x M; zvec #x K,
zvec §x C] = Prop
and rOutput: AM K N P. [¢P = M(N).P; cRs = K(N) < P; U - M < K]

211



= Prop

and rBrOutput: AM K N P. [¢cP = M(N).P; ¢cRs = {K(N) < P; ¥ + M <
K] = Prop

and rCase: NCs P . [cP = Cases Cs; ¥ 1> P — cRs; (¢, P) € set Cs; ¥ |
¢; guarded P] = Prop

and rParl: N\Wg P a P' Q Ag. [cP =P | Q; cRs =a < (P Q);
(¥ ® ¥g) > P+— (a < P'); extractFrame Q = (Ag, Vq); distinct
Ag;
Ag tx P; Ag % Q; Ag % U; Ag #x a5 Ag tx C; Ag % P'; bn o tx
W; bn a fx We;
bn a #*x @; bn o #x P; bn a #x subject «; bn « §x C; distinct(bn )]
_—
Prop
and rPar2: A¥p Qa Q'PAp.[cP=P | Q; cRs=a < (P | Q;
(T ® Up) > Q —ra < Q; extractFrame P = (Ap, Up); distinct
Ap;
Ap ftx Py Ap §x Q5 Ap §x U5 Ap x o; Ap fx O
Ap % Q'; bn o fix U; bn o #x Up; bn « fx P; bn « fx Q; bn « fix subject
a; bn o fx C; distinct(bn )] = Prop
and rComml1: N\Ug PM N P’ Ap Up Q K zvec Q' Ag.
[ecP =P | Q; cRs =7 < (vxavec)P' || Q%
U @ ¥g > Pr—M(N|) < P’ extractFrame P = (Ap, Up);
distinct Ap;
U ®¥Up > Qr— K(vsavec)(N) < Qs extractFrame Q = (Ag,
Ug); distinct Ag;
\I’®\pr®\IJQ|—M(—>K;Apﬁ*\l’;Apﬂ*\l/Q;Apﬂ*P;Apﬂ*

M; Ap #x N;

Ap #x P’y Ap 8% Q; Ap #x Q' Ap fx Ag; Ap % zvec; Ag i+ ¥,
AQ ﬁ* \I’p;

AQ ﬁ* P; AQ ﬂ* K; AQ ﬁ* N; AQ ﬁ* PI; AQ ﬁ* Q; AQ ﬁ* Q/; AQ
f* zvec;

zvec fx W; gvec §x Wp; avec §x Wo; avec §x P; avec §x M; zvec f*
@

zvec fx K; Ap #x C; Ag #x C; zvec fx C; distinct zvec] = Prop
and rComm2: N\¥qg P M zvec N P' Ap Up Q K Q' Ag.
[cP=P| Q; cRs =7 < (vxzvec) P’ || Q
U ® Vg > P r—M(vxzvec))(N) < P’; extractFrame P = (Ap,
Up); distinct Ap;
U ®Up>Q— K(N) < Q% extractFrame Q = (Aqg, ¥o);
distinct Ag;

M; Ap #x N;

Ap i+ P’y Ap fix Q; Ap i+ Q; Ap i Ag; Ap t* zvec; Ag tx U;
AQ ﬁ* \I/P;

AQ ﬁ* P; AQ ﬂ* K; AQ ﬁ* N; AQ ﬁ* P/; AQ ﬁ* Q; AQ ﬁ* QI; AQ
f* zvec;

zvec fx V5 zvec i+ Wp; zvec i Wq; zvec i P; zvec tx M; zvec fx*
@
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zvec fx K; Ap tx C; Ag tx C; zvec #x C; distinct zvec] = Prop
and rBrMerge: N\Wg P M N P’ Ap Up Q Q' Ag.
[cP = (P || Q); cRs = (M(N) < (P"| Q;
U ® Ugyr> P+ (M(N) < P’; extractFrame P = (Ap, Up);
distinct Ap;
U®Upp> Qv+ (M(N) < Q; extractFrame Q = (Ag, Vo);
distinct Ag;
AP Ii* \I/; Ap ﬁ* \IJQ, Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap §x @Q; Ap fix Q' Ap fix M; Ap §x Ag;
AQ ﬂ* \I/; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ lj* P/;
Ag #x Q; Ag #x Qs Ag tx M; Ap tx C; Ag tx C] = Prop
and rBrCommi: N\¥g P M N P’ Ap ¥p Q zvec Q' Aq.
[eP = P || Q; cRs = (M (vxzvec)(N) < (P’ || Q);
U ® Wy > Pr— M(N|) < P’; extractFrame P = (Ap, ¥p);
distinct Ap;
U ®Upb> Q— M(vszvec)(N) < Q'; extractFrame Q = (Ag,
Uo); distinct Ag;
Ap tx U5 Ap % Wo; Ap tix P; Ap fx N;
Ap fx P Ap #x Q; Ap x Q' Ap i« M; Ap #x Ag; Ap ti* zvec;
AQ ﬁ* \I’; AQ ﬁ* \I/p;
AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* Pl; AQ ﬂ* M; AQ ﬁ* Q; AQ ﬂ* Q/; AQ
fx zvec;
zvec #x W; zvec fx Vp; zvec fx Vo; zvec §* P; zvec #x Q; zvec f*
M;
Ap #x C; Ag #x C; zvec #x C; distinct zvec] = Prop
and rBrComm2: N\¥g P M zvec N P' Ap Up Q Q' Ag.
[cP = P || Q; cRs = {M(vxzvec)(N) < (P’ || Q);
U ® Ug > P v+—M(vsavec)(N) < P'; extractFrame P = (Ap,
Up); distinct Ap;
U Upp> Qv+ (M(N) < Q' extractFrame Q = (Ag, Yo);
distinct Ag;
Ap fx W5 Ap #x Wq; Ap f*x P; Ap §x N;
Ap tx P Ap fx Q; Ap % Q'; Ap ix M; Ap fx Ag; Ap f* zvec;
Ag tx W5 Ag i ¥p;
AQ ﬁ* P; AQ ﬁ* N; AQ ﬁ* P/; AQ ﬂ* M; AQ ﬁ* Q; AQ ﬁ* QI; AQ
f* zvec;
zvec fx W; zvec §x Wp; zvec §x W, zvec fx P; xvec fx @Q; zvec fx
M;
Ap tx C; Ag tx C; zvec tx C; distinct zvec] = Prop
and rBrClose: NP M zvec N P’ z.
[eP = ((vz)P); cRs = 7 < (vz|)((v*zvec) P');
T € supp M;
U > P+ [M(vkxzvec)(N) < P’
distinct zvec; xvec §x U; xvec fx P;
xvec fx M;
z Uz f zvec
avec §x C; z § C] = Prop
and rOpen: AP M zvec yvec N P’ x.
[eP = (vz)P; cRs = M(vx(zvecQu#yvec))(N) < P’
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U > P +— M(v+(avecQyuec))(N) < P'; x € supp N; z § zvec; z §
yvec; x § M; x § U; distinct xvec; distinct yvec;
avec §x U zvec §x P; zvec §x M; xvec fx yvec; yvec fx W; yvec fx P;
yvec #x M; zvec §x C; z § C; yvec §x O] =
Prop
and rBrOpen: AP M zvec yvec N P’ .
[e¢P = (vz| P; cRs = M (vx(zvecQz#yvec))(N) < P’
U > P +— iM(vx(zvecQyuec))(N) < P’ z € supp N; z § zvec; z
yvec; x §# M; x # V; distinct zvec; distinct yvec;
zvec #x W zvec §x P; zvec fx M; zvec f§* yvec; yvec x W; yvec fx P;
yvec #x M; zvec i C; z & C; yvec §x C] =
Prop
and rScope: AP o P’ z. [¢P = (vz)P; cRs = o < (vz| P’
UVp>Pr—a<PizdU,ztazt C;bnalx¥; bn a
fx P; bn « tx subject a; bn a fx C; distinct(bn )] = Prop
and rBang: AP.[cP =!P; ¥ > P | !P +— cRs; guarded P] = Prop
shows Prop
using ¥ > ¢P —— cRs»
proof(cases rule: semantics.cases)
case(cInput M K zvec N Tvec P)
obtain p::name prm where (p - avec) fx ¥ and (p - 2vec) $x M and (p - zvec)
fx N and (p - zvec) #x K
and (p - zvec) % Tvec and (p - zvec) t* P and (p - zvec) fx C
and S: (set p) C (set avec) x (set(p - zvec)) and distinctPerm p
by (rule name-list-avoiding|where zvec=zvec and c¢=(¥, M, K, N, P, C,
Tvec)))
(auto simp add: equts fresh-star-prod)
from «¢cP = M (X xzvec N|).P> «(p - zvec) tx Ny «(p - zvec) §x Py S
have ¢cP = M (A x(p - zvec) (p - N)|).(p - P)
by (simp add: inputChainAlpha’)
moreover from <cRs = K((N[zvec::=Tvec])|) < Plzvec::=Tvec]> «(p - zvec) fx
Ny «(p « zvec) 4 P> S <ength zvec = length Tvecy «distinctPerm p»
have cRs = K(((p - N)[(p - zvec)::=Tvec])) < (p + P)[(p - zvec)::=Tvec]
by(auto simp add: substTerm.renaming renaming residuallnject)

moreover note <V - M < K»
moreover from <distinct xvecy have distinct(p - zvec)
by simp
moreover from «(set zvec) C (supp N)» have (p - (set zvec)) C (p - (supp N))
by simp
then have set(p - zvec) C supp(p - N)
by (simp add: equts)
moreover from <length zvec = length Tvec) have length(p - zvec) = length Tvec
by simp
ultimately show ?thesis using ¢(p - avec) $x Tvecy «(p - avec) §x U» «(p + zvec)
gx M> «(p - zvec) #x K>
(p - zvec) tx O
by (rule rinput)
next
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case(cBrinput K M zvec N Tvec P)
obtain p::name prm where (p - zvec) fx ¥ and (p - zvec) fx M and (p + zvec)
g« N and (p - zvec) #x K
and (p - zvec) i+ Tvec and (p - zvec) tx P and (p - zvec) fx C
and S: (set p) C (set avec) x (set(p - axvec)) and distinctPerm p
by (rule name-list-avoidinglwhere zvec=zvec and ¢=(¥, M, K, N, P, C,
Twec)])
(auto simp add: equts fresh-star-prod)
from «cP = M(Axavec N|).Ps <(p - avec) §x N> <«(p - avec) §x P> S
have cP = M( (p - zvec) (p - N)).(p - P)
by (simp add: inputChainAlpha’)
moreover from <cRs = ;K ((N|[zvec::=Tvec])|) < Plzvec::=Tvec]s «(p + zvec) #x
Ny «(p - avec) g P> S <length zvec = length Tvecy «distinctPerm p»
have cRs = (K (((p - N)[(p - zvec)::=Tvec])) < (p - P)[(p - xvec)::=Tvec]
by (auto simp add: substTerm.renaming renaming residuallnject)

moreover note <V - K = M»
moreover from <distinct zvecy have distinct(p - zvec)
by simp
moreover from <(set zvec) C (supp N)» have (p - (set zvec)) C (p - (supp N))
by simp
then have set(p - zvec) C supp(p - N)
by (simp add: equts)
moreover from <length zvec = length Tvec) have length(p - zvec) = length Tvec
by simp
ultimately show ?thesis using ¢(p - zvec) f§x Tvec) «(p - avec) g+ U» «(p - avec)
fx My «(p - zvec) fx K>
(p - avec) tx C
by (simp add: rBrInput)
next
case(Output M K N P)
then show ?thesis by (rule rOutput)
next
case(BrOutput M K N P)
then show ?thesis by (rule rBrOutput)
next
case(Case P ¢ Cs)
then show ?thesis by (rule rCase)
next
case(cParl Vg P a P’ Q Ag)
obtain ¢::name prm where (bn(q - «)) + ¥ and (bn(q - «)) * P and (bn(q -
@) £ Q
and (bn(q - a)) ¢+ o and (bn(q - «)) t*x Ag and (bn(q « @)) f+ P’ and (bn(qg
ca)) fx Ug
and distinctPerm q
and (bn(q - «)) §* C and Sq: (set q) C set(bn o) x (set(bn(q « «)))
by (rule name-list-avoidinglwhere zvec=bn a and ¢=(¥, P, Q, o, Ag, ¥q, P/,
O))) (auto simp add: equts)
obtain p::name prm where (p « Ag) f+ ¥ and (p - Ag) f* P and (p + Ag) f#*
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Q
and (p - Ag) #* v and (p - Aq) #* (¢ - o) and (p - Ag) f* P’
and (p - Ag) #* (¢ - P) and (p - Ag) #* ¥ and (p - Ag) #* C
and Sp: (set p) C (set Ag) x (set(p - Ag)) and distinctPerm p
by (rule name-list-avoiding[where zvec=Ag and c=(¥, P, Q, o, ¢ - o, P’, (¢
- P’), ¥q, C)]) auto
from <Ag #x a» <bn(q - a) #* Ag» Sq «distinctPerm ¢> have Ag t#* (¢ + @)
by (subst fresh-star-bij[symmetric, of - - q]) (simp add: equts)
from <bn « fx subject a» <distinctPerm ¢» have bn(q - «) #x subject(q - «)
by (subst fresh-star-bij[symmetric, of - - q]) (simp add: equts)
from <distinct(bn «)» <distinctPerm ¢ have distinct(bn(q + «))
by (subst distinctClosed[symmetric, of - q]) (simp add: equts)
note «¢cP =P | @

moreover from (cRs = a < (P’ || Q) <bn «a #x subject o <«(bn(q - a)) #x @
«(bn(q - a)) #x P> «(bn(q - @) t* Q> <bn « #x @ Sq
have cRs = (¢ a) < (¢ P || @
by (force simp add: residualAlpha)
moreover from ¥ @ Vg > P —a < P <bn « #* subject a» «(bn(q - o)) *
ay <(bn(q - «)) tx P"» Sq
have Trans: U @ U > P +——(q - o) < (¢ - P’
by (force simp add: residualAlpha)
then have Ag fx (¢ - P’) using <bn(q - «) t* subject(q + a)» «distinct(bn(q -
a)) (Ag fx Py (Ag fx (¢ - a)
by (force dest: freeFreshChainDerivative)

from Trans have (p - (¥ @ Ug)) > (p- P)—p - (¢ a) < (¢- P)
by (rule semantics.equt)
with (Ag fx U <Ag % Py <Ag ti* (¢ + o) <Ag #* (¢ - P')» «(bn(q - o)) 8% Ag>
(p - Aq) tx (¢ - ap
(p-Ag) = W» «(p - Aq) tx P> «(p - Ag) #* (¢ - P')» Sp
have U ® (p - ¥g) > P +——(q - o) < (¢ - P’) by(simp add: equts)
moreover from <estractFrame @ = (Ag, Vo) «(p + Ag) t* ¥g>» Sp have
extractFrame @ = ((p + Ag), (p + Vo))
by (simp add: frameChainAlpha’ equts)
moreover from «(bn(q - o)) #x To» «(bn(q - @) i+ Agr «(p - Ag) t* (¢ - a)
Sp have (bn(q - a)) tx (p - Tg)
by (simp add: freshAlphaPerm)
moreover from «distinct Ag» have distinct(p + Ag) by simp
ultimately show ?thesis
using «(p - Ag) #x P> «(p - Ag) t*x @ «(p - Ag) #x ¥ «(p - Ag) #* (¢ - a)
(p-Ag) tx (¢ P «(bn(q - @) tx ¥ <«(bn(q - @)) tx Q> <(bn(q - @)) x P>
«(bn(q « @) i+ C» «((p - Ag) tx C» <bn (g « a) f* subject (q - ) <distinct(bn(q
L)
by (metis rParl)
next
case(cPar2 ¥p Q o Q' P Ap)
obtain ¢::name prm where (bn(q - «)) fx ¥ and (bn(q + «)) #x P and (bn(q -

a)) f Q
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and (bn(q - a)) #* a and (bn(q - a)) #* Ap and (bn(q - @)) #x Q' and (bn(q
ca)) fx Up
and distinctPerm q
and (bn(q - @) #§x C and Sq: (set q) C set(bn «) x (set(bn(q - «)))
by (rule name-list-avoiding[where zvec=bn « and c¢=(V¥, P, Q, o, Ap, Up,
Q', O))) (auto simp add: equts)
obtain p::name prm where (p « Ap) t+* ¥ and (p - Ap) i P and (p - Ap) f#*
Q
and (p - Ap) fx aand (p - Ap) t* (¢ - @) and (p - Ap) fx Q'
and (p - Ap) fx (¢- Q") and (p - Ap) t*x Up and (p - Ap) i C
and Sp: (set p) C (set Ap) X (set(p - Ap)) and distinctPerm p
by (rule name-list-avoiding[where zvec=Ap and ¢c=(¥, P, Q, «, q + o, Q’, (¢
: Ql)v Yp, C)]) auto
from «Ap #x a» <bn(q - a) #§x Ap» Sq «distinctPerm ¢> have Ap #x (¢ - @)
by (subst fresh-star-bij[symmetric, of - - q]) (simp add: equts)
from <bn « f* subject cv» <distinctPerm ¢» have bn(q - «) fix subject(q + «)
by (subst fresh-star-bij[symmetric, of - - q]) (simp add: equts)
from «<distinct(bn «)» <distinctPerm ¢ have distinct(bn(q + «))
by (subst distinctClosed[symmetric, of - q]) (simp add: equts)
note «¢cP = P || @

moreover from (cRs = a < (P || Q') <bn a #x subject o <«(bn(q - a)) #*
«(bn(q - ) tx Q" «(bn(q - o)) fx P> <bn « t* Py Sq
have cRs=(¢-a) < P| (¢- Q)
by (force simp add: residualAlpha)
moreover from ¥ @ Up > Q —a < Q) bn a tx subject av <(bn(q + a)) f*
ar «(bn(q - @) 4x @) Sq
have Trans: ¥ @ ¥p > Q —(q - a) < (¢ - Q)
by (force simp add: residualAlpha)
then have Ap f* (¢ - Q) using <bn(q - «) #* subject(q - «)> <distinct(bn(q -
a))y «(Ap fx @ <Ap #x (¢ - a)
by (auto dest: freeFreshChainDerivative)

from Trans have (p - (V @ ¥p)) > (p- Q) —p - ((¢- ) < (¢ Q)
by (rule semantics.equt)
with <Ap fx Uy «Ap i+ @ (Ap fx (¢ - a)» <Ap #x (¢ - Q') «(bn(q - @)) fx Ap>
(p - Ap) t+ (¢ - a)
(p-Ap) 8+ U «(p - Ap) §x @ «(p - Ap) #* (¢ - Q") Sp
have U @ (p - Up) > Q@ —(q - ) < (g - Q) by(simp add: equts)
moreover from c<extractFrame P = (Ap, Up)» «(p - Ap) fx Up>» Sp have
extractFrame P = ((p - Ap), (p - Up))
by (simp add: frameChainAlpha' equts)
moreover from «(bn(q - «)) fx Up> <(bn(q - «)) tx Ap> «(p - Ap) t* (¢ + a)
Sp have (bn(q - «)) £+ (p - Up)
by (simp add: freshAlphaPerm)
moreover from <distinct Ap»> have distinct(p -+ Ap) by simp
ultimately show “thesis
using «(p - Ap) % P> «(p - Ap) #x @ «(p - Ap) tx ¥ «(p - Ap) #* (¢ - )
(p-Ap) fx (g Q) «(bn(q - ) #x Vs «(bn(q - «)) #x @ «(bn(q - a)) fx P»
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«(bn(q - a)) tx Cr «(p - Ap) tx C) <bn (¢ - «) fx subject (q - @) «distinct(bn(q
ca))
by (metis rPar2)
next
case(cComml ¥g P M NP’ Ap Up Q K zvec Q' Ag)
obtain r::name prm where (r - zvec) fx ¥ and (r - zvec) fx P and (r - zvec)
fx @ and (r - zvec) §x M
and (r - zvec) ix K and (r - zvec) % N and (r - avec) fx Ap and (r - zvec)
fx Ag
and (r - zvec) fx P’ and (r - zvec) §x Q' and (r - zvec) fx ¥p and (r - zvec)
fx Vg
and (r - zvec) #§x C and Sr: (set r) C (set zvec) x (set(r - zvec)) and
distinctPerm r
by (rule name-list-avoidinglwhere zvec=zvec and ¢=(¥, P, Q, M, K, N, Ap,
AQa Up, \IJQv Pla Q/a C)])
(auto simp add: equts)

obtain ¢::name prm where (¢ - Ag) #* ¥V and (¢ - Ag) #x P and (¢ - Ag) f*

Qand (¢ - Ag) #+ K

and (¢ - Ag) #* N and (¢ - Ag) #* zvec and (¢ - Ag) #* Q' and (¢ - Ag) t*
P/

and (¢ - Ag) f*x ¥p and (¢ - Ag) t* Ap and (¢ - Ag) #* ¥g and (¢ - Ag)
fx (r - zvec)

and (g - Ag) #* C and Sq: (set q) C (set Ag) x (set(q - Ag))

by (rule name-list-avoiding[where zvec=Ag and ¢=(¥, P, @, K, N, zvec, r -
zvec, Yo, Ap, Up, Q', P, C)]) clarsimp

obtain p::name prm where (p - Ap) §x U and (p - Ap) fix P and (p - Ap) #x

Qand (p- Ap) fx M

and (p - Ap) #*x N and (p - Ap) fx zvec and (p - Ap) #§x Q' and (p - Ap) f*
Aq

and (p - Ap) t* P'and (p - Ap) fi* ¥p and (p - Ap) #x Ug and (p - Ap) fi*
(q- Aq)

and (p - Ap) ix C and (p - Ap) #* (r - zvec) and Sp: (set p) C (set Ap) X
(set(p - Ap))

by (rule name-list-avoidinglwhere zvec=Ap and ¢=(¥, P, Q, M, N, zvec, r -
zvee, Ag, q - Ag, ¥g, Up, Q', P, C)))

(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Ag, Yg) by fact

from Ap tx @ FrQ <Ap #x Ag» have Ap tx Vg
by (auto dest: extractFrameFreshChain)
from <Ag #x P> FrP «<Ap tx Ag) have Ag tx ¥p
by (auto dest: extractFrameFreshChain)
note «¢cP = P || @
moreover from «(r - zvec) tx P’ «(r - zvec) §x Q" have (r - zvec) #x (P’ ||

Q"
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by simp
with (¢cRs = 7 < (vkzvec))(P' || Q") «(r - zvec) §x N» Sr
have cRs = 7 < (vx(r - zvec))(r - (P’ || Q) by(simp add: resChainAlpha
residuallnject)
then have cRs = 7 < (vx(r - zvec))((r - P) || (r - Q') by simp

moreover from ¥ ® Yo > P —M(N|) < P’ Sr «distinctPerm r» «zvec
Py «(r - zvec) §x P»
have U ® Uy > P+—M((r - N)) < (r - P’
by (rule inputAlpha)
then have (¢ - (¥ ® ¥g)) > P +—(¢ - M)(|(r - N)) < (r - P') using Sq (Ag
fx Py «(q - Ag) #x P>
by — (rule inputPermFrameSubject, (assumption | simp)+)
then have PTrans: ¥ ® (¢ - Ug) > P —(q - M)((r - N))) < (r - P’) using
Sq «Ag #tx W (g - Ag) x>
by (simp add: equts)

moreover from <eztractFrame P = (Ap, Up)> Sp «(p + Ap) tx Up>
have FrP: extractFrame P = {(p -+ Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from (distinct Ap> have distinct(p - Ap) by simp

moreover from ¥V @ Up > Q —K(vxavec)(N) < Q" Sr «(r - zvec) fx N»
«(r - zvec) fx Q%
have ¥ ® Up > Q —> K (vx(r - zvec)){(r - N)) < (r - Q)
by (simp add: boundOQutputChainAlpha'’ residuallnject)
then have (p - (¥ ® ¥Up)) > Q —(p - K)(vx(r - zvec)){(r + N)) < (r - Q)
using Sp (Ap fx @ «(p - Ap) tx @ «(r - zvec) $x Kr«(p - Ap) #x (r - zvec)y «(r
- zvec) #x Ap>
by (fastforce intro: outputPermFrameSubject)
then have QTrans: U @ (p - ¥p) > Q —(p - K)(v(r - zvec)){(r + N)) < (r
- Q') using Sp <Ap tx U «((p - Ap) #x >
by(simp add: equts)

moreover from <eztractFrame Q = (Ag, Vg)» Sq «(q - Ag) t* Vo>
have FrQ: extractFrame Q = ((q - Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)
moreover from <distinct Ag» have distinct(q - Ag) by simp

moreover from ¥ ® ¥p @ Vot M <+ K» have (p-¢- (VY ® ¥Yp ® Ug)) F
(p-q-M) < (p-q-K)
by (metis chanEqClosed)
with (Ap fx s «(p - Ap) fx U <Ag #x U «(q - Ag) tx Uy (Ag t* Up> «(q *
AQ) ﬁ* \pr>
(Ap % Wy «(p - Ap) % Wor <Ap % My «(p - Ap) % M> «(q - Ag) t* Ap>
(p- Ap) #x (¢ - Aq)
(Ag i K> <(q - Ag) tx K» <Ap #x Ag> <«(p - Ap) tx Ag> Sp Sq
have UV ® (p - ¥p) ® (¢- Vo) F (¢ - M) < (p - K)
by (simp add: equts freshChainSimps)
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moreover note «(p - Ap) fx U»
moreover from «(p - Ap) tx Ag> «(p - Ap) t* (¢ - Ag)» «(p - Ap) #x ¥g» Sq
have (p - Ap) §* (¢ - ¥q)
by (simp add: freshChainSimps)
moreover note «(p - Ap) fx P»
moreover from «(p - Ap) tx Ag> «(p « Ap) #* (¢ -
have (p - Ap) §* (¢ - M)
by (simp add: freshChainSimps)
moreover from «(p - Ap) t#* aveer <(p - Ap) #x (r -
have (p - Ap) fx (r - N)
by (simp add: freshChainSimps)
moreover from «(p - Ap) #* avees «(p - Ap) #x (r -
have (p - Ap) fx (r - P’)
by (simp add: freshChainSimps)
moreover note «(p - Ap) tx @
moreover from ¢(p - Ap) t* zvec) «(p - Ap) fx (r -
have (p - Ap) b+ (r - Q)
by (simp add: freshChainSimps)

Ag)y «(p - Ap) tx M> Sq

zvec)y «(p - Ap) #x N» Sr

avec)y «(p + Ap) #x P’ Sr

zvec)) «(p + Ap) fx Q" Sr

moreover note «(p - Ap) #x (¢ - Ag)»
moreover from «(q - Ag) tx Ap» «(p -
fx (¢ - Aq)> Sp Sq have (¢ - Aq) #x (p -
by (simp add: freshChainSimps)
moreover note (g + Ag) fx P»
moreover from «(q - Ag) #x Ap> «(p -
fx (¢ - AQ)> Sp Sq have (q - Aq) #* (p -
by (simp add: freshChainSimps)
moreover from «(q + Ag) f* zvecr <(g
have (¢ - Ag) #* (r - N)
by (simp add: freshChainSimps)
moreover from «(q - Ag) f* zvec> (g
have (¢ - Ag) #* (r - P')
by (simp add: freshChainSimps)
moreover note «(q + Ag) f*
moreover from (g - Ag) #* zvecr «(g
have (g« Ag) t+ (r - Q)
by (simp add: freshChainSimps)
moreover note «(q + Ag) f#* (r -
moreover from «(r - zvec) fx Ap> «(p
Sp have (r - avec) fx (p - Up)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Ag> «(q
Sq have (r - zvec) i+ (¢ - Ug)
by (simp add: freshChainSimps)
moreover note ((r - zvec) §x P»
moreover from «(r -
have (r - zvec) #x (¢ + M)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx
moreover from «(r -

- Ag) gk (7 -

< Ag) tx (r -

zvec)y «(r -

zvec) #x Ag> «(q

avec) fx Apy «(p -

(p - Ap) #x (r - avec)r (g« Ag) tx U»
Ap) tx Agy <(q - Ag) tx ¥p» «(p - Ap)
Up)

Ap) #x Ag> «(q - Ag) #x K> «(p - Ap)
K)

- Ag) tix (7« avec)r «(q - Ag) tx N» Sr

zvec)r <(q + Ag) #x P’ Sr

zvec)y «(q + Ag) #x @) Sr

zvec) fx W)

- Ap) t* (r - avec) «(r - zvec) fx Up>

- Ag) i (r - avec) «(r - zvec) fx Vg

Ag) #x (r « zvec)r «(r - zvec) tx M> Sq

Ap) #x (r - zvec)y «(r - zvec) tx K» Sp
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have (r - zvec) i (p « K)
by (simp add: freshChainSimps)
moreover note «(p « Ap) fx C> <(q + Ag) % C» «(r « zvec) #* C»
moreover from <distinct zvec) have distinct(r - zvec) by simp
ultimately show ?thesis by(rule rComm1)
next
case(cComm?2 ¥g P M zvec N P' Ap Up Q K Q' Ag)
obtain r:name prm where (r - zvec) fx ¥ and (r - zvec) fx P and (r - zvec)
fx Q and (r - zvec) §x M
and (r - zvec) §* K and (r - zvec) §x N and (r - zvec) §x Ap and (r - zvec)
tx Ag
and (r - zvec) #x P’ and (r - zvec) #x Q' and (r - zvec) fix Up and (r - zvec)
fx Wg
and (r - zvec) §x C and Sr: (set r) C (set zvec) x (set(r - zvec)) and
distinctPerm r
by (rule name-list-avoidinglwhere zvec=zvec and ¢=(¥, P, Q, M, K, N, Ap,
Ag, Vp, Vg, P, Q' O)))
(auto simp add: equts)

obtain ¢::name prm where (¢ - Ag) #* ¥V and (¢ - Ag) §x P and (¢ - Ag) f*

Qand (¢ - Ag) #x K

and (g - Ag) #* N and (¢ - Ag) f#* zvec and (q - Ag) #* Q' and (¢ - Ag) t*
P/

and (¢ - Ag) t* Up and (¢ - Ag) §x Ap and (¢ - Ag) #* ¥ and (¢ - Ag)
gx (r - zvec)

and (¢ - Ag) #* C and Sq: (set q) C (set Ag) x (set(q - Ag))

by (rule name-list-avoiding[where zvec=Ag and c=(¥, P, @, K, N, zvec, r -
zvec, Yo, Ap, Up, Q', P', C)]) clarsimp

obtain p::name prm where (p - Ap) fx U and (p - Ap) fx P and (p - Ap) f#*

Qand (p- Ap) tx M

and (p - Ap) % N and (p - Ap) fx zvec and (p - Ap) #§* Q' and (p - Ap) fx
4

and (p - Ap) fx P'and (p - Ap) tix Up and (p - Ap) fx Uy and (p - Ap) #*
(q- Aq)

and (p - Ap) §x C and (p - Ap) t* (r - avec) and Sp: (set p) C (set Ap) X
(set(p - Ap))

by (rule name-list-avoiding|where zvec=Ap and ¢=(V, P, Q, M, N, zvec, r -
zTvec, AQv q- AQa \Ian \IjPa Qla Pl7 C)D

(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Ag, ¥g) by fact

from «Ap ix O FrQ <Ap §x Ag> have Ap fx ¥g
by (auto dest: extractFrameFreshChain)

from <Ag #x Py FrP <Ap fix Ag> have Ag #x Up
by(auto dest: extractFrameFreshChain)
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note «¢cP =P | @
moreover from «(r - zvec) #x P’ «(r - zvec) §x Q" have (r - zvec) #x (P’ ||
Q')
by simp
with «¢Rs = 7 < (vxazvec) (P’ || Q") «(r - zvec) fx N» Sr
have cRs = 7 < (vx(r « zvec))(r - (P’ || Q) by(simp add: resChainAlpha
residuallnject)
then have cRs = 7 < (v*(r - zvec))((r - P’) || (r - Q7))
by simp

moreover from (¥ ® Vg > P — M (vxavec)(N) < P’ Sr «(r - zvec) fx N>
«(r « avec) fx P’
have ¥ @ Vg > P —M(v«(r - zvec))((r - N)) < (r - P’) by(simp add:
bound OutputChainAlpha’ residuallnject)
then have (¢ - (¥ ® Ug)) > P —(q - M)(v*(r - zvec)){(r - N)) < (r - P’
using Sq <Ag fx P> <(q + Ag) tx P> «(r « zvec) fx M> «(r - zvec) fx Ag> «(q -
Ag) tx (r - zvec)
by (fastforce intro: outputPermFrameSubject)
then have PTrans: ¥ ® (q - Vg) > P +——(q « M)(vx(r « zvec))((r - N)) < (r
- P’) using Sq <Ag % ¥ «(q - Ag) #x U»
by(simp add: equts)

moreover from <eztractFrame P = (Ap, Up)> Sp «(p + Ap) tx Up>
have FrP: extractFrame P = {(p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from «distinct Ap> have distinct(p - Ap) by simp

moreover from (¥ ® Up > Q —>K(N|) < Q" Sr «distinctPerm r» (xvec
@ «(r - zvec) tx @
have U @ Up > Q —K((r - N)) < (r - Q') by(rule inputAlpha)
then have (p - (¥ @ Up)) > Q —(p - K)((r - N)) < (r - Q') using Sp <Ap
2 Qr (p - Ap) B @
by — (rule inputPermFrameSubject, (assumption | simp)+)
then have QTrans: ¥ @ (p - Up) > Q@ —(p - K)((r - N)) < (r - Q) using
Sp <Ap tx U «(p - Ap) tx ¥»
by (simp add: equts)

moreover from <ezxtractFrame Q = (Ag, Ug)» Sq <«(q - Ag) t* T
have FrQ: extractFrame @ = ((q + Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)
moreover from <distinct Ag» have distinct(q - Ag) by simp

moreover from «<¥ ® ¥p @ Ut M <+ K» have (p-¢- (Y @ Up @ Ug)) F
(p-q-M)<(p-q-K)
by (metis chanEqClosed)
with <Ap fx ¥ «(p - Ap) fx ¥ <Ag 1+ ¥ «(q « Ag) B ¥ <Ag t* ¥p» <(q *
Ag) t* ¥p»
(Ap tx Ty «(p - Ap) % gy <Ap % M> «(p - Ap) #x M» (g - Ag) #x Ap>
(p - Ap) t+ (g - Ag)
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(Ag t* K> (g + Ag) tx K» <Ap #x Ag> <«(p - Ap) tx Ag> Sp Sq

have ¥ @ (p - ¥p) ® (¢- Vo) (¢ M) < (p -

by (simp add: equts freshChainSimps)
moreover note ((p - Ap) fx ¥

moreover from «(p - Ap) tx Ag» «(p -

have (p - Ap) §* (¢ - ¥g)
by (simp add: freshChainSimps)
moreover note «(p - Ap) fx P»

moreover from «(p - Ap) tx Ag> «(p -

have (p - Ap) §* (¢ - M)
by (simp add: freshChainSimps)
moreover from «(p « Ap) t#* avecr «(p
have (p - Ap) t* (r - N)
by (simp add: freshChainSimps)
moreover from «(p - Ap) #x zvecy «(p
have (p - Ap) tx (r - P’)
by (simp add: freshChainSimps)
moreover note <(p - Ap) tx Q>
moreover from ¢(p - Ap) t* zvec) «(p
have (p - Ap) £ (r - Q)
by (simp add: freshChainSimps)
moreover note «(p + Ap) i+ (¢ - Ag)
moreover from «(g - Ag) ix Ap» «(p -
i+ (¢ - Ag)» Sp Sq have (¢ - Aq) #* (p -
by (simp add: freshChainSimps)
moreover note <(q + Ag) fx P»
moreover from (g - Ag) #* Ap> «(p -

fx (¢ - Ag)» Sp Sq have (q - Ag) #* (p -

K)

Ap) % (q - Ag)» «(p - Ap) t*x Tg» Sq

Ap) i (g - AQ) «(p - Ap) i+ M> Sq
- Ap) tx (r - zvec) «(p - Ap) #x N» Sr
- Ap) tx (r - zvec)y «(p - Ap) t* P"» Sr
- Ap) fx (r - zvec) «(p - Ap) t*x Q" Sr

(p - Ap) B (r - 2vec) «(q - Ag) fx W
Ap) tx Agr <(q - Ag) B+ ¥p» <(p - Ap)
Up)

Ap) ]i* AQ) <(q . AQ) ﬁ* K> ((p . Ap)
K)

by (simp add: freshChainSimps)
moreover from <(q - Ag) #* zveer <(q - Ag) #* (r -
have (¢ - Ag) #x (r - N)
by (simp add: freshChainSimps)
moreover from «(q - Ag) t* zvecy «(q + Ag) #* (r -
have (¢ - Ag) x (r - P’)
by (simp add: freshChainSimps)
moreover note «(q - Ag) fx @
moreover from «(q - Ag) ti* zvec> «(q + Ag) #* (r -
have (q - Aq) £ (r - Q)
by (simp add: freshChainSimps)
moreover note (g + Ag) f#* (r -

zvec)y <(q - Ag) tx N» Sr

zvec)r (g« Ag) #x P’ Sr

zvee)y «(q - Ag) tx Q" Sr

avec)y «(r + zvec) fx U»

moreover from «(r - zvec) §x Ap> «(p « Ap) t#* (r - zvec) «(r - avec) #x Up>
Sp have (r - zvec) g% (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Ag> (¢ + Ag) t* (r - zvec)> «(r « zvec) #x Vo>

Sq have (r - zvec) #* (¢ + ¥g)
by (simp add: freshChainSimps)
moreover note «(r - zvec) fx P»
moreover from «(r - zvec) §x Agy «(q - Ag) #* (r - zvec)s «(r -
have (r - zvec) fx (¢ + M)

avec) fx M> Sq
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by (simp add: freshChainSimps)
moreover note «(r - zvec) f*x Q)
moreover from «(r - zvec) §x Ap> «(p - Ap) tx (r + zvec)) «(r - avec) §x K» Sp
have (r - zvec) fx (p - K)
by (simp add: freshChainSimps)
moreover note «(p « Ap) fx C» <(q - Ag) t* C» «(r - zvec) fx C»
moreover from <distinct zvecy have distinct(r « xvec) by simp
ultimately show ?thesis by(rule rComm2)
next
case(cBrMerge Vg P M N P' Ap Up Q Q' Ag)
obtain ¢::name prm where (¢ - Ag) #* ¥ and (¢q - Ag) #* P
and (¢ - Ag) #* Q and (g - Ag) tx M
and (¢« Ag) #*x ¥p and (¢ - Ag) t* Ap and (¢ - Ag) t* Vg
and (¢ - Ag) #*x N and (¢ - Ag) #x P’ and (¢ - Ag) t* Q'
and (¢ - Ag) #x C
and Sgq: set ¢ C set Ag x set(q - Ag)
by (rule name-list-avoidinglwhere ¢=(¥, P, N, M, P', Q’, Q, Yg, Ap, Up,

aN)
(auto simp add: equts fresh-star-prod emptyFresh)
obtain p::name prm where (p - Ap) ffx U and (p - Ap) #§x P
and (p - Ap) f*x Q and (p - Ap) tIx M
and (p - Ap) #*x ¥p and (p - Ap) t* Ug and (p - Ap) #* Ag
and (p - Ap) tx N and (p - Ap) #x P'and (p - Ap) #x Q'
and (p - Ap) tix C
and Sp: set p C set Ap x set(p - Ap)
and (p - Ap) #* (¢ - Ag)
by (rule name-list-avoiding[where ¢=(¥, P, N, P’, Q', Q, M, Ag, ¢ - Ag, ¥q,
e, C))
(auto simp add: equts fresh-star-prod)

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Ag, ¥g) by fact

from Ap ix O FrQ <Ap #x Ag» have Ap fx g
by (auto dest: extractFrameFreshChain)

from «Ag #x Py FrP <Ap fix Ag> have Ag #x Up
by (auto dest: extractFrameFreshChain)

from Sp <Ap tx M> «(p + Ap) #x M)
have (p - M) =M

by simp
from Sq <Ag f#x M» «(q - Ag) t#* M>
have (¢ - M) =M

by simp

note «¢cP = P || @ <cRs = ([ M(N) < (P'] Q")

moreover from «distinct Ap> have distinct(p - Ap) by simp
moreover from <distinct Ag» have distinct(q - Ag) by simp
moreover from <eztractFrame P = (Ap, Up)» Sp «(p - Ap) #x Up>
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have FrP: extractFrame P = {(p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <ezstractFrame @ = (Ag, Yg)» Sq «(q + Ag) t* Yo»
have FrQ: extractFrame Q = ((q¢ - Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)

moreover have (¢ - (¥ ® ¥g)) > P —i(g - M)(N) < P’ using Sq <Ag t*
Py «(q+ Ag) tx Py <¥ ® Yo > P+—; M(N|) < P"
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have (U ® (¢ - Ug)) > P +——i(q - M)(N|) < P’ using Sq <Ag #x > «(q
. AQ) ﬁ* )
by (simp add: equts)
with «(¢ -+ M) = M» have PTrans: (V ® (¢ - ¥g)) > P —; M(N) < P’
by simp

moreover have (p + (¥ ® ¥p)) > Q —i(p - M)(N|) < Q' using Sp <Ap f#x
O «(p-Ap)tx @ T R Up > Q—;  M(N) < Q"
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have (T ® (p - Up)) > Q +—i(p - M)(N) < Q' using Sp (Ap #x Uy «(p
- Ap) #x Iy
by(simp add: equts)
with «(p - M) = M) have PTrans: (¥ ® (p - Up)) > Q —(M(N) < Q'
by simp
moreover from «(p - Ap) tx Ag> «(p - Ap) t* (¢ - Ag)» «(p + Ap) #x ¥ Sq
have (p - Ap) §x (¢ - ¥q)
by (simp add: freshChainSimps)
moreover from «(q - Ag) ix Ap> «(p - Ap) #x Ag> <«(q - Ag) t* Up» <«(p + Ap)
g (¢ - Ag)» Sp Sq have (q - Ag) #* (p - ¥p)
by (simp add: freshChainSimps)

moreover note
(p - Ap) x Iy
(p- Ap) tx Py «(p - Ap) #x N» «(p - Ap) #§x P <(p - Ap) tx M>
(p+Ap) fx @ «(p- Ap) £+ Q" «(p - Ap) #x (¢ - Ag) «(q - Ag) §+ 1>
((q - Aq) tx Py «(q - Ag) §x N> «(q - Aq) B P «(q - Aq) t+ M>
(g - Ag) t*x @ (g Ag) 1+ Q) «(p - Ap) tix C» (g - Ag) #x C»
ultimately show ?thesis
by(auto simp add: rBrMerge)
next
case(cBrComml Vg P M N P' Ap Up Q zvec Q' Ag)
obtain r::name prm where (r - zvec) i+ ¥ and (r - zvec) #x P and (r - zvec)
fx Q and (r - zvec) §x M
and (r - zvec) §* N and (r - zvec) §x Ap and (r - zvec) #x Ag
and (r - avec) fx P and (r - zvec) §* Q' and (r - zvec) f* Up and (r - zvec)
ﬁ* \I/Q
and (r - zvec) % C and Sr: (set r) C (set zvec) x (set(r - zvec)) and
distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and c=(¥, P, Q, M, N, Ap, Aqg,
Vp, Vo, P, Q' C)))
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(auto simp add: equts)

obtain ¢::name prm where (¢ - Ag) fx ¥ and (¢ - Ag) f* P and (q - Ag) f#*

Q and (¢ - Ag) fx M

and (g - Ag) #* N and (¢ - Ag) #* zvec and (¢ - Ag) #* Q' and (¢ - Ag) t*
P/

and (¢ - Ag) t* Up and (¢ - Ag) §x Ap and (¢ - Ag) #* ¥ and (¢ - Ag)
g% (r - zvec)

and (¢ - Ag) #* C and Sq: (set q) C (set Ag) x (set(q - Ag))

by (rule name-list-avoiding[where zvec=Ag and ¢=(¥, P, Q, M, N, zvec, T -
zvec, Yo, Ap, Up, Q', P', C)]) clarsimp

obtain p::name prm where (p - Ap) ix UV and (p - Ap) fx P and (p - Ap) #*

Qand (p- Ap) fx M

and (p - Ap) * N and (p - Ap) #* zvec and (p - Ap) #x Q" and (p - Ap) t*
4

and (p - Ap) t* P'and (p - Ap) fi* ¥p and (p - Ap) #* ¥g and (p - Ap) fi*
(q- AqQ)

and (p - Ap) 4* C and (p - Ap) #* (r - zvec) and Sp: (set p) C (set Ap) X
(set(p - Ap))

by (rule name-list-avoiding|where zvec=Ap and ¢=(V, P, Q, M, N, zvec, r -
wvec, A, q + Ag, Vg, ¥p, Q', P', O))])

(auto simp add: equts fresh-star-prod)

from Sp <Ap tx M> «(p - Ap) 8% M>
have (p - M) =M

by simp
from Sq <Ag f#x M» «(q - Ag) i+ M>
have (¢ - M) =M

by simp
from Sr <xvec fx M)> «(r - zvec) fx M)
have (r - M) =M

by simp

have FrP: extractFrame P = (Ap, Yp) by fact
have FrQ: extractFrame Q = (Ag, VYg) by fact

from Ap tx @ FrQ <Ap #x Ag» have Ap tx Vg
by (auto dest: extractFrameFreshChain)

from <Ag #x P> FrP «<Ap tx Ag) have Ag tx ¥p
by (auto dest: extractFrameFreshChain)

note <¢cP =P || @
moreover from «((r - zvec) §x P’ «(r - zvec) fx Q' have (r - zvec) #x (P’ ||
Q')
by simp
with <cRs = M (vxazvec))(N) < (P"| Q") «(r - avec) fx N» «(r - zvec) fx P’
(1« avec) fx Q" <xvec $x M> «(r - zvec) #x M> Sr
have cRs = (r - (jM(vxavec)(N))) < (r - (P'|| Q")
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by (simp add: residualAlpha)
with «(r - M) = M> have cRs = M (v+(r « avec)){(r - N)} < ((r - P") || (r -
Q") by simp

moreover from ¥ @ Vg > P ——; M(N|) < P’ Sr «distinctPerm r» <zvec f#*
Py «(r « avec) tx P>
have ¥ @ U > P +—; M((r - N)) < (r - P’
by (rule brinputAlpha)
then have (¢ - (¥ ® ¥g)) > P+—i(q- M)((r - N)) < (r - P') using Sq <Ag
fx Py «(q - Ag) #x P>
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have PTrans: ¥ ® (¢ - Ug) > P +—;M((r - N)) < (r - P’) using Sq
(Ag #+ Uy «(q - Ag) tx I «(¢ -+ M) = M)
by (simp add: equts)

moreover from <eztractFrame P = (Ap, Up)> Sp «(p - Ap) §x Up>
have FrP: extractFrame P = {(p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <distinct Ap»> have distinct(p -+ Ap) by simp

moreover from ¥ ® Up > Q —M(vkzvec)(N) < Q" Sr «(r - zvec) fx N>
«(r -« zvec) fx Q)
have U @ Up > Q —iM(vx(r - zvec)){(r + N)) < (r - Q"
by (simp add: boundOutputChainAlpha’ residuallnject)
then have (p - (T ® ¥Up)) > Q —i(p +- M)(vx(r - zvec)){(r - N)) < (r - Q)
using Sp <Ap #x Q> <(p - Ap) #x Q> «(r - avec) g% M> «(p - Ap) fx (r - zvec)y «(r
- zvec) fx Ap>
by (fastforce intro: broutputPermFrameSubject)
then have QTrans: U @ (p - Up) > Q —>iM(vx(r - zvec)){(r -+ N)) < (r - Q)
using Sp «Ap fx W «(p - Ap) fx W «(p - M) = M>»
by (simp add: equts)

moreover from <eztractFrame Q = (Ag, Ug)» Sq <«(q - Ag) t* T
have FrQ: extractFrame @ = ((q + Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)
moreover from <distinct Ag» have distinct(q - Ag) by simp

moreover note «((p - Ap) fx U»
moreover from «(p - Ap) tx Ag» «(p - Ap) t* (¢ - Ag)» «(p - Ap) #x Tg» Sq
have (p - Ap) §x (¢ - ¥q)
by (simp add: freshChainSimps)
moreover note «(p « Ap) fx P»
moreover from «(p - Ap) #x zvees «(p + Ap) #x (r - zvec)y «(p + Ap) fx N» Sr
have (p - Ap) t* (r + N)
by (simp add: freshChainSimps)
moreover from «(p - Ap) fx zvecy «(p - Ap) fx (r - avec)) «(p - Ap) tx P’ Sr
have (p - Ap) #x (r - P)
by (simp add: freshChainSimps)
moreover note <(p - Ap) tx Q>
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moreover from ¢(p - Ap) tx zvee) «(p - Ap) #x (r - zvec)r «(p - Ap) #x Q" Sr
have (p - 4p) £ (r - Q)
by (simp add: freshChainSimps)
moreover note «(p - Ap) #* (¢« Ag)» «(p - Ap) t* (r - zvec)r «(q - Ag) tx >
moreover from (g - Ag) ix Ap> «(p - Ap) #x Ag> <«(q - Ag) t* Up» <«(p - Ap)
tx (q - Aq) Sp Sq have (g - Ag) tx (p - Up)
by (simp add: freshChainSimps)
moreover note (g + Ag) fx P>
moreover from «(q - Ag) f* zveer <(q - Ag) #x (r - zvec)s «(q - Ag) tx N» Sr
have (¢ - Ag) #x (r - N)
by (simp add: freshChainSimps)
moreover from «(q - Ag) i+ zvecr «(q « Ag) #* (r - zvec) «(q - Ag) tx P’ Sr
have (¢ - Ag) x (r - P’)
by (simp add: freshChainSimps)
moreover note «(q - Ag) fx @
moreover from «(q - Ag) t* zvecy «(q + Ag) #* (r - zvec)r (g - Ag) #x Q" Sr
have (q - Ag) £ (r - Q)
by (simp add: freshChainSimps)
moreover note «(q + Ag) #* (r - zvec) «(r - zvec) fx W»
moreover from «(r - zvec) tx Ap> «(p - Ap) i (r - zvec)y «(r - avec) §x Up)
Sp have (r - zvec) g% (p - ¥p)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Ag> (¢ + Ag) t* (r - zvec) «(r « zvec) #x Vo>
Sq have (r - zvec) #* (¢ - Vg)
by (simp add: freshChainSimps)
moreover note «(p « Ap) #x M «(q - Ag) t* M>
moreover note «(r - zvec) fx P»
moreover note («(r - zvec) $x Q) «(r - xvec) fx M>
moreover note «(p « Ap) fx C» <(q - Ag) t#* C> «(r - avec) fx C»
moreover from <distinct zvecy have distinct(r « zvec) by simp
ultimately show ?thesis by(simp add: rBrComml)
next
case(cBrComm2 ¥g P M zvec N P' Ap Up Q Q' Ag)
obtain r::name prm where (r - zvec) fx ¥ and (r - zvec) fx P and (r - zvec)
fx @ and (r - zvec) §x M
and (r - zvec) §x N and (r - zvec) §x Ap and (r - zvec) #x Ag
and (r - zvec) fx P’ and (r - zvec) §x Q' and (r - zvec) fx ¥p and (r - zvec)
tx Vg
and (r - zvec) #§x C and Sr: (set r) C (set zvec) x (set(r - zvec)) and
distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and c¢=(¥, P, Q, M, N, Ap, Aq,
Yp, Vo, P’ Q' O)))
(auto simp add: equts)

obtain ¢::name prm where (¢ - Ag) #* ¥V and (¢ - Ag) #x P and (¢ - Ag) =
Qand (q- Ag) t+ M
and (g - Ag) #* N and (¢ - Ag) #* zvec and (¢ - Ag) #* Q' and (¢ - Ag) t*
P/
and (¢ - Ag) i+ Up and (¢ - Ag) §x Ap and (¢ - Ag) #* ¥ and (¢ - Ag)
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fx (r - zvec)

and (g - Ag) #* C and Sq: (set q) C (set Ag) x (set(q - Ag))

by (rule name-list-avoiding[where zvec=Ag and ¢=(¥, P, Q, N, M, zvec, 1 -
zvec, Vo, Ap, Up, Q', P, C)]) clarsimp

obtain p::name prm where (p - Ap) #x U and (p - Ap) fix P and (p - Ap) #x

Qand (p- Ap) Ix M

and (p - Ap) #*x N and (p - Ap) fx zvec and (p - Ap) #*x Q' and (p - Ap) fx
Aq

and (p - Ap) t* P'and (p - Ap) ff* ¥p and (p - Ap) #x Ug and (p - Ap)
(¢ Aq)

and (p - Ap) #x C and (p - Ap) #* (r - zvec) and Sp: (set p) C (set Ap) X
(set(p - Ap))

by (rule name-list-avoidingl[where zvec=Ap and ¢=(¥, P, Q, M, N, zvec, r -
zvee, Ag, q - Ag, ¥g, Up, Q', P, C)))

(auto simp add: equts fresh-star-prod)

from Sp <Ap fx M> «(p - Ap) tx M>
have (p - M) =M

by simp
from Sq <Ag f#x M» «(q - Ag) i+ M>
have (¢ - M) =M

by simp
from Sr <zvec x M)> «(r « avec) fx M>
have (r - M) =M

by simp

have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Ag, VYq) by fact

from (Ap #x @ FrQ <Ap fx Ag> have Ap i ¥g
by(auto dest: extractFrameFreshChain)

from <Ag #x P> FrP «Ap tx Ag» have Ag i ¥p
by (auto dest: extractFrameFreshChain)

note «¢cP = P || @
moreover from «(r - zvec) tx P’ «(r - zvec) §x Q" have (r - zvec) tx (P’ ||
Q')
by simp
with «c¢Rs = |M(vxzvec)(N) < (P' | Q") «(r - zvec) fx N» «(r - zvec) #x P’
«(r - zvec) fx Q" «xvec tx M» «(r - xvec) fx M» Sr
have cRs = (r - (iM(vxzvec))(N))) < (r - (P"|| Q)
by (simp add: residualAlpha)
with «(r - M) = M> have cRs = M (v*(r « zvec)){(r - N)} < ((r - P") || (r -
Q") by simp

moreover from (U ® Uy > P ——M(vxzvec)(N) < P’ Sr «(r - zvec) fx N>

«(r « avec) fx P’
have ¥ ® ¥g > P +—iM(vx(r - zvec)){((r -+ N)) < (r « P’) by(simp add:
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boundOutputChainAlpha' residuallnject)
then have (¢ - (¥ ® ¥g)) > P ——j(q - M)(v*(r - zvec)){(r + N)) < (r - P’
using Sq (Ag tx P> «(q - Ag) % P> «(r + avec) % M> «(r - avec) fx Ag> «(q -
Ag) #x (r - avec)
by (fastforce intro: broutputPermFrameSubject)
then have PTrans: ¥ ® (q - ¥g) > P —— M (vx(r - zvec)){(r - N)) < (r - P’)
using Sq (Ag tx U» «(q - Ag) t* U» (¢ - M) = M>
by (simp add: equts)

moreover from <eztractFrame P = (Ap, Up)» Sp «(p - Ap) tx Up>
have FrP: extractFrame P = ((p - Ap), (p - Up))

by (simp add: frameChainAlpha)
moreover from <distinct Ap» have distinct(p -+ Ap) by simp

moreover from ¥V @ Up > Q —; M(N|) < Q" Sr «distinctPerm r <zvec #x
@ «(r - zvec) tx
have U @ Up > Q —;M((r - N)) < (r - Q') by(rule brinputAlpha)
then have (p - (¥ @ Up)) > Q+——i(p- M)((r - N)) < (r - Q') using Sp <Ap
fx Q> «(p - Ap) #x O
by — (rule brinputPermFrameSubject, (assumption | simp)+)
then have QTrans: ¥ ® (p - ¥p) > Q — M((r - N)) < (r - Q') using Sp
Ap % U «(p - Ap) tx U «(p - M) = M>
by (simp add: equts)

moreover from <extractFrame Q = (Ag, Ug)» Sq «(q - Ag) t* T»
have FrQ: extractFrame Q = ((q + Ag), (¢ - ¥g))

by (simp add: frameChainAlpha)
moreover from <distinct Ag» have distinct(q - Ag) by simp

moreover note «(p - Ap) fx U»
moreover from «(p - Ap) tx Ag» «(p - Ap) i* (¢ - Ag)» «(p - Ap) tx Ug» Sq
have (p - Ap) §x (¢ - ¥q)
by (simp add: freshChainSimps)
moreover note («(p - Ap) fx P»
moreover from «(p - Ap) #x zvecy «(p + Ap) % (r - zvec)y «(p « Ap) fx N» Sr
have (p - Ap) #x (r - N)
by (simp add: freshChainSimps)
moreover from «(p - Ap) i zvees «(p - Ap) t#x (r - zvec)s «(p - Ap) #x P’ Sr
have (p - Ap) tx (r - P’)
by (simp add: freshChainSimps)
moreover note «(p - Ap) fx @
moreover from «(p - Ap) #x zvecy «(p - Ap) # (r - zvec)) «(p - Ap) §x Q" Sr
have (p - Ap) b+ (r - Q)
by(simp add: freshChainSimps)
moreover note «(p + Ap) #* (¢« Ag)> «(p + Ap) t* (r - zvec)r «(q - Ag) tx >
moreover from <(q « Ag) fx Ap> «(p + Ap) % Ag> (¢ + Ag) i ¥p>» <((p - Ap)
g (¢ - Aq)» Sp Sq have (q - Ag) #x (p - Up)
by (simp add: freshChainSimps)
moreover note (g + Ag) fx P»
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moreover from «(q + Ag) f#* zvecr <(q + Ag) #* (r - zvec)s <(q - Ag) t* N» Sr
have (¢ - Ag) #* (r - N)
by (simp add: freshChainSimps)
moreover from «(q - Ag) i+ zvecr <(q + Ag) #* (r - zvec) «(q - Ag) tx P’ Sr
have (¢ - Ag) #* (r - P)
by (simp add: freshChainSimps)
moreover note (g + Ag) f*x
moreover from «(q -+ Ag) fx zvecy «(q - Ag) #* (r - zvec)r (g - Ag) #x Q" Sr
have (q - Ag) £+ (1 - Q)
by (simp add: freshChainSimps)
moreover note <(q + Ag) #* (r - zvec)) «(r « zvec) fx U»
moreover from «(r - zvec) % Ap> «(p + Ap) i (r « zvec)y «(r » avec) §x Up>
Sp have (r - avec) fx (p - Up)
by (simp add: freshChainSimps)
moreover from «(r - zvec) fx Ag> «(q + Ag) t#* (r - zvec) «(r - xvec) #x Vo>
Sq have (r - zvec) #* (¢ + Ug)
by (simp add: freshChainSimps)
moreover note «(p « Ap) #x M» <(q - Ag) t#* M>
moreover note ((r - a:vec) fx P>
moreover note «(r - zvec) fx Q) «(r - zvec) fx M)
moreover note «(p « Ap) #x C» <(q - Ag) % C» «(r - zvec) fx C»
moreover from <distinct zvecy have distinct(r « xvec) by simp
ultimately show ?thesis by (simp add: rBrComm2)
next
case(cBrClose P M zvec N P’ x)
obtain r:name prm where (r - zvec) i+ ¥ and (r - zvec) tx P and (r - zvec)
g« M
and (r - zvec) x N and (r - zvec) §x P’ and (r - zvec) fx x
and (r - zvec) % C and Sr: (set r) C (set zvec) x (set(r - zvec)) and
distinctPerm r
by (rule name-list-avoiding|where zvec=zvec and ¢=(V, P, M, N, P’, z, C)])
(auto simp add: equts)
obtain y::name where y § P and y § C and y § zvec and y # z and y § N
and y # (r - 2vec) and y f rand y 4 M and y § ¥
and yf P'and y f (r- P))and y f (r - N)
by (generate-fresh name) (auto simp add: freshChainSimps)
from <cP = (vz)P> <y § P> have cP-perm: cP = (vy)([(z, y)] - P) by(simp
add: alphaRes)
from «cRs = 7 < (vz))((vxavec)P')y <«(r - zvec) fx P’y Sr
have cRs = 7 < (vz|)((vx(r - avec))(r - P’)) by(simp add: resChainAlpha)
moreover from <y £ (r - P')» have y § ((v*(r - avec))(r - P’)) by(simp add:
resChainFresh)
ultimately have cRs = 7 < (vy)([(z, v)] - ((vx(r - 2vec))(r « P'))) by(simp
add: alphaRes)
with «(r - zvec) §x 2> <y § (r - zvec))
have cRs-perm: cRs = 7 < (vy) ((v*(r - zvec))([(z, y)] - (r - P’))) by(simp add:
equts)

from <z f zvec) «(r - zvec) §x x> Sr have r - © = z by simp
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from U > P +—— (M (vxavec)(N) < P’ «(r - avec) fx N> «(r - avec) fx P’
<set r C set zvec X set (r - zvec))
have U > P+ M (vx(r « zvec)){(r + N)) < (r - P’
by (simp add: boundOutputChainAlpha'’ create-residual.simps)
then have [(z, y)] - (¥ > P — jM(vx(r - zvec)){(r - N)) < (r - P’))
by (simp add: perm-bool)
with <z § U <y § Uy «((r - zvec) % o> <y § (r - zvec)
i (r-Np
have trans-perm: ¥ > ([(z, y)] - P) — i([(z, v)] - M)(v*(r - zvec)){([(z, y)] -
(r- N)) < (2, 9)] - (r- P)

by (auto simp add: equts)

note cP-perm cRs-perm
moreover from <z € supp M» have y € supp ([(z, y)] - M)
by (metis fresh-bij fresh-def swap-simps)
moreover note trans-perm
moreover from <distinct xvecy «distinctPerm ) have distinct (r « avec)
by simp
moreover note «(r - zvec) fx U»
moreover from «(r - zvec) fx x> <y § (r - avec)r «(r - zvec) tx P>
have (r - zvec) #x ([(z, y)] - P) by simp
moreover from <(r - zvec) x x> <yt (r - zvec)y «(r - zvec) fx M)
have (r - zvec) t* ([(z, y)] - M) by simp
moreover note <y § U» <y § (r - zvec)
«(r - zvec) gx Cr <y § C»
ultimately show %thesis
by (rule rBrClose)
next
case(cOpen P M zvec yvec N P’ 1)
from U > P —— M(v*(zvecQyuec))(N) < P> have distinct(zvecQyuvec)
by (force dest: boundOQutputDistinct)
then have zvec #x yvec by(induct zvec) auto
obtain p where (p - yvec) fix ¥ and (p - yvec) tx P and (p - yvec) fx M
and (p - yvec) i+ yvec and (p - yvec) §x N and (p - yvec) fx P’
and z §f (p - yvec) and (p - yvec) fx zvec
and (p - yvec) tx C and Sp: (set p) C (set yvec) x (set(p - yvec))
by (rule name-list-avoiding|where zvec=yvec and c¢=(¥, P, M, zvec, yvec, N,
P!, C))
(auto simp add: equts fresh-star-prod)
obtain ¢ where (¢ - zvec) fx ¥ and (q - zvec) §x P and (q - zvec) x M
and (q - zvec) §* zvec and (q - zvec) §* N and (q - zvec) fx P’
and z # (¢ - zvec) and (g - zvec) #x yvec
and (q - zvec) tx p and (g - zvec) #x (p - yvec)
and (q - zvec) fx C and Sq: (set q) C (set zvec) x (set(q - zvec))
by (rule name-list-avoidinglwhere rvec=zvec and ¢=(¥, P, M, zvec, yvec, p -
yvec, N, P’ z, p, C)])
(auto simp add: equts fresh-star-prod)
obtain y::name where y f P and y § C and y t zvec and y § yvec and y # =
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and y § N
and y f (¢ - 2vec) and y 4 (p - yvec) and y § M and y § ¥ and y § P’
by (generate-fresh name) (auto simp add: freshChainSimps)
from «cP = (vz) P> <y § P» have cP = (vy)([(z, y)] - P) by(simp add: alphaRes)
moreover have cRs = M(v«((q - zvec)Qy#(p - yvec))){((¢Q(z, y)#p) - N)) <
((¢Q(z, y)#p) - P')
proof —
note <cRs = M (vx(zvecQz#yvec))(N) < P’
moreover have (vx(zvecQz#yvec))N <" P’ = (vxzvec|)((vz)) ((v*yvec) N <’
P") by(simp add: boundOutputApp)
moreover from «(p - yvec) §x N> «(p - yvec) §x P’y Sp have ... = (vxzvec|) ((vz)((v*(p
L yed))(p - N) <’ (p + P)
by (simp add: boundOutputChainAlpha’)
moreover with <y § Ny <y § P"» <y £ (p - yvec) <y § yveer <z yveer <z § (p -
yvec)r Sp
moreover have ... = (vxzvec) ((vy)((v+(p - yveo))(([(z, y)] - p - N) <’ ([(,
Wl p- P))
by (subst alphaBoundOutput[where y=y|) (simp add: freshChainSimps equts)+
moreover then have ... = (vxzvec)((vy)((v+(p - yvec))((((z, y)#p) - N) <’
(@, 9)#p) - P))))
by simp
moreover from <(q - zvec) $x Ny «(q - avec) fx P’y <axvec fx yvec) «(p - yvec)
fx zvecy «(q + zvec) #x yveer «(q - xvec) fx (p - yvec)s
<yt aveey <y i (q - zvec)y «x § zvecy <z § (q - zvec) Sp Sq
have ... = (vx(q - vec))((vy)((v=(p - yvec))((q - ((z, y)#p) - N) <" (g - ((z,
y)#p) - P"))))
apply (subst boundOutputChainAlpha[where p=q and rvec=zvec and yvec=zvec|)
defer
apply assumption
apply simp
apply(simp add: equts)
apply(simp add: equts)
apply(simp add: boundOutputFreshSet(4))
apply(rule conjl)
apply(simp add: freshChainSimps)
apply(simp add: freshChainSimps)
done
moreover then have ... = (v*(q - zvecQy#(p « yvec)))((¢Q(z, y)#p) - N)
< (s, y)#p) - P
by (simp only: pt2[OF pt-name-inst] boundOutputApp BOresChain.simps)
ultimately show #thesis
by (simp only: residuallnject)
qed
moreover have ¥ > ([(z, y)] - P) —>M(v*((q - avec)Q(p - yvec))){((¢Q(z,
y)#p) - N)) < ((¢Q(z, y)#p) - P)
proof —
note<¥ > P — M (v+(zvecQyuvec))(N) < P"
moreover from «(p - yvec) §x N» <(q - zvec) fx N> <xvec #x yvec> «(q - zvec)
fx yveor «(q + zvec) gx (p - yvec)r «(p - yvec) tx zvecr Sp Sq
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have ((¢Q@p) « (zvec @ yvec)) #+ N apply(simp only: equts) apply(simp only:
pt2[OF pt-name-inst])
by simp
moreover from «(p - yvec) fx P’y «(q - zvec) fx P’y <xvec % yvec) «(q - zvec)
fx yveor «(q - zvec) g% (p - yvec)r «(p - yvec) t* xvecr Sp Sq
have ((¢@Qp) - (zvec @Q yovec)) #x P’ by(simp del: freshAlphaPerm add: equts
pt2[OF pt-name-inst])
moreover from Sp Sq <xvec #x yvecy <(q + zvec) fx yveer «(q - avec) #x (p -
yvec)y «(p + yvec) fx zvec
have Spq: set(¢Qp) C set(zvecQyuec) x set((qQp) - (zvecQyuec))
by (simp add: pt2[OF pt-name-inst| equts) blast
ultimately have ¥ > P ——M(v*((¢@Qp) « (zvecQyuec))){((¢@Qp) - N)) <
((¢@p) - P)
apply(simp only: residuallnject)
by (erule rev-mp) (subst boundOutputChainAlpha, auto)
with Sp Sq <zvec #x yveey «(q - zvec) $x yveer «(q - zvec) #x (p - yvee) «(p -
yvec) fx zvec
have ¥ > P +—M(lvx((q - zvec)Q(p - yvec)))(((¢@p) - N)) < ((¢@p) - P)
by (simp add: equts pt2|OF pt-name-inst] del: freshAlphaPerm)
then have ([(z, y)] - ¥) > ([(z, y)] - P) — [(z, y)] - (M(v*((q - zvec)Q(p -
yoec))((q@p) - N)) < ((q@p) - P)
by (rule semantics.equt)
with <z § Uy <y § U <z § M) <yt M> <z zveey <y § zveer <z 4 (q - zvec)) <y
g (q - zvec) <z § yveer <y § yveer <z § (p - yvec)y <y § (p - yvec)> Sp Sq
show ?thesis
apply(simp add: equts pt2[OF pt-name-inst])
by (subst perm-compose|of q, simp)+
qed
moreover from <z € supp N» have ((¢Q(z, y)#p) - z) € ((¢Q(z, y)#p) + (supp
N))
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))
with «x § zveey <z f yveer <x § (q - zvec)y <z § (p - yvee) <y £ zveey <y 4§ (q -
avec)y Sp Sq
have y € supp((qQ(z, y)#p)- N) by(simp add: pt2[OF pt-name-inst| calc-atm
equts)
moreover from «distinct zvec) have distinct(q - zvec) by simp
moreover from <distinct yvec) have distinct(p - yvec) by simp
moreover note «x § (¢ - zvec)) <z § (p - yvec)) <z § M) <z ¥»
(q + avec) fx Uy «(q - zvec) tx Py <«(q + avec) fx My «(q - zvec) #x (p - yvec)»
(p - yvec) fx Uy <(p - yvec) §x Py «(p - yvec) fx My <y & (q - zvec) <y 4 (p -
yvec) <y § My <y d Cr <y § U
«(p - yvee) tx Cy <(q - avec) gx C
ultimately show Prop by — (rule rOpen, (assumption | simp)+)
next
case(cBrOpen P M zvec yvec N P’ x)
from U > P — [M(vx(zvecQyuec))(N) < P’ have distinct(zvecQyuvec)
by (force dest: boundOutputDistinct)
then have zvec #x yvec by(induct zvec) auto
obtain p where (p - yvec) fix U and (p - yvec) x P and (p - yvec) fx M
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and (p - yvec) #x yvec and (p - yvec) §x N and (p - yvec) §x P’
and z § (p - yvec) and (p - yvec) fix zvec
and (p - yvec) tx C and Sp: (set p) C (set yvec) x (set(p - yvec))
by (rule name-list-avoiding[where zvec=yvec and ¢=(¥, P, M, zvec, yvec, N,
Py, O))
(auto simp add: equts fresh-star-prod)
obtain ¢ where (g « avec) i*x ¥ and (q - zvec) fx P and (q « zvec) * M
and (q - zvec) #* avec and (g - zvec) fx N and (g - zvec) fx P’
and z § (¢ - zvec) and (q - zvec) #* yvec
and (q - zvec) §x p and (g - avec) #* (p - yvec)
and (q - zvec) x C and Sq: (set q) C (set zvec) X (set(q - zvec))
by (rule name-list-avoiding[where zvec=zvec and ¢=(V, P, M, xvec, yvec, p -
Yyvec, Na P/, Z, D, C)])
(auto simp add: equts fresh-star-prod)
obtain y::name where y f P and y § C and y t zvec and y § yvec and y # =
and y § N
and y # (¢ - zvec) and y § (p - yvec) and y § M and y § ¥ and y § P’
by (generate-fresh name) (auto simp add: freshChainSimps)
from «cP = (vz) P> <y § P» have cP = (vy)([(z, y)] - P) by(simp add: alphaRes)
moreover have cRs = (M (vx((q - avec)Qy#(p - yvec))){((¢Q(z, y)#p) - N))
< ((¢Q(z, y)#p) - P")
proof —
note «cRs = M (vx(zvecQz#yvec))(N) < P’
moreover have (vx(zvecQz#yvec))N <" P’ = (vxazvec|)((vz|) ((v+yvec) N <’
P")) by(simp add: boundOutputApp)
moreover from «(p - yvec) fx N> <(p - yvec) gx P’ Sp have ... = (vxzvec|) ((vz|) ((v*(p
Cyed))(p - N) <' (p - P)
by (simp add: boundOutputChainAlpha'")
moreover with <y & Ny <y & P"» <y £ (p - yvec)) <y £ yvecr <zt yveer <z § (p -
yvec)y Sp
moreover have ... = (vxzvec) ((vy) ((v+(p - yvee))(([(z, y)] - p - N) <’ ([(z,
Do PY))
by (subst alphaBoundOutput[where y=y|) (simp add: freshChainSimps equts)+
moreover then have ... = (vxzvec)((vy)((v+(p - yvec))((((z, y)#p) + N) <’
(((z, 9)#p) - P1)))
by simp
moreover from «(q - zvec) fx Ny «(q - zvec) §x P’y <xvec §x yvecr «(p « yvec)
fx zvecy «(q - wvec) #x yveey «(q - xvec) fx (p - yvec)s
<yt aveey <y i (g + zvec)y «x § zvecr <z § (q - zvec) Sp Sq
have ... = (vx(q - zvec))((vy)((v=(p - yoec))((q - ((z, y)#p) - N) <" (q - ((=,

y)#p) - P)))
apply (subst boundOutputChainAlpha[where p=q and zvec=zvec and yvec=zvec])

defer
apply assumption
apply simp
apply(simp add: equts)
apply(simp add: equts)
apply(simp add: boundOutputFreshSet(4))
apply(rule conjl)
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apply(simp add: freshChainSimps)
apply(simp add: freshChainSimps)
done
moreover then have ... = (v*(q - zvecQy#(p - yvec)))((¢Q(z, y)#p) - N)
<" ((¢Q(z, y)#p) - P')
by (simp only: pt2[OF pt-name-inst] boundOutputApp BOresChain.simps)
ultimately show ¢thesis
by (simp only: residuallnject)
qed
moreover have ¥ > ([(z, y)] -+ P) —>M(v*((q - zvec)Q(p - yvec)){(((¢Q(x,
y)#p) - N)) < ((¢Q(z, y)#p) - P')
proof —
note<V > P —— M (vx(zvecQyuec))(N) < P’
moreover from «(p - yvec) §x N» <(q - zvec) §x Ny «zvec fx yvecs «(q - zvec)
fx yveer «(q - zvec) g% (p - yvec)r «(p - yvec) tx zvecr Sp Sq
have ((¢Qp) - (zvec @ yvec)) i+ N apply(simp only: equts) apply(simp only:
pt2[OF pt-name-inst])
by simp
moreover from ((p - yvec) fx P’ «(q - zvec) fx P’y <xvec fx yvec) «(q - zvec)
% yveer <(q - zvec) g% (p - yvec)r «(p - yvec) tx zvecr Sp Sq
have ((¢@Qp) - (zvec Q yvec)) #x P’ by(simp del: freshAlphaPerm add: equts
pt2[OF pt-name-inst])
moreover from Sp Sq <zvec #x yvecy <(q + zvec) fx yveer «(q - avec) #x (p -
yvec)y «(p + yvec) fx xvec
have Spg: set(¢Q@Qp) C set(zvecQyuec) x set((qQp) - (zvecQyuec))
by (simp add: pt2[OF pt-name-inst] equts) blast
ultimately have U > P ——iM(v*((¢Qp) - (zvec@Qyuec))){((¢@p) - N)) <
((¢@p) - P
apply(simp only: residuallnject)
by (erule rev-mp) (subst boundOutputChainAlpha, auto)
with Sp Sq <avec % yveer <(q - zvec) fx yveer «(q - zvec) tx (p - yvec)y «(p -
yvec) fi* Tvec
have U > P ——iM(v*((q - zvec)Q(p - yvec))){((¢@p) - N)) < ((¢@p) - P’)
by (simp add: equts pt2|OF pt-name-inst| del: freshAlphaPerm)
then have (((z, y)] - ¥) & ([(z, )] - P) — [(z, y)] - (M{w((q - svec)a(p
yvec)))(((¢@p) - N)) < ((¢@p) - P'))
by (rule semantics.equt)
with <z § Uy <y § U <z § M) <y §t M> <z zvee) <y § zveer <z 4 (q - zvec)) <y
£ (q - zvec) ¢z § yveer <y § yveer <z § (p - yvec)y <y § (p - yvec)y Sp Sq
show ?thesis
apply(simp add: equts pt2[OF pt-name-inst])
by (subst perm-compose[of q, simp)+
qed
moreover from («z € supp N> have ((¢Q(z, y)#p) - z) € ((¢Q(z, y)#p) - (supp
N))
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst))
with <z § zveey «x § yveor <z § (q - zvec)r <z § (p - yvec)r <y § zveer <y 8 (q -
avec)y Sp Sq
have y € supp((qQ(z, y)#p)- N) by(simp add: pt2[OF pt-name-inst]| calc-atm
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equts)
moreover from <distinct zvecy have distinct(q - zvec) by simp
moreover from <distinct yvec) have distinct(p - yvec) by simp
moreover note <z f (g - zvec) <z § (p - yvec) <x § M> <x f U»
«(q - zvec) tx Uy «(q - zvec) §x P> «(q - zvec) g% M> <(q - zvec) #x (p - yvec)
(p - yvec) fx Uy «(p - yvec) $x Py «(p - yvec) §x My <y & (q - zvec) <y 4 (p -
yvec) <y My <y Cr <y § Uy
(p - yvee) tx C) <(q - zvec) g C»
ultimately show Prop by — (rule rBrOpen, (assumption | simp)+)
next
case(cScope P a P’ 1)
obtain p::name prm where (bn(p - «)) #x ¥ and (bn(p + «)) fx P
and (bn(p - )) t* a and (bn(p - o)) $x P and z § bn(p - «)
and distinctPerm p
and (bn(p - «)) §x C and Sp: (set p) C set(bn «) x (set(bn(p - a)))
by (rule name-list-avoidinglwhere zvec=bn o and c=(V, P, a, z, P', C)])
(auto simp add: equts)
obtain y::name where y f Y and y f Pand y £ (p - P/) and y £ (p - @) and
ygC
by (generate-fresh name) (auto simp add: freshChainSimps simp del: action-
Fresh)
from <bn « fx subject o <distinctPerm p> have bn(p - «) #* subject(p - )
by (subst fresh-star-bij[symmetric, of - - p|) (simp add: equts)
from «distinct(bn «)» <distinctPerm p> have distinct(bn(p - «))
by (subst distinctClosed[symmetric, of - p]) (simp add: equts)
from «x f > <z § (bn(p - a))» <distinctPerm p> Sp have z £ (p - «)
by (subst fresh-bijlsymmetric, of - - p]) (simp add: equts freshChainSimps)

from «cP = (vz|) Py <y § P> have cP = (vy)([(z, y)] - P) by(simp add: alphaRes)
moreover from «cRs = a < (vz)P" <bn « #x subject a» «(bn(p - a)) #* o «x
g on(p - a) «(bn(p - @) fx P <z ar Sp
have cRs = (p - o) < (vz|)(p - P’)
by (force simp add: residualAlpha)
with «y § (p - P')» have cRs = (p - a) < (vy)([(z, y)] - p - P')
by (simp add: alphaRes)
moreover from (U > P —a < P <bn « fx subject ar <«(bn(p - a)) % @
«(bn(p - ) gx P’ Sp
have U > P ——(p - @) < (p - P’) by(force simp add: residualAlpha)
then have([(z, y)] - ¥) & ([(z, )] - P) —[(z, )] - ((p - @) < (p - P)
by (rule equts)
with <z § O <y O <y £ (p - a) <zt (p - @) Sp ¢«distinctPerm p»
have U > ([(z, y)] - P) —(p - @) < ([(z, y)] - p - P)
by (simp add: equts)
moreover from <«bn(p - «) §x Py <y & (p - a)» <y § P> have bn(p - a) i+ ([(=,
v - P)
by (auto simp add: fresh-star-def fresh-left calc-atm) (simp add: fresh-def name-list-supp)
moreover from (distinct(bn «)> have distinct(p - bn «) by simp
then have distinct(bn(p - «)) by(simp add: equts)
ultimately show %thesis
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using <y § Uy <yt (p - a) <y 4 O <bn(p - ) ix > <bn(p - «) fx subject(p
a)y <bn(p « a) fx C»
by (metis rScope)
next
case(Bang P)
then show ?thesis by(metis rBang)
qed

nominal-primrec
inputLength :: (‘a::fs-name, 'b::fs-name, 'c::fs-name) psi = nat
and inputLength’ :: (‘a::fs-name, 'b::fs-name, 'c::fs-name) input = nat
and inputLength’ :: ('a::fs-name, 'b::fs-name, 'c::fs-name) psiCase = nat

where
inputLength (0) =
| inputLength (M(N). P)
| inputLength (M(I) = nputLength I
| inputLength (Case C) =
| inputLength (P || Q) = 0
| inputLength ((vxz)P) = 0
| inputLength ({¥}) = 0
| inputLength (\P) =

| inputLength’ (Trm M P) = 0
| inputLength’ (v y I) = 1 + (inputLength’ I)
| inputLength’” (L.) = 0
| inputLength’ (O® = P C) = 0
apply(finite-guess)+
apply(rule Truel)+
by (fresh-guess add: fresh-nat)+

nominal-primrec boundOutputLength :: ('a, 'b, '¢) boundOutput = nat
where
boundOutputLength (BOut M P) = 0
| boundOutputLength (BStep x B) = (boundOutputLength B) + 1
apply (finite-guess)+
apply(rule Truel)+
by (fresh-guess add: fresh-nat)+

nominal-primrec residualLength :: (‘a, 'b, 'c) residual = nat
where
residualLength (RIn M N P) = 0
| residualLength (RBrin M N P) = 0
| residualLength (ROut M B) = boundOutputLength B
| residualLength (RBrOut M B) = boundQutputLength B
| residualLength (RTau P) = 0
by (rule Truel)+
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lemma inputLengthProc[simp]:
shows inputLength(M (Axzvec N|).P) = length zvec
by (induct zvec) auto

lemma boundOutputLengthSimp|simp]:
shows residualLength(M (vxzvec)(N) < P) = length zvec
and residualLength(jM (vxzvec)(N) < P) = length zvec
by (induct zvec) (auto simp add: residuallnject)

lemma boundOuputLengthSimp2[simp):

shows residualLength(a < P) = length(bn )

by (nominal-induct « rule: action.strong-induct, auto) (auto simp add: residual-
Inject)

lemmas [simp del] = inputLength-inputLength’-inputLength'.simps residualLength.simps
boundQutputLength.simps

lemma constructPerm:
fixes zvec :: name list
and yvec :: name list

assumes length zvec = length yvec
and zvec fix yvec
and distinct zvec
and distinct yvec

obtains p where set p C set zvec x set(p - axvec) and distinctPerm p and yvec
= p - zvec
proof —
assume Ap. [set p C set zvec X set (p - xvec); distinctPerm p; yvec = p - zvec]
= thesis
moreover obtain n where n = length zvec by auto
with assms have I p. (set p) C (set zvec) x set (yvec) A distinctPerm p A yvec
= p - zvec
proof (induct n arbitrary: zvec yvec)
case(0 xvec yvec)
then show ?case by simp
next
case(Suc n zvec yvec)
from «Suc n = length xvec
obtain z zvec’ where zvec = z#zvec’ and length zvec’ = n
by(cases zvec) auto
from <length zvec = length yvec) (xvec = x # zvec’
obtain y yvec’ where length zvec’ = length yvec’ and yvec = y#yvec’
by (cases yvec) auto
from <zvec = x#zvec’ (yvec=y#yvec <zvec fx yvec
have z # y and zvec’ #* yvec’ and z § yvec’ and y § zvec’
by (auto simp add: fresh-list-cons)
from «distinct zvecy «distinct yveey <xvec=z#tzvec’ (yvec=y#yvec» have x
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zvec’ and y § yvec’ and distinct zvec’ and distinct yvec’
by simp+
from <Suc n = length zvecy <xvec=z#zvec’s have n = length zvec’ by simp
with <length zvec’ = length yvec’s <xvec’ #* yvec’y <distinct zvec’s <distinct yvec’s
obtain p where S: set p C set zvec’ x set yvec’ and distinctPerm p and yvec’
= p - zvec’
by — (drule Suc,auto)
from S have set((x, y)#p) C set(z#zvec’) x set(y#yvec’) by auto
moreover from <z § zvec’ <z f yvec” <y 8§ zvec’y <y § yvec’s S have z §f p and
yiop
apply (induct p)
by (clarsimp simp add: fresh-list-nil fresh-list-cons fresh-prod name-list-supp;
force simp add: fresh-def)+

with S «distinctPerm p» <x # y» have distinctPerm((z, y)#p) by auto
moreover from <yvec’ = p - zvec’ <zt py <y § p> «x § zvec” <yt zvec’s have
(yttyvec’) = ((z, y)#p) - (shtzvec)
by (simp add: calc-atm freshChainSimps)
ultimately show ?case using <zvec=z#xvec’ (yvec=y#yvec’s
by blast
qged
ultimately show ?thesis by blast
qed

lemma distinctApend|simp]:
fixes xvec :: name list
and yvec :: name list

shows (set zvec N set yvec = {}) = zvec §* yvec
by (auto simp add: fresh-star-def name-list-supp fresh-def)

lemma lengthAuz:
fixes zvec :: name list
and y :: name
and yvec :: name list

assumes length zvec = length(y#yvec)
obtains z zvec where zvec = 24 zvec and length zvec = length yvec
using assms
by (induct zvec arbitrary: yvec y) auto
lemma lengthAuz2:
fixes xvec :: name list
and yvec :: name list

and zvec :: name list

assumes length zvec = length(yvecQy# zvec)
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obtains zvecl = zvec?2 where zvec=zvecl Qz#avec?2 and length zvecl = length
yvec and length zvec?2 = length zvec
proof —
assume Azvecl x zvec2.
[zvec = avecl @ x # xvec?; length xvecl = length yvec;
length xzvec2 = length zvec]
= thesis
moreover from assms have Javecl z xvec?. xvec=zvecl Qr#avec? N length
xvecl = length yvec N length xzvec2 = length zvec
apply —
apply(rule exl[where z=take (length yvec) zvec])
apply(rule exI[where z=hd(drop (length yvec) zvec)])
apply(rule exI[where z=tl(drop (length yvec) zvec)))
by auto
ultimately show ¢thesis by blast
qed

lemma semanticsCases[consumes 19, case-names cInput cBrinput cOutput cBrOut-
put cCase cParl cPar2 cComml1 cComm2 cBrMerge cBrComml1 c¢cBrComm2 cBr-
Close cOpen cBrOpen cScope cBang):
fixes ¥ ::'b
and cP :: (‘a, 'b, 'c) psi
and cRs :: (‘a, 'b, 'c) residual
and C : 'f:fs-name

and zI1 :: name
and z2 :: name
and z8 :: name
and x4 : name

and zvecl :: name list
and zvec?2 :: name list
and zvecd :: name list
and zvecs :: mame list
and zvecd :: name list
and zvec6 :: name list
and zvec7 :: name list
and zvec8 :: name list
and zvecd :: name list

assumes ¥ > ¢P ——cRs

and length xvecl = inputLength cP and distinct xvecl
and length xvec6 = inputLength cP and distinct xvec6
and length zvec2 = residualLength cRs and distinct xvec?
and length zvecd = residualLength cRs and distinct xvecd
and length zvec) = residualLength cRs and distinct zvec)
and length zvecs = residualLength cRs and distinct xvech
and length zvec7 = residualLength cRs and distinct xvec7
and length xvec8 = residualLength cRs and distinct xvec8
and length zvec9 = residualLength cRs and distinct xvec9
and rlnput: AM K N Tvec P. (Jzvecl #x U; avecl % cP; zvecl fx cRs] =
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cP = M(Aszvecl N).P A cRs = K((Nzvecl::=Tvec])) < Plzvecl ::=Tvec] A
U EF M+ K A distinct xzvecl A set xvecl C
supp N A length xvecl=length Tvec N
zvecl #x Tvec N xvecl fx W A zvecl fx M A
zvecl #x K) = Prop
and rBrinput: AM K N Tvec P. ([zvec6 §x U; zvec6 fx cP; zvect % cRs]| =
cP = M(Aszvec6 N|).P A cRs = (K ((N|[zvec6::=Tvec]))) < Plavec6::=Tvec] N
U= K > M A distinct zvec6 N set zvec6 C
supp N A length xvec6=Ilength Tvec N
zvecO % Tvec N xvect fx W A zvect fx M A
avec6 4% K) = Prop
and rOutput: AM K N P. [cP = M(N).P; cRs = K(N) < P; ¥ - M + K]
= Prop
and rBrOutput: AM K N P. [¢cP = M(N).P; cRs = {K(N) < P; ¥ - M <
K] = Prop
and rCase: NCs P . [¢P = Cases Cs; ¥ > P —cRs; (¢, P) € set Cs; ¥
¢; guarded P] = Prop
and rParl: A\Vg P o P' Q Ag. ([zvec? tx U; avec? t* cP; zvec? §% cRs] =
¢cP=P| QA cRs=a =< (P'| Q) A zvec2 =
bn a A
UV ®Vg> Pr—a< P’ A estractFrame Q =
(Ag, ¥g) A distinct Ag A
Ag tx PN Ag tx Q N Ag Bx U A Ag x a A
Ag tx P! N Ag #x C') = Prop
and 7rPar2: AUp Q a Q' P Ap. ([zvecd x U; zvecd fx cP; zvecd ix cRs]| =
¢cP=P| QANcRs=a=<(P]| Q) A zvecl =
bn a A
URUp> Q+—a< Q' A extractFrame P =
<Ap, \I/p> A distinct Ap N
Ap x PN Ap #x Q AN Ap #1x U A Ap fix a A
Ap % Q' AN Ap % C) = Prop
and rCommi: N\¥g PM NP’ Ap Up Q K zvec Q' Ag.
[cP=P| Q; cRs =7 < (vxzvec) P’ || Q
UV ® Vg > P+——M(N|) < P’; extractFrame P = (Ap, Up);
distinct Ap;
U ®Up > Qr— K(vsavec)(N) < Qs extractFrame Q = (Ag,
U); distinct Ag;
\I’(X)\I/p(@\IJQl—MHK;Apﬁ*\I’;Apﬂ*\I/Q;APﬂ*P;Apﬂ*

M; Ap #* N,

Ap % P Ap tx Q; Ap i Qs Ap % Ag; Ap fx avec; Ag f#x ¥
AQ ﬁ* \I’p;

AQ ﬂ* P; AQ ﬂ* K; AQ ﬁ* N; AQ ﬁ* Pl; AQ ﬁ* Q; AQ ﬁ* Q/; AQ
fx zvec;

zvec fx W; avec §x Wp; avec §x Wo; avec §x P; avec §x M; zvec f*
@

zvec fx K; Ap tx C; Ag fx C; zvec #x C; distinct zvec] = Prop
and rComm2: N\¥qg P M zvec NP’ Ap Up Q K Q' Ag.
[ecP =P Q; cRs =7 < (vxzvec)P' || Q;
U ® Vg > P —M(vxzvec))(N) < P'; extractFrame P = (Ap,
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Up); distinct Ap;
U ¥p > Qr— K(N) < Q% estractFrame Q = (Ag, ¥q);
distinct Ag;

M; Ap #* N,

Ap tx P’y Ap i+ Q; Ap fx Q'; Ap #x Ag; Ap t* zvec; Ag tx U;
AQ ﬁ* \I/p;

AQ ﬁ* P; AQ ﬂ* K; AQ ﬁ* N; AQ ﬁ* P/; AQ ﬁ* Q; AQ ﬁ* QI; AQ
f* zvec;

zvec fx V5 zvec i Wp; zvec i Wq; zvec i* P; zvec ix M; zvec fx*
@

zvec §x K; Ap tx C; Ag tx C; zvec #x C; distinct zvec] = Prop
and rBrMerge: N\Wg P M N P’ Ap Up Q Q' Ag.
[eP = (P || Q); cRs = ;M(N) < (P"| Q;
U ® Uy > P+ (M(N|) < P’; extractFrame P = (Ap, Up);
distinct Ap;
U®Upp> Qv+ (M(N) < Q' extractFrame Q = (Ag, Yo);
distinct Ag;
AP ﬁ* \I/; Ap ﬁ* \I/Q, Ap ﬁ* P; Ap ﬁ* N; Ap ﬁ* Pl;
Ap 4 @Q; Ap fix Q' Ap fix Ag; Ap fx M; Ag §+ M;
AQ ﬂ* \I/; AQ ﬂ* \I/p; AQ ﬂ* P; AQ ﬁ* N; AQ ﬁ* P/;
Ag #x @Q; Ag #x Qs Ap tx C; Ag tx C] = Prop
and rBrCommi: A\¥g PM NP’ Ap Up Q Q' Ag.
([zvecT #x U; zvec? #* cP; zvec? fx cRs] =
¢cP =P | QA cRs = M(vszvec7)(N) < (P'] Q) A
U ®WUg> P+ M(|N) < P'A extractFrame P = (Ap, ¥p) A
distinct Ap A
U Up > Q— M(vkzvec7)(N) < Q' A extractFrame Q =
<AQ, \I/Q> A distinct Ag N
Apﬁ*\If/\Apﬁ*\I/Q/\Apﬁ*P/\Apﬁ*N/\
Ap g% P'N Ap i+ Q N Ap i« Q' N Ap % Ag N Ap tx zvec7 A
AQﬂ*‘I’/\AQﬂ*\I/p/\
AQﬁ*P/\AQﬁ*N/\AQH*P’/\AQﬁ*Q/\AQﬁ* Q//\AQﬂ*
zvecT N
wvec? §x W A zvec? fx Up A avec? fx Vo A avecT fx P A zvec?
frx QA
Ap tx M N Ag #x M A zvec7 §x M A
Ap tx C A Ag tx C A distinct zvec?) => Prop
and rBrComm2: A\¥g P M NP’ Ap Up Q Q' Ag.
([zvec8 tx U; zvec8 i+ cP; zvecs fx cRs] =
¢cP =P | QA cRs = M(vszvec8)(N) < (P ] Q) A
U @ Ug > P+——iM(vxzvec8)(N) < P’ A extractFrame P = (Ap,
Up) A distinct Ap A
UVeUp> Q+— (M(N) < Q' A extractFrame @ = (Ag, ¥q) A
distinct Ag N
Apﬁ*\I//\Apﬁ*\I/Q/\Apﬁ*P/\Apﬁ*N/\
Ap i« P'N Ap % Q N Ap 8% Q' N Ap #x Ag N Ap fx zvec8 A
AQﬂ*‘I’/\AQﬂ*\I/p/\
AQﬁ*P/\AQﬁ*N/\AQﬂ*P’/\AQﬁ*Q/\AQﬁ* Q//\AQﬂ*
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zvecS N
avec8 §x W A zvecS fx Up A avecS fx Vo A avecS fx P A zvecS
fx Q A
Ap tx M N Ag % M N zvec8 #x M A
Ap tx C A Ag tx C A distinct zvec8) = Prop
and rBrClose: AP M N zvec P’.
([x3 § ¥; 28 £ cP; 23 § cRs] =
c¢P = ((vz3)P) A cRs = 7 < (vz3))((v+avec)P’) A
x3 € supp M A
U > P+ iM(vxzvec)(N) < P' A
distinct zvec N\ zvec §x W A xvec fx P A
avec fx M A xvec fx C A
x3 § U A 23 f avec) = Prop
and rOpen: AP M zvec y yvec N P’.
([zvecs tx U; zvecs #x cP; zvec #x cRs; x1 § ¥; x1 § cP; xl f
cRs; x1 § zvec] =
cP = (vzl)P N cRs = M(v*(zvecQzlF#yvec))(N) < P’ A
xvecd =zvecQytyvec A
U > P —M(v(zvecQyuec))(N) < P' A 1 € supp N A z1
zvec A xl § yvec A
distinct zvec A\ distinct yvec N\ zvec fx U A zvec ix P A xvec ix M
A zvec §x yvec N\
yvec fx U A yvec fx P A yvec fx+ M) = Prop
and rBrOpen: AP M zvec y yvec N P’
([zvec9 t+ U; zvecd #x cP; zvecd #x cRs; x4 § V; x4 § cP; x4 4
cRs; x4 § zvecd] =
cP = (vz4)P A cRs = M (vx(zvecQz4#yvec))(N) < P’ A
zvecd=xvecQy#yvec A
U > P +——M(v+(zvecQyuec))(N) < P’ A 24 € supp N N x4
zvec A\ x4 § yvec A
distinct zvec N\ distinct yvec N\ zvec fx U A zvec ix P A xvec fix M
A zvec §* yvec N\
yvec fx U A yvec fx P A yvec fx M) = Prop
and rScope: AP a P’. (Jzvech #x U; zvecs fi* cP; zvech #* cRs; z2 § U; 12
cP; 22 t cRs; 22 § zvecd]| =
c¢P = (vz2)P A ¢cRs = a < (va2))P’' N zvecs = bn a A
Up>Pr—sa<P A28 VU Az28aAbnailx subject
a A distinct(bn «)) = Prop
and rBang: AP.[cP =!P;
U > P || P —cRs; guarded P] = Prop
shows Prop
using (¥ > cP ——cRs»
proof(cases rule: semanticsCasesAuz[where C=(zvecl, zvec2, zvec3, zvec), xvecs,
avech, zvecT, zvec8, zvec9, x1, x2, x3, x4, cP, cRs, C)])
case(cInput M K zvec N Tvec P)
have B: ¢cP = M(A+avec N|).P and C: cRs = K((N[zvec::=Tvec])|) < (Plzvec::=Tvec])
by fact+
from <zvec #x (xvecl, Tvec?, zvecd, xvecs, xvecs, wvech, zvecT, xvecs, zvecy, xl,
x2, 3, x4, cP, cRs, C)» have zvec fx zvecl by simp
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from <length xvecl = inputLength cP» B have length zvecl = length zvec
by simp
then obtain p where S: set p C set avec x set(p - zvec) and distinctPerm p
and zvecl = p - xvec
using <avec fx zvecl» <«distinct zvecy <distinct zvecly
by — (rule constructPerm|[where zvec=zvec and yvec=xvecl], auto)
show ?thesis
proof(rule rInputjwhere M=M and K=K and N = p - N and Tvec=Tvec
and P=p - P])
assume zvecl fx ¥ and zvecl fx c¢P and zvecl #x cRs
from B (avec fx zvecly <xvecl #x cP»> have zvecl fx N and zvecl fix P
by (auto simp add: fresh-star-def inputChainFresh name-list-supp) (auto simp
add: fresh-def)
moreover from «cP = M(Axzvec N|).P> S <xvecl §x N» <xvecl #x Py <zvecl
= p - avec
have ¢P = M (A xzvecl (p - N)|).(p - P)
apply simp
by (subst inputChainAlpha) auto
moreover from «cRs = K((N[zvec::=Tvec])|) < Plzvec::=Tvec]> S <xvecl f#x
Ny <xvecl #x P> <axvecl = p - zvecy <length zvec = length Tvec) «distinctPerm p»
have cRs = K(((p + N)[zvecl::=Tvec]))) < (p - P)[zvect ::=Tvec]
by (simp add: renaming substTerm.renaming)
moreover note <V - M < K»
moreover from «distinct zvecy <xvecl = p - zvecy have distinct zvecl by simp
moreover from (set zvec C supp N» have (p - set zvec) C (p - (supp N))
by (simp add: equts)
with <zvecl = p - zvecy have set zvecl C supp(p - N) by(simp add: equts)
moreover from <length xvec = length Tvecy <xvecl = p - zvec) have length
xvecl = length Tvec
by simp

moreover from (zvecl fx cRs» C <length zvec = length Tvec) <distinct zvecs
<set xvec C supp N»
have (set zvecl) #* Tvec
by — (rule substTerm.subst3Chain[where T=N], auto)
then have zvec! x Tvec by simp
moreover from <zvec fx Tvec) have (p - zvec) fx (p - Tvec) by(simp add:
fresh-star-bij)
with S <avec fx Tvec> <xvecl #x Tvec) <xvecl = p - zvec> have xvecl #x Tvec
by simp
moreover note <zvecl fx U»
moreover from <xvec fx M> have (p - zvec) i (p - M) by(simp add:
fresh-star-bij)
with S <avec fx M» <zvecl §x c¢P> B <xvecl = p - zvecy have xvecl #x M by
stmp
moreover from <(zvec §x+ K> have (p - zvec) fx (p - K) by(simp add:
fresh-star-bij)
with S (zvec x Ky <zvecl g% cRs» C <xvecl = p - zvecy have zvecl fx K by
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simp
ultimately show c¢P = M (Axzveclp - N|).p+ P A cRs= K((p - N)[zvecl::=Tvec])
=< (p - P)[zvecl ::=Tvec|] N
U M+ K A distinct xvecl A set zvecl C supp (p - N) A length zvecl =
length Tvec A
azvecl #x Tvec A avecl tx U A zvecl fx M A xvecl #x K
by blast
qed
next
case(cBrinput M K zvec N Tvec P)
have B: ¢cP = M(Axavec N|).P and C: cRs = K ((N[zvec::=Tvec]))) < (Plazvec::=Tvec])
by fact+
from <zvec #x (avecl, zvec?, zvecd, xvecs, zvecs, zvech, zvecT, xvec8, zvecy, z1,
z2, 3, x4, cP, cRs, C)» have zvec fx zvec6 by simp

from <length zvec6 = inputLength cP> B have length zvec6 = length xvec
by simp
then obtain p where S: set p C set zvec X set(p - avec) and distinctPerm p
and zvec6 = p - zvec
using <xvec f#x zvech> <distinct zvecy <distinct zvect
by — (rule constructPerm[where zvec=zvec and yvec=xzvec6], auto)
show ?thesis
proof (rule rBrinputjwhere M=M and K=K and N = p - N and Tvec=Tvec
and P=p - P))
assume zvech fx ¥ and zvec6 fx cP and zvec6 fx cRs
from B (xvec §* zvec6> <xvect fx cP)> have zvec6 #§x N and zvec6 #x P
by (auto simp add: fresh-star-def inputChainFresh name-list-supp) (auto simp
add: fresh-def)

moreover from «¢cP = M(Axavec N|).Ps S <axvec6 #§x N» <zvec6 i+ P> <xvect
= p -« zvec
have cP = M(Axavec6 (p - N)).(p - P)
apply simp
by (subst inputChainAlpha) auto
moreover from (cRs = ;| K((N[zvec::=Tvec])) < Plavec::=Tvec]y S <xvect fx
N> <xvecb #§x P> <xvec6 = p - xvecy <length zvec = length Tvec) «distinctPerm p»
have cRs = (K(((p - N)[zvec6::=Tvec])) < (p - P)[zvect::=Tvec]
by (simp add: renaming substTerm.renaming)
moreover note ¥V - K > M)
moreover from (distinct zvecy (xvec6 = p - zvecy have distinct zvec6 by simp
moreover from (set zvec C supp N» have (p - set zvec) C (p - (supp N))
by (simp add: equts)
with <zvec6 = p - zvecy have set zvec6 C supp(p - N) by(simp add: equts)
moreover from <length zvec = length Tvec) <zvec6 = p - xvecy have length
zvec6 = length Tvec
by simp

moreover from <zvec6 f§x cRsy C <length zvec = length Tvecy <distinct zvecy
<set xvec C supp N»
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have (set zvec6) * Tvec
by — (rule substTerm.subst3Chain[where T=N], auto)
then have zvec6 tx Tvec by simp
moreover from <zvec fx Tvec) have (p - zvec) fx (p - Tvec) by(simp add:
fresh-star-bij)
with S <xvec #x Tvec) <zxvect #x Tvec) <xvec6 = p - xvec) have zvec6 §x Tvec
by simp
moreover note (xvect fix Uy
moreover from <zvec fx M> have (p - zvec) #x (p - M) by(simp add:
fresh-star-bij)
with S <avec fx M» <xvec6 % c¢P> B <xvec6 = p - zvecr have xvec6 fx M by
stmp
moreover from <zvec #x K> have (p - zvec) #x (p - K) by(simp add:
fresh-star-bij)
with S <avec §x K> <zvect f§x cRs» C <xvecb6 = p - zvec) have zvect §x K by
stmp
ultimately show ¢cP = M(Axzvec6 p - N|).p - P A
cRs = [ K((p - N)[zvec6::=Tvec])) < (p - P)[zvec6::=Tvec] A
U K = M A distinct zvec6 N set zvec6 C supp (p + N) A length zvec6 =
length Tvec N
avech #x Tvec N xvec6 tx U A zvec6 §x M A avec6 tx K by blast
qed
next
case(cOutput M K N P)
then show ?thesis by(rule rOutput)
next
case(cBrOutput M N P)
then show ?thesis by (rule rBrOutput)
next
case(cCase Cs P )
then show ?thesis by (rule rCase)
next
case(cParl Yo P a P' Q Ag)
have B: cP =P || Qand C: cRs=a < P'| @
by fact+
from <bn « #x (zvecl, avec2, xvecs, xvecs, zvecs, xvect, xvecT, xvec8, xvecy,
xl, 12, 13, x4, cP, cRs, C)) have bn « f* zvec2 by simp
from <Ag fx (zvecl, zvec2, zvecs, zvecs, zvech, zvect, zvec?, zvecs, zvecy, xl,
z2, z3, =4, cP, cRs, C)> have Ag t* zvec?2 and Ag #x C by simp+

from <length zvec? = residualLength cRsy» C have length zvec2 = length(bn «)
by simp
then obtain p where S: set p C set(bn «) x set(bn(p - o)) and distinctPerm
p and zvec2= bn(p + «)
using <bn a fx avec?) <distinct(bn «)> <distinct zvec?»
by — (rule constructPerm[where zvec=bn o and yvec=zvec2], auto simp add:
equts)
show ?thesis
proof (rule rPar![where P=P and Q=@ and a=p - @ and P'=p - P’ and
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AQ:AQ and \I/Q:\IJQD
assume zvec? fx ¥ and zvec?2 fx cP and zvec? g% cRs
note <cP =P || @
moreover from C S «bn «a i+ zvec?s <xvec2 * cRsy <xvec? = bn(p - a)) <bn
« f* subject a <axvec2 fx cP»> «<bn a fx @
have cRs=(p-a) < (p- P || Q
apply clarsimp
by (subst residualAlpha]where p=p]) auto
moreover note <zvec2 = bn(p - a)
moreover from (¥ @ Vg > P —a < P» S B C S <bn a f* zvec?) <xvec?
fx cRs» <xvec2 = bn(p - ) <bn « fx subject o <xvec? fx cP>
have UV @ U > P+——(p-a) < (p- P’
by (subst residualAlpha[symmetric]) auto
moreover note <extractFrame @ = (Ag, Yo)» «distinct Ag> <(Ag t* P> <Ag
fx Q> <Ag tx ¥ (Ag I+
moreover from <Ag i+ a» <Ag fx zvec2) S <avec? = bn(p - a)» «distinctPerm
p» have Ag t* (p - a)
by (subst fresh-star-bij[symmetric, where pi=p]|) simp
moreover from <Aqg fx P (Ag f* ar <Ag x zvec2) S «xvec? = bn(p + o)
«distinctPerm p> have Ag #x (p - P’)
by (subst fresh-star-bij[symmetric, where pi=p]) simp
moreover note <Ag fx )
ultimately show ¢cP =P || Q A cRs=(p-a) <(p+ P) | Q A avec2 = bn
(p-a)A
VRUog> P+ (p-a)<p- P A exstractFrame Q = (Ag, Yg) A distinct
AQ A AQ fx P A
Ag fix Q N Ag i+ U A Ag #x (p - o) A Ag tx (p - P) A Ag tx C by blast
qed
next
case(cPar2 ¥p Q o Q' P Ap)
have B: cP=P || Qand C: cRs=a < P | Q'
by fact+
from <bn « fx (zvecl, zvec?, xvecd, xvecs, xvech, zvecl, xvecT, zvec8, xvecy,
xl, 2, 23, x4, cP, cRs, C)) have bn « f* avec3 by simp
from <Ap fx (zvecl, zvec2, zvecs, xvecs, Tvech, zvech, zvec?, zvecs, zvecy, x1,
x2, 28, x4, cP, cRs, C)> have Ap f* zvecd and Ap tx C by simp+

from <length zvecd = residualLength cRs» C have length zvecd = length(bn «)
by simp
then obtain p where S: set p C set(bn «) x set(bn(p - o)) and distinctPerm
p and zvecd = bn(p - @)
using <bn a fx zvecd» «distinct(bn «)y <distinct xvecs»
by — (rule constructPerm[where zvec=bn o and yvec=zvec3], auto simp add:
equts)
show ?thesis
proof(rule rPar2[where P=P and Q=@ and a=p - « and Q'=p - Q' and
AP:AP and \I’p:\I’P])
assume zvecd #x ¥ and zvecd fix cP and zvecd f* cRs
note <cP =P || O»
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moreover from B C S <bn « #* zvecly <xvecd fx cRs) <xvecd = bn(p + a)
<bn « fx subject av <xvecd fx cPy <bn « fx P»
have cRs=(p-a) <P | (p- Q)
apply clarsimp
by (subst residualAlpha]where p=p]) auto
moreover note (zvecd = bn(p - a)»
moreover from <V @ Up > Qr—a < Q) S B CS <bn a t*x zvecd) (xvecd
fx cRs» <xvecd = bn(p - a)r <bn « * subject av <xvecd x cP>
have ' @ Up > Q —(p-a) < (p - Q)
by (subst residualAlphalsymmetric]) auto
moreover note <extractFrame P = (Ap, Up)s <«distinct Apy <Ap t* P> (Ap
fx @ (Ap #x Uy (Ap fx
moreover from <Ap % @ <Ap fx avecly S <xvecd = bn(p - a)» <distinctPerm
p» have Ap #x (p - «)
by (subst fresh-star-bij[symmetric, where pi=p]) simp
moreover from (Ap fx Q" (Ap fx a» <Ap t* zvecdr S <xvecd = bn(p « a)»
<distinctPerm p> have Ap t* (p + Q)
by (subst fresh-star-bij[symmetric, where pi=p]|) simp
moreover note (Ap fix C»
ultimately show ¢cP =P || QA cRs=(p-a) <P (p- Q) A zvecd = bn
(p-a)A
PoUp>Q@— (p-a)<p- QA
extractFrame P = (Ap, Up) A distinct Ap N Ap #§x P AN Ap fix Q AN Ap fx
U AAp tx(p-a) A
Ap tx (p - Q') N Ap tx C by blast
qged
next
case(cComml ¥g PM NP’ Ap Up Q K zvec Q' Ag)
then show ?thesis by — (rule rComml|where P=P and Q=0@)], (assumption |
simp)+)
next
case(cComm2 \I’Q P M zvec N P’ Ap Up Q K Q/ AQ)
then show ?thesis by — (rule rComm2|where P=P and Q=0@)], (assumption |
simp)+)
next
case(cBrMerge Vo P M N P' Ap Up Q Q' Ag)
then show ?thesis by — (rule rBrMerge[where P=P and Q=0Q)], (assumption
| simp)+)
next
case(cBrComml Vg P M N P' Ap Up Q zvec Q' Ag)
have B: ¢cP = P || Q and C: ¢cRs = M (v*xzvec))(N) < P’ | Q'
by fact+
from <zvec #§x (axvecl, Tvecl, zvecd, xvecs, xvecs, zvech, zvecT, xvecs, zvecy, 1,
22, 3, x4, cP, cRs, C)> have zvec f* zvec7 and zvec §x C by simp+
from <Ap fx (zvecl, zvec2, zvecs, xvecs, zvech, zvech, zvecT, zvec8, zvecy, x1,
z2, 3, x4, cP, cRs, C)> have Ap #x zvec7 and Ap fx C by simp+
from (Ag fx (zvecl, zvec?, xvecl, zvecs, xvech, zvech, zvecT, zvecs, zvec, x1,
z2, z3, z4, cP, cRs, C)» have Ag f* zvec7 and Ag #x C by simp+
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from <length zvec? = residualLength cRs» C have length xvec7 = length xvec
by simp
then obtain p where S: set p C set zvec x set (p - avec) and distinctPerm p
and zvec7 = p - xvec
using <xvec f#x zvec?y <distinct zvecy <distinct zvecT>
by — (rule constructPerm[where zvec=zvec and yvec=zxvec7], auto simp add:
equts)
show ?thesis
proof(rule rBrComm1[where P=P and Q=@ and P'=p - P’
and Q'=p - Q' and N=p - N and Ap=Ap and ¥p=Up and Ag=Ag
and Uo=¥g and M=M])
assume zvec7 fx U and zvec7 #x cP and xvec7 fx cRs
from (Ag #* zvec?> «zvec? = p + zvec
have Ag f#* (p « avec) by simp
from <Ap #x zvec?) <xvec7? = p - zvecy
have Ap #* (p - zvec) by simp
from <zvec §x M)> have (p - zvec) i (p + M) by(simp add: fresh-star-bij)
with S «zvec % M»> «xvec7 #x cRs» C <xvec? = p - xvecy have zvec7 §x M by
stmp

note «¢cP = P || @
moreover from C S <xvec f* zvec?> <xvec? f§* cRs» <xvec? = p + xvecy (xvec
gx M> <zvecT t* cP»
have cRs = M (vxavec7){(p - N)) < (p - P)) || (p - Q)
apply clarsimp
by (subst residualAlpha|where p=p]) simp+

moreover note (xvec7 = p - xvec
moreover from ¥ ® Vo > P — ;M(N|) < P"» S B «distinctPerm p> <zvec
i zvec?> <xvec? = p - avec) (xvec §x Py <xvecT #x cP>
have U @ o> P+— ;M((p- N)) <p- P’
by (simp add: brinputAlpha)

moreover from (U @ ¥p > Q — [M(vxavec)(N) < Q" S B C <avec fx
avec?y <xvecT? Hx cRsy <xvec? = p + avecy <xvec fx M> <axvec? #x cPy «xvecT #x M>
have UV @ Up > Q — M (vxzvec?){(p+ N)) < p - Q'
by (auto simp add: residualAlpha)

moreover note
cextractFrame P = (Ap, Up)» «distinct Ap> <extractFrame @ = (Ag, Yo)
«distinct Ag»
Ap fx W) <Ap fix Yo <Ap % Pr <Ap fx O <Ap #x Ag> <Ap x avec?>
(Ag #x U <Ag B+ Up) <Ag #x Py <Ag #x @ Ag ti* zvec?

moreover from S (Ap #x zvecy <Ap tx (p - zvec)) <Ap fx N>
have Ap #x (p - N)

by (simp add: freshChainSimps)
moreover from S (Ap fx zvecy <Ap #x (p - zvec)) <Ap tx P’
have Ap #x (p - P
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by (simp add: freshChainSimps)
moreover from S (Ap #x zvecy <Ap fx (p - zvec)y <Ap fx Q"
have Ap #x (p - Q')

by (simp add: freshChainSimps)
moreover from S <Ag i zvec) <Ag fx (p + zvec)r <Ag fx N»
have Ag fx (p -+ N)

by (simp add: freshChainSimps)
moreover from S (Ag f#x zveer (Ag #* (p « zvec)) (Ag #x P
have Aq #x (p - P’)

by (simp add: freshChainSimps)
moreover from S <Ag fix zvecy <Ag fx (p + zvec) <Ag t* Q"
have Ag 8+ (p - Q)

by (simp add: freshChainSimps)

moreover note <zvec7 fx U»

moreover from (xvec7 #x ¢cP> «¢cP = P || @ <extractFrame P = (Ap, Up)»
(Ap #x zvecT»
have zvec7 % Up
by simp (metis extractFrameFreshChain freshFrameDest)

moreover from <zvec7 fx cPy «¢cP = P || @ <extractFrame Q = (Ag, Yo)
(Ag #x vec?
have zvec7 fx Uq
by simp (metis extractFrameFreshChain freshFrameDest)

moreover from <zvec7 fx ¢P> <¢cP = P || Q> have zvec7 §x P by simp
moreover from <zvec7 #§x c¢P> <«¢cP = P || Q> have zvec7 fx @ by simp

moreover note <Ap fx M» <Ag tix M>
moreover note <zvec7 f§x M)
moreover note <Ap #x Ch» (Ag ix C» «distinct zvec?>

ultimately show ¢cP = P || Q A ¢cRs = M (vxzvec7){((p - N)) < (p - P)) || (p

- Q) A

U®Ug> P+— (M({(p+ N)) <p- P'A extractFrame P = (Ap, Up) A
distinct Ap A

U@ Up > Q— M(vsavec?)((p + N)) < p+ Q" A extractFrame Q = (Ag,
Ugo) A distinct Ag A

Apﬁ*\lf/\Apﬁ*\I/Q/\Apﬁ*P/\APﬁ*(p-N)/\Apﬂ*(p-P/)/\Apﬂ*
QAN Aptx(p- Q) A

Ap fx Ag N Ap tx zvec” N Ag % ¥ A Ag %« Up A Ag tix P A Ag ti* (p -
N) AN Ag 8« (p+ P) A

Ag tx Q N Ag tx (p - Q) AN Ag i zvec? N zvecT fx U A zvec? % ¥p A
zvec? g% Yo A zvec? §x P A

zvecT % Q N Ap #§x M AN Ag tx M A xvec? §x M AN Ap fx C N Ag tx C A
distinct zvec7 by blast
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qed
next

case(cBrComm2 Vg P M zvec N P' Ap ¥p Q Q' Ag)

have B: ¢cP = P || Q and C: cRs = {M(vzvec)(N) < P'| Q'

by fact+

from <zvec #§x (axvecl, zvec?, zvecd, xvecs, xvecs, zvech, zvecT, xvec8, zvecy, 1,
x2, 3, x4, cP, cRs, C)> have zvec fx zvec8 and zvec §x C by simp+

from <Ap fx (zvecl, zvec2, zvecd, xvecs, zvech, zvech, zvecT, zvecs, zvecy, x1,
x2, 28, z4, cP, cRs, C)> have Ap f* zvec8 and Ap tx C by simp+

from <Ag fx (avecl, zvec2, zvecs, zvecsd, zvech, zvect, zvec?, zvecs, rvecy, 1,
z2, z3, =4, cP, cRs, C)» have Ag t* zvec§ and Ag #x C by simp+

from <length zvec8 = residualLength cRs» C have length xvec8 = length xvec
by simp
then obtain p where S: set p C set zvec x set (p - zvec) and distinctPerm p
and zvec8 = p - zvec
using (xvec fx zvec8» <distinct xvecy <distinct rvec8»
by — (rule constructPerm[where zvec=zvec and yvec=zvec8], auto simp add:
equts)
show ?thesis
proof (rule rBrComm2[where P=P and Q=@ and P'=p - P’
and Q'=p - Q' and N=p - N and Ap=Ap and ¥Yp=Up and Ag=Ag
and Vo=¥g and M=M])
assume zvecS fx ¥ and zvec8 fx c¢P and zvec8 gx cRs
from (Ag #* zvec8» (zvecS = p - zvecy
have Ag #* (p - zvec) by simp
from <Ap #x zvecd> <xvec8 = p - xvec
have Ap #x (p - zvec) by simp
from (avec §x M> have (p - zvec) tx (p - M) by(simp add: fresh-star-bij)
with S <zvec fx M» <zvec8 #x cRs» C <xvec8 = p - zvec> have zvec8 fx M by
simp

note «¢cP =P | @
moreover from C S (zvec fx zvec8> <xvec8 #x cRsy <xvec8 = p - xvec) (xvec
fx M)> <zvec8 fx cP»
have cRs = M (vxzvec8){(p - N)) < (p- P) || (p - Q")
apply clarsimp
by (subst residualAlpha|where p=p|) simp+

moreover note (zvec§ = p - zvec
moreover from <V ® Up > Q — (M(N|) < Q" S B «distinctPerm p» <zvec
fx zvec8) «xvec8 = p - avec) (xvec fx Q> (xvecs #x cP»
have ¥ @ Up > Q+— ;M((p- N)) <p- Q'
by (simp add: brinputAlpha)

moreover from (¥ @ ¥g > P — [M(vxavec)(N) < P» S B C <avec f#*
avec8) <xvec8 fx cRsy <xvec8 = p - avecy <xvec fx M)> <xvec8 #* cP»y «xvecs #x M»
have U @ Uy > P — [M(vszvec8){(p - N)) < p - P’
by (auto simp add: residualAlpha)
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moreover note
cextractFrame P = (Ap, Up)» «distinct Ap> <extractFrame Q = (Ag, Yo)»
<distinct Ag»
Ap % U <Ap #x W Ap % Py <Ap i (> <Ap #x Ag> (Ap ti* zvecs»
(Ag 1+ U <Ag tx Up) <Ag #x Py <Ag #x @ (Ag ti* zvecs)

moreover from S (Ap #x zvecr <Ap i (p - zvec)) <Ap g% N»
have Ap #x (p - N)

by (simp add: freshChainSimps)
moreover from S (Ap fx zvecy <Ap #x (p - zvec)) <Ap tx P’
have Ap #x (p - P

by (simp add: freshChainSimps)
moreover from S «Ap #x azvecy <Ap fx (p - zvec)y <Ap g Q"
have Ap #x (p - Q)

by (simp add: freshChainSimps)
moreover from S <Ag f* zvec <Ag fx (p + zvec)r <Ag fx N»
have Ag #x (p -+ N)

by (simp add: freshChainSimps)
moreover from S <Ag i zvee) (Ag fx (p - zvec)y <Ag tx P’
have Ag #x (p - P’)

by (simp add: freshChainSimps)
moreover from S <Ag i zvecr <Ag fx (p + zvec) <Ag t*x Q"
have Ag fx (p - Q')

by (simp add: freshChainSimps)

moreover note <zvec§ fx U»
moreover from (xvec8 #x ¢cP> «¢cP = P || @ <extractFrame P = (Ap, Up)»
(Ap % zvec8>»
have zvec8 §x Up
by simp (metis extractFrameFreshChain freshFrameDest)
moreover from (zvec8 fx cPy «¢cP = P || @ <extractFrame Q = (Ag, Yo)
(Ag I zvecs>
have zvec$ fx Uq
by simp (metis extractFrameFreshChain freshFrameDest)

moreover from <zvec8 #x c¢P> <¢cP = P || > have zvec8 f§x P by simp
moreover from <zvec8 fx cP> «¢cP = P || > have zvec8 f§x @ by simp

moreover note (Ap fx M» <Ag tix M>

moreover note <zvec8 fx M>

moreover note (Ap fx C» (Ag #x C) «distinct zvecs>

ultimately show ¢cP = P || Q A ¢Rs = M (vxzvec8){((p - N)) < (p - P) || (p

- Q) A
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U ® Uy > P+ iM(vkzvecS){(p - N)) < p - P’ A extractFrame P = (Ap,
Up) A distinct Ap A
UVRUpr> Q— M((p-N)) <p- Q A extractFrame Q = (Ag, Yg) A
distinct Ag A
Apﬁ*\lf/\Apli*\I/Q/\Apﬁ*P/\Apﬂ*(p-N)/\Apﬁ*(pP/)/\Apﬂ*
QA Ap tx (p- Q) A
Apﬁ*AQ/\Apﬁ*IU@CS/\AQﬁ*\IJ/\AQ]j*\I/p/\AQﬂ*P/\AQﬁ*(p-
N) A Ag #x (p+- P)) A
Ag tx Q N Ag tx (p - Q) AN Ag i zvec8 A zvec8 fx U A zvecs i ¥p A
zvecs g% Yo A zvecs §x P A
zvec8 #x Q N Ap #x M AN Ag 8% M N zvec8 #§x M A Ap fx C N Ag i+ C A
distinct zvec8 by blast
qed
next
case(cBrClose P M zvec N P’ x)
have B: ¢cP = (vz))P and C: cRs = 7 < (vz|)((vxzvec) P’)
by fact+
from <z § (avecl, zvec?, zvecl, zvecs, xvecd, xvech, zvecT, zvec8, zvecd, x1, z2,
x3, x4, cP, cRs, C)) have z § cP and z t cRs and = # z8 by simp+
from <zvec §x (avecl, zvec?, zvecd, zvecs, zvecs, zvect, zvec?, zvecs, zvecy, 1,
z2, 3, x4, cP, cRs, C)) have zvec fx cP and zvec fx cRs and z3 £ zvec and
zvec fx 3 by simp+

obtain r::name prm where (r - zvec) fx ¥ and (r - zvec) fx P and (r - zvec)
fx M
and (7 - zvec) §x N and (r - zvec) t+ P’ and (r - zvec) f* x
and (r - zvec) x C and (r - zvec) fix 28
and (r - zvec) fx ([(z, 23)] + P) and (r - avec) #x ([(z, 3)] - M)
and Sr: (set r) C (set avec) x (set(r - zvec)) and distinctPerm r
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, P, M, N, P’ z, z3,
([(z, 23)) - P), ([(z, #3)] - P), C)])
(auto simp add: equts)
from «(r - zvec) fx z3» have z3 § (r - zvec) by simp

show ?thesis
proof(rule rBrClose[where P=[(z, z3)] - P and M=[(z, 28)] - M and N=[(z,
z3)] + (r - N) and zvec=(r - zvec) and P'=[(z, z3)] - (r - P’)])
assume z3 § ¥ and 28 § ¢P and z3 § cRs
with <z3 f zvec) have 23 ¢ set zvec by simp
from <z5 § cRs» C have 238 § (7 < (vz))((v+avec)P’)) by simp
then have z3 § ((vz)((vxzvec) P’)) by simp
with «x # 28> have 23  ((v*zvec) P’) by(simp add: psi.fresh abs-fresh)
then have (23 € set zvec) V (23 § P’) by(simp add: resChainFresh)
with «x3 ¢ set zvec> have 23 § P’ by blast

with «x3 § avecy <z3 § (r + avec)> Sr have z3 § (r - P’)
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by (simp add: freshChainSimps)

from <cP = (vz) P> «z8 § cP> <z # 23> have cP-perm: cP = (va3|)([(z, 25)]
. P)
by (simp add: alphaRes abs-fresh)
from «(r - zvec) §x P’ Sr C
have cRs = 7 < (vz)((vx(r » zvec))(r « P’))
by (simp add: resChainAlpha)
moreover from <3 { (r - P')»
have 23 # (vx(r - avec))(r - P’)
by (simp add: resChainFresh)
ultimately have cRs = 7 < (vz3|)([(z, 23)] - (vx(r « zvec))(r - P’)) by(simp
add: alphaRes)
with «(r - zvec) §x x> «(r - zvec) §x x3)
have cRs-perm: cRs = 7 < (va3|))((vx(r - zvec))[(z, 3)] - (r - P’))
by (simp add: equts)

from <z € supp M>
have supp-inc-perm: z3 € supp ([(z, z3)] - M)
by (metis fresh-bij fresh-def swap-simps)

from «x § zvec) «(r - zvec) % x> Sr have r - z = = by simp

from U > P +—— (M (vxavec)(N) < P’ «(r - zvec) gx N» «(r - zvec) §x P’ Sr
have ¥ > P — (M(vx(r - zvec)){(r - N)) < (r - P’)
by (simp add: boundOutputChainAlpha’ create-residual.simps)
then have [(z, 23)] + (¥ > P —— M(vx(r « avec)){(r - N)) < (r - P'))
by (simp add: perm-bool)
with <z § Uy 23 § Uy «((r - avec) tx 2> <x3 ¢ (r - zvec)
have trans-perm: ¥ > ([(z, 23)] - P) — i([(z, 28)] - M)(v*(r - avec)){([(z,
23)] -« (r - N))) < ([(z, 23)] - (r - P"))
by (auto simp add: equts)

from «<distinctPerm ry <distinct xzvec)
have distinct-perm: distinct (r + zvec) by simp

note cP-perm cRs-perm supp-inc-perm trans-perm distinct-perm
«(r -« zvec) fx Uy <(r - avec) tx ([(z, 3)] - P)» «(r - zvec) §x ([(z, z3)] «+ M)»
«(r -« zvec) fx Cr <x8 § U <x8 § (r + zvec)

then show cP = (vz3)([(z, 23)] - P) A cRs = 7 < (va3)((v*r - zvec)[(z,
z3)] - r - P) A
z3 € supp ([(z, 3)] - M) A
Ve [(z, 23)] - P i([(z, 23)] - M)(vs(r - zvec))(([(z, 23)] - 7 - N)) < [(=,
z3)] + r - P'A
distinct (r - xvec) A (r - zvec) fx U A (r - zvec) x ([(z, z3)] - P) A
(r - zvec) t* ([(z, 8)] - M) A (r - zvec) fx C AN z3 § U A 28 § r - zvec
by simp
qed
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next

case(cOpen P M zvec yvec N P’ 1)

have B: ¢P = (vz)P and C: cRs = M (v*(zvecQz#yvec))(N) < P’

by fact+

from <zvec fx (avecl, xvec?, xvecd, xzvec), xvecd, xvecl, zvecT, zvec8, zvecy,
xl, z2, 23, x4, cP, cRs, C)) have xvec fx zvec and zvec fx ¢P and zvec f* cRs
and z! § xvec by simp+

from <z § (avecl, zvec?, zvecs, zvecs, xvech, xvech, zvecT, zvec8, zvecd, x1, z2,
x8, x4, cP, cRs, C)> have z § zvec4 and z § cP and z § cRs and z # zI by
stmp+

from «yvec fx (zvecl, zvec?, zvecs, xvecs, xvecs, Tvech, zvecT, xvec8, zvecy, 1,
x2, 28, ©4, cP, cRs, C)» have yvec fx zvec and yvec fx ¢cP and yvec fi* cRs
and z! § yvec by simp+

from <zvec #x cRs» «x § cRs» <yvec #x cRs» C have (zvecQu#yvec) fx M by
stmp
from <zvec fx Uy «x § U) <yvec fx Uy have (zvecQx#yvec) x ¥ by simp
from <length zvec4 = residualLength cRs» C obtain xvec’ y yvec’ where D:
zvecs = zvec’Qy#Hyvec’ and length zvec’ = length xvec and length yvec' = length
yvec
by (auto intro: lengthAuz2)
with «distinct zvec) «distinct yvec) <x § xvecy x § yvecr <xvec fix yvecy (xvec fx
xvecd ) <yvec §x xvecdy <z f xvecd) <distinct xvecd
have distinct zvec’ and distinct yvec’ and zvec’ #x yvec’ and xz # y and y f
zvec’ and y § yvec’
and z f zvec’ and z § yvec’ and y f xvec and y § yvec and zvec #* zvec’ and
yvec fx yvec'
by auto
from <length xvec’ = length xvec) <xvec §* zvec’ (distinct zvec) (distinct zvec’
obtain p where Sp: set p C set zvec X set(p - avec) and distinctPerm p and
E: zvec’ = p - zvec
by (metis constructPerm,)
from <length yvec' = length yvecy <yvec §x yvec’s «distinct yvecs <distinct yvec’s
obtain ¢ where Sq: set ¢ C set yvec X set(q - yvec) and distinctPerm ¢ and
F: yvec' = q - yvec
by (metis constructPerm)

show ?thesis
proof(rule rOpen|where P=([(z, z1)] -+ P) and zvec=p + zvec and y=y and
yvec=q - yvec and N=(pQ(zl, z)#q) - N and P'=(pQ(z1, z)#q) - P’ and
M=M])
assume zvec fx U and zvecs #x cP and zvec f* cRs and z1 § ¥ and zI §
cP and z1 § cRs and z1 § zvec4
from <xvec f* zvecsy <x § axvecs> <xl f xvec)> «yvec fx xvecs» D E F
have z # y and z1 # y and zI § p - 2vec and z1 § q - yvec by simp+
from <xvec] #x cRsy <zl § cRs» C have zvec4 §x M and z1 § M by simp+
moreover from «cP = (vz)P» <z § cPy <z # z1» have ([(z, z1)] - ¢P) = [(x,
z1)] « (vz) P
by simp
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with «z § ¢P> <zl § ¢P> have ¢P = (vzl))([(z, 1)] - P) by(simp add: equts
calc-atm)
moreover from C have ((pQ(z1, x)#q) - cRs) = (pQ(z1, z)#q) + (M (v*(zvecQz#yvec))(N)
=< P’) by(simp add: fresh-star-bij)
with Sp Sq «xvecy fix cRs» D E F <xvec fix cRs» «x § cRsy (yvec §x cRs) (xvec)
fx M) «(zvecQutyvec) fx My <xvec fx zvecds <x § zvecd> <yvec fx zvecd > (xvec fx
yveer <z f zvecy <z § yveer <y § zvec’s <y yvec’s «xvec’ $x yvec’y <xl § zvecy <zl
yvecy <zl # 1y «xl § zvec)r «xl § cRs» «xl § cRs) <x # z1y <xl § M>
have cRs = M(v+((p - zvec)Qz1#(q - yvee))){(((pQ(z1, z)#q) - N)) < ((pQ(x1,
D)#a) - P
by (simp add: equts pt2[OF pt-name-inst] calc-atm)
moreover from D E F have zvec) = (p - zvec)Qy#(q - yvec) by simp
moreover from U > P —— M (vx(zvec@yuec))(N) < P’ have ((pQ(z1,
z)#q) + V) > ((pQ(21, 2)#q) - P) —((pQ(z1, z)#q) - (M (v=(zvecQyuec))(N)
< P")
by (intro equts)
with Sp Sq B C D E F «avec] fx Uy <(zvecQa#yvec) fx Uy <xvec) #* cRs
«x § zvecdy C D <z § cRsy «yvec % cRsy <axvec #§x M «(avecQu#tyvec) tx M> <z
g My «xl § cRs» «<x # x> <xl § zvecy «xl § yvecr <xvec fx xvecs) (yvec §x xvecs»
«xl f zvecs> <x § zvecy <x ff yvecy <xl § Uy <xvecq fx cP)> «xvec §x P» (yvec fx P>
<xvec’ tx yvec’ <zl § zvecss <wvec Hx cPr <yvec #§x zvecds <xvec fx zvecsd> (x #
xly <zvec fx yvecs
have ¥ & (((z, 21)] - P) —M{u((p - vec)@(q - yoec))){((p@(s1, 2)#q) -
N)) < ((pQ(z1, 2)#q) - P)
by (simp add: equts pt-fresh-bij|OF pt-name-inst, OF at-name-inst] pt2[OF
pt-name-inst] name-swap)

moreover from «z € supp N» have ((pQ(z1, z)#q) - =) € ((pQ(z1, z)#q) *
supp N)
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst])
then have z1 € supp((pQ(z1, z)#q) - N)
using (x § zvecy <x § yveer <xl § zvecy <xl f§ yveer <x § xvec)y <xl § zvecs>
<xvec fx xvecdy (yvec fx avecr (xvec’ #x yvec’y D E F Sp Sq <x # z1)
by (simp add: equts pt2[OF pt-name-inst] calc-atm)
moreover from <z! § zvec4> D E F have z1 § (p - zvec) and z1 § (¢ - yvec)
by simp+
moreover from «(distinct zvec’s <distinct yvec>» E F have distinct(p - zvec)
and distinct(q - yvec) by simp+
moreover from <zvec’ §x yvec» E F have (p - zvec) i+ (¢ + yvec) by auto
moreover from (zvec fx ¥) have (p - zvec) t* (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
with Sp D E <xvec] #x ¥ <avec tx U» have (p - zvec) #§x ¥ by(simp add:
equts)
moreover from <yvec fx U» have (p - yvec) #§x (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
with Sq D F <xvec tx ¥ <yvec i+ ¥) have (q - yvec) fx U by(simp add:
equts)
moreover from <zvecd fx cP> <x § zvec)> «xl 4 zvecs» B D E F have (p -
zvec) tx ([(z, z1)] - P) and (q - yvec) t* ([(z, z1)] - P)
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by simp+
moreover from <xvecs #§x M> C D E F have (p - zvec) §x M and (q « yvec)
fx M by simp+
ultimately show c¢P = (vz!)([(z, 1)] - P) A
cRs = M(vx(p - avec @ z1 # q - yvec)){(((p Q (x1, ) # ¢q) - N)) < (p Q
(x1, z) # q) - P' A
zvecs = p - avec Q y # q « yvec N
W [z, 7)) - P Mvs(p - zvec @ g - yoec)){((p © (a1, 2) # q) - N))
< (p @ (a1, 2) # q) - P' A
z1 € supp ((p @ (#1, z) # q) - N) A
zl # p - zvec A
xl § q - yvec A
distinct (p - xvec) A
distinct (q - yvec) A

(p - avec) tx ¥ A
(p - wvec) £ (((z, 31)] - P) A
(p - zvee) tx M A
(p - zvec) i (q + yvec) A
(q - yvec) §x U A
(¢ - yvec) tx ([(2, 21)] - P) A
(q - yvec) §x M
by blast
qed
next

case(cBrOpen P M zvec yvec N P’ x)
have B: ¢cP = (vz)P and C: cRs = [M(v+(zvecQz#yvec))(N) < P’
by fact+

from <zvec fx (avecl, xvec?, xvecd, xvec), xvecs, xveclt, xvecT, zvec8, xvecd,
xl, z2, 23, x4, cP, cRs, C)» have zvec f§x zvecd and zvec f§x c¢P and zvec f* cRs
and z/ § zvec by simp+

from <z § (zvecl, xvec?, xvecs, xvec], wvecs, Tvect, xvecT, xvec8, tvec9, x1, 12,
x3, x4, cP, cRs, C) have z f zvecd and z § ¢P and z § cRs and z # x4 by
stmp-+

from «yvec fx (zvecl, zvec?, zvecs, xvec), xvecs, zvech, zvec?, xvec8, zvecy, z1,
x2, 28, ©4, cP, cRs, C)» have yvec fx zvecd and yvec f* cP and yvec * cRs
and z4 § yvec by simp+

from <zvec fx cRs» <x § cRs» «yvec fx cRs» C have (zvecQx#yvec) fx M by
stmp
from <zvec fx Uy «x § U) <yvec f§x Uy have (zvecQa#yvec) x ¥ by simp
from <length xvec9 = residualLength cRs» C obtain zvec’ y yvec’ where D:
zvecd = zvec’Qy#Hyvec’ and length zvec’ = length zvec and length yvec’ = length
yvec
by (auto intro: lengthAuz2)
with «distinct zvec) «distinct yvecy «x § zvec) «x § yvec) <xvec ix yvecy (xvec fx
zvecdy <yvec #x zvecdy <x § xvec9y <distinct xvec9>r
have distinct zvec’ and distinct yvec’ and xvec’ §* yvec’ and z # y and y 4
zvec’ and y § yvec’
and z f zvec’ and z f yvec’ and y £ zvec and y £ yvec and zvec #* zvec’ and
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yvec tx yvec’
by auto
from <length xvec’ = length xvec) <xvec §* zvec’ (distinct zvec) (distinct zvec’
obtain p where Sp: set p C set zvec X set(p - zvec) and distinctPerm p and
E: zvec’ = p - zvec
by (metis constructPerm,)
from <length yvec' = length yvecs <yvec §x yvec’s «distinct yvecs <distinct yvec’s
obtain ¢ where Sq: set ¢ C set yvec X set(q - yvec) and distinctPerm q and
F: yvec' = q - yvec
by (metis constructPerm,)

show ?thesis
proof(rule rBrOpen|where P=([(z, z4)] -+ P) and zvec=p - zvec and y=y
and yvec=q - yvec and N=(pQ(z4, z)#q) - N and P'=(pQ(z4, z)#q) - P’ and
M=M))
assume zvec9d fx U and zvec9d #x cP and zvec9d #x cRs and z4 § ¥ and x4 §
cP and z4 £ cRs and z4 § zvec9d
from <zvec fx avecdy «x § zvecdy x4 f xvecdy <yvec fx zvecdy D E F
have z # y and z/ # y and 24 § p - 2vec and zj § q - yvec by simp+
from <xvec9 fx cRsy <x4  cRsy C have zvecd §+ M and z4 § M by simp+
moreover from «cP = (vz) P> <z § cPy <z # z4» have ([(z, z4)] - ¢P) = [(=,
o)) - (ve)P
by simp
with <z § ¢P» «xz4 § ¢P> have ¢P = (vz|)([(z, 24)] - P) by(simp add: equts
calc-atm)
moreover from C have ((pQ(z4, x)#q) - cRs) = (pQ(x4, ©)#q) - (M (v*(zvecQu#yvec))(N)
< P’) by(simp add: fresh-star-bij)
with Sp Sq <zvec9d t* cRs» D E F <zvec §x cRs) «<x § cRs) <yvec §x cRs> <xvec9
fx M)> «(zvecQuH#yvec) g% My <xvec fx zvec9ds <x § zvecdr (yvec fx zvecdr (xvec fx
yvec) <z f zvec) <z § yvec: <y § zvec’s <y yvec’s «zvec’ $x yvec’ <xf § zvecy x4 4
yvecr (x4 F y» x4 f zvecdr x4 B cRs» x4 § cRs» «x # x4y x4 § M>
have cRs = (M(s((p - zvec)0uf#(q - yoec))(pQ(af, 0)#q) - N)) <
((pQ(z4, z)#q) - P’)
by (simp add: equts pt2[OF pt-name-inst] calc-atm)
moreover from D E F have zvecd = (p - zvec)Qy#(q - yvec) by simp
moreover from ¥ > P ——M(vx(zvec@Qyuec))(N) < P’ have ((pQ(z4,
2)#q) - V) > ((pQ(z4, 2)#q) - P) —((pQ(24, 2)#q) - (1M (v*(zvecQyvec))(N)
=< 'PY)
by (intro equts)
with Sp Sq B C D E F «avec9d fx Uy <(zvecQz#yvec) fx Uy <zvecd #* cRs»
x § zvecdy C D <z § cRsy «yvec % cRsy <xvecd #x M «(azvecQu#yvec) tx M> <z
8 My <x4 § cRs) «x # 4> <x4 § avec) x4 § yvecr <xvec fx xvec9dy <yvec §x wvec9d>
<z f xvecdr «x § zveey «x § yveey x4 § Uy <xvecd fx cP»y <xvec #x P> «yvec fx P>
cxvec’ tx yvec! «x4d § xvecds <xvecd fx cP> <yvec fx zvecds (xvec fx zvecdr (x #
x4 (avec fx yvec
have U & ([(z, )] - P) —iM{u((p - zec)a(q - yoee))) ((pQ(x4, )q) -
N)) < ((pQ(z4, 2)#q) - P)
by (simp add: equts pt-fresh-bij|OF pt-name-inst, OF at-name-inst] pt2[OF
pt-name-inst] name-swap)
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moreover from «x € supp N» have ((pQ(z4, z)#q) - z) € ((pQ(z4, z)#q) -
supp N)
by (simp add: pt-set-bij|OF pt-name-inst, OF at-name-inst])
then have 2/ € supp((pQ(z4, z)#q) - N)
using «x § zvecy «x § yveer x4 f xveer x4 f yveer «x f xvecd> x4 § xvec9»
<xvec fx xvecdy (yvec fx xvec9dy (xvec’ fx yvec’y D E F Sp Sq <x # x>
by (simp add: equts pt2|OF pt-name-inst] calc-atm)
moreover from <z § zvecd) D E F have z/ £ (p - zvec) and x4 f (¢ - yvec)
by simp+
moreover from «(distinct zvec’s <distinct yvec>» E F have distinct(p - zvec)
and distinct(q - yvec) by simp+
moreover from (zvec’ i+ yvec» E F have (p - zvec) * (q - yvec) by auto
moreover from (zvec fx ¥) have (p - zvec) t* (p - ) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
with Sp D E (xvec9d #x Uy <xvec §x ¥> have (p - zvec) fx U by(simp add:
equts)
moreover from <yvec fx U» have (p - yvec) #§x (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
with Sq D F <zvec9d tx Uy <yvec §x U» have (q - yvec) #§x ¥ by(simp add:
equts)
moreover from <zvecd fx cP> <z § zvecdr x4 4§ zvecdy B D E F have (p -
wvee) b ((z, 24)] - P) and (g - yoec) £ (((z, 24)] - P)
by simp+
moreover from <avec9 §x M> C D E F have (p - zvec) fx M and (q - yvec)
tx M by simp+
ultimately show cP = (vz4)([(z, 4)] - P) A
cRs = (M(vx(p - woec © o/ # q - yoec)){(p @ (o4, 7) # @) - N)) < (p @
(24, 2) # ) - P' A
avecd = p « avec @ y # q - yvec A
U > (2, 24)] - Pr— (M(vx(p - zvec @ q - yvec)){((p @ (24, ) # q) - N))
< (pQ@ (x4, 7)# q) - P' A
z4 € supp ((p @ (24, x) # q) - N) A
x4 §p - zvec A
x4 8§ q - yvec N
distinct (p - zvec) A
distinct (q - yvec) A

(p - zvec) tx U A
(p - wvec) Bx ([(z, 4)] - P) A
(p - zvec) tx M A
(p « zvec) t* (q - yvec) A
(q - yvec) 4= T A
(q « yvec) B ([(z, z4)] - P) A
(q - yvec) 4+« M
by blast
qed
next

case(cScope P a P’ )
have B: ¢cP = (vz))P and C: cRs = a < (vz|) P’
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by fact+
from <bn « fx (zvecl, zvec?, xvecd, xvecs, xvech, zvecl, zvecT, zvec8, xvecy,
zl, 2, 3, x4, cP, cRs, C)> have bn « f* zvec5 and z2 § bn a by simp+
from <z § (zvecl, xvec?, xvecs, xvec], wvecsd, Tvect, xvecT, xvecs, tvec9, x1, 12,
x3, x4, cP, cRs, C)) have z f zvecd and = # 22 and z § cRs by simp+

from <length zvec5 = residualLength cRsy» C have length zvec5 = length(bn «)
by simp
then obtain p where S: set p C set(bn a) x set(bn(p - «)) and distinctPerm
p and avec5= bn(p + «)
using <bn a fx zvecd> <distinct(bn «)» <distinct zvech»
by — (rule constructPerm|where zvec=bn o and yvec=zvec|, auto simp add:
equts)
show ?thesis
proof (rule rScope[where P=[(z, 22)] - P and a=[(z, 22)] - p - « and P'=[(z,
w2)] - p - PY)
assume zvecs fx ¥ and zvech tx ¢cP and zvecs #x cRs and z2 § ¥ and z2 {
cP and 22 § cRs and 22 § zvech
from «z2 § cRsy C <22 § bn a» <z # 22> have 22 § o and 22 § P’ by(auto
simp add: abs-fresh)
moreover from «cP = (vz)) P> «z2 § cP> <z # 22> have cP = (vz2)([(z, 2)]
. P)
by (simp add: alphaRes abs-fresh)
moreover from B C S <bn a f#* zvecs) <xvecs #x cRs) <xvecs = bn(p - a)
<bn a fx subject a» <xvecd fx cP> <x § o x § avecd>
have cRs = (p - «) < (vz))(p - P’)
apply clarsimp
by (subst residualAlpha[where p=p| alphaRes) (auto simp del: actionFresh)
then have ([(z, 22)] + ¢Rs) = [(z, 22)] - ((p - @) < (vz|)(p - P"))
by simp
with 22 § ¢Rs) <z § cRs» have cRs = ([(z, 22)] - p - o) < (v22)([(z, 22)] -
p- P
by (simp add: equts calc-atm)
moreover from <zvec5= bn(p - a)> have ([(z, 22)] - zvech) = ([(z, z2)] - bn(p
- ))
by simp
with «x § zvecd) 22 § azvecs> have xvecs = bn([(z, 22)] - p + @)
by (simp add: equts)
moreover from U > P +——a < P» S B C S <bn « tx zvech <xvech #x cRs)
<xvecd = bn(p + )y <bn « #x subject a» <zvech #x cP> <z § zvecH>
have U > P+—(p-a) < (p - P
by (subst residualAlphalsymmetric]) auto
then have ([(z, 22)] - ¥) & ([(z, 22)] - P) —([(z, 52)] - ((p - @) < (p - PY))
by (rule equt)
with «z § U» 2 § ¥ have U > ([(z, 22)] - P) —([(z, 22)] - p - o) < ([(=,
a2)] - p- P
by (simp add: equts)
moreover note <z2 § ¥»
moreover from <z § o @2 § @ <x § zvecs) x2 § xvechy S «x # 12> <xVech
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= bn(p - @) have 22 § [(z, 22)] - p - «
apply(subgoal-tac x § p A 22 £ p)
apply(simp add: perm-compose freshChainSimps del: actionFresh)
by (auto dest: freshAlphaSwap)
moreover from <bn a #x subject a» have ([(z, z2)] - p - (bn @)) x ([(z, 2)]
- p - (subject )
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
then have dn([(z, £2)] - p - @) fx subject([(z, 22)] - p - @)
by (simp add: equts)
moreover from <distinct(bn «)> have distinct([(z, 22)] - p - (bn «)) by simp
then have distinct(bn([(z, 22)] - p - «)) by(simp add: equts)
ultimately show cP = (vz2)([(z, z2)] - P) A
cRs = ([(z, 52)] - p - @) < (wa2)(((5, 52)] - p - P) A
avecs = bn ([(z, 22)] - p - @) A
U > [(222)] - P— ([(z, 22)] - p-a) <[(z,22)]-p- P'A
2 4 U A
22 4 [(z, 22)] - p - a A
bn ([(z, 2)] - p - ) B subject ([(z, 22)] - p - 0) A
distinct (bn ([(z, 22)] - p - ) by blast
qed
next
case(cBang P)
then show %thesis by (auto intro: rBang)
qed

lemma resResidEq:
fixes zvec :: name list
and P :: ('a,'b, 'c) psi
and Q@ :: (‘a, 'b, 'c) psi

and M :'a
and N :'a
and N/ :'a

assumes M (vszvec)(N) < P = M (vxzvec)(N')y < Q
and avec fx M

shows | M (vxzvec)(N) = (M (vxavec) (N’
using assms
proof (induct zvec)
case Nil
then show ?case by(simp add: residuallnject)
next
case (Cons z zvec)
from «(z # avec) fx M)
have z f M and zvec §x M by simp+
from M (v+(x # zvec))(N) < P = (M(vx(z # zvec))(N") < @ <z § M>
have M (vx(zvec))(N) < P = M (v*(zvec))(N') < Q
by (metis action.inject(4) assms(1) bn.simps(4) residuallnject’”)
then have M (vkzvec))(N) = M (vxzvec)) (N') using <zvec fix M>
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by (rule Cons(1))
then show ?case
by (simp add: action.inject)
qed

lemma parCases|[consumes 5, case-names cParl cPar2 cComm1 cComm2 cBrMerge
c¢BrComm1 c¢BrComm2]:
fixes U = 'b
and P :: (‘a, b, 'c) psi
and Q@ :: (‘a, b, 'c) psi
and o :: a action
and T = (‘a, 'b, 'c) psi
and C :: 'f:fs-name
and M :'a
and N :'a

assumes Trans: V> P || Q@ —a < T
and bn o fx ¥
and bn afx P
and bn afx @
and bn « f* subject «
and rParl: AP’ Ag ¥q. [¥ ® Ug > P —a < P’; extractFrame Q) = (Ag,
U); distinct Ag;
Ag i+ W5 Ag % P; Ag #* Q; Ag #x «; Ag % P'; Ag
g+ C] = Prop o (P' || Q)
and rPar2: NQ' Ap Up. [V @ Up > Q —ra < Q' extractFrame P = (Ap,
Up); distinct Ap;
Ap % U5 Ap fx P; Ap fx @Q; Ap fx o; Ap fx Q' Ap fx
€] = Propa (P|| Q)
and rComml: N\Vg M N P' Ap Up K zvec Q" Ag.
[¥ ® g > P—M(N) < P’; extractFrame P = (Ap, Up); distinct Ap;
U ® Up > Q+—K(vxavec)(N) < Q'; extractFrame Q = (Ag, Vo);
distinct Ag;
UV Up® Vg M« K; distinct zvec; o = T;
Ap ﬁ* \I/; Ap ﬁ* \I/Q, Ap ﬁ* P; Ap ﬁ* ]\4-7 Ap ﬁ* N; AP ﬁ* P’; Ap
fx Q; Ap fx avec; Ap fx Q5 Ap §x Ag; Ap §x C;
AQ ﬁ* \I/; AQ ﬂ* \I/p; AQ ﬂ* P; AQ ﬁ* K; AQ ﬁ* N; AQ ﬂ* P/; AQ ﬂ*
Q; Ag fx zvec; Ag fx Q'; Ag t* C
avec x U; zvec §x Wp; zvec §x P; xvec fx M; xvec fx K; zvec fx Q;
zvec fx Vg; avec fx C] =
Prop (7) ((vxzvec)(P" || Q"))
and rComm2: N\¥g M zvec N P' Ap Up K Q' Ag.
[¥ @ g > P ——M(v*zvec)(N) < P'; extractFrame P = (Ap, Up);
distinct Ap;
U®Up> Q—K(N) < Q' extractFrame Q = (Ag, Yq); distinct Ag;
Ve Up® VYot M <& K; distinet zvec; o = T;
AP ﬁ* \I’, AP ﬁ* \I/Q, AP ﬁ* P7 AP ﬁ* ]\47 Ap ﬁ* ]\/v7 AP ﬁ* P/; AP
fx Q; Ap tx zvec; Ap fx Q' Ap fx Ag; Ap tx C;
AQ ﬂ* \I/; AQ ﬁ* \I/p; AQ ﬂ* P; AQ ﬂ* K; AQ ﬁ* N; AQ ﬁ* P/; AQ ﬂ*
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Q; Ag fx zvec; Ag fx Q'; Ag tx C
avec fx WU; avec fx VUp; xvec fx P; zvec fix M; xvec fx K; xzvec fx Q;
zvec fx Wg; avec fx C] =
Prop (1) ((vsavec) (P’ || Q"))
and rBrMerge: N\Wg M N P' Ap Up Q' Ag.
[¥ ® Ug > P+— (M(N|) < P’ extractFrame P = (Ap, Up);
distinct Ap;
U ®Up> Q— (M(N) < Q' extractFrame Q = (Ag, Vq);
distinct Ag;
Ap tx U5 Ap ix Ug; Ap §x Py Ap §x N; Ap i P';
Ap tx Qs Ap tx Qs Ap §x Ag; Ap fx M; Ag fx M;
Ag tx U; Ag % Up; Ag tix P; Ag i N; Ag f#x P
Ao b Q; Ag £ Q' Ap t C; Ag fr C a = (M(N]] =
Prop ((M(N)) (P"|| Q)
and rBrCommi1: N\¥g M N P’ Ap Up zvec Q' Ag.
[ ® Ug > P+—;M(N) < P’; extractFrame P = (Ap, Up); distinct
Ap;
U@ Up > Q—iM(vxzvec)(N) < Qs extractFrame Q = (Aqg, ¥o);
distinct Ag;
distinct xvec;
Ap % W5 Ap §x Wg; Ap % P; Ap i+ N; Ap ix P, Ap fix Q; Ap fx
zvec; Ap fx Q' Ap fx Ag; Ap fx C
Ag tx U; Ag % Up; Ag % P; Ag #x N; Ag tx P, Ag #x Q; Ag f*
zvec; Ag #x Q' Ag tx C
Ap #x M; Ag #x M; zvec tx M; M (vxzvec)(N) = o
zvec §x U; zvec i Up; zvec i+ P; zvec f* Q; avec i+ Vo] =
Prop (iM{usavec)(N)) (P' || Q)
and rBrComm2: N\¥g M zvec N P' Ap ¥p Q' Ag.
[V ® Ug > P +—iM(v*avec))(N) < P’; extractFrame P = (Ap, ¥p);
distinct Ap;
U@ Up> Q—(M(N) < Q) extractFrame Q = (Ag, Vq); distinct
AQ;
distinct zvec;
Ap tx U; Ap tx Wq; Ap % P; Ap #x N; Ap fx P, Ap i+ Q; Ap fx
zvec; Ap fx Qs Ap #x Ag; Ap fx C;
AQ ﬁ* \11; AQ ﬂ* \I/p; AQ ﬁ* P; AQ ﬂ* N; AQ ﬂ* P/; AQ ﬁ* Q; AQ ﬂ*
zvec; Ag #x Q' Ag tx C
Ap % M; Ag #x M; zvec tx M; M (vxzvec)(N) = o
zvec #x U zvec fx Up; zvec §x P; zvec fx Q; avec fx Vo] =
Prop (iM{usavec)(N)) (P' || Q")

shows Prop a T
proof —
from Trans have distinct(bn o) by(auto dest: boundOutputDistinct)
have length(bn «) = residualLength(a < T) by simp
note Trans
moreover have length [| = inputLength(P || Q) and distinct ||
by (auto simp add: inputLength-inputLength’-inputLength’.simps)
moreover have length [| = inputLength(P || Q) and distinct ||
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by (auto simp add: inputLength-inputLength'-inputLength’.simps)

moreover note <length(bn a) = residualLength(a < T)» <distinct(bn o)
moreover note <length(bn o) = residualLength(a < T)» <distinct(bn «)»
moreover note <length(bn o) = residualLength(o < T)» <distinct(bn a)»
moreover note <length(bn «) = residualLength(a < T)» <distinct(bn «)»
moreover note «length(bn o) = residualLength(a < T)» <distinct(bn «)»
moreover note <length(bn a) = residualLength(a < T)» <distinct(bn o)
moreover note <length(bn a) = residualLength(a < T)» <distinct(bn o)

moreover obtain z::name where z f ¥ and 2 f Pand z § Q and z ff o and
z g T
by (generate-fresh name) auto
ultimately show %thesis using <bn « f#x ¥» <bn « fx Py <bn a fix Q> <bn « fx*
subject v
proof(cases rule: semanticsCases[of - - - - - - - - - - - - - Czzaxax))
case clnput
then show ?thesis
by (simp add: residuallnject)
next
case cBrinput
then show ?thesis
by (simp add: residuallnject)
next
case cOutput
then show ?thesis
by (simp add: residuallnject)
next
case cBrOutput
then show ?thesis
by (simp add: residuallnject)
next
case cCase
then show ?thesis
by (simp add: residuallnject)
next
case (cParl o P o' P’ Q Ag)
then show %thesis using assms
by (force simp add: psi.inject residuallnject residuallnject’ intro: rParl)
next
case (cPar2 Up Q o’ Q' P Ap)
then show ?thesis using assms
by (force simp add: psi.inject residuallnject residuallnject’ intro: rParl)
next
case cComml
then show ?thesis using assms
by (force simp add: psi.inject residuallnject residuallnject’ intro: rComm1)
next
case cComm2
then show ?thesis using assms
by (force simp add: psi.inject residuallnject residuallnject’ intro: rComm2)
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next
case cBrMerge
then show ?thesis using assms
by (force simp add: psi.inject residuallnject residuallnject’ intro: rBrMerge)
next
case (cBrCommi1 Vg P1 M N P’ Ap ¥p Q1 Q' Ag)
note «bn «a fx U»
moreover from <bn «a fx Py <bn « §x Q> have bn « #x (P || Q) by simp
moreover from <bn « fx subject a» have bn a fx (o < T) by simp
ultimately have all:
Pl Q="P1| Q1A
a < T = iM(vxbn a)(N) < P'|| Q' A
U ® ¥y > Pl — (M(N) <P’ A
extractFrame P1 = (Ap, Up) A
distinct Ap A
U ®Up> QI — M(usbn a)(N) < Q' A
extractFrame Q1 = (Ag, ¥g) A
distinct Ag A
Ap Ij* U A
Ap #x Vo A
AP ﬂ* P1 A
Ap ﬂ* N A
Ap ﬂ* Pl N
Ap Ij* Q.Z A
Ap fx Q' A
Ap #x AQ N
Ap tx bn a A
AQ ﬁ* U A
AQ ﬁ* \I/p A
Ag 8+ P1 A
AQ fx N A
AQ ﬂ* P/ A
AQ ﬁ* Q] A
Ag i+ Q' A
Ag t* bn a A
bn a fix U A
bn a fx Up A
bn o tx Uo A
bn « fx P1 A
bn a fx Q1 A
Ap s M N Ag tx M AN bn afx M A Ap 8% C A Ag tx C A distinct (bn «)
by (rule ¢cBrComm1(1))

from all have bn a #§x M and o < T = [M(vxbn a)(N) < P' | Q'
by simp+

from «a < T = M (vxbn a)(N) < P’ || @» have o < T = RBrOut M ((v*bn

a)N <" (P"| @)
by (simp add: residuallnject)
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then obtain zvec N’ where a = |M (v+zvec))(N')
by (auto simp add: residuallnject)
then have bn a = avec by simp
from <o = [M(vxzvec)(N') <o < T = jM(v*bn a)(N) < P’ || Q" have
resEq: (M (vkzvec)(N'y < T = M(v*xbn a)(N) < P'|| Q'
by simp
then have |M(v+bn a)(N’) < T = [M(vxbn a)(N) < P’ | Q' using <bn «
= vec
by simp
then have (M (v+bn a)(N') = (M (v+bn a))(N) using <bn « fx M>
by (rule resResidEq)
with «a = |M(v*xzvec))(N')) have o = | M (v+zvec)(N) by simp

moreover from all have P | Q = P1 || QI
and a < T = (M(vxbn a)(N) < P'| Q'
and ¥ @ ¥y > P! — ;M(N) < P’
and extractFrame P1 = (Ap, Up)
and distinct Ap
and ¥ ® Up > QI — [M(vxbn a)(N) < Q’
and extractFrame Q1 = (Ag, Ug)
and distinct Ag
and Ap fx U
and Ap #x ¥q
and Ap f*x P1
and Ap fx N
and Ap fx P’
and Ap fx Q1
and Ap f#*x Q'
and Ap tx Ag
and Ap f* bn o
and Ag #x ¥
and Ag #x ¥p
and Ag #x PI
and Ag fx N
and Ag fx P’
and Ag f*x Q1
and Ag #x Q'
and Ag #* bn o
and bn o fx U
and bn o fx Up
and bn o g ¥g
and bn o f§* P1
and bn o fx Q1
and Ap fx M
and Ag #x M
and bn a gx M
and Ap fx C
and Ag #x C
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and distinct (bn «)
by auto

moreover then have P = PJ and Q = Q1
by (auto simp add: psi.inject)

ultimately have Prop (jM(v+(bn o))(N)) (P’ | @
by (force intro: rBrComml)
then show ?Zthesis using «a < T = (M (v*bn o)(N) < P’ | Q"[symmetric]
by (force simp add: residuallnject)
next
case (cBrComm2 Vg P1 M N P’ Ap ¥p Q1 Q' Ag)
note «bn «a fx U»
moreover from bn « fx Py <bn « #x Q> have bn a fx (P || Q) by simp
moreover from <bn « fx subject a» have bn « fx (o < T) by simp
ultimately have all:
P Q=PI QLA
a < T = iM(vxbn a){N) < P'| Q' A
U ® WUy > Pl — [M(vsbn a)(N) < P’ A
extractFrame P1 = (Ap, Up) A
distinct Ap A
UUp> QI — (M(IN) < Q' A
extractFrame Q1 = (Ag, ¥g) A
distinct Ag A
AP ﬂ* U A
AP ﬂ* \I/Q N
AP ﬂ* P1 A
Ap ﬂ* N A
AP Ij* P/ N
AP ﬂ* Q_Z AN
AP ﬂ* Q/ AN
Ap #x AQ A
Ap % bn a A
AQ ﬁ* Up A
AQ fx P1 A
AQ fx N A
AQ ﬁ* Pl A
Ag t* Q' A
Ag B+ bn o A
bn a fix U A
bn a fx Up A
bn o tx Uo A
bn a fx P1 A
bn a fx Q1 N
Ap i« M N Ag 8%« M AN bn atdx M A Ap i« C A Ag tx C A distinct (bn «)
by (rule cBrComm2(1))
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from all have bn a §x M and o < T = [M(vxbn a)(N) < P' | Q'
by simp+

from «a < T = M (vxbn a)(N) < P’ || @» have o < T = RBrOut M ((v*bn
a)N <" (P Q)
by (simp add: residuallnject)

then obtain zvec N’ where a = |M (v+zvec))(N')
by (auto simp add: residuallnject)
then have bn a = zvec by simp
from (o = [M(vszvec)(N') «a < T = M(vxbn a)(N) < P’ || Q" have
resEq: (M (vxzvec)(N')y < T = M(vxbn a)(N) < P'|| Q'
by simp
then have [M(v«bn a)(N') < T = {M(vxbn a)(N) < P’ || Q' using «bn «
= zvec)
by simp
then have (M (v+bn a)(N') = (M (v+bn a))(N) using <bn « fx M)
by (rule resResidEq)
with «a = [M(v*xzvec))(N')) have a = |M (v+zvec)(N) by simp
moreover from all have P | Q = P1 || QI
and a < T = jM(vxbn a)(N) < P'| Q'
and ¥ @ Uy > Pl — M(v+bn a)(N) < P’
and extractFrame P1 = (Ap, Up)
and distinct Ap
and ¥ ® Up > QI —> (M(N|) < Q'
and extractFrame Q1 = (Ag, Ug)
and distinct Ag
and Ap fx U
and Ap #x ¥g
and Ap f*x PI
and Ap fx N
and Ap fx P’
and Ap fx Q1
and Ap #* Q'
and Ap f#*x Ag
and Ap f* bn o
and Ag #x ¥
and Ag #x ¥p
and Ag #x PI
and Ag fx N
and Ag #x P’
and Ag f*x QI
and Ag #x Q'
and Ag #* bn o
and bn o gx ¥
and bn o fx Up
and bn o g ¥g
and bn a f* P1
and bn o fx Q1

269



and Ap fx M

and Ag #x M

and bn o fix M
and Ap fx C

and Ag #x C

and distinct (bn «)
by auto

moreover then have P = P! and @ = QI
by (auto simp add: psi.inject)

ultimately have Prop (jM(v+(bn o))(N)) (P’ | @
by (force intro: rBrComm2)
then show ?Zthesis using «o < T = (M (v*bn a)(N) < P’ | Q"[symmetric]
by (force simp add: residuallnject)
next
case cBrClose
then show ?thesis using <z § ) <x § Py <z ff @ <z f o <x § T
by (simp add: residuallnject)
next
case cOpen
then show ?thesis using assms <z § W» <x § Py <z @ <x § o> <z §f T
by (simp add: residuallnject)
next
case cBrOpen
then show ?thesis using assms <z § Uy <z § P <z @ <z a» <z § T>
by (simp add: residuallnject)
next
case cScope
then show %thesis using assms <x § U <z f P> <z § @ <x f o> <z § T)
by (simp add: residuallnject)
next
case cBang
then show ?thesis
by (simp add: residuallnject)
qed
qed

lemma parlnputCases[consumes 1, case-names cParl cPar2]:
fixes U :: b

and P :: (‘a, b, 'c) psi

and Q :: (‘a, 'b, 'c) psi

and M :: 'a

and N :: ‘a

and R :: (‘a, 'b, 'c) psi

and C : f:fs-name

assumes Trans: ¥V > P || Q — M(N) < R
and rParl: AP Ag Ug. [¥ ® Yo > P+—M(N|) < P’; extractFrame Q =
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(Ag, ¥q); distinct Ag;
Ag i+ W; Ag x P; Ag % Q; Ag % M; Ag #x N; Ag #x C]
— Prop (P']| Q)
and 7rPar2: ANQ' Ap ¥p. [V @ ¥p > Q —M(N) < Q'; extractFrame P =
(Ap, Up); distinct Ap;
Ap tx U3 Ap % Py Ap % Q; Ap #x M; Ap tx N; Ap tx (]
— Prop (P || @)
shows Prop R
proof —
from Trans obtain o where ¥ > P || @ —«a < R and bn « #x ¥ and bn «
fx P and bn « fx Q and bn « #x subject « and o« = M(NJ|) by auto
then show ?thesis using rParl rPar2
by (induct rule: parCases) (auto simp add: residuallnject)
qed

lemma parBrinputCases[consumes 1, case-names cParl cPar2 cBrMerge]:
fixes ¥ :: b

and P :: (‘a, b, 'c) psi

and Q :: (‘a, 'b, 'c) psi

and M :: 'a

and N : a

and R :: (‘a, 'b, 'c) psi

and C :: 'f::fs-name

assumes Trans: ¥ > P || Q — M(N|) < R
and rParl: AP Ag ¥q. [¥ @ Ug > P +—,M(N|) < P'; extractFrame Q =
(Ag, Yq); distinct Ag;
Ag i+ U3 Ag x P; Ag tx @; Ag #x M; Ag tx N; Ag #x C]
— Prop (P']| Q)
and rPar2: ANQ' Ap Up. [V @ ¥p > Q —( M(N) < Q'; extractFrame P =
(Ap, Up); distinct Ap;
Ap t W Ap 2% P, Ap Qs Ap tx M; Ap b= N; Ap tx C]
— Prop (P || @)
and rBrMerge: N\¥g P’ Ap ¥p Q' Ag.
[V ® g > P+ (M(N) < P’; estractFrame P = (Ap, Up);
distinct Ap;
U®Up> Qv+ (M(N) < Q extractFrame Q = (Ag, Ygo);
distinct Ag;
Ap tx U; Ap i« Wo; Ap #x P; Ap §x N; Ap t* P/
Ap tx Q; Ap #x Q' Ap tx Ag; Ap tx M; Aq #x M;
AQ ﬁ* \I’; AQ ﬁ* \I/p; AQ ﬁ* P; AQ ﬁ* N; AQ ﬁ* P/;
Ag B+ Q; Ag #x Qs Ap tx C; Ag tx C] =
Prop (P || Q)
shows Prop R
proof —
from Trans obtain o where ¥ > P | @ —a < R and bn a fx ¥ and bn «
fx P and bn o fx Q and bn « #x subject « and o = [ M(N|) by auto
then show ?thesis using rParl rPar2 rBrMerge
by (induct rule: parCases) (auto simp add: residuallnject action.inject)
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qed

lemma parOutputCases[consumes 5, case-names cParl cPar2]:
fixes ¥ :: b
and P :: ('a, 'b, 'c) psi
and @ :: (a, 'b, 'c) psi

and M :: 'a
and zvec :: name list
and N :: ‘a

and R :: (‘a, b, 'c) psi
and C :: f:fs-name

assumes Trans: U > P || Q — M (vsavec)(N) < R

and zvec fx U
and avec §x P
and zvec fx @
and avec fx M

and rParl: NP’ Ag ¥q. [V ® ¥g > P +—M(vkzvec)(N) < P’; extractFrame
Q= <AQ, \IJQ>; distinct Ag;
Ag i+ ¥; Ag % P; Ag fx Q; Ag % M; Ag fi* avec; Ag tx N;
Ag tx C; Ag tx zvec; distinct zvec] => Prop (P’ || Q)
and rPar2: NQ'Ap Up. [¥ @ Up > Q —> M (vxzvec))(N) < Q; extractFrame
P = <AP, \I/p>; distinct AP;
Ap tx U; Ap tx P; Ap #x Q; Ap #§x M; Ap fx zvec; Ap fx N;
Ap tx C; Ap #x zvec; distinct zvec] = Prop (P || @)
shows Prop R
proof —
from Trans have distinct zvec by (auto dest: boundQOutputDistinct)
obtain @ where a=M (vxavec) (N) by simp
with Trans <zvec fx Uy <xvec fix Py <xvec #x @ <xvec §x M)
have U > P || @ —a < R and bn a fx U and bn o fx P and bn « fx Q bn
« f* subject «
by simp+
then show %thesis using «a=M (v*zvec))(N)> rParl rPar2 <distinct zvec)
by (induct rule: parCasesjwhere C=(zvec, C)]) (auto simp add: residuallnject)
qed

lemma parBrOutputCases[consumes 5, case-names cParl cPar2 ¢BrComml cBr-
Comma2]:
fixes ¥ :: b
and P :: (‘a, b, 'c) psi
and Q :: (‘a, 'b, 'c) psi

and M :: 'a
and zvec :: name list
and N :: ‘a

and R :: (‘a, 'b, 'c) psi
and C :: 'f::fs-name

assumes Trans: ¥ > P || Q — M (vxzvec)(N) < R
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and avec fx W

and avec fx P
and avec fx @
and avec fx M

and rParl: AP'Ag Uq. [¥ ® Ug > P ——iM(vxzvec)(N) < P'; extractFrame
Q = (Ag, Vq); distinct Ag;
Ag tx W; Ag % P; Ag fx @; Ag #x M; Ag ti* avec; Ag t* N;
Ag tx C; Ag #* zvec; distinct zvec] = Prop (P’ Q)
and rPar2: NQ' Ap Up. [V @ Up > Q — M (v*avec)(N) < Q'; extractFrame
P = (Ap, Up); distinct Ap;
Ap tx U; Ap tx P; Ap #x Q; Ap #§x M; Ap fx zvec; Ap fx N;
Ap tx C; Ap #x avec; distinct zvec] = Prop (P || Q')
and rBrComml: N\¥qg P' Ap ¥p Q' Ag.
[ @ Ug > P+——;M(N) < P’; extractFrame P = (Ap, Up); distinct
Ap;
U ® Up > Qv —iM(vrzvec)(N) < Q'; extractFrame Q = (Ag, ¥q);
distinct Ag;
distinct xvec;
Ap tx U Ap tx Wq; Ap % P; Ap fx N; Ap fx P, Ap fx Q; Ap
zvec; Ap #x Q' Ap i+ Ag; Ap fx C
AQ ﬁ* ‘I’; AQ ﬂ* \I/p; AQ ﬂ* P; AQ ﬂ* N; AQ ﬂ* P/; AQ ﬂ* Q; AQ ﬂ*
zvec; Ag #x Q' Ag tx C
Ap % M; Ag #x M; zvec t* M;
zvec #x U; zvec §x Wp; avec fx P; zvec §x Q; avec fx Vo] =
Prop (P' || Q')
and rBrComm2: N\¥qg P’ Ap Up Q' Ag.
[¥ @ g > P +—iM(vszvec)(N) < P'; extractFrame P = (Ap, Up);
distinct Ap;
U Up> Q— i M(N|) < Q) extractFrame Q = (Ag, Vq); distinct
Ag;
distinct xvec;
Ap % W5 Ap #x Wg; Ap #x P; Ap i+ N; Ap #x P, Ap fix Q; Ap fx
zvec; Ap fx Q' Ap i+ Ag; Ap fx C
Ag tx U Ag #x Up; Ag tx P; Ag % N; Ag tx P, Ag #x Q; Ag fx
zvec; Ag #x Q' Ag tx C
Ap #x M; Ag t* M; xvec ix M;
zvec tx U; zvec fx Up; zvec % P; zvec fx Q; zvec fx Vo] =
Prop (P']| Q)
shows Prop R
proof —
from Trans have distinct zvec by (auto dest: boundOutputDistinct)
obtain o« where a={M (vxzvec)(N) by simp
with Trans <zvec fx Uy «xvec fx P> <xvec #x Q> <xvec $x M)
have U > P || @ —a < R and bn « #x U and bn « #§x P and bn o fx Q bn
a fx subject o
by simp+
then show ?thesis using (a=iM (v*zvec|)(N)> rParl rPar2 rBrComml rBr-
Comm?2 «distinct xvecy
by (induct rule: parCasesijwhere C=(zvec, C)]) (auto simp add: residuallnject
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action.inject)
qed

lemma theFEqut|equt-force]:
fixes p :: name prm
and « :: ‘a action

assumes o # T

shows (p - the(subject ) = the(p - (subject a))
using assms
by (induct rule: actionCases[where a=qa]) auto

lemma theSubjectFresh[simp):
fixes o :: 'a action
and z :: name

assumes o # T

shows z  the(subject o) = z § subject «
using assms
by (cases rule: actionCases) auto

lemma theSubjectFreshChain[simp):
fixes a :: 'a action
and zvec :: name list

assumes o # T

shows zvec #x the(subject o)) = zvec #x subject o
using assms
by (cases rule: actionCases) auto

lemma inputObtainPrefix:
fixes ¥ :: b
and P :: (Ya, 'b, 'c) psi
and P’ :: (Ya, 'b, 'c) psi
and Ap :: name list

and Up :: b
and N :'a
and K :'a
and B :: name list

assumes ¥ > P — K(N|) < P’
and extractFrame P = (Ap, Up)
and distinct Ap

and Bifx P
and Ap #x U
and Ap #x B
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and Ap fx P
and Ap fx K

obtains M where ¥ ® Yp - K < M and B #§x M
using assms
proof(nominal-induct avoiding: B arbitrary: thesis rule: inputFramelnduct)
case(cAlpha ¥ P K NP’ Ap Up p B)
then obtain M where subjEq: ¥V @ Vp - K <> M and B tx M
by (auto intro: cAlpha)
from <V @ Vp - K < M)
have p - (V ® Up - K + M) by simp
with <set p C set Ap x set (p - Ap)»
<Ap #x U «(p - Ap) tx Uy <Ap % K» «((p - Ap) #x K>
have permEq: ¥ ® (p - Up) F K < (p - M) by(simp add: equts)
from «B fx M) have p - (B fx M) by simp
with <set p C set Ap x set (p - Ap)»
<Ap tix By «(p + Ap) #x B>
have permFresh: B #x (p - M) by(simp add: equts)

show ?case using cAlpha permEq permFresh
by auto
next
case(cInput W M K zvec N Tvec P B)
from <W - M < K> have V® 1+ M < K
by (blast intro: statEqEnt AssertionStatEqSym|[OF Identity])
then have ¥ ® 1 - K < M by(rule chanEqSym)
moreover from (B fx (M(A\xzvec N|).P)» have B fx M by simp
ultimately show ?case by(auto intro: cInput)
next
case(cCase W PK NP’ ¢ Cs Ap ¥p B)
then obtain M where ¥V @ Vp - K <+ M and B fix M
by — (rule cCase, auto dest: memFreshChain)
with «(Up ~ 1) show ?Zcase by(blast intro: cCase statEqEnt compositionSym
Identity)
next
case(cParl W Wo PK NP’ Ag Q Ap Up B)
then obtain M where (¥ ® ¥g) @ Up - K <+ M and B fx M
by (metis freshCompChain(1) psiFreshVec(4))
then show ?case
by(metis cParl statEqEnt Associativity Commutativity AssertionStatEqTrans
Composition)
next
case(cParQ v \I/p Q KN Q/ AP PAQ \I/Q B)
then obtain M where (¥ @ Up) ® Yo F K <> M and B i+ M
by — (rule cPar2, auto)
then show ?case by(metis cPar2 statEqEnt Associativity)
next
case(cScope W P K N P'z Ap Up B)
then obtain M where ¥V ® Up - K <+ M and B #x M
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by — (rule cScope, auto)
then show ?case by(auto intro: cScope)
next
case(cBang W P K N P Ap Up B)
then obtain M where V @ Yp ® 1+ K <+ M and B tix M
by — (rule cBang, auto)
with «(Up ~ 1) show ?case by(metis cBang statEqEnt compositionSym Identity)
qed

lemma outputObtainPrefiz:
fixes U :: b
and P :: (‘a, 'b, 'c) psi
and P’ :: (Ya, 'b, 'c) psi
and Ap :: name list

and Up :: b
and N :'a
and K :'a
and zvec :: name list
and B :: name list

assumes ¥ > P — ROut K ((vxzvec)N <’ P’)
and extractFrame P = (Ap, Up)
and distinct Ap
and avec fix K
and distinct zvec

and Bifx P

and Ap #x U
and Ap #x B
and Ap fx P
and Ap #x K

obtains M where ¥ ® Yp - K <+ M and B #§x M
using assms
proof(nominal-induct avoiding: B zvec arbitrary: thesis rule: outputFramelnduct)
case(cAlpha ¥ P K Ap Up p a B avec)
then obtain M where subjEq: ¥V @ Vp F K ++ M and B fix M
by (auto intro: cAlpha)

from <V @ Vp - K < M
have p - (V @ Up - K « M) by simp

with «set p C set Ap x set (p - Ap)
Ap fix U «(p - Ap) f1x U <Ap tix K> «(p - Ap) t#x K>
have permEq: U ® (p - Up) b K < (p -+ M) by(simp add: equts)

from (B fx M»> have p - (B #x M) by simp
with «set p C set Ap X set (p - Ap)
<Ap fix By «(p + Ap) #x B>
have permFresh: B #x (p - M) by(simp add: equts)
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show ?case using cAlpha permEq permFresh
by auto
next
case(cOutput ¥ M K N P B zvec)
from <W - M < K>have V® 1+ M < K
by (blast intro: statEqEnt AssertionStatEqSym|[OF Identity))
then have YV ® 1 - K & M
by (rule chanEqSym)
moreover from (B fx (M(N).P)> have B fx M by simp
ultimately show ?case by(auto intro: cOutput)
next
case(cCase UV P K P' ¢ Cs Ap ¥p B avec)
then obtain M where V ® Up - K <+ M and B fx M
by — (rule cCase, auto dest: memFreshChain)
with «(Up ~ 1) show ?Zcase by(blast intro: cCase statEqEnt compositionSym
Identity)
next
case(cParl ¥ Vg P K yvec N P' Ag Q Ap ¥p B zvec)
then obtain M where (¥ @ Ug) ® ¥p F K <> M and B §x M
by (metis freshCompChain(1) psiFreshVec(4))
then show Zcase by(metis cParl statEqEnt Associativity Commutativity Asser-
tionStatEqTrans Composition)
next
case(cPar2 ¥ ¥p Q K yvec N Q' Ap P Ag Vg B zvec)
then obtain M where (¥ ® ¥p) @ Vg K <+ M and B fx M
by (metis freshCompChain(1) psiFreshVec(4))
then show ?case by(metis cPar2 statEqEnt Associativity)
next
case(cOpen ¥ P M zvec yvec N P' x Ap ¥p B zvec)
then obtain K where ¥V ® Vp - M < K and B f*x K
by (metis abs-fresh-list-star’ psiFreshVec(5))
then show Zcase by(auto intro: ¢Open)
next
case(cScope U P K yvec N P’z Ap Up B zvec)
then obtain M where ¥V ® Vp - K <+ M and B fx M
by (metis abs-fresh-list-star’ psiFreshVec(5))
then show ?case by(auto intro: cScope)
next
case(cBang ¥V P K P! Ap Up B zvec)
then obtain M where V @ Yp ® 1+ K < M and B f#ix M
by — (rule cBang, auto)
with «(Up ~ 1) show ?case by(metis cBang statEqEnt compositionSym Identity)
qed

lemma inputRenameSubject:

fixes U :: b
and P :: (‘a, 'b, 'c) psi
and M ::'a
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and N :: 'a

and P’ :: (‘a, 'b, 'c) psi
and Ap :: name list
and ¥p :: b

assumes ¥ > P — M(N|) < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and VQVUpFHMe K
and Ap #x ¥
and Ap fx P
and Ap #x M
and Ap fx K

shows ¥ > P —K(N|) < P’
using assms
proof(nominal-induct avoiding: K rule: inputFramelnduct)
case(cAlpha ¥ P M N P' Ap ¥p p K)
have S: set p C set Ap x set (p - Ap) by fact
from<«<? @ (p-¥p)- M« Krhave (p- (T (p-Yp))F(p- M)« (p-
K)
by (rule chanEqClosed)
with S «distinctPerm py <Ap x Uy <Ap fx M> <Ap tx K> «(p - Ap) i+ ¥ «(p -
Ap) tx M> «(p - Ap) §x K>
have ¥ ® Up b M < K by(simp add: equts)
with <Ap #x U <Ap fx P> <Ap fx M) (Ap fx K>
([[\I’(X)\I/p}—M(—)K;Apﬁ*q/;Apﬁ*P;ApH*M;APﬂ*K]]:>\I/\>P
—K(N|) < P"
show ?case by blast
next
case(cInput ¥ M K zvec N Tvec P K')
from <V @ 1+ K < K> have UV - K + K'
by (blast intro: statEqEnt Identity)
with <O - M < K> have U - M < K’
by (rule chanEqTrans)
then show ?Zcase using <distinct xvec) <set xvec C supp N> <length xvec = length
Tvecy
by (rule Input)
next
case(cCase W P MNP ¢ Cs Ap Up K)
from«V Q1+ M+ K) «<Up~1>have V@ UVp M < K
by (blast intro: statEqEnt Identity compositionSym AssertionStatEqSym)
with (Ap #x Uy (Ap #x Py (Ap #x M) (Ap #x K>
ANK. [T @ Up M+ K; Ap fix U; Ap % P; Ap #x M; Ap tx K] = ¥ >
P+—K(N) < P’
have U > P ——K(N|) < P’ by force
then show ?Zcase using (¢, P) € set Cs)» <¥U - > (guarded P> by(rule Case)
next
case(cParI v \I’Q P MNP’ AQ Q Ap \pr K)
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from <V @ Up @ Vg F M <> K> have (¥ ® ¥g) ® Up - M < K
by (metis statEqEnt Associativity Composition AssertionStatEqTrans Commu-
tativity)
with <Ap i+ U (Ap tx W <Ap tx P> <Ap % M> (Ap fx K>
fx K] = ¥ ® ¥g > P —K(N|) < P"
have ¥ ® ¥y > P +—K(N|) < P’ by force
then show ?Zcase using <extractFrame Q = (Ag, Yq)» <Ag fx U» (Ag #x P>
(Ag fix K> <Ag tx N»
by (auto intro: Parl)
next
case(cParQ v \I’P Q M N Ql AP PAQ \I/Q K)
from <V @ Up @ Vg F M < K» have (¥ ® ¥p) ® Vo - M < K
by (rule statEqEnt[OF AssertionStatEqSym|[OF Associativity]])
with <Ag ix U (Ag #x Upr (Ag #x @ <Ag tx M> <Ag ix K>
</\K. [[(\I/ Q@ Up)® YoFM < K; AQ fx (U @ Up); Ag tx Q; Ag ix M; Ag
tr K] =¥ @ ¥p > Q+—K(N) < Q"
have ¥ ® Up > Q —K(N) < Q' by force
then show ?case using <extractFrame P = (Ap, Up)) (Ap tx U (Ap #* ()
<Ap fx K> <Ap tx N>
by (auto intro: Par2)
next
case(cScope W P M N P’z Ap Up)
then have ¥ > P ——K(N|) < P’ by force
with <z § U) <z § K> <x § N» show ?case
by (auto intro: Scope)
next
case(cBang W P M N P’ Ap Up K)
from W ®1F-M<++ Ky «<Up~1>have V  Up 1+ M < K
by (blast intro: statEqEnt Identity compositionSym AssertionStatEqSym)
with <Ap #x U <Ap fx P> <Ap fx M) <Ap fx K>
(/\K. [[‘1/®\I/p®1|—M<—>K;Apﬁ*\I/;Apﬁ*(P” !P);Apﬂ*M;Apﬂ*
K] = V> P|!P—K(N) < Ph
have ¥ > P || |P —K(N|) < P’ by force
then show ?case using <guarded P> by(rule Bang)

qed
lemma outputRenameSubject:
fixes U b

and P :: (‘a, b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and P’ :: ('a, b, 'c) psi
and Ap :: name list
and Up b

assumes ¥ > P — M (vxzvec)(N) < P’
and extractFrame P = (Ap, Up)
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and distinct Ap

and VR Upt M+ K
and Ap fx U

and Ap fx P

and Ap fx M

and Ap fx K

shows U > P — K (vxavec)(N) < P’
using assms unfolding residuallnject
proof (nominal-induct avoiding: K rule: outputFramelnduct)
case(cAlpha W P M Ap Up p BK)
have S: set p C set Ap X set(p - Ap) by fact
from <V @ (p-Up)F M+ Krhave (p- (T @ (p-Up))F(p-M)+ (p-
K)
by (rule chanEqClosed)
with S «distinctPerm py <Ap f#x Uy <Ap fx M> <Ap tix K> «(p - Ap) tx ¥ «(p -
Ap) #x M> «(p - Ap) tx K>
have U ® Up - M < K by(simp add: equts)
with (Ap #x U) <Ap #x P> <Ap #x M> (Ap #x K>
show ?case by(blast intro: cAlpha)
next
case(cOutput ¥ M K N P K')
from <V @ 1+ K + K> have V - K + K'
by (blast intro: statEqEnt Identity)
with <O+ M + K> have UV - M < K’
by (rule chanEqTrans)
then show Zcase using Output by(force simp add: residuallnject)
next
case(cCase W P M B ¢ Cs Ap Up K)
from«V Q1+ M+ K) <Wp~1>have V@ UVp M < K
by (blast intro: statEqEnt Identity compositionSym AssertionStatEqSym)
with (Ap #x Uy (Ap #x P> (Ap #x M) (Ap #x K>
ANK. [T @ Up+ M+ K; Ap fix U; Ap tx P; Ap ix M; Ap tx K] = ¥ >
P —(ROut K B)»
have ¥ > P —— ROut K B by force
then show ?case using (¢, P) € set Cs» U b @) <guarded P» by(rule Case)
next
case(cParl ¥ Wo P M zvec NP' Ag Q Ap ¥p K)
from <V @ Up @ Vo - M < K> have (¥ ® V) ® Up - M < K
by (metis statEqEnt Associativity Composition AssertionStatEqTrans Commu-
tativity)
with <Ap i+ U (Ap tx Wor (Ap tx P> <Ap % M> (Ap fx K>
(/\K. [[(\I’ ® \IJQ) QUpk M+ K; Ap g (\I/ X \I’Q); Ap #x P; Ap i M; Ap
fx K] = ¥ ® ¥g > P —(ROut K ((v+zvec)N <" P’))»
have ¥ ® Vg > P K (vkzvec)(N) < P’ by(force simp add: residuallnject)
then show ?case using <extractFrame Q = (Ag, Ygo)» <avec fx @ <Ag tx U»
(Ag #x Py (Ag tx K» (Ag #* zvecy <Ag tx N> Parl[where a=K (vxzvec)(N)]
by (auto simp add: residuallnject)
next
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case(cPar2 ¥ ¥p Q M zvec N Q' Ap P Ag Vg K)
from <V @ Up @ Vg F M < K> have (¥ ® Up) ® Vo - M < K
by (rule statEqEnt[OF AssertionStatEqSym[OF Associativity]])
with <Ag i+ U (Ag #x Up» (Ag #x @ <Ag tx M> Ag ix K>
</\K. [[(\I/ ® \I/p) RV kM K; Ag t* (¥ @ Up); Ag tx Q; Ag #x M; Ag
fx K] = ¥ @ Up > Q —>ROut K ((v*xzvec)N <" Q")
have ¥ ® Up > Q —ROut K ((vxavec)N <’ Q') by force
then show Zcase using <extractFrame P = (Ap, Up)) <xvec tx P> (Ap #* U»
(Ap % Q» <Ap tx K> (Ap ti* zvecy <Ap % N» Par2[where a=K (vxzvec|)(N)]
by (auto simp add: residuallnject)
next
case(cOpen U P M zvec yvec N P’z Ap ¥p)
then have ¥ > P —— K (vx(zvecQyuec)))(N) < P’ by(force simp add: residual-
Inject)
with <z € supp N> <z § U <x § K> <x ff zvecy <x § yvec> Open show Zcase
by (auto simp add: residuallnject)
next
case(cScope U P M avec N P' 2 Ap Up)
then have U > P —— K (vxavec|) (N) < P’ by(force simp add: residuallnject)
with <z § U <z § K> «z § zvee) <x § N» Scope[where a=K (vxzvec))(N)] show
Zcase
by (auto simp add: residuallnject)
next
case(cBang V P M B Ap ¥p K)
from <V Q1+ M+ Ky «<Up~1have YV QUp 1+ M+ K
by (blast intro: statEqEnt Identity compositionSym AssertionStatEqSym)
with <Ap % Uy (Ap #x P> (Ap #§x M)> (Ap #x K>
NK. [$ @ Up @ 1+ M <+ K; Ap #ix U; Ap fix (P || 'P); Ap #x M; Ap i
K] = 9> P|!P+—ROut K B
have U > P || |P —ROut K B by force
then show ?case using (guarded P> by(rule Bang)
qed

lemma parCasesSubject[consumes 7, case-names cParl cPar2 cComml1 cComm?2
c¢BrMerge ¢cBrComm1 ¢BrComm2]:
fixes U b
and P :: (‘a, 'b, 'c) psi
and @ ::('a, b, 'c) psi
and a  :: 'a action
and R :: (‘a, 'b, 'c) psi
and C :: f:fs-name
and yvec :: name list

assumes Trans: U > P || Q@ —a < R

and bn o fx U
and bn o fx P
and n afx Q
and bn a #x subject o
and yvec % P

281



and yvec fx Q
and rParl: AP’ Ag ¥q. [V ® Vg > P ——a < P’ extractFrame Q = (Ag,
Ug); distinct Ag;
Ag i+ WU; Ag t* P; Ag tx a; Ag #x C] = Prop a (P’ Q)
and 7rPar2: NQ' Ap Up. [¥ @ ¥p > Q —ra < Q'; extractFrame P = (Ap,
Up); distinct Ap;
Ap tx W5 Ap 2% Q; Ap t o5 Ap tx O] = Prop a (P || Q)
and rComml: N\Vg M N P' Ap Up K zvec Q" Ag.

[¥ ® g > P—M(N) < P’; extractFrame P = (Ap, Up); distinct Ap;

U Q Up > Q+—K(vxavec)(N) < Q'; extractFrame Q = (Ag, Vo);
distinct Ag;
UVeW¥p®Volk M & K; yvee §x M; yvec §x K; distinct avec; o = T3
Ap tx U; Ap #x U, Ap ix P; Ap i« M; Ap i« N; Ap tx P; Ap
tx Q; Ap f#x zvec; Ap #x Q' Ap ix Ag; Ap #x C

AQ ﬁ* ‘I’; AQ ﬁ* \I’p; AQ ﬂ* P; AQ ﬁ* K; AQ ﬁ* N; AQ ﬁ* P/; AQ ﬂ*
Q; Ag fx zvec; Ag fx Q'; Ag t* C

avec x W; zvec §x Wp; zvec fx P; xvec fx M; xvec fx K; zvec fx Q;
zvec fx Ug; avec fx C] =

Prop (7) ((vezvec) (P' | Q)

and rComm2: N\¥g M zvec N P' Ap Up K Q' Ag.
[¥ @ g > P ——M(v*avec)(N) < P'; extractFrame P = (Ap, Up);
distinct Ap;
U ¥p> Q—K(N) < Q' extractFrame Q = (Aqg, Vq); distinct Ag;
UVeW¥p Vot M& K; yvee fx M; yvec §x K distinct zvec; o = T3
Apﬁ*\lf; Apﬁ*\I/Q; Apﬁ*P; Apﬁ*M; Apﬁ*N; Apﬁ*Pl; AP
fx Q; Ap fx avec; Ap fx Q% Ap §x Ag; Ap §x C;

AQ ﬂ* \I’; AQ ﬂ* ‘Ilp; AQ ﬂ* P; AQ ]i* K; AQ ﬂ* N; AQ ﬁ* P/; AQ ﬂ*
Q; Ag fx avec; Ag fx Q'; Ag tx C

avec fx VU; avec fx VUp; xvec fx P; zvec fix M; xvec fx K; xzvec fx Q;
zvec fx Wg; avec fx C] =

Prop (1) ((vxavec) (P’ || Q)

and rBrMerge: A¥g M NP’ Ap Up Q' Ag.
[¥ ® U > P+— (M(N|) < P’ extractFrame P = (Ap, Up);
distinct Ap;
U®Up> Q— M(N) < Q' extractFrame Q = (Ag, Vq);
distinct Ag;
AP li* \I/, Ap ﬁ* \I/Q, AP ﬁ* P, Ap ﬁ* N, AP ﬁ* P/;
Ap tx Qs Ap tx Qs Ap §x Ag; Ap fix M; Ag fx M;
Ag tx U5 Ag i Up; Ag tix P; Ag i N; Ag f#x P
Ag b Qi Ag B Q' Ap t C; Ag fr C5 a = (M(N)] —
Prop ((M(N)) (P"|| Q)
and rBrCommi1: N\¥g M N P’ Ap Up zvec Q' Ag.
[ ® Ug > P+——;M(N) < P’; extractFrame P = (Ap, Up); distinct
Ap;
U ® Up > Q—iM(vxzvec)(N) < Qs extractFrame Q = (Aqg, ¥o);
distinct Ag;
distinct xvec;
Ap fx W5 Ap #x Wg; Ap #x P; Ap i+ N; Ap #x P, Ap fix Q; Ap fx
zvec; Ap fx Q' Ap i+ Ag; Ap fx C
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Ag i+ U; Ag % Up; Ag % P; Ag #x N; Ag tx P, Ag #x Q; Ag fx
zvec; Ag #x Q' Ag tx C

Ap #x M; Ag #x M; zvec tx M; M (vxzvec))(N) = o

zvec §x U; zvec fx Up; vec i+ P; zvec i+ Q; avec i+ Vo] =

Prop (;M(v*zvec)(N)) (P"] Q"

and rBrComm2: N\¥g M zvec N P' Ap Up Q' Ag.

[¥ @ g > P +—iM(vxzvec)(N) < P'; extractFrame P = (Ap, Up);
distinct Ap;

U@ Up> Q—(M(N) < Q) extractFrame Q = (Ag, Vq); distinct
AQ;

distinct zvec;

Ap fx U5 Ap fx Wg; Ap x P; Ap fix N; Ap i+ Py Ap #x Q; Ap fi*
zvec; Ap fx Qs Ap % Ag; Ap fx C;

AQ ﬁ* \I/; AQ ﬂ* \pr; AQ ﬁ* P; AQ ﬂ* N; AQ ﬂ* P/; AQ ﬁ* Q; AQ ﬂ*
zvec; Ag #x Q' Ag tx C

Ap #x M; Ag #x M; zvec tx M; iM(vxzvec)(N) = o

zvec tx U; zvec fx Up; zvec % P; zvec fx Q; zvec fx Vo] =

Prop ((M{vszoec)(N)) (P' || Q")

shows Prop o R

using Trans <bn « fix Uy <bn « g% P> <bn « fx Q> <bn « f§* subject
proof (induct rule: parCases[where C=(C, yvec)])

case(cParl P' Ag Uq)

then show ?case by(auto intro: rParl)
next

case(cPar2 Q' Ap Up)

then show Zcase by(auto intro: rPar2)
next

case(cComml Vo M N P' Ap ¥p K zvec Q' Ag)

from <Ap tx (C, yvec)r <Ag tx (C, yvec) «xvec fx (C, yvec)

have Ap i+ C and Ag f* C and zvec §* C' and Ap fi* yvec and Ag fi* yvec
and zvec #x yvec

by simp+

have FrP: extractFrame P = (Ap, Up) and FrQ: extractFrame @ = (Ag, Vo)
and MegK: ¥ @ ¥p @ Yo - M < K by fact+

from <V ® Vo > P +—M(N|) < P’ FrP «distinct Ap» <Ap §x P» <Aq §x P>
<yvec fx Py (Ap fx U»
(Ap tx Ag) <Ap #x yvecr (Ap x zvecr <Ap ix Py (Ap gx M) <avec §x P> (Ap
fx U
obtain M’ where MeqgM" (¥ @ ¥g) ® Up - M < M’ and zvec §x M’ and
yvec g+ M’ and Ag tx M’
by — (rule inputObtainPrefixr)where B=zvecQyvecQAg], (assumption | force)+)
from <0 @ Up > Q — K (v+avec)(N) < Q» have ¥ @ ¥Up > Q — ROut K
((v*zvec)N <’ Q)
by (simp add: residuallnject)
with FrQ <distinct Ag» <Ap fx @ (Ag #x @ (yvec tx @ <Ag fx U»
Ap #x Agr <Ag Bx yveo (Ag i aveer <Ag fx @ (Ag ¥ K> «xvec §x @ (Ag

283



fx Wpy <xvec §x K> <distinct zvecy
obtain K’ where KeqK": (¥ ® Up) ® ¥ F K <> K'and zvec §x K’ and yvec
fx K'and Ap fx K’
by — (rule outputObtainPrefizr[where B=zvecQyvecQAp], (assumption | force
| metis freshChainSym)+)

from MegK KegK' have (¥ @ V) ® Up F M < K’
by (metis statEqEnt Associativity Commutativity Composition chanEqTrans)
with «<¥ @ Ug > P —M(N|)) < P’ FrP <distinct Ap»
have ¥ @ ¥y > P —K'(N|) < P’ using <Ap fx U» <Ap tx Uy <Ap fx P>
<Ap #tx My (Ap ttx K"
by — (rule inputRenameSubject, (assumption | force)+)
moreover note FrP (distinct Ap»
moreover from MeqgK MeqgM' have (¥ @ Up) @ Ugo F K < M’
by (metis statEqEnt Associativity Commutativity Composition chanEqTrans
chanEqSym)
with «<¥ ® Up > Q — K (vxavec)(N) < Q" Fr@ «distinct Ag»
have UV @ ¥p > Q —>M'(vxzvec)(N) < Q" using <Ag fx Uy (Ag tx ¥pr (Ag
fx Q@ <Ag % K> (Ag #x M)
by — (rule outputRenameSubject, (assumption | force)+)
moreover note FrQ (distinct Ag»
moreover from MegM' KeqgK' MegK have U @ Up ® Ug - K' < M’
by(metis statEqEnt Associativity Commutativity Composition chanEqTrans
chanEqSym)
moreover note (Ap fx U <Ap fix Vo) <Ap % Py <Ap % K» <Ap #x Ny (Ap
fx P <Ap fix Q@ <Ap % zveer <Ap tx Q" <Ap x Ag> <Ap fx C»
(Ag t+ Uy (Ag % Ups (Ag % @ <Ag #x M) <Ag tx N> (Ag i+ Q) <Ag ti*
Py <Ag t* zvecy (Ag #x P <Ag #x C) <o = T
<zvec fx Wy <zvec fix Upy <zvec fx Py <xvec fx M’ <xvec #x K’y (avec fx Q»
vee tx Wy «xvec fx Cy <yvec fx M’y <yvec #x K’y «distinct zvec
ultimately show ?case
by (metis rComm1)
next
case(cComm2 Vg M avec N P’ Ap Up K Q' Ag)
from «Ap ix (C, yvec)) (Ag #* (C, yvec)r «xvec #x (C, yvec)
have Ap i+ C and Ag f* C and zvec §* C' and Ap fi* yvec and Ag fi* yvec
and zvec #x yvec
by simp+

have FrP: extractFrame P = (Ap, Up) and FrQ: extractFrame @ = (Ag, V)
and MegK: ¥ @ ¥p @ Yo - M < K by fact+

from «<¥ ® ¥g > P — M (vzvec)(N) < P» have ¥ ® ¥g > P — ROut M
((vxzvec)N <’ P’)
by (simp add: residuallnject)
with FrP «distinct Ap» <Ap fx Py <Ag fx P> «yvec ix P> <Ap tx ¥»
Ap fx Ag> <Ap t* yvecr <Ap fx zvecy (Ap ix Py <Ap fx M) «zvec §x P <(Ap
fx Wo» «avec fx M» «(distinct zvec
obtain M’ where MeqgM" (¥ @ ¥g) ® Up - M < M’ and zvec §x M’ and
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yvec tx M’ and Ag tx M’
by — (rule outputObtainPrefiz[where B=zvecQyvecQAq), (assumption | force)+)
from U @ Up > Q —K(N) < Q) FrQ «distinct Ag> <Ap t* @ <Ag t*
<yvec fx @ (Ag fx U
(Ap #x Aoy <Ag B yveo (Ag i aveer <Ag Hx @ (Ag ¥ K> xvec §x @ (Ag
ﬁ* \I’p>
obtain K’ where KegK": (¥ @ Up) @ ¥g F K + K’ and zvec fx K’ and yvec
fx K'and Ap fx K’
by — (rule inputObtainPrefix|where B=xvecQyvecQAp]|, (assumption | force |
metis freshChainSym)+)

from MegK KeqK' have (¥ @ V) ® Up F M < K’
by(metis statEqEnt Associativity Commutativity Composition chanEqTrans)
with «<¥ @ Vg > P — M (vxavec)(N) < P’ FrP <distinct Ap>
have ¥ ® ¥g > P +—K/'(vxavec))(N) < P’ using <Ap #x Uy <Ap fix Uy (Ap
fx Py <(Ap #x M> <Ap tx K"
by — (rule outputRenameSubject, (assumption | force)+)
moreover note FrP (distinct Ap»
moreover from MeqgK MeqgM' have (¥ @ Up) @ UVgo - K < M’
by (metis statEqEnt Associativity Commutativity Composition chanEqTrans
chanEqgSym)
with «<¥ @ Up > Q —K(N) < Q" FrQ «distinct Ag»
have ¥ ® ¥p > Q —M'(N) < Q' using <Ag #x ¥ <Ag ix ¥pr (Ag fx
(Ag #x K» <Ag tx M"
by — (rule inputRenameSubject, (assumption | force)+)
moreover note FrQ (distinct Ag»
moreover from MegM' KeqK' MegK have U @ Up ® Vg - K' < M’
by(metis statEqEnt Associativity Commutativity Composition chanEqTrans
chanEqSym)
moreover note (Ap fx U <Ap fix U <Ap % Py <Ap % K'» <Ap #x Ny (Ap
fx P <Ap fix Q@ <Ap % zveer <Ap tx Q" <Ap x Ag> <Ap fx C»
(Ag t+ Uy (Ag % Ups <(Ag % @ <Ag #x M) <Ag tx N> (Ag i+ Q) <Ag tix*
Py <Ag t* zvecy (Ag #x P <Ag #x C) <o = T
<zvec fx Wy <zvec fix Upy <zvec fx Py <xvec fx M’ <xvec #x K’y (avec fx Q»
wvec fx Wy azvec fx Cy <yvec g My «yvec fx K'» <distinct zvec
ultimately show ?case
by (metis rComm2)
next
case cBrMerge
then show ?case by (simp add: rBrMerge)
next
case cBrComml
then show Zcase by (auto intro: rBrComml)
next
case cBrComm2
then show ?case by (auto intro: rBrComm2)
qed

lemma inputCases[consumes 1, case-names cInput cBrinput]:
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fixes U b

and M :'a

and zvec :: name list
and N :'a

and P :: (‘a, 'b, 'c) psi
and o :: ‘a action

and P’ :: ('a, b, 'c) psi

assumes Trans: ¥ > M(Axavec N|).P —a < P’

and rlnput: AK Tvec. [¥ - M + K; set azvec C supp N; length zvec = length
Tvec; distinct zvec] = Prop (K (N[zvec::=Tvec]|)) (P[zvec::=Tvec])

and rBrinput: AK Tvec. [V + K = M; set xzvec C supp N; length zvec = length
Tvec; distinct zvec] = Prop (i K (N|[zvec::=Tvec])) (P[zvec::=Tvec])

shows Prop a P’
proof —
{
fix zvec N P
assume Trans: ¥ > M(Axzvec N|).P —sa < P’
and zvec #* ¥ and zvec #* M and zvec fix o and zvec §x P’ and distinct
Tvec
and rinput: AK Tvec. [ F M + K; set avec C supp N; length xvec = length
Tvec; distinct zvec] = Prop (K(N[zvec::=Tvec]|)) (Plzvec::=Tvec])
and rBrinput: ANK Tvec. [V + K = M; set avec C supp N; length zvec =
length Tvec; distinct zvec] = Prop (; K(N[zvec::=Tvec]))) (Plzvec::=Tvec])

from Trans have bn o = ||

apply —

by (ind-cases ¥ > M (Axzvec N|).P —a < P’) (auto simp add: residuallnject)
from Trans have distinct(bn «) by(auto dest: boundOutputDistinct)
have length(bn o) = residualLength(aw < P’) by simp
note Trans
moreover have length zvec = inputLength(M (A+xzvec N|).P) by auto
moreover note <distinct zvec>
moreover have length zvec = inputLength(M (Axzvec N|).P) by auto
moreover note <distinct zvec

moreover note <length(bn «) = residualLength(a < P’)> <distinct(bn «a)»
moreover note <length(bn «) = residualLength(a < P')> <distinct(bn «)»
moreover note <length(bn o) = residualLength(ac < P')y <distinct(bn «)»
moreover note <length(bn «) = residualLength(a < P’)y <distinct(bn a)»
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn a)»
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn «a)»

) (a :

moreover note <length(bn «) = residualLength(a < P')» <distinct(bn o)

moreover obtain z::name where z § ¥ and z f P and z f M and z § avec
andzfaand z§f P'and z § N
by (generate-fresh name) auto

ultimately have Prop o P’ using <bn o = []» <zvec i Ur<xvec $x M)> <xvec
fx a» <xvec fx P
apply(cases rule: semanticsCases[of - - - - - - - - - - - - - Czzxuzazxl)

286



apply(force simp add: residuallnject psi.inject rinput)
apply(force simp add: residuallnject psi.inject rBrInput)
by (auto simp add: residuallnject psi.inject input ChainFresh)+
}
note Goal = this
moreover obtain p :: name prm where (p - avec) fx ¥ and (p - zvec) fx M
and (p - zvec) #x N and (p - zvec) i P
and (p - zvec) #* o and (p - zvec) fx P’ and S: set p C set zvec x set(p -
zvec)
and distinctPerm p
by (rule name-list-avoiding|[where zvec=zvec and c=(¥, M, N, P, a, P')])
auto
from Trans «(p - zvec) §x N» «(p - zvec) §x P> S have ¥ > M(Ax(p « zvec) (p
-N)).(p - P) —a < P’
by (simp add: inputChainAlpha’)
moreover {
fix K Tvec
assume U - M < K
moreover assume set(p + zvec) C supp(p + N)
then have (p - set(p - zvec)) C (p - supp(p - N)) by simp
with «distinctPerm p> have set zvec C supp N by(simp add: equts)
moreover assume length(p - azvec) = length( Tvec::'a list)
then have length xvec = length Tvec by simp
moreover assume distinct xvec
ultimately have Prop (K (N[zvec::=Tuvec]|)) (Plzvec::=Tvec])
by (rule rInput)
with «length zvec = length Tvecy S <distinctPerm py «(p - zvec) #x N> «(p -
avec) fx P»
have Prop (K((p - N)[(p - zvec)::=Tvecl]))) ((p - P)[(p - zvec)::=Tvec])
by (simp add: renaming substTerm.renaming)
}
moreover {
fix K Tvec
assume V - K = M
moreover assume set(p + avec) C supp(p + N)
then have (p - set(p - zvec)) C (p - supp(p - N)) by simp
with «distinctPerm p> have set zvec C supp N by(simp add: equts)
moreover assume length(p - zvec) = length( Tvec::'a list)
then have length xvec = length Tvec by simp
moreover assume distinct xvec
ultimately have Prop (; K(N[zvec::=Tvec]))) (Plazvec::=Tvec))
by (rule rBrinput)
with «length zvec = length Tvecy S <distinctPerm py «(p - zvec) #x N> «(p -
avec) fx P»
have Prop (;K((p - N)[(p + avec)::=Tvec])) ((p - P)[(p - zvec)::=Tvec])
by (simp add: renaming substTerm.renaming)

moreover from Trans have distinct zvec by (rule inputDistinct)
then have distinct(p « avec) by simp
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ultimately show ?thesis using «(p - zvec) #$x Uy «(p - zvec) fx M> «(p - zvec)
fx @ «(p - zvec) tx P «distinct zvecs
by (metis Goal)
qed

lemma outputCases[consumes 1, case-names cOutput cBrOutput]:
fixes ¥ :: b
and M ::'a
and N :: 'a
and P :: (‘a, 'b, 'c) psi
and o :: ’a action
and P’ :: (‘a, 'b, 'c) psi

assumes ¥ > M(N).P —a < P’
and AK.V+ M <+ K = Prop (K(N)) P
and AK.VUF M <K = Prop G(K(N)) P

shows Prop o P’
using assms
by (cases rule: semantics.cases) (auto simp add: residuallnject psi.inject)

lemma caseCases|[consumes 1, case-names cCasel:
fixes U :: b
and Cs :: (e x (Ya, 'b, 'c) psi) list
and a :: ‘e action
and P’ :: (‘a, 'b, 'c) psi

assumes Trans: U > (Cases Cs) — Rs
and rCase: Np P. [V > P — Rs; (p, P) € set Cs; ¥ b ; guarded P] =
Prop

shows Prop
using assms
by (cases rule: semantics.cases) (auto simp add: residuallnject psi.inject)

lemma resCases[consumes 7, case-names cOpen c¢BrOpen cRes ¢BrClose]:
fixes¥U b

and £ :: name
and P :: ('a, b, 'c) psi
and o :: ‘a action

and P’ :: (‘a, b, 'c) psi
and C :: f:fs-name

assumes Trans: ¥ o> (vz)P —a < P’

and z VU
and =z f «
and zf P’

and bn o fx ¥
and bnafx P
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and bn « f* subject «
and rOpen: AM zvec yvec y N P'. [V > P —— M (vx(zvecQyuec)){([(z, )] -
N)) < ([(z, y)] - P'); y € supp N;
z§ N;xf Phx+#y;ytavec; y§ yoec; y § M;
distinct zvec; distinct yvec;
avec tix U y § U; yvec §x U zvec §x P; y 4 P,
yvec fx P; xvec fx M; y § M;
yvec fx M; zvec #* yvec] =
Prop (M (vx(zvecQy#yvec))(N)) P’
and rBrOpen: AM zvec yvec y N P'. [¥ > P ——iM (v*(zvecQyuvec)|)(([(z, y)]
- N)) < ([(=, 9)] - PY; y € supp N
T8 N;xf Phx+#y;ytave y it yvec; y § M;
distinct xvec; distinct yvec;
zvec §x U; y § U; yvec fx W; zvec fix P; y § P;
yvec tix P; xvec #§x M; y § M,
yvec fx M; zvec §* yvec] =
Prop (M (v*(zvecQy#yvec))(N)) P’
and rScope: AP’ [V > P+—a < P] = Prop a ((vz|)P’)
and rBrClose: AM zvec N P’.
[¥ > P— M(vszvec)(N) < P
T € supp M;
distinct zvec; zvec §x U; xvec fx P;
avec fx M;
x §U; z f avec;
avec §x C] = Prop (1) ((vz)((v*zvec)) P"))
shows Prop a P’
proof —
from Trans have distinct(bn «)
by (auto dest: boundOutputDistinct)
note facts = <bn o §x U <bn « fx Py <bn « f* subject o <z § Uy <z § o <
P’y <distinct(bn «a)»
have length(bn «) = residualLength(a < P’) by simp
note Trans

moreover have length [| = inputLength((vz|)P) and distinct ||
by (auto simp add: inputLength-inputLength’-inputLength’ . simps)
moreover have length [| = inputLength((vz|) P) and distinct |]

by (auto simp add: inputLength-inputLength’-inputLength’ . simps)
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn a)>
moreover note <length(bn a) = residualLength(a < P’)» <distinct(bn o)
moreover note <length(bn o) = residualLength(a < P’)y <distinct(bn «)>
moreover note <length(bn «) = residualLength(a < P’)» «distinct(bn a)»
moreover note <length(bn «) = residualLength(a < P’)» «distinct(bn a)»
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn o)
moreover note «length(bn o) = residualLength ) ( )
ultimately show ?thesis using facts
proof(cases rule: semanticsCases[of - - - - - - - - - - - - - Czzaxa))

case (cOpen P M zvec y yvec N P)

moreover then have y € supp ([(z, y)] - N) using facts

apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-

P = A g =y

a < Py «distinct(bn «
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putApp boundOQutput.inject equts)
apply(drule pt-set-bij2[where pi=[(z, y)], where =z, OF pt-name-inst, OF
at-name-inst])
by (auto simp add: calc-atm equts fresh-def)
ultimately show #thesis using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOQutput.inject equts)
by (rule rOpen) (auto simp add: residuallnject boundOutputApp)
next
case (¢BrOpen P M zvec y yvec N P’)
moreover then have y € supp ([(z, y)] - N) using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOQutput.inject equts)
apply (drule pt-set-bij2[where pi=[(z, y)], where z=z, OF pt-name-inst, OF
at-name-inst])
by (auto simp add: calc-atm equts fresh-def)
ultimately show #%thesis using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOutput.inject equts)
by (rule rBrOpen) (auto simp add: residuallnject boundOutputApp)
next
qed (auto simp add: psi.inject alpha abs-fresh residuallnject boundOutputApp
boundQutput.inject equts
intro: rScope rBrClose)
qed

lemma resCases’[consumes 7, case-names cOpen cBrOpen cRes ¢BrClose]:
fixes U b

and £ :: name
and P :: (‘a, 'b, 'c) psi
and o :: ‘a action

and P’ :: (‘a, b, 'c) psi
and C  : 'fi:fs-name

assumes Trans: ¥ > (vz)P —a < P’

and =z VU
and =z f «
and z§ P’

and bn o fx ¥
and bn afx P
and bn « f* subject «
and rOpen: AM xvec yvec y N P'. [V > ([(z, y)] - P) — M (v*(zvecQyuec)|)(N)
< P’; y € supp N;
T i N;xf Phx+#y;ytavee y it yoec; y § M;
distinct zvec; distinct yvec;
zvec §x U; y § U; yvec fx W; zvec fix P; y § P;
yvec §x P; zvec §x M; y § M;
yvec fx M; zvec #x yvec] =
Prop (M (vx(zvecQy#yvec))(N)) P’
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and rBrOpen: \M zvec yvec y N P'. [V > ([(z, y)] - P) —iM (v*(avecQyvec)))(N)
< P’s y € supp N;
s Nyz§ Py ylavee y§ yvec; y § M;
distinct xvec; distinct yvec;
zvec fx U y § U; yvec fx W; zvec fx P; y § P;
yvec fx P; xvec fx M; y § M;
yvec fx M; zvec fx yvec] =
Prop (iM (v*(zvecQy#yvec))(N)) P’
and rScope: AP’ [¥ > P+——a < P'| = Prop a ((vz)P’)
and rBrClose: AM zvec N P’.
[¥ > P+ jM(vxzvec)(N) < P’
x € supp M;
distinct zvec; zvec §x V; xvec fx P;
zvec fx M;
z Uz f zvec;
avec §x C] = Prop (1) ((vz))((v*xzvec) P"))

shows Prop o P’
proof —
from Trans have distinct(bn «)
by (auto dest: boundOutputDistinct)
note facts = <bn «a §x Uy <bn o fx Py <bn « fx subject v <z f Uy <z § o <x
P’y «distinct(bn «)»
have length(bn o) = residualLength(o < P)

by simp
note Trans
moreover have length [| = inputLength((vz|) P) and distinct ]
by (auto simp add: inputLength-inputLength’-inputLength’.simps)
moreover have length [| = inputLength((vz|) P) and distinct ||

by (auto simp add: inputLength-inputLength’-inputLength’ . simps)
moreover note <length(bn o) = residualLength(oc < P')» <distinct(bn «)»
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn )
moreover note <length(bn «) = residualLength(a < P’)» <distinct(bn o)
moreover note <length(bn o) = residualLength(c ) <«distinct(bn «)»
moreover note <length(bn o) = residualLength(oc < P’)y <distinct(bn «)>
moreover note <length(bn o) = residualLength(cc < P’)» <distinct(bn «)>
moreover note <length(bn «) = residualLength(a < P’)» ( )
ultimately show ?thesis using facts
proof(cases rule: semanticsCases[of - - - - - - - - - - - - - Czuzuzzx))
case (cOpen P M zvec y yvec N P)
moreover then have y € supp ([(z, y)] - N) using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOQutput.inject equts)
apply(drule pt-set-bij2[where pi=|[(z, y)], OF pt-name-inst, OF at-name-inst))
by (auto simp add: calc-atm equts fresh-def)
ultimately show ?thesis using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundQutput.inject equts)
apply(rule rOpen) — 20 subgoals

<distinct(bn «
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apply(drule semantics.equi[where pi=[(z, y)]])
apply(auto simp add: equts residuallnject boundOutputApp)
done
next
case (¢BrOpen P M zvec y yvec N P’)
moreover then have y € supp ([(z, y)] -+ N) using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOutput.inject equts)
apply(drule pt-set-bij2[where pi=[(z, y)], OF pt-name-inst, OF at-name-inst])
by (auto simp add: calc-atm equts fresh-def)
ultimately show #thesis using facts
apply(clarsimp simp add: psi.inject alpha abs-fresh residuallnject boundOut-
putApp boundOQutput.inject equts)
apply(rule rBrOpen) — 20 subgoals
apply(drule semantics.equt[where pi=|[(z, y)]])
apply(auto simp add: equts residuallnject boundOutputApp)
done
qed (auto simp add: psi.inject alpha abs-fresh residuallnject boundOutputApp
boundQutput.inject equts
intro: rScope rBrClose)

qed
lemma resinputCases’[consumes 4, case-names cRes]:
fixes U b
and z :: name
and M :'a
and N :'a

and P :: ('a,'b, 'c) psi
and R :: (Ya, 'b, 'c) psi
and C : 'f:fs-name

assumes Trans: ¥ > (vz)P — M(N) < R

and 2:z8V
and z £ (M(N))
and /:zf R

and rScope: AP’ [V > P+——M(N) < P']| = Prop ((vz|)P’)

shows Prop R

proof —
from Trans obtain o where 1: ¥ > (vz)P —a < R and 5: bn o §* ¥ and

6: bn o fx P and 7: bn « i subject « and o = M(N|) by auto
from <z f§ (M(N))» <« = (M(N))> have 3: z o by simp
show ?thesis using 1 2 3 4 5 6 7 «« = M(N|)» rScope

by (induct rule: resCases’) (auto simp add: residuallnject)

qed
lemma resBrinputCases’[consumes 4, case-names cRes]:
fixes UV b
and z :: name
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and M :'a

and N :'a

and P :: (‘a, b, 'c) psi
and R :: (‘a, 'b, 'c) psi
and C :: f:fs-name

assumes Trans: U > (vz)P —;  M(N) < R

and 2:zf VU
and =z § (;M(N))
and 4:zf R

and rScope: AP’ [¥ > P+——;M(N) < P'] = Prop ((vz)P")

shows Prop R
proof —
from Trans obtain o where 1: ¥ > (vz)P —a < R and 5: bn o i+ ¥ and
6: bn o ffx P and 7: bn « §* subject o and o = jM(N| by auto
from «x § ((M(N))> <« = ((M(NJ))> have 3: z § o by simp
show ?thesis using 1 2 3 4 56 7 <o = {M(N|)» rScope
by (induct rule: resCases’) (auto simp add: residuallnject)

qed
lemma resOQutputCases’[consumes 7, case-names cOpen cRes|:
fixes U b
and z :: name
and M :'a
and N :'a

and P :: ('a, b, 'c) psi
and R :: (‘a, b, c) psi
and C :: 'f:fs-name

assumes Trans: ¥ > (vz) P — M (v*(zvecl Q zvec2))(N) < R
and I1:zfV
and z f (M(vx(zvecl Q zvec2)|)(N))
and 3:zf R
and (zvec! @ zvec2) fx ¥
and (zvec! @ zvec2) #x P
and (zvec! @ zvec2) #x M
and rOpen: AM zvec yvec y N P'. [V > ([(z, y)] - P) — M (v*(zvecQyuec)|)(N)
< P’y y € supp N;
z§ Nyzt P+ y;ylavee y i yvee; y § M;
distinct xvec; distinct yvec;
zvec §x U; y § U; yvec fx W; zvec fx P; y § P;
yvec fx P; xvec ix M; y § M;
yvec B M; zvec % yvec] =
Prop P’
and rScope: AP’ [V > P —M(vx(zvec! @ zvec2))(N) < P] = Prop
(Qvsh P

shows Prop R
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proof —
from Trans have distinct (zvecl Q zvec2) by(auto dest: boundOutputDistinct)
obtain « where a=M (v*(zvecl @Q zvec2))(N) by simp
with Trans <(zvecl @ zvec2) i Uy ((zvecl @ zvec2) #x P> «(zvecl Q zvec2) f#x
M
have aTrans: ¥ > (vz)P —a < R and 4: bn o t+ ¥ and 5: bn o §* P and
6: bn « #x subject o
by simp+
from <z § (M(vx(zvecl @Q zvec2))(N))» <«a=M(vx(zvecl @Q zvec2))(N)> have
2: z t a by simp
show ?thesis using aTrans 1 2 3 4 5 6 «a=M (v*(zvecl Q zvec2))(N)> rOpen
rScope
proof (induct rule: resCases’[where C=(zvecl, zvec2, C)])
case cBrOpen
then show ?case
by (auto simp add: residuallnject boundOutputApp)
next
case cRes
then show ?case
by (auto simp add: residuallnject bound OutputApp)
next
case cBrClose
then show ?case
by (auto simp add: residuallnject boundOutputApp)
next
case(cOpen M' zvec yvec y N’ P’)
then show ?case
by (auto simp add: residuallnject boundOutputApp)
qed
qed

lemma resOutputCases’'[consumes 7, case-names cOpen cRes]:
fixes U b

and z :: name
and z :: name
and M :'a
and N :'a

and P :: ('a, b, 'c) psi
and R :: (‘a, 'b, c) psi
and C :: 'f:fs-name

assumes Trans: ¥ > (vz) P — M (v*(zvecl Qy#zvec2))(N) < R
and I1:zfV
and z § (M(vx(zvecl Qy#tzvec2))(N))
and 3:zf R
and (zvecl Qy#zvec?2) fx W
and (zvecl Qy#zvec2) i+ P
and (zvecl Qyftzvec?) #x M
and rOpen: AM xvec yvec y N P'. [V > ([(z, y)] - P) — M (v(zvecQyuec)|)(N)
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< P’y y € supp N;
s Nyz§ Py ylavee y§ yvec; y § M;
distinct xvec; distinct yvec;
zvec §x U; y § U; yvec fx W; zvec fix P; y § P;
yvec tix P; xvec #§x M; y § M,
yvec fx M; zvec §* yvec] =
Prop P’
and rScope: AP’ [¥ > P ——M(vx(zvecl Qy#zvec2))(N) < P'] = Prop
((vz) P)

shows Prop R
proof —
from Trans have distinct (zvecl Qy#zvec2) by(auto dest: boundOutputDistinct)
obtain « where a=M (v*(zvecl Qy#zvec2)|)(N) by simp
with Trans <(zvecl Qy#zvec2) #x Uy «(zvecl Qy#zvec?) i P «(zvecl Qy#zvec?)
g M>
have aTrans: ¥ > (vz)P —a < R and 4: bn « §x ¥ and 5: bn « #x P and
6: bn « #x subject o
by simp+
from «x § (M (vx(zvecl Qy#zvec2))(N))» <a=M (vx(zvecl Qy#zvec2)|)(N)> have
2: z § a by simp
show ?thesis using aTrans 1 2 3 4 5 6 <«a=M (vx(zvecl Qy#zvec2)|)(N)» rOpen
rScope
proof (induct rule: resCases’['where C=(zvecl, zvec2, z, C)])
case cBrOpen
then show ?case
by (auto simp add: residuallnject boundOutputApp)
next
case cRes
then show ?case
by (auto simp add: residuallnject bound OutputApp)
next
case cBrClose
then show ?case
by (auto simp add: residuallnject boundOutputApp)
next
case(cOpen M’ zvec yvec y N’ P’)
then show ?case
by (auto simp add: residuallnject boundOutputApp)
qed
qed

abbreviation
statImpJudge (- — -» [80, 80] 80)
where ¥ — U’ = AssertionStatImp ¥ ¥’

lemma statEqTransition:

fixes ¥ ::'b
and P :: (‘a, 'b, 'c) psi
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and Rs :: (‘a, 'b, 'c) residual
and U’ :: b

assumes ¥ > P —— Rs
and U ~ U’

shows ¥/ > P —— Rs
using assms
proof (nominal-induct avoiding: U’ rule: semantics.strong-induct)
case(cInput ¥ M K zvec N Tvec P W)
from <V ~ U, <O - M < K) have V'F M + K
by (simp add: AssertionStatImp-def AssertionStatEq-def)
then show ?Zcase using <distinct zvec) <set xvec C supp N> <length xvec = length
Tvecy
by (rule Input)
next
case(cBrinput ¥ K M zvec N Tvec P U')
from <0 ~ U, <V K > M) have V' K = M
by (simp add: AssertionStatImp-def AssertionStatEq-def)
then show ?Zcase using <distinct zvec) <set xvec C supp N> <length xvec = length
Tvecy
by (rule Brinput)
next
case(Output W M K N P U
from <V ~ U, <O - M < K> have V'F M + K
by (simp add: AssertionStatImp-def AssertionStatEq-def)
then show Zcase by(rule semantics. OQutput)
next
case(BrOutput ¥ M K N P U')
from <0V ~ U, (V- M < K»have V' M < K
by (simp add: AssertionStatImp-def AssertionStatEq-def)
then show Zcase by(rule semantics. BrOutput)
next
case(Case ¥ P Rs ¢ Cs U')
then have U’/ > P — Rs by(intro Case)
moreover note «(p, P) € set Cs»
moreover from U ~ ¥’y U I ¢ have V' F ¢
by (simp add: AssertionStatImp-def AssertionStatEq-def)
ultimately show ?case using <guarded P> by(rule semantics.Case)
next
case(cParl ¥ UQ P o P’ zvec Q V')
then show ?case
by (intro Parl) (auto intro: Composition)
next
case(cPar2 ¥ WP Q o Q' avec P W)
then show ?case
by (intro Par2) (auto intro: Composition)
next
case(cComm1 ¥ WQ P M N P’ zvec VP Q K zvec Q' yvec U’)
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then show ?case
by (clarsimp, intro Comm1) (blast intro: Composition statEqEnt)+
next
case(cComm2 U UQ P M zvec N P' zvec P Q K Q' yvec ')
then show ?case
by (clarsimp, intro Comm?2) (blast intro: Composition statEqEnt)+
next
case(cBrMerge WV W P M N P' Ap Up Q Q' Ag V')
then show ?case
by (clarsimp, intro BrMerge) (blast intro: Composition)+
next
case(cBrComml ¥ ¥ P M N P’ Ap ¥p Q zvec Q' Ag ¥')
then show ?case
by (clarsimp, intro BrComm1) (blast intro: Composition)+
next
case(cBrComm2 ¥ ¥g P M zvec N P’ Ap ¥p Q Q' Ag ¥')
then show ?case
by (clarsimp, intro BrComm2) (blast intro: Composition)+
next
case(cBrClose ¥ P M zvec N P’ z U’)
then show ?Zcase by(force intro: BrClose)
next
case(cOpen U P M zvec N P’ x yvec ')
then show ?case by(force intro: Open)
next
case(cBrOpen ¥ P M zvec N P’ x yvec U')
then show Zcase by(force intro: BrOpen)
next
case(cScope U P a P/ z W)
then show ?case by(force intro: Scope)
next
case(Bang U P Rs U’)
then show ?case by(force intro: semantics. Bang)
qed

lemma brinputTermSupp:
fixes ¥ :: 'b::fs-name

and P : (‘a, 'b, ('c::fs-name)) psi
and P’ :: (‘a, 'b, 'c) psi

and N :: 'a:fs-name

and K :: 'a:fs-name

assumes ¥ > P — ;K(N|) < P’

shows (supp K) C ((supp P)::name set)
using assms
proof (nominal-induct rule: brinputInduct)
case(cBrinput U K M zvec N Tvec P)
from <0 - K = M)» have (supp K) C ((supp M)::name set)
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by (simp add: chanInConSupp)
then show ?case
by (metis Un-commaute Un-upper2 psi.supp(3) subset-trans)
next
case(cCase W P M N P’ ¢ Cs)
then have supp M C ((supp P)::name set)
by simp
from «(p, P) € set Cs
have {(p, P)} C set Cs
by simp
moreover have finite {(p, P)} by simp
moreover have finite (set Cs) by simp
ultimately have ((supp {(p, P)})::name set) C ((supp (set Cs))::name set)
by (simp add: supp-subset)

moreover have supp {(¢, P)} = ((supp (¢, P))::name set)
by (meson supp-singleton)

moreover have supp P C supp (p, P)
by (metis Un-upper2 supp-prod)

ultimately have ((supp P)::name set) C ((supp Cs):name set)
by (auto simp add: supp-list-set)

moreover have ((supp Cs)::name set) = ((supp (Cases Cs))::name set)
unfolding psi.supp
apply (induct rule: psiCases.induct)
apply(metis psiCase.supp(1) psiCases.simps(1) set-empty2 supp-list-nil)
by simp (metis Un-assoc psiCase.supp(2) supp-list-cons supp-prod)

ultimately have ((supp P)::name set) C ((supp (Cases Cs))::name set)
by simp

with <supp M C supp P>
show ?case by simp
next
case(cParl W Vg P M N P’ Ag Q)
then have ((supp M)::name set) C ((supp P)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cPar2 ¥ Up Q M N Q' Ap P)
then have ((supp M)::name set) C ((supp Q)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cBrMerge W W P M N P' Ap Up Q Q' Ag)
then show ?case
by (auto simp add: psi.supp)

298



next
case(cScope W P M N P’ 1)
then have ((supp M)::name set) C ((supp P)::name set)
by simp
then show ?case
by (simp add: psi.supp) (metis abs-supp cScope.hyps fresh-def insert-Diff-single
subset-insert-iff)
next
case(cBang ¥ P M N P
then show ?Zcase
by (simp add: psi.supp)
qed

lemma brOutput TermSupp:
fixes ¥ :: 'b::fs-name

and P : (‘a, 'b, ('c::fs-name)) psi
and P’ :: (‘a, 'b, 'c) psi

and N :: ‘a:fs-name

and K :: 'a:fs-name

and zvec :: name list
assumes ¥ > P —— RBrOut K ((v*zvec)N <’ P’)

shows (supp K) C ((supp P)::name set)
using assms
proof (nominal-induct rule: brOutputInduct)
case(cBrOutput ¥ M K N P)
from U - M < K) have (supp K) C ((supp M)::name set)
by (simp add: chanOutConSupp)
then show ?case
by (metis Un-commute Un-upper2 psi.supp(2) subset-iff-psubset-eq subset-trans)
next
case(cCase W P M B ¢ Cs)
then have supp M C ((supp P)::name set)
by simp
from «(p, P) € set Cs»
have {(p, P)} C set Cs
by simp
moreover have finite {(p, P)} by simp
moreover have finite (set Cs) by simp
ultimately have ((supp {(p, P)})::name set) C ((supp (set Cs))::name set)
by (simp add: supp-subset)

moreover have supp {(¢, P)} = ((supp (¢, P))::name set)
by (meson supp-singleton)

moreover have supp P C supp (p, P)
by (metis Un-upper2 supp-prod)

ultimately have ((supp P)::name set) C ((supp Cs)::name set)
by (auto simp add: supp-list-set)

299



moreover have ((supp Cs)::name set) = ((supp (Cases Cs))::name set)
unfolding psi.supp
apply (induct rule: psiCases.induct)
apply (metis psiCase.supp(1) psiCases.simps(1) set-empty2 supp-list-nil)
by simp (metis Un-assoc psiCase.supp(2) supp-list-cons supp-prod)

ultimately have ((supp P)::name set) C ((supp (Cases Cs))::name set)
by simp

with <supp M C supp P>
show ?case by simp
next
case(cParl ¥ Wg P M avec N P’ Ag Q)
then have ((supp M)::name set) C ((supp P)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cPar2 ¥ Up Q M avec N Q' Ap P)
then have ((supp M)::name set) C ((supp Q)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cBrComml ¥ g P M N P’ Ap Up Q zvec Q' Ag)
then have ((supp M)::name set) C ((supp Q)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cBrComm2 ¥ ¥g P M zvec N P’ Ap Up Q Q' Ag)
then have ((supp M)::name set) C ((supp P)::name set)
by auto
then show ?case
by (auto simp add: psi.supp)
next
case(cBrOpen ¥ P M xvec yvec N P’ 1)
then have ((supp M)::name set) C ((supp P)::name set)
by simp
with « § M>»
show Zcase
by (simp add: psi.supp) (metis abs-supp cBrOpen.hyps fresh-def insert-Diff-single
subset-insert-iff)
next
case(cScope U P M zvec N P’ x)
then have ((supp M)::name set) C ((supp P)::name set)
by simp
then show ?case
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by (simp add: psi.supp) (metis abs-supp cScope.hyps fresh-def insert-Diff-single
subset-insert-iff)
next
case cBang
then show ?case
by (simp add: psi.supp)
qed

lemma actionPariDest’:
fixes v :: (‘a::fs-name) action
and P :: ('a, 'b::fs-name, 'c::fs-name) psi
and S :: (‘a:fs-name) action
and Q :: (‘a, 'b, 'c) psi
and R :: (‘a, b, 'c) psi

assumes a < P = 8 < (Q || R)
and bn o fx R
and On 0 #x R

obtains T where P=T || Randa < T =3 < Q
using assms
apply/(cases rule: actionCases[where a=q|)
apply (metis residuallnject’(1))
apply (metis residuallnject'(7))
apply (smt (23) bn.simps(3) boundOutputParlDest create-residual.simps(3)
residuallnject’(8))
apply (smt (28) bn.simps(4) boundOutputPariDest create-residual.simps(4)
residuallnject’(9))
by (metis residuallnject’(10))

lemma actionPar2Dest’:
fixes « :: (‘a::fs-name) action
and P :: ('a, 'b::fs-name, 'c::fs-name) psi
and 8 :: (‘a::fs-name) action
and Q :: (‘a, 'b, 'c) psi
and R :: (‘a, b, 'c) psi

assumes a < P =38 < (Q || R)
and bn o fx Q
and bn B #x Q

obtains T where P= Q| Tand o« < T =3 < R
using assms
apply(cases rule: actionCasesjwhere a=ql)
apply (metis residuallnject’(1))
apply (metis residuallnject’(7))
apply (smt (23) bn.simps(3) boundOutputPar2Dest create-residual.simps(3)
residualInject’(8))
apply (smt (28) bn.simps(4) boundOutputPar2Dest create-residual.simps(4)
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residuallnject’(9))
by (metis residuallnject’(10))

lemma expandNonTauFrame:

fixes U :: b
and P :: ('a, b, 'c) psi
and o :: ‘a action
and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up :: b
and C :: f:fs-name
and C' :: 'g:fs-name

assumes Trans: ¥ > P —a < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and bn « f* subject «

and Ap fx P
and Ap #x «
and Ap #x C
and Ap #x C’

and bn afx P
and bn o fx C'
and «a # 7T

obtains p U’ Ap’ Up’ where set p C set(bn ) x set(bn(p - o)) and (p - Up)
® V'~ Up'and distinctPerm p and
extractFrame P' = (Ap’, Up') and Ap’ fx P'and Ap’fx a and Ap’ tix (p « @)
and
Ap'tx C and (bn(p - o)) #* C’ and (bn(p - )) fx o and (bn(p - )) fx P’ and
distinct Ap’
proof —
assume A: A\p U/ Up’ Ap’.
[set p C set(bn o) x set(bn(p - «)); (p - ¥p) @ V' ~ Vp's distinctPerm p;
extractFrame P’ = (Ap’, Vp'); Ap’' tix P'; Ap’ #x a; Ap’
g (p - a);
Ap'tx C; (bn(p - @)) #x C'5 (bn(p - @)) 8% o; (bn(p - @)
fx P’ distinct Ap]
= thesis

from Trans have distinct(bn a) by(auto dest: boundOutputDistinct)

with Trans <bn a f* subject a» <Ap #$x Py <Ap #* a» have Ap #x P’
by (drule-tac freeFreshChainDerivative) auto

{
fix V :: 'a list

and W :: (‘a action) list
and X :: name list
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and Y :: 'b list
and 7 :: (‘a, 'b, 'c) psi list

assume bn o fix V and bn o ffx W and bn o §x X and bn o fx Y and bn o
fx Z and Ap #x V and Ap tx W and Ap fx X and Ap #§x Y and Ap fx Z

with assms obtain p U/ Ap’ ¥p’ where set p C set(bn o) x set(bn(p - @))
and (p - Up) ® U/ ~ Up’ and distinctPerm p
and extractFrame P' = (Ap’, Up') and Ap’ #x P’ and Ap’ i+ o and Ap’
g (p - @)
and Ap’ tx C and (bn(p - «)) t* C’ and (bn(p - @)) g+ o and (dn(p - «@))
fx P’
and Ap’#x V and Ap’ #x W and Ap’ fx X and Ap' #* Y and Ap' #x Z
and distinct Ap’
and (bn(p - @) #x V and (bn(p - «)) fx W and (bn(p - o)) #$x X and (bn(p
-a) fx Y and (bn(p - «)) #x Z
using <Ap 4+ P’ «distinct(bn «)»
proof (nominal-induct ¥ P Rs==a < P’ Ap Up avoiding: C C'a P’V W X
Y Z arbitrary: thesis rule: semanticsFramelnduct)
case(cAlpha UV PAp Up p CC'a PP VWX Y Z)
then obtain ¢ U’ Ap’ Up’ where Sq: set ¢ C set(bn a) x set(bn(q - «))
and PegP" (¢ ¥p) ® ¥/ ~ Up’ and distinctPerm q
and FrP’: extractFrame P’ = (Ap’, Up') and Ap’ % P’ and Ap’ fi* a and
Ap't* (q - @)
and Ap'fx C and (bn(q - «)) #* C’ and (bn(q - «)) * « and (bn(q - @))
fx P’
and Ap’fix V and Ap’ #x W and Ap’fix X and Ap’fx Y and Ap' fix Z
and distinct Ap’
and (bn(q - «)) tx V and (bn(q - «)) 4+ W and (bn(qg - «)) #x X and
(bn(q - @) g+ Y and (bn(q - a)) #x Z
by metis

have Sp: set p C set Ap x set (p - Ap) by fact

from Sq have (p - set q) C p - (set(bn a) x set(bn(q - @)))
by (simp add: subsetClosed)
then have set(p - q) C set(bn(p - «)) x set(p - bn(q - a))
by (simp add: equts)
with <Ap 4+ a» «(p - Ap) * a» Sp have set(p - q) C set(bn o) x set(bn((p
L) - a))
by (simp add: perm-compose bnEqut[symmetric])
moreover from PegP’' have (p - (¢ - ¥p) @ U') ~ (p - Up')
by (simp add: AssertionStatEqClosed)
then have ((p-¢) - p- ¥p) @ (p- V')~ (p- ¥p)
apply(subst perm-compose[symmetric])
by (simp add: equts)
moreover from (distinctPerm ¢» have distinctPerm (p - q)
by simp
moreover from «(bn(q + «)) tx C’» have (p - bn(q - a)) tx (p - C)
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by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ap fix a» «(p - Ap) fix @ «(Ap fx C» «(p - Ap) #x C’» Sp have bn((p
©q) - a) fx C’
by (simp add: perm-compose bnEqut[symmetric])
moreover from FrP’ have (p - extractFrame P') = p - (Ap’, Up') by simp
with <Ap #x P «(p - Ap) #* P’ Sp have extractFrame P' = (p - Ap’, p -
Up')
by (simp add: equts)
moreover from Ap’fx P’y have (p - Ap’) tx (p - P’)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap fx P) «(p - Ap) x P’» Sp have (p - Ap’) ix P’ by simp
moreover from <Ap’fx a» have (p - Ap’) #* (p + a)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst))
with (Ap #x as <(p - Ap) #x a» Sp have (p - Ap') #* a by simp
moreover from <Ap’fx C» have (p - Ap’) ti* (p - C)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap tx C) «(p - Ap) x C» Sp have (p - Ap’) ix C by simp
moreover from «(bn(q - «)) #* a» have (p - dn(q - «)) # (p - @)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap fx a» <(p + Ap) fx v (Ap fx v «(p - Ap) #x a» Sp have bn((p -
q) - a) fxa
by (simp add: perm-compose equts)
moreover from «(bn(q - o)) fx P have (p - bn(q - @)) i (p - P’)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with (Ap i+ a» «(p - Ap) 8% > <Ap #§x P" «(p - Ap) gx P’» Sp have bn((p
q) - o) fx P’
by (simp add: perm-compose equts)
moreover from <Ap’fx (¢ - ) have (p - Ap”) fix (p - ¢ - @)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst))
with Sp <Ap fx > «(p - Ap) fx > have (p - Ap") t*x ((p - q) + @)
by (simp add: perm-compose)
moreover from (Ap’fx V) have (p - Ap’) fix (p - V)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «Ap i+ V> «(p - Ap) tix V> Sp have (p - Ap’) ix V by simp
moreover from (Ap’fx W» have (p - Ap’) i (p - W)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with (Ap x Wy «(p - Ap) §x W> Sp have (p - Ap’) §x W by simp
moreover from <Ap’#x X> have (p - Ap’) # (p - X)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with (Ap #x X» «(p - Ap) #x X> Sp have (p - Ap’) tx X by simp
moreover from (Ap’fx Y) have (p - Ap’) fix (p - V)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap fx V> «(p - Ap) #x Y> Sp have (p - Ap') ix Y by simp
moreover from <Ap’tx Z» have (p - Ap') tix (p - Z)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «Ap % Z» <(p - Ap) #x Z» Sp have (p - Ap’) ix Z by simp
moreover from «(bn(q - «)) #x V> have (p - bn(qg - «)) fx (p - V)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap i+ a» «(p + Ap) tx av «Ap #x V> «(p - Ap) tx V> Sp have bn((p -
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Q- ) iV
by (simp add: perm-compose equts)
moreover from ((bn(q - o)) t+ W> have (p - bn(q - «)) §x (p - W)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap fx a» «(p - Ap) tx v <Ap #§x W» «(p - Ap) tix W> Sp have bn((p
cq) s oa) = W
by (simp add: perm-compose equts)
moreover from «(bn(q - «)) fx X> have (p - dn(q - @)) tx (p - X)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap f#x a» «(p - Ap) #x a» <Ap t* X> «(p - Ap) #x X» Sp have bn((p -
q) - o) X
by (simp add: perm-compose equts)
moreover from «(bn(q - o)) f* ¥Y» have (p - bn(q - ) fx (p - Y)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ap fx @) «(p+ Ap) x a» <Ap fx Y «(p - Ap) fx Y Sp have bn((p -
q) - ) gx Y
by (simp add: perm-compose equts)
moreover from «(bn(q - o)) #* Z» have (p - bn(q - a)) tx (p - Z)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with (Ap i+ a» «(p - Ap) #x @ Ap tix Z» <«(p - Ap) #§* Z» Sp have bn((p -
q) - )t Z
by (simp add: perm-compose equts)
moreover from <distinct Ap”"y have distinct(p - Ap’) by simp
ultimately show Zcase
by (elim cAlpha)
next
case(cInput W M K zvec N Tvec P C C'a P VWX Y Z)
moreover obtain Ap ¥p where extractFrame(Plzvec::=Tvec]) = (Ap, Up)
and distinct Ap
and Ap fi* (C, Plavec:=Tvec], a, P', V, W, X, Y, Z, N)
by(rule freshFrame)
moreover have 1 @ Vp ~ Up
by (blast intro: Identity Commutativity AssertionStatEqTrans)
ultimately show Zcase
by (intro cInput) (assumption | simp add: residuallnject)+
next
case(cBrinput V M K zvec N Tvec P C C'a« P’ VWX Y 7)
moreover obtain Ap ¥p where eztractFrame(P[zvec::=Tvec]) = (Ap, ¥p)
and distinct Ap
and Ap f* (C, Plzvec:=Tvec], a, P', V, W, X, Y, Z, N)
by (rule freshFrame)
moreover have 1 @ Vp ~ Up
by (blast intro: Identity Commutativity AssertionStatEqTrans)
ultimately show Zcase
by (intro c¢BrInput) (assumption | simp add: residuallnject)+
next
case(cOutput W MKNPCC'a PPVWXY 2Z)
moreover obtain Ap ¥p where extractFrame P = (Ap, ¥p) and distinct
Ap
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and Ap t+ (C, C', P, a, N, P, V, W, X, Y, Z)
by (rule freshFrame)
moreover have 1 ® Vp ~ Up
by (blast intro: Identity Commutativity AssertionStatEqTrans)
ultimately show ?case by(simp add: residuallnject)
next
case(cBrOutput W M KNP CC'a P'VWXYZ)
moreover obtain Ap ¥p where extractFrame P = (Ap, Up) and distinct
Ap
and Ap tx (C, C', P,a, N, P, V, W, X, Y, Z)
by (rule freshFrame)
moreover have 1 ® Vp ~ Up
by (blast intro: Identity Commutativity AssertionStatEqTrans)
ultimately show ?case by(simp add: residuallnject)
next
case(cCase UV P o Cs Ap Up CC'a PP VWXYZ)
moreover from <bn o fx (Cases Cs)» «(p, P) € set Cs» have bn a #x P
by (auto dest: memFreshChain)
ultimately obtain p ¥/ Ap’ ¥p' where S: set p C set(bn «) x set(bn(p -
a))

and FrP’: extractFrame P' = (Ap’, Up')
and PegP” (p - Up) ® U/ ~ Up’ and distinct Ap’
and Ap'fx C and Ap’ fx P’ and Ap’tx a and Ap’ f* (p + «)
and Ap’fx V and Ap'fix W and Ap’tx X and Ap'fx YV and Ap’ #x Z
and distinctPerm p and (bn(p - «)) §* « and (bn(p - @)) fx P’
and (bn(p - a)) tx C' and (bn(p - «)) fx V and (bn(p - «)) fx W and
(bn(p - @) gx X and (bn(p - «)) t+ Y and (bn(p - o)) fx Z
apply —
apply (rule cCase)
apply (assumption | simp (no-asm-use))+
done
moreover from (Up ~ 1) have (p - Up) ~ (p - 1)
by (simp add: AssertionStatEqClosed)
then have (p - Up) ~ 1 by(simp add: permBottom)
with PegP’ have (1 ® ¥/) ~ Up’
by (metis Identity AssertionStatEqTrans composition’ Commutativity Asso-
ciativity AssertionStatEqSym)
ultimately show ?Zcase using cCase <bn « fix P>
by (intro cCase(22)) (assumption | simp)+
next
case(cParl W Wo Pa P 'Ag QAp Up CC'a' PQ'VWXY Z)
have FrP: extractFrame P = (Ap, ¥p) and FrQ: extractFrame Q = (Ag,
Vo)
by fact+

note <bn o’ #* subject o’y

moreover from <bn o' fx (P || @) have bn o’ §x P and bn o’ fx Q by
stmp+

moreover with FrP Fr@Q «Ap #x o> (Ag f* o’» have bn o’ §+ Up and bn
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o' ﬁ* \I/Q
by (force dest: extractFrameFreshChain)+

moreover note <bn o’ #x V) <bn o' $x W
moreover from <bn o’ §x X» <Ag #* o> have bn o' i+ (XQAg) by simp
moreover from <bn o’ fx Y <bn a' % Ugo» have bn o’ tx (To#Y) by simp
moreover from <bn o' fx Z» <bn o’ x Q> have bn o' tx (Q#Z) by simp
moreover note (Ap fix V» <Ap fx W)
moreover from <Ap i+ X» <Ap tx Ag» have Ap tx (XQAg) by simp
moreover from <Ap i+ Yy (Ap #§x ¥o» have Ap i+ (Vo#Y) by force
moreover from <Ap fix 7> <Ap fx @ have Ap tx (Q#Z) by simp
moreover from <o < (P'|| Q) = a’ < PQ" <bn a x @ <bn o' fx Q) <bn
o fx ah
obtain P’ where A: o < P'=a’ < P”and PQ'=P" | Q
by (metis actionPariDest’)
moreover from «Ap tx PQ" «<PQ' = P" || @ have Ap #x P' by simp
ultimately obtain p ¥/ Up’ Ap’ where S: set p C set(bn a’) x set (bn(p
- a')) and PegP’”: ((p - ¥p) @ U) ~ Up’
and distinctPerm p and (bn(p - o)) §x C’ and FrP’: extractFrame P" =
(Ap', Wp')
and Ap’ i+ P and Ap' fx o’ Ap' fix (p - ') and Ap’ #x C
and (bn(p - o)) fx o’ and (bn(p - ') §x P"" and distinct Ap’
and Ap'fx V and Ap'fx W and Ap'#x (X @ Ag) and Ap’ x (Yo#Y)
and Ap’ tx (Q#Z) and (bn(p - o)) #x V and (bn(p - a')) gx W and (bn(p
-a’) tx (X @ Ag) and (bn(p - o)) t* (Vo#Y)
and (bn(p - ') #x (Q#Z) using cParl
by (elim cParl)

then have Ap’ i+ Q and Ap'f#x Z and Ap’ fx Ag and Ap’ i+ X and Ap’
fx Ugo and Ap' #x YV
and (bn(p - o) i+ Ag and (bn(p - a’)) #x X and (bn(p - @) #* ¥ and
(bn(p - ') #x Z and (bn(p - o)) #x Vg
and (bn(p - o)) £+ Q
by (simp del: freshChainSimps)+

from <Ag i+ PQ» <PQ'= P" | @ «Ap’ #x Ag» FrP' have Ag i Up’
by (force dest: extractFrameFreshChain)
note S
moreover from PegP’ have ((p+ (Up @ ¥g)) @ U) > Up’' ® (p - ¥q)
by (simp add: equts) (metis Composition Associativity AssertionStatEqTrans
AssertionStatEqSym Commutativity)
with «(bn(p - ')) tx Ug» <bn ' fx ¥o» S have ((p - (Vp ® Ug)) @ ¥/) ~
Up'® ¥g
by simp
moreover from (PQ' = P" || @ <Ap'fx Ag» <Ap’ tx Vg (Ag tx UphH
(Ag t* PQ" FrP’ Fr@Q have extractFrame PQ’' = ((Ap'QAg), Up' ®@ ¥g)
by simp
moreover note <distinctPerm p> «(bn(p - o)) §x C%
moreover from <Ap’ fx Py <Ap'#x @ «<PQ' = P" || @ have Ap’fx PQ’
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by simp
moreover note <Ag fx PQ" <Ap’ i+ o'y (Ag tx oy <Ap’ #x Cr <Ag tx O
«(bn(p - o)) x ah
moreover from <bn o’ §x Q> have (bn(p - o)) t* (p - Q)
by (simp add: pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst] bnEqut[symmetric])
with «bn a fx @ «(bn(p - @) tx @ S have (bn(p - ') t* Q by simp
with «(bn(p - ') §x P'» «<PQ' = P" || @ have (bn(p - ') §x PQ’ by simp
moreover from «Ap’ §x ay <(Ag #x o> have (Ap'QAg) tx o’ by simp
moreover from <Ap’fx C» (Ag fx C» have (Ap'QAg) #+ C by simp
moreover from <Ap’fx Vi <Ag tx V> have (Ap'QAg) i+ V by simp
moreover from <Ap’fx W> (Ag fx W» have (Ap'QAg) tx W by simp
moreover from Ap’ fx X» <Ag tx X»> have (Ap'QAg) #x X by simp
moreover from (Ap' fx V) (Ag #x Y» have (Ap'QAq) #*+ Y by simp
moreover from <Ap’fx Z» <Aqg #* Z» have (Ap'QAg) t*x Z by simp
moreover from (Ap’ fx PQ" <Ag i+ PQ’ have (Ap'QAg) i+ PQ’ by simp
moreover from <Ap’fx a’» (Ag #* o> have (Ap’QAg) f* o’ by simp
moreover from <Ag #* o’ have (p - Ag) #* (p - &)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst] bnEqut[symmetric])
with S <Ag #x o' <bn(p - ') #x Ag> have Ag f#x (p - o)
by simp
with <Ap’ #* (p - ')y (Ag f* a’ <bn(p - a’) §x Ag> S have (Ap'QAg) £
(p-a)
by simp
moreover from (Ap’fx Ag» «distinct Ap’s «distinct Ag» have distinct(Ap'QAg)
by auto
moreover note <(bn(p - a’)) fx V> «(bn(p - &) 4= W «(bn(p - ') #x X>
(bn(p - &) = Y «(bn(p - ') i+ 2>
ultimately show ?case using cParl
by metis
next
case(cPar2 UV Up Qa Q' Ap PAg Vo CC' o' PQ' VWX Y Z)
have FrP: extractFrame P = (Ap, ¥p) and FrQ: extractFrame Q = (Ag,
Vo)
by fact+

note <bn o’ #* subject o’y
moreover from <bn o' fx (P || @) have bn o’ §x Q and bn o’ §x P by
stmp—+
moreover with FrP Fr@Q «Ap #x o> (Ag f* o> have bn o’ §* Up and bn
a' ﬁ* \I/Q
by (force dest: extractFrameFreshChain)+

moreover note bn o’ x Vr <bn o’ fx W

moreover from <bn o’ fx X» (Ap fx o> have bn o' §x (XQAp) by simp
moreover from <bn o’ fx Y <bn o’ #x Up)> have bn o’ §x (Vp#Y) by simp
moreover from bn o’ §x Z» <bn o’ §x P> have bn o' §x (P#Z) by simp
moreover note (Ag fx Vo <Ag fx W

moreover from <Ag i+ X> <Ap i+ Ag>» have Ag #x (XQAp) by simp
moreover from <Ag i+ Y» (Ag % ¥p» have Ag i+ (Up#Y) by force
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moreover from <Ag i Z) <Ag t* P> have Ag tx (P#Z) by simp
moreover from (a < (P || Q') = o’ < PQ" <bn «a tx Py <bn o' §x P> <bn
a tx aly
obtain Q" where A: a < Q' =a’< Q" and PQ'=P | Q"
by (metis actionPar2Dest’)
moreover from <Ag i+ PQ"» <PQ'= P || Q' have Ag tx Q" by simp
ultimately obtain p U/ Ag’ Up' where S: set p C set(bn a’) x set (bn(p
-a’)) and QeqQ": ((p+ Vg) @ U') ~ Uy’
and distinctPerm p and (bn(p - ') tx C’ and FrQ" extractFrame Q"' =
<AQ/7 \I/Q/>
and Ag’ tx Q" and Ag' tx o’ Ag' tx (p - ') and Ag' tx C
and (bn(p - ') #* o’ and (bn(p « a') i+ Q" and distinct Ag’
and Ag’ i+ V and Ag’ #x W and Ag’ #x (X Q Ap) and Ag' #x (Up#Y)
and A’ #x (P#Z) and (bn(p - ') tx V and (bn(p - o)) t+ W and (bn(p
-a) tx (X @ Ap) and (bn(p - o)) tx (Tp#Y)
and (bn(p - ') tx (P#Z) using cPar2
by (elim cPar2)

then have Ag’ #x P and Ag’ i Z and Ag' fx Ap and Ag’ #+ X and Ag’
fx Up and Ag’ #x YV
and (bn(p - o)) §x Ap and (bn(p - a')) fx X and (bn(p - ') tx YV and
(bn(p - ) x Z and (bn(p - o)) #x ¥p
and (bn(p - o)) tx P
by (simp del: freshChainSimps)+

from <Ap #x PQ"» «<PQ' =P || Q" (Ag’ tix Ap> FrQ' have Ap fx ¥g’
by (force dest: extractFrameFreshChain)
note S
moreover from QegQ’ have ((p - (Vp ® Vg)) @ V')~ (p- ¥p) @ ¥y’
by (simp add: equts) (metis Composition Associativity AssertionStatEqTrans
AssertionStatEqSym Commutativity)
with «(bn(p - ) % Up» <bn ' fx ¥p) S have ((p - (Vp @ Vg)) @ ¥/) ~
Up ® \I/Q/
by simp
moreover from (PQ' = P || Q") (Aq’ tx Ap» <Ag’ tx Up» (Ap fx Vph
(Ap tx PQ" FrQ' FrP have extractFrame PQ' = ((ApQAg"), Up @ Vo)
by simp
moreover note <distinctPerm p> «(bn(p - o)) #§x C"
moreover from <Ay’ % Q') (Ag' tx Py «PQ' = P | Q") have Ag’ i+ PQ’
by simp
moreover note <Ag fx PQ"» <Ag’ tx a’y (Ag fx a’s <Ag' tx C) (Ag tx O
«(bn(p - o)) x ah
moreover from <bn o’ #x (> have (bn(p - o)) t* (p - Q)

by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst] bnEqut[symmetric])

with <bn o fx Py «(bn(p - «)) tx P> S have (bn(p - o)) #* P by simp
with ¢(bn(p - o)) #x Q" «PQ'= P || Q"> have (bn(p - ') §x PQ’ by simp
moreover from Ay’ ix o’y «Ap #x a’» have (Ap@QAg’) i+ o’ by simp
moreover from Ao’ C) (Ap fx C» have (ApQAg’) i+ C by simp
moreover from Ao’ tx Vs <Ap tx V> have (ApQAg’) i+ V by simp
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(p-

moreover from Ao’ #x W» (Ap fx W» have (Ap@Ag’) tx W by simp
moreover from «Ag’ #x X» <Ap §x X»> have (Ap@QAy') #x X by simp
moreover from <Ag’ tix Y» <Ap #x Y) have (Ap@Ag’) #x Y by simp
moreover from <Ay’ i+ Z) <Ap #x Z» have (ApQAg’) tx Z by simp
moreover from (Ag’ tx PQ" <Ap fx PQ’ have (ApQAg’) i+ PQ’ by simp
moreover from Ao’ tx a’» (Ap #x o> have (Ap@QAg’) i+ o’ by simp
moreover from <Ap i+ o’y have (p - Ap) tx (p - o)
by (simp only: pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst] bnEqut[symmetric])
with S «Ap #x a’ <bn(p - ') #* Ap> have Ap fx (p - )

by simp
with (Ag’ #x (p - a’)» <Ap fx a’» <bn(p + a') tx Ap> S have (ApQAy’) #x
a’)

by simp
moreover note «(bn(p - ') fx Vs «(bn(p - &) 4= W) «(bn(p - ') #x X>

(bn(p - o) tx Y «(bn(p - ) tx 2>

moreover from <Ag’ i+ Apy «distinct Ap» <distinct Ag”» have distinct(ApQAg")

by auto

ultimately show Zcase using cPar?2
by metis
next
case cComml1
then show ?case by(simp add: residuallnject)
next
case cComm2
then show ?Zcase by(simp add: residuallnject)
next
case(cBrMerge W Wo PM NP ' Ap Up Q Q' Ag CC' o PQ' VW XY Z)
have FrP: extractFrame P = (Ap, ¥p) and FrQ: extractFrame Q = (Ag,

Vo)

by fact+

have bn ((M(N])) fx Q by simp
have bn (;M(N)) fx Q' by simp
have bn (;M(N)) #x « by simp
have bn ((M(NJ) g+ P by simp
have bn ((M(NJ) g+ P’ by simp
have bn ((M(NJ)) f* a by simp

from (M(N) < P'|| Q' = a < PQ"
have emptya: bn a = ([J::name list) and
a = ((M(N))
by (simp add: residuallnject)+
then have bn o #x Q and bn o fx Q'
and bn o fx P and bn o $x P’ by simp+

from <bn a = [»

have bn « #x subject @ and bn o §x P and bn o §x @
and bn o fx Up and bn o i+ Ug and bn o gx C’
and bn o fx (XQAg)
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and bn o tx (Po#Y) and bn « fx (Q#Z) by simp+

moreover note <Ap #x Py <Ap #x a» «Ap tix Cr» (Ap 4% C"
a £ T

moreover from <Ap i+ X» <Ap #x Ag» have Ap fx (XQAg) by simp
moreover from «Ap fx Y <Ap #x Uy have Ap fx (Uo#Y) by force
moreover from <Ap x 7> <Ap fx (> have Ap tx (Q#Z) by simp
moreover from (M(N) < (P'|| Q) = a < PQ" <bn ((M(N)) i+ Q" <bn
atx Q) <bn ((M(N)) t* e
obtain P’ where A: (M(N|) < P'=a < P”and PQ'=P" | Q'
by(metis actionPar1Dest")
moreover from Ap #x PQ" «(PQ’' = P" || Q" have Ap #§x P’ by simp
ultimately obtain p PU’ Ap’ Up’ where Sp: set p C set(bn ) x set (bn(p
- a)) and PegP”: ((p - Up) ® PU') ~ Up'
and distinctPerm p and FrP’: extractFrame P = (Ap’, Up')
and Ap' #fx P"” and Ap’ ffx a Ap’' #x (p - @) and Ap’ #x C and (bn(p -
@)t C’
and (bn(p - «)) t* a and (bn(p - o)) t* P’ and distinct Ap’
and Ap'fx V and Ap'fx W and Ap' #x (X @ Ag) and Ap’ tix (To#Y)
and Ap’ fx (Q#Z) and (bn(p - a)) #* V and (bn(p - a)) i+ W and (bn(p
L)) b (X @ Ag) and (bn(p - a)) £ (To# V)
and (bn(p - o)) t* (Q#Z) using cBrMerge
by (elim cBrMerge)

then have Ap’ #x Q and Ap’ i+ Z and Ap' tx Ag and Ap’ #x X and Ap’
fx Uo and Ap’ #x V
and (bn(p « «)) fx Ag and (bn(p - @)) #* X and (bn(p - «)) fx Y and
(bn(p - @) £ Z and (bn(p - a)) £ Wg
and (bn(p - a)) + Q
by (simp del: freshChainSimps)+

from <Ag tx PQ"» «<PQ'= (P" || Q') have Ag i+ P" by simp
with <extractFrame P" = (Ap’, Up')» <Ap'f#x Ag» have Ag f#x Up’
by (metis extractFrameFreshChain freshFrameDest)

from <bn o = [

have bn « f* subject o and bn « f#* Q and bn o §x P”
and bn a §x Yo and bn o f§x Up’ and bn o fx C’
and bn « fx (XQAp')
and bn o fx (Vp'#Y) and bn « i+ (P'"#Z) by simp+

moreover note <Ap’ fx () (Ag fx a (Ag fx C» (Ag fx C"
@ #£ T

moreover from <Ag fx X» <Ap’ fx Ag> have Ag #x (XQAp') by simp
moreover from <Ag i+ Yy <Ag fx Up'» have Ag i+ (UVp'#Y) by force
moreover from <Ag #* Z) <Ag t* P’ have Ag #x (P''#Z) by simp
moreover from (M(N) < (P'| Q') = a < PQ" <bn ((M(N)) tx P’ <bn
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a fx P <bn (M(N)) fx a»
obtain Q" where A: (M(N) < Q' =a < Q" and PQ'=P'| Q"
by (metis actionPar2Dest’)

moreover from «PQ' = P" | Q" «<PQ'=P'| Q"
have PQ' = P" || Q"
by (simp add: psi.inject)

moreover from <Ag tx PQ» «<PQ'= P | Q"> have Ag #x Q" by simp
ultimately obtain ¢ ¥’ Ag’ ¥o' where Sq: set ¢ C set(bn «) x set (bn(q
- ) and QegQ” ((¢ - Ug) ® ') ~ ¥y’
and distinctPerm g and FrQ': extractFrame Q" = (Ag’', ¥o')
and Ag’ §x Q" and Ag’ #x a Ag’ #* (¢ - o) and Ay’ §x C and (bn(q -
a) t C
and (bn(q - «)) i+ o and (bn(q - «)) i+ Q' and distinct Ag’
and Ag'f#x V and Ag' tx W and Ag' fx (X @ Ap’) and Ag' fx (Up'#Y)
and A’ #x (P""#Z) and (bn(q - ) i+ V and (bn(q - a)) i+ W and (bn(g
-a)) i+ (X Q@ Ap’) and (bn(q - ) tx (Tp'#Y)
and (bn(q - a)) tx (P"#Z) using cBrMerge
by (elim cBrMerge(6)[where bb=a]) (rule refl | assumption)+

then have A’ #x P” and Ag’ #* Z and Ag’ #+ Ap’ and A’ #* X and
AQI ﬂ* \IJP, and AQ/ﬁ* Y
and (bn(q - a)) §x Ap’ and (bn(q - @)) #* X and (bn(q - «)) #* Y and
(bn(q - @) #x Z and (bn(q - o)) fx Up’
and (bn(q - «)) g+ P”
by (simp del: freshChainSimps)+

from Sp Sq <bn a = [)» have p = ([J::name prm) and q = ([]::name prm)
and p = ¢
by simp+

from <Ag’ tx P' «Ag’ tix Ap" <extractFrame P = (Ap’, ¥p')) have Ag’
ﬁ* \I/p/
by (metis extractFrameFreshChain freshFrameDest)
from (Ap’ i a» <« = [ M(N|)» have Ap’ fx M and Ap’ i+ N
by simp+

from <0 @ Up > Q — ;M(N) < Q) <Ap' fx @ <Ap' tx N»
have Ap' fx Q'
by (simp add: brinputFreshChainDerivative)
with «PQ’' = (P" || Q') «<PQ’'= (P" | Q") have Ap’ #x Q"'
by (simp add: psi.inject)
with Fr@Q' <Ag’ tx Ap”» have Ap’ #x ¥y’
by (metis extractFrameFreshChain freshFrameDest)
from «Ap’tx Py <Ap'tx Q') «<PQ' = (P" || Q")
have Ap’ #* PQ’ by simp
from <Ag’ tx Py <(Ag' tx Q" <PQ' = (P" || Q")
have Ag’ #x PQ’ by simp
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from PegP’ have ((p« (¥p ® ¥g)) @ PU) >~ Up'® (p - ¥g)
by (simp add: equts) (metis Composition Associativity AssertionStatEqTrans
AssertionStatEqSym Commutativity)

with <p = []» have ((¥p ® ¥g) ® PU’) >~ (¥p' @ Ug) by simp
with QegQ’ have ((¢ - (Vo ® ¥p')) @ ¥/) > Vg’ @ (¢ - ¥p')
by (simp add: equts) (metis Composition Associativity AssertionStatEqTrans
AssertionStatEqSym Commutativity)
with PegP’«p = []» <¢ =[]> have ((¢ - (Tg ® ((p- ¥p) ® PT'))) @ U') ~
Vo' @ (¢ ¥p')
by (simp add: equts) (metis AssertionStatEqTrans Composition composition-
Sym)
with <p = [|» have ((¢ - (Yo ® (Vp ® PU'))) @ ¥') ~ Vo' ® (¢ - ¥p') by
stmp
with <¢ = []» have (¢ - (¥p ® ¥g)) ® (PV' @ U) ~ ¥p' @ Uy’
by (simp add: equts) (metis AssertionStatEqTrans Commutativity Composition
associativitySym)

moreover note <set ¢ C set(bn «) x set (bn (¢ - @)

moreover from «PQ’' = P" | Q" <Ag' t* Ap" <Ap’ #x U (Ag’ % Up"
(Ag' tx PQ" FrP' FrQ' have extractFrame PQ' = ((Ap'QAg"), ¥p' @ o)
by simp

moreover note (distinctPerm ¢

moreover from Ap’ fx PQ" <Ag’ #x PQ"
have (Ap'@QAg’) t* PQ' by simp
moreover from <Ap’ fx @ (Ag’ fx
have (Ap'@QAg’) t* a by simp
moreover with «¢ = [|»
have (Ap'QAy’) #* (¢ + o) by simp
moreover from <Ap’ fx C) (Ag’ fx C»
have (Ap'QAq’) tx C by simp
moreover note <bn (¢ - «) fx C» <bn (g - ) fx @
moreover from <bn o = [»
have bn (¢ + a) fx PQ’

by (metis Nominal.nil-equt bnEqut freshSets)
moreover from «Ap’fx V> <Ag’ tx V>
have (Ap'@Ag’) t+ V by simp
moreover from <Ap’fx Wy (Ag’ fx W)
have (Ap'@Ag’) t+ W by simp
moreover from (Ap’ fx X» <A’ #x X»
have (Ap'QAg’) t* X by simp
moreover from <Ap’fx Y <Ag’ tx ¥
have (Ap'QAg’) i+ Y by simp
moreover from <Ap’tx Z» <Ag’ #x Z»
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have (Ap'QAq’) t* Z by simp
moreover from <Aq’ #x Ap’» «distinct Ap’ «distinct Ag’» have dis-
tinct(Ap'QAg’) by simp
moreover note «(bn(q - «)) fx V> <(bn(q - @) = W» «(bn(q - «)) §x X»
(bn(q - @) 8= Y <(bn(q - @) tx 2>
ultimately show ?Zcase
by (intro cBrMerge(47))
next
case(cBrComml ¥ Vg PM NP’ Ap ¥p Q avec Q' Ag C C'a PQ' VW
XY 2)
have FrP: extractFrame P = (Ap, ¥p) and FrQ: extractFrame Q = (Ag,
Vo)
by fact+

from <zvec ti* o> have zvec fix bn o by simp

from <M (v*zvec)(N) < P'|| Q' = a < PQ" have a < PQ’ = M (v*zvec)(N)
< P"| Q' by simp
with <zvec #x (bn a)»
obtain Q" r where rPerm: set r C set (bn a) X set zvec
and PQ' = (r- P) || Q" and a < Q" = M (v*zvec)(N) < Q’
by (elim actionPar2Dest) (assumption | simp)+
then have | M (vxzvec)(N) < Q' = a < Q"' by simp

from <Ag tx PQ"» <PQ'= (r - P’) || Q"> have Ag #x Q"
by simp

from <Ap #x PQ"» <PQ' = (r - P') || Q" have Ap #x Q"
by simp

from <bn o fx (P || Q) <Ap fx

have bn «a #x P and Ap #x bn a by simp+

with <eztractFrame P = (Ap, Up)) have bn « fx Up
by (metis extractFrameFreshChain freshFrameDest)

from <bn o fx (P || Q) <Ag #*

have bn o §* @ and Ag f* bn a by simp+

with <eztractFrame @ = (Ag, Ug)> have bn a tx Ug
by (metis extractFrameFreshChain freshFrameDest)

from rPerm <Ap #x zvec) <xvec §x Upr (Ap fix bn ay <bn o fx Up»
have r - Ap = Ap and r - Vp = Up by simp+

have (M(N|) < P'= ;M(N) < P’ by simp

moreover note (Ap f#x Py <Ap tx C) <Ap fix C"

moreover from «Ap #x M> <Ap fx N» have Ap tx ((M(N|) by simp

moreover note (Ap fix V>

moreover from <Ap f#x W) <Ap tx a» have Ap #x (a# W) by simp
moreover from <Ap fx X» <Ap fix Ag> <Ap f* zvec> have Ap fx (XQAoQzvec)
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by simp
moreover from «Ap fx Y <Ap #x Uy have Ap fx (Uo#Y) by force
moreover from <Ap fx 7> <Ap fx Q> <Ap §x Q" <Ap #* Q') have Ap #x*
(Q#(Q#(Q"#Z))) by simp

moreover note <Ap fx P’ <Ap #x Q»

ultimately obtain p PV’ Ap’ ¥p’ where Sp: set p C set(bn ((M(N))) x
set (bn(p - ((M(NJ)))) and ((p - ¥p) ® PU’) =~ Up’
and distinctPerm p and FrP’: extractFrame P' = (Ap’, Up')
and Ap' tx P'and Ap’ #§x ((M(N|) Ap't* (p - ((M(N))) and Ap’ fx C
and (bn(p - ((M(N)))) 2+ C’
and (bn(p - (LM(N)))) b (LMN)) and (bn(p - (;M(N)))) t+ P’ and
distinct Ap’
and Ap'fx V and Ap' fx (a# W) and Ap’ #x (X @ Ag Q zvec) and Ap’
tx (Yo#Y)
and Ap’ tx (Q#(Q#(Q"#2))) and (bn(p - (M(N)))) £+ (W) and
(bn(p - ((M(N)))) # (X @ Ag @ zvec) and (bn(p - ((M(N)))) 2+ (Vo#Y)
and (bn(p - ((M(N)))) t* (Q#(QH#(Q"#2)))
by (elim cBrComml (4)) (assumption | simp)+

then have PeqP’: Vp ® PV’ ~ Up'

and Ap’ fx P'and Ap’ ix ((M(N|) and Ap' #x C and distinct Ap’

and Ap’ #fx Q and Ap' #x Q' and Ap' #x Q" and Ap’ #x Z and Ap’ fx
Ag and Ap' fx X and Ap’ fx Ug and Ap’ i+ YV

and Ap’ t* zvec and Ap’ fx o and Ap’ #x (subject o) and Ap’ §x (bn «)
and Ap’ * (object )

and Ap'fx V and Ap’ #§x W

by (simp del: freshChainSimps)+

from rPerm <bn o« #x ¥p»r <xvec x Up)
have (r - Up) = Up by simp
from PegP’ have r - (Up @ PU’' ~ Up')
by simp
with «(r - Up) = Up»
have rPeqP": Up ® (r - PU’) ~ (r - Up') by(simp add: equts)

from rPerm (Ap'fx (bn a) <Ap’ f* zvec
have r - Ap’ = Ap’ by simp

from FrP’ have r - (extractFrame P' = (Ap’, Up’))
by simp

with <r - Ap’ = Ap’ have rFrP’. extractFrame (r - P") = (Ap/, (r - ¥p'))
by (simp add: equts)

from (zvec #x a» have (bn «) fx zvec by simp

from «(Ap @ Ag) #* a» have Ag fi* bn a by simp
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from «Ag tx M» (Ag tx zveer <Ag #x N> have Ag f#x (jM (vxzvec)(N)) by
stmp

from «<¥ ® Up > Q — [M(vxavec)(N) < Q" <xvec #x M> «distinct zvec
bn a fx Q> <zvec f*x bn a»

have bn o #* Q' by(simp add: broutputFreshChainDerivative)

from U ® ¥p > Q — M(v*zvec)(N) < Q" <xvec #§x M> «distinct zvec)
hn a fx Q> <bn a fx zvec
have bn « g% N by(simp add: broutputFreshChainDerivative)

note «bn o fx subject o

moreover from <bn « #x (P || @) have bn o fx @ and bn « #x P by simp+

moreover from bn a fx V» <bn a §x N> have bn a fx (N#V) by simp

moreover note <bn o §x Up) <bn o fx Yo» bn o fx W)

moreover from <bn « fx X> (Ap f* bn > <Ap’ fix bn > <bn a #x zvec

have bn o fx (XQzvecQApQAp’) by simp

moreover from <bn a fx Y) <bn a §x Ups have bn a fx (Vp#Y) by simp

moreover from <bn a i 7> <bn « fx Py <bn o fx @ have bn o x (PH#Q#Z)
by simp

moreover from <Ag i+ V» (Ag % N> have Ag fx (N#V) by simp

moreover note <Ag #{x W»

moreover from <Ag fx X» (Ap fx Ag> «Ap' fix Ag» <Ag fx zvecy have Ag
fx (XQrvecQApQAp') by simp

moreover from <Ag i+ Y» (Ag #x ¥p» have Ag i (Up#Y) by force

moreover from (Ag #x Z) (Ag #* P> <Ag #* Q@ have Ag fx (P#Q#Z) by

stmp

moreover note M (vkzvec)(N) < Q' = a < Q')
ultimately obtain ¢ QU’ Ag’ ¥y’ where Sq: set ¢ C set (bn o) x set (bn
(¢ - @) and QegQ": ((q - ¥q) ® QU') = Vg’
and distinctPerm q and bn(q - «) + C' and FrQ" extractFrame Q' =
(Ag", W)
and Ag’ fx Q" and Ag’ fx a and Ag  #* (¢ - a) and A’ fx C
and bin(q - ) t* o and bdn(q - @) fx Q' and distinct Ag’
and Ag’ fx (N#V) and Ag’ #x W and Ag’ #* (X Q zvec @ Ap @ Ap’)
and Ag’ #x (Up#Y)
and Ag’ #* (P#Q#Z) and bn(q - o) §* (N#V) and bdn(q - «) f+x W and
bn(q - a) fx (X Q zvec @ Ap @ Ap’) and bn(q - ) fx (Vp#Y)
and bn(q - a) tx (P#Q#Z)
using (Ag fx @ <Ag #x a» <Ag #x Cr <Ag t*x C)
n a fx C «a # 7 Ag % Q') «distinct (bn a)»
by (elim cBrComm1(8)[where b=C and ba=C" and bb=a and bc=Q"" and
bf=(X @ zvec @ Ap @ Ap’) and bg=(Vp#Y) and bh=(P#Q#7Z)]) (assumption
| simp)+
then have Ag’ #x P and Ag’ % Z and Ag’ #x Ap and A’ i+ Ap’ and
Ao’ #x X and Ag' f* Up and Ag’ #x ¥V and Ag’ #* Q and Ag' fx N
and Ag’ i zvec and Ag’ #x V and Ag’ #x W
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and bdn(q - o) fx Ap and bn(q - ) fx Ap’ and bn(q - ) fx X and bn(q -
a) tx YV and bn(q - o) #* Z and bn(q - a) #x ¥p

and bn(q - a) fx P and bn(q - o) g+ W and bn(q - «) §* V and bn(q - )
fx N and bn(q - «) #* zvec

by (simp del: freshChainSimps)+

from <Ap'fx Q' (Ao’ tx Ap" FrQ’
have Ap’ fx Vg’
by (metis extractFrameFreshChain freshFrameDest)

from <V @ Wg > P +— (M(N|) < P) <Ag' tix Py <A’ §x N»
have Ag’ #x P’

by (simp add: brinputFreshChainDerivative)
with FrP’ <Ag’ #* Ap’ have Ag' tix Up’

by (metis extractFrameFreshChain freshFrameDest)

have (Up @ (r+ PU')) @ ((¢ - ¥g) ® QU') ~ (r - Up') @ ¥y’
by (metis Composition’ rPeqP’ QeqQ’)
then have (Vp @ ((r - PU) ® ((¢ - ¥g) ® Q¥))) ~ (r - ¥p') ® Vg’
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity)
then have (Up @ (¢ - V) ® QU) @ (r + PU))) = (r - Up') & Wg'
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity associa-
tivitySym,)
then have (Vp ® ((¢ - ¥g) @ (Q¥' @ (r - P¥')))) ~ (r - ¥p') ® Vg’
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity composi-
tionSym)
then have (¥p @ (¢ ¥g)) ® (QU¥'® (r+ P¥')) ~ (r - Up') @ Uy’
by (metis AssertionStatEqTrans Associativity)
then have (Vp ® (¢ - ¥g)) @ ((r - PV) ® QU") ~ (r - ¥p') ® Vg’
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity associa-
tivitySym,)
with Sq <bn a fx Up> dbn(qg + ) gx ¥p> have ((¢ - (Tp @ ¥gq)) @ ((r -
PU) @ QU) ~ (r-¥p') @ ¥g’
by (simp add: equts)

from Sq <Ap’ #x a» <bn(q - @) §x Ap"» have Ap’ #x (¢ - «)

by (metis actionFreshChain freshChainSym freshStarChainSimps fresh-star-set-eq)

from <A’ t* o have Ag’ #x bn a by simp

from rPerm <Ap’' fx P’y (Ap' #x zvec) <Ap' fx bn a»

have Ap' t* (r - P’)

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)
from rPerm «Ag’ #x P'» <Ag' tx zvecy <Ag’ t* bn a»

have Ag’ #* (r - P’)

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)
from rPerm <Ag’ #x Up" (Ag’ #x aveer <Ag’ fix bn

have Ag’ t* (r - Up’)

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)
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with <Ap' tx Vo' Ag’ #x Ap” rFrP’' FrQ’

have eztractFrame ((r - P’) || Q") = ((Ap'@Ag"), (r - ¥p') ® ¥y'))
by simp

with <PQ' = ((r - P') || Q")

have extractFrame PQ' = ((Ap'QAg"), ((r - ¥p') @ Ty')
by simp

from <V @ ¥g > P +— (M(N|) < P) <bn(q - ) tx P> <bn(q + a) fx N»
have bn(q - «) fx P’ by(simp add: brinputFreshChainDerivative)

with rPerm <bn(q « ) fx a» <bn(q - «) #$* zvees

have bn(q - a) t* (r - P’)

by (metis actionFreshChain freshAlphaPerm freshChainSym name-list-set-fresh
permStarFresh)

from Ap’fx Q" <Ap'tx (r - P')» <PQ'= (r - P’) || Q"> have Ap’ #x PQ’
by simp

from (Ag’ 8% Q" <Ag' tx (r - P')» «<PQ'= (r - P') || Q" have Ag' tx PQ’
by simp

note <set ¢ C (set (bn «)) x set (bn(q - @)
(¢ (Tp®@T)) @ ((r- P¥)® Q¥) ~(r-¥p') ® Yo' «distinctPerm
¢
cextractFrame PQ' = ((Ap'@QAq"), ((r - ¥p') @ ¥o')p

moreover from (Ap’ fx PQ" <Ag’ tx PQ" have (Ap'QAy’) fx PQ’ by
stmp

moreover from <Ap’fx o (Ag’ #* a» have (Ap'QAy’) #x o by simp

moreover from <Ap’ #x (¢ - o) <Ag’ ti* (¢ - «)» have (Ap’QAy") x (¢ -
a) by simp

moreover from <Ap’fx C» <Ag’ #x C» have (Ap'QAy") 4+ C by simp

moreover note <bn(q - a) x C) <bn(q - a) fx @

moreover from <bn(q - «) fx (r - P')» <bn(q - ) tx Q" <PQ' = (r - P') |
Q"

have bn(q - ) fx PQ’ by simp

moreover from <Ap’fx V) <Ag’ tix Vs have (Ap'@Ay’) i+ V by simp

moreover from <Ap’fx W> (Ag’ #x W» have (Ap'QAy") x W by simp

moreover from <Ap’ fx X> (A’ fx X» have (Ap'QAg’) t+ X by simp

moreover from (Ap’fx V) (Ag’ tx Y) have (Ap'QAq") i+ Y by simp

moreover from Ap'fx Z) <Ag’ #* Z) have (Ap'QAy’) #x Z by simp

moreover from «distinct Ap” «distinct Ag" <Ag’ * Ap"

have distinct(Ap'QAg’) by simp

moreover note <bn(q - «) x Vs <bn(q - «) §x W>

hn(qg + a) fx X» <bn(qg - «) 8= Yy <bn(q - «) $x 2>
ultimately show Zcase
by (rule ¢cBrComm1(63))
next

case(cBrComm2 ¥ Wg P M avec N P' Ap ¥p Q Q" Ag CC'a PQ' VW

XY2)
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have FrP: extractFrame P = (Ap, ¥p) and FrQ: extractFrame Q = (Ag,

Vo)
by fact+

from <zvec ti*x o> have zvec fix bn o by simp

from M (vxzvec)(N) < P'|| Q'= a < PQ" have a < PQ' = M (v+zvec))(N)
< P'| Q' by simp
with <zvec #x (bn a)»
obtain P’ r where rPerm: set r C set (bn a) x set zvec
and PQ'= P" || (r - Q) and o < P" = jM(vxavec)(N) < P’
by (elim actionPar1Dest) (assumption | simp)+
then have [M(vxavec)(N) < P’ = o < P by simp

from <Ag tx PQ"» «<PQ'= P" | (r - Q')> have Ag *x P"
by simp

from (Ap #x PQ"» «<PQ' = P" || (r - Q) have Ap fx P"
by simp

from <bn a fx (P || Q) <Ap fx

have bn a #§x P and Ap #x bn o by simp+

with <extractFrame P = (Ap, Up)) have bn « fx Up
by (metis extractFrameFreshChain freshFrameDest)

from <bn o fx (P || Q) <Ag t*

have bn o i @ and Ag #* bn a by simp+

with <eztractFrame @ = (Ag, ¥g)> have bn o #x Ug
by (metis extractFrameFreshChain freshFrameDest)

from rPerm <Agq fi* avecy <xvec §x Wqo» <Ag t* bn ar <bn o i Yo
have r - Ag = Ag and r - Vo = ¥ by simp+

have (M(N) < Q' = {M(N)) < Q' by simp

moreover note <Aqg fx Py <Ag fx C» <Ag fx C"

moreover from <Ag #+ M> <Ag t+ N» have Ag i+ ((M(N)) by simp

moreover note <Ag fx V>

moreover from <Ag i+ W» <Ag i+ @ have Ag tx (a# W) by simp

moreover from <Ag #x X» <Ap #x Ag» <Ag f* zvec» have Ag i+ (XQApQazvec)

by simp

moreover from <Ag #+ Y» <Ag fx ¥p» have Ag i+ (Vp#Y) by force

moreover from <Ag fx Z» <Ag tx P» <Ag #x P <Ag fx P> have Ag f*
(P#(PH(P"42))) by simp

moreover note <Ag fx Q" (Ag tx @

ultimately obtain ¢ QU’ Ag’ Uy’ where Sq: set ¢ C set(bn (M(N))) x
set (bn(g - (;MND))) and (¢ - Vo) & QU’) ~ U’
and distinctPerm g and FrQ': extractFrame Q' = (Ag’, ¥q')
and Ag’ t#* Q' and A’ t#x ((M(N)) Ag' t* (¢ - ((M(N))) and A’ fx C

319



and (bn(g - (;M(N)))) £+ C’
L and (nfa - GMQND) g+ MOND) and (0 - (GMOND)) 5 @' and
istinct Ag’
and Ag 't V and Ag’ i+ (a# W) and Ag' 1+ (X @ Ap @ zvec) and Ag’
fx (Up#Y)
and Ag' tx (PH(PH#(P"#2))) and (bn(q - GM(N)))) £ (a# W) and
(bn(g - GM(N)))) B (X @ Ap @ zuce) and (ba(g - (M(N)))) b (Up#Y)
and (bn(q - (,MN)))) £+ (PA(P4(P"#2)))
by (elim ¢cBrComm2(8)) (assumption | simp)+

then have QegQ" Yo ® QU ~ Uy’

and Ag’ tx Q' and Ag’ tx ((M(N)) and Ay’ i+ C and distinct Ag’

and Ag’ §x P and Ag’ #* P and Ag’ #x P and Ag' i+ Z and Ag’ #x*
Ap and Ag' i+ X and A’ fix ¥p and Ag' tix YV

and Ag’ #* zvec and Ag’ #x o and Ag’ i (subject a) and Ag’ #* (bn «)
and Ag’ #x (object o)

and Ag’ x V and Ag’ #x W

by (simp del: freshChainSimps)+

from rPerm <bn a #x Vgo» «avec fx Yo
have (r - Ug) = ¥ by simp

from QeqQ’ have r - (g ® QU ~ ¥y
by simp
with «(r - ¥g) = U»
have rQeqQ” Vg ® (r - QU’) ~ (r - ¥g') by(simp add: equts)

from rPerm <A’ fx (bn o) <Ag’ #* zvecy
have r - Ag' = Ag' by simp

from Fr@' have r - (estractFrame Q' = (Ag’, Uq")
by simp

with «r - Ag’ = Ag" have rFrQ": extractFrame (r - Q) = (Ag’, (r - ¥g'))
by (simp add: equts)

from (zvec #x a» have (bn «) fx zvec by simp
from «(Ap @ Ag) #* a» have Ap f* bn a by simp

from <Ap #x M» (Ap i avecy <Ap tx N» have Ap #x (jM(vxzvec)(N)) by
simp

from U ® ¥g > P+ [M(vxavec)(N) < P’y <xvec fx M «distinct zvec
<bn « fx Py <zvec % bn

have bn « g P’ by(simp add: broutputFreshChainDerivative)

from U ® ¥g > P+ [M(vxavec)(N) < P’ <xvec fx M «distinct zvec

<bn a §x Py <bn «a f* zvec
have bn « x N by(simp add: broutputFreshChainDerivative)
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note «bn o fx subject a»

moreover from <bn « #x (P || @) have bn a §x @Q and bn « #x P by simp+

moreover from bn a fx Vy <bn a §x N> have bn a fx (N#V) by simp

moreover note <bn o §x Up) <bn o fx Yo bn o fx W)

moreover from <bn o gx X» <Ag * bn @ (Ag’ #* bn a <bn o f* zvec

have bn a fx (XQzvec@QAg@QAq") by simp

moreover from <bn o #x Y» <bn « #x U have bn o fx (To#Y) by simp

moreover from <bn a i+ Z» <bn « fx Py <bn o x Q> have bn o x (PH#Q#Z)
by simp

moreover from <Ap fx Vs (Ap #§x Ny have Ap #x (N#V) by simp

moreover note (Ap fix W)

moreover from «Ap fx X» <Ap x Ag» <Ag’ tx Ap> <Ap fx zvecy have Ap
fx (XQrvecQAQQ@Ag’) by simp

moreover from <Ap i+ Y» (Ap #x ¥o» have Ap i (Vo#Y) by force

moreover from (Ap f#x 7> <Ap #x > <Ap #x P> have Ap tx (P#Q+#Z) by
simp

moreover note (M (v*zvec)(N) < P/ = o < P
ultimately obtain p PU’ Ap’ Up’ where Sp: set p C set (bn a) x set (bn
(p - a)) and PegP”: ((p- ¥p) ® PU') ~ Up'
and distinctPerm p and bn(p - «) §x C’ and FrP’: extractFrame P’ =
(Ap', Wp')
and Ap’tx P and Ap’ fx o and Ap’ tx (p - ) and Ap' tix C
and bn(p - ) fx @ and bn(p - «) x P’ and distinct Ap’
and Ap’ fx (N#V) and Ap’ tx W and Ap’ f* (X Q zvec @ Ag @ Ag’)
and Ap’ i (Vo#Y)
and Ap' fx (P#Q#Z) and bn(p - a) #x (N#V) and bn(p - a) #x W and
bn(p - a) i* (X @ zvec @ Ag @ Ap”) and bn(p - «) #x (To#Y)
and bn(p - «) fx (PHQ#Z)
using (Ap fx Py (Ap fix a» <Ap #x C)» <Ap #§x C"
<hn a fix C) < # 7> <Ap % Py «distinct (bn a)»
by (elim ¢cBrComm?2(4)[where b=C and ba=C" and bb=a and be=P" and
bf=(X Q zvec @ Ag @ Ap’) and bg=(VYo#Y) and bh=(P#Q#Z)]) (assumption
| simp)+
then have Ap’ t+ Q and Ap’ fx Z and Ap’ #§x Ag and Ay’ #* Ap’ and
Ap’#x X and Ap' #x U and Ap’ #x ¥V and Ap’ #x P and Ap' tx N
and Ap’ fi* zvec and Ap’' #x V and Ap' #fx W
and bn(p - a) §x Ag and bn(p « o) §* Ag’ and bn(p - «) #* X and bn(p -
a) fx Y and bn(p - ) #x Z and bn(p - «) fx ¥g
and bn(p - a) + Q and bn(p - «) + W and bn(p - «) #+ V and bn(p -
a) fx N and bdn(p - «) t* zvec
by (simp del: freshChainSimps)+

from <Ag' tx P'y <Ag' tx Ap’s FrP’

have Ag’ i Up’
by (metis extractFrameFreshChain freshFrameDest)
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from <0 @ Up > Q — M(N) < Q) <Ap' fix @ <Ap' tx N»
have Ap' tx Q'

by(simp add: brinputFreshChainDerivative)
with FrQ’ <Ag’ #x Ap” have Ap' fx Uy’

by (metis extractFrameFreshChain freshFrameDest)

have ((p - Up) ® PU) ® (Yo @ (r+ QU) 2 ¥p' @ (r - Vy')
by (metis Composition’ PeqP’ rQeqQ’)
then have ((p - ¥p) @ (P¥' @ (Vo @ (r- QU"))) 2 Vp' @ (r- ¥y
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity)
then have ((p - ¥p) @ (Tg ® (r- Q¥') @ PV')) 2 Up' @ (r - ¥y
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity associa-
tivitySym)
then have (p - Up) ® (T @ ((r- Q¥') @ PU) ~Up' @ (r - Ug')
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity composi-
tionSym,)
then have ((p - ¥p) @ Ug) ® ((r- Q¥') @ PU') 2 ¥p' ® (r - Vg’
by (metis AssertionStatEqTrans Associativity)
then have ((p - Up) ® Ug) @ (PV' @ (r+ QU') 2 ¥p' @ (r - V')
by (metis AssertionStatEqSym AssertionStatEqTrans Associativity associa-
tivitySym,)
with Sp <bn o fx Ug» <bn (p + a) i To» have (p - (Tp ® ¥g)) ® (P’ ®
(re QUY) = Wp' @ (r- Ug)
by (simp add: equts)

from Sp <Ag’ t*x a» <bn(p - a) tx Ag” have Ag ' t* (p + a)
by (metis actionFreshChain freshChainSym freshStarChainSimps fresh-star-set-eq)

from (Ap’ i a» have Ap’ fx bn a by simp

from rPerm <Ag’ #x Q" <Ag’ #x avecr <A’ fx bn

have Ag’ tx (r - Q)

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)
from rPerm <Ap' #x Q" (Ap’ fix zvecr <Ap’ fi*x bn a»

have Ap' tix (r - Q)

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)
from rPerm <Ap’ #x Uo"» (Ap’ #x zveer <Ap' fx bn

have Ap' fix (r - Ug')

by (metis freshAlphaPerm freshChainSym name-list-set-fresh permStarFresh)

with (Aq  #x ¥p" (Ag  tx Ap" FrP’ rFrQ’

have extractFrame (P" || (r - Q) = ((Ap'QAg"), (¥p' @ (r - V"))
by simp

with <PQ' = (P" || (r - Q"))

have extractFrame PQ' = ((Ap'QAg"), (Vp' ® (r - ¥y'))
by simp

from <0 @ Up > Q — (M(N) < Q" <bn(p - a) tx @ <bn(p - a) fx N>
have bn(p - «) gx Q' by(simp add: brinputFreshChainDerivative)
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with rPerm <bn(p « a) fx a» <bn(p + @) #x zvees

have bn(p - o) tx (r - Q")

by (metis actionFreshChain freshAlphaPerm freshChainSym name-list-set-fresh
permStarFresh)

from «Ap’fx P'y <Ap'#x (r - Q') <PQ'= P" || (r - Q')» have Ap’ #x PQ’
by simp

from (Ag’ #x P'» <Ag t#x (r- Q") «<PQ'=P" | (r - Q') have Ag’' i+ PQ’
by simp

note «set p C (set (bn «)) x set (bn(p - @)
(p-(TpRTQ)) @ (P @ (r-QV) ~T¥p'® (r- Vg') «distinctPerm
»
cextractFrame PQ' = ((Ap'QAg"), (¥p' @ (r - To')))

moreover from (Ap’ fx PQ" <Ag’ #x PQ" have (Ap'QAy’) tx PQ' by
stmp
moreover from (Ap’ fx a» <A’ % a» have (Ap'QAg") tx o by simp
moreover from <Ap’ f#x (p - o) <Ag’ #x (p - «)» have (Ap’QAy") tx (p -
a) by simp
moreover from <Ap’fx Ch» <Ag’ #x C» have (Ap'QAy’") 4+ C by simp
moreover note bn(p - «) x C <bn(p - ) f* a
moreover from <bn(p - «) t* (r - Q") <bn(p - ) tx P «PQ' = P" || (r -
Q"
have bn(p - «) fx PQ’ by simp
moreover from <Ap’fx V) <Ag’ tx Vs have (Ap'@Ay’) i+ V by simp
moreover from <Ap’fx W> (Ag’ #x W» have (Ap'QAy") i+ W by simp
moreover from <Ap’ fx X> (Ag’ #x X» have (Ap'QAg’) t+ X by simp
moreover from (Ap’fx V) (Ag ' #x Y) have (Ap'QAq") t#x Y by simp
moreover from «Ap’fx Z» <Ag’ #x Z> have (Ap'QAg’) 4% Z by simp
moreover from «distinct Ap” «distinct Ag" <Ag’ * Ap"
have distinct(Ap'QAg’) by simp
moreover note bn(p - «) fx Vy <bn(p « a) fx W
<hn(p - ) tx Xo <bn(p - ) g% Y <bn(p - «) ix 2>
ultimately show Zcase
by (rule ¢cBrComm?2(63))
next
case cBrClose
then show ?case
by (simp add: residuallnject)
next
case(cOpen ¥ P M zvecl avec2 N P' 2 Ap ¥p CC'a P" VWX Y Z)
from <M (v*(zvecl Qr#avec2))(N) < P'=a < P'y @ f zvecly <z § zvec?»
x f av «x i Py «distinct(bn )y <Ap fx @ <z f
obtain yvecl y yvec2 N’ where yvecEq: bn o = yvecl Qy#yvec? and
PleqP": (vx(zvecl Qrvec2))N <’ P’ = (vx(yvecl Qyvec2))([(z, y)] - N') <’ ([(z,
y)] - P") and Ap #x N’ and Subj: subject @« = Some M and z § N’ and aeq: «
= M(vx(yvecl Qy#yvec2))(N")
apply/(cases rule: actionCases[where a=q|)
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apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(metis bound OutputOpenDest)
apply(simp add: residuallnject)
by (simp add: residuallnject)

note (Ap #x P> <Ap #x M)
moreover from Subj yvecEq <bn « fi*x subject oy have yvecl #x M yvec2 #x
M by simp+
moreover from yvecEq <Ap #x @ have Ap fx (yvecl Qyuec2) by simp
moreover note (Ap fx C
moreover from yvecEq <bn a tix (vz) P> <z § o have (yvecl Qyuec2) x P
by simp
moreover from yvecEq <bn o fx C <bn o fix V) <bn a fx Wy <bn o fx X>»
hn « fx Yy <bn « fx 2> «distinct(bn )y <z f @
have (yvec1Qyuec2) #x C’ and (yvecl Qyuec?) tx V and (yvecl Qyvec?2) fx W
and (yvecl Qyuec?) #x (z#y#X) and (yvecl Qyuec2) #x Y and (yvecl Qyuvec?) fx
Z
by simp+
moreover note <Ap fx V» <Ap % W»
moreover from <Ap #x X» <z § Apy <Ap tx > yvecEq have Ap fx (z#y#X)
by simp
moreover note <Ap #x Y» <Ap ti*x Z)»
moreover from «Ap #§x N» <Ap #x Py <z § Ap> <Ap #* a> yvecEq have
Ap t ([(z, )] - N) and Ap tx (s, 9)] - P")
by simp+
moreover from yvecEq «distinct(bn «)> have distinct(yvecl Qyuec2) by simp
moreover from P’eqP’ have M (v*(zvecl Qzvec2))(N) < P'= M (v*(yvecl Qyuec2)|{([(z,
yl - N < ([(z, y)] - P")
by (simp add: residuallnject)
ultimately obtain p ¥/ Ap’ Up’ where S: set p C set (yvecl Qyuec2) X set
(p + (yveclQyuec2)) and PegP" ((p - ¥p) @ U') ~ Up'
and distinctPerm p and (p - (yvecl Qyuec2)) g+ C’ and FrP': extract-
Frame([(z, y)] - P") = (Ap’, Up')
and Ap’fx ([(z, y)] - P") and Ap' #x ([(z, y)] - N') and Ap'fx C and
(p - (yveclQyuec2)) #x ([(z, y)] - N') and Ap’ * M and (p - (yvecl Qyvec?)) fx
(yvecl Qyvec?) and (p - (yvecl Qyuvec?2)) #x M and distinct Ap’
and (p - (yveclQyvec2)) tx ([(z, y)] - P'") and (yvecl Qyvec2) $x Ap’ and
(p - (yvecl Qyuec?)) fx Ap’
and Ap’ #x V and Ap’ ffx W and Ap' #x (z#y#X) and Ap’ #x Y and
Ap’tx Z and (p - (yvecl Qyuec2)) fx (z#y#X)
and (p - (yvecl@Qyuec2)) x V and (p - (yvecl Qyuec2)) #x W and (p -
(yvecl Qyuec?2)) i+ Y and (p « (yvecl Qyuvec2)) #x Z using <Ap tx C"
by (elim c¢Open(4)where b=C and ba=C' and bd=V and be=W and
bf=z#y#X and bg=Y and bh=7]) (assumption | simp)+

from <Ap’ tx (z#y#X)> have z § Ap’and y § Ap’and Ap’ ix X by simp+
from «(p - (yveclQyuvec?2)) #x (z#y#X)> have z § (p - (yvecl Qyvec?)) and
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y i (p - (yvecl@Qyuec?)) and (p - (yvecl Qyuec2)) t* X by simp+

from <z § a» yvecEq have x f yvecl and = # y and x f yvec2 by simp+

from <distinct(bn «)> yvecEq have yvecl #x yvec? and y § yvecl and y 4
yvec?2 by simp+

from <bn o fx C"» yvecEq have yvecl #x C’'and y § C’ and yvec2 §x C' by
stmp—+

from S «x § > <z § p - (yvecl Qyuec2) yvecEq have x § p by(intro freshAl-
phaSwap) (assumption | simp)+

from S «distinct(bn «)) <y p + (yvecl Qyuec2) yvecEq have y £ p by(intro
freshAlphaSwap) (assumption | simp)+

from yvecEq S <x f yvecly <x § yvec2y <y § yvecl> <y § yvec2> <z t p -
(yvecl Qyuec2)y <y f p - (yvecl Qyvec?))
have set ((y, z)#p) C set(bn o) x set(bn(((y, z)#p) - @))
apply(simp add: bnEqut[symmetric])
by (auto simp add: equts calc-atm)

moreover from PeqP’ have ([(y, z)] - ((p - Up) ® ¥) ~ [(y, z)] - Up’
by (simp add: AssertionStatEqClosed)
then have (((y, 2)#p) - Up) ® ([(5, 2)] - ¥) ~ ([(3 )] - Tp)
by (simp add: equts)
moreover from <(distinctPerm py S «x # y» <x § p» <y § p» have distinct-
Perm((y, z)#p)
by simp
moreover from FrP’ have ([(z, y)] - (extractFrame([(z, y)] -+ P"))) = ([(«,
9] - (Ap', Up?)
by simp
with «z § Ap” <y § Ap” have extractFrame P" = (Ap’, ([(y, z)] - ¥p'))
by (simp add: equts name-swap)
moreover from <z § p <y § p <x § N> «(p - (yvecl Qyvec?)) tx ([(z, v)] -
N bave ([(y, 2)] - p - (yoect @yuece)) t (3, 2)] - (&, )] + N
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
then have (((y, z)#p) - (yvecl Qyuvec2)) g+ N’ by(simp add: name-swap)
with <z f§ yvecl> <z § yvec2) «x # y» <z f C» <yt yvecl» <y § yvec2> <x § p
<yt py «x f N yvecEq
have bn(((y, z)#p) - a) t* N’ by(simp add: bnEqut[symmetric]) (simp add:
equts perm-compose calc-atm freshChainSimps)
moreover from <z § p <y § pr «x i N «(p - (yvecl Qyvec?)) tx ([(z, v)] -
P")) have ([(y, z)] - p - (yvecl Qyvec2)) §x ([(y, z)] - [(z, y)] - P")
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
then have (((y, )#p) + (yvecl Qyuec2)) #x P’ by(simp add: name-swap)
with «x § yvecl) x f yvec2y <x # y» <y f yvecly <y § yvec2r <x § p> <y § p
<z Py yvecEq
have dn(((y, z)#p) - «) §x P" by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from «x § p <y p «x § Ap”" «(p - (yvecl Qyvec2)) i+ Ap’» have
(p + (yvecl Qu#yvec?)) 4+ Ap’
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by (simp add: equts freshChainSimps)
then have (([(y, 7)) - p - (yec! QuAbyuec2)) b (3, )] - Ap)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecls <z § yvec2y <x # <z § Ap’ <y § yvecls <y § yvec2s <z 4
p <yt pyyt Ap” yvecEq
have bn(((y, x)#p) - a) tx Ap’ by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p <y § p <z § C «(p - (yvecl Qyvec2)) #x C’» have
(p - (yvecl Qu#tyvec?)) tx C’
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#tyvec2)) t* ([(y, )] - C”)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <z § yvecl) <zt yvec2y <z # p «x § C) <yt yvecl> <y § yvec2) <z f p>
y tt py <y i C) yvecEq
have on(((y, x)#p) - ) §x C’ by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z p» <y § p» <z § X> «(p - (yvecl Qyvec?2)) tx X» have (p
- (yvecl Qu#yvec?)) fx X
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#tyvec?)) t+ ([(y, z)] - X)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z yvecly <z § yvec2) <x # y» <x § X> <y ff yvecly <y § yvec2) <x f p
y i p <bn a tx X» yvecEyq
have bn(((y, ©)#p) - «) t* X by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y § p <z f V» «(p - (yvecl Qyuec?)) #§x V> have (p
- (yvecl Qz#tyvec?)) gx V
by (simp add: equts freshChainSimps)
then have (([(y, 7)) - p - (yvecl QuAbyuece)) B (3, )] - V)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecl» <z § yvec2) «x #£ y» <z § V> <y § yvecl> <yt yvec2y <z § p»
<y § pr <bn a tx V) yvecEq
have n(((y, z)#p) - «) t* V by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z £ p> <y § pr <z § W «(p - (yveclQyuec?)) g+ W> have
(p - (yvecl Qz#yvec?)) fx W
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#yvec?2)) tx ([(y, )] - W)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <z f yvecl» «x § yvec2y <x # y» <x § W <y § yvecl) <y § yvec2> <x § p
y i pr <bn agx Wy yvecEq
have dn(((y, )#p) - «) t+ W by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § py <y § p <z § Y «(p - (yvecl Qyuvec?2)) tx Y have (p
- (yvecl Qu#yvec?)) fx Y
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#yvec?2)) tx ([(y, x)] - V)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecl) <z § yvec2y <x # p <z § Y <y § yveclr <y § yvec2r <x § p»
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y i p <bn atx Yy yvecEq
have bn(((y, x)#p) - a) §x Y by(simp add: dbnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y § p» <z £ 7> «(p - (yvecl Qyuec?)) i+ Z» have (p
- (yvecl Qu#tyvec?)) tx Z
by (simp add: equts freshChainSimps)
then have (([(y, 2)] - p - (yveci QuAbyuecs)) i (4, ©)] - 2)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z ff yvecly <z f yvec2y <x # y <x § 2> <y § yvecly <y § yvec2s <z p»
<y § pr <bn o tx Z» yvecEq
have n(((y, z)#p) - a) §x Z by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from «(yvecl Qyvec2) fx Ap”y <y Ap’s yvecEq have bn o fx Ap’
by simp
moreover from Ap’ tx ([(z, y)] - N')» have ([(z, y)] - Ap') #x ([(=, v)] -
(@ )] - N
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst))
with <z  Ap”’ <yt Ap”» have Ap’ fix N’ by simp
with «Ap’ #x M» «(yvecl Qyuec2) g+ Ap”" <y # Ap’» aeq have Ap' fx o by
stmp
moreover then have (((y, ©)#p) - Ap’) #x (((y, 2)#p) - a)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst))
with <z § Ap» <y Ap" S «(yveclQyuec2) §x Ap”y «(p - (yvecl Qyuvec?))
Ap/>
have Ap' t+ (((y, 2)#p) - @) by(simp add: equts)
moreover from (Ap’ f§x ([(z, y)] - P")» have ([(z, y)] - Ap’) #x ([(z, y)] -
(@ v)] - P
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst))
with <z § Ap» <y Ap"» have Ap’ fix P" by simp
moreover from yvecEq aeq <(p - (yvecl Qyuec2)) i+ (yvecl Qyuec?)s <y t p>
@ o S «(p - (yveclQyuec?)) g+ Mr<(p - (yvecl Qyvec?)) #x ([(z, y)] - N')» <y 4
yvecl <y § yvec2> <z § p
have bn(((y, 2)#p) - a) ix o
apply(simp add: equts del: set-append)
apply(intro conjl)
apply(simp add: perm-compose equts del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts
del: set-append)
apply(simp add: perm-compose equts del: set-append)
apply(simp add: perm-compose equts swapStarFresh del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply (simp add: perm-compose freshChainSimps(6) swapStarFresh calc-atm
equts del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
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set-append)
apply (subst pt-fresh-star-bij[symmetric, OF pt-name-inst, OF at-name-inst,
where pi=[(z, y)]])
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply (subst pt-fresh-star-bij[symmetric, OF pt-name-inst, OF at-name-inst,
where pi=[(z, y)]])
by (simp add: perm-compose freshChainSimps(6) calc-atm equts del: set-append)
moreover note <Ap’ tx Cy «Ap' #x Vi (Ap' #x W> <Ap’'tx X>o «Ap' #x ¥
<Ap' tx Z» «distinct Ap”

ultimately show Zcase
by (elim ¢Open)
next
case(cBrOpen U P M zvecl zvec2 NP 'z Ap Vp CC'a P" VWX Y Z)
from M (vx(zvecl Qz#azvec2))(N) < P'= a < Py <z § zvecl» <z §f zvec?)
x i ar <z § Py «distinct(bn )y <Ap fx @ <z a»
obtain yvecl y yvec2 N’ where yvecEq: bn o = yvecl Qy#yvec2 and
P'eqP": (vx(zvecl Qrvec2))N <’ P’ = (vx(yvecl Qyuec2))([(z, y)] - N') <’ ([(=,
y)] - P"”) and Ap tx N’ and Subj: subject « = Some M and = § N’ and aeq: «
= (M (v*(yvecl Qy#yvec2))(N")
apply(cases rule: actionCases[where a=a])
apply (simp-all add: residuallnject)
by (metis boundOutputOpenDest)

note (Ap #x P> <Ap #x M)
moreover from Subj yvecEq <bn « f* subject oy have yvecl x M yvec?2 fx
M by simp+
moreover from yvecEq <Ap #x > have Ap #x (yvecl Qyvec2) by simp
moreover note (Ap fx C»
moreover from yvecEq <bn «a tix (vz) P> <z § o have (yvecl Qyuvec2) x P
by simp
moreover from yvecEq <bn o fix C» <bn a fix V) <bn o fx Wy <bn a fx X>»
hn o gx Yy <bn o fx 2> «distinct(bn )y <z § o
have (yvecl Qyvec?2) #x C'and (yvecl Qyuec2) tx V and (yvecl Qyuvec2) i+ W
and (yvecl Qyuec?) #x (z#y#X) and (yvecl Qyuec2) #x Y and (yvecl Qyuvec?) #x
Z
by simp+
moreover note (Ap fix Vy <Ap fx W)
moreover from <Ap #x X <z f Ap) <Ap #x > yvecEq have Ap % (x#y#X)
by simp
moreover note <Ap fx Y) <Ap tx Z»
moreover from <Ap #x N <Ap #x Py «x  Ap> <Ap #x a» yvecEq have
Ap tx ([(z, y)] - N') and Ap g« ([(z, )] - P")
by simp+
moreover from yvecEq <distinct(bn «)> have distinct(yvecl Qyvec2) by simp
moreover from P’eqP’ have | M (v+(zvecl Qzvec2))(N) < P’ = M (v(yvecl Qyvec2)){([(z,
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o] - N < (@, 1)] - P")
by (simp add: residuallnject)
ultimately obtain p U/ Ap’ Up’ where S: set p C set (yvecl Qyuec2) x set
(p - (yveclQyuec2)) and PegP" ((p - ¥p) @ U') ~ Up’
and distinctPerm p and (p - (yvecl Qyuec2)) g+ C' and FrP’: extract-
Frame([(z, y)] - P") = (Ap’, Vp')
and Ap' #x ([(z, y)] - P") and Ap’ #x ([(z, y)] - N') and Ap’ #x C and
(p - (yveclQyuec?)) #x ([(z, y)] - N') and Ap’ i+ M and (p - (yvecl Qyvec2)) fx
(yvecl Qyuec2) and (p - (yvecl Qyuvec?)) i+ M and distinct Ap’
and (p - (yvecl Qyvec?)) #x ([(z, y)] - P") and (yvecl Qyuvec2) #§x Ap’ and
(p - (yveclQyuec?2)) §x Ap’
and Ap’ #x V and Ap’ f+ W and Ap’ i (z#y#X) and Ap’ x ¥ and
Ap' #x Z and (p - (yvecl Qyuec2)) tx (x#y#X)
and (p - (yvecl@Qyuec2)) #§x V and (p - (yvecl Qyuvec2)) x W and (p -
(yvecl Qyuec?2)) i+ Y and (p - (yvecl Qyuec2)) #x Z using <Ap i+ C"
by (elim ¢BrOpen(4)[where b=C and ba=C' and bd=V and be=W and
bf=z#y#X and bg=Y and bh=7]) (assumption | simp)+

from <Ap’tx (z#y#X)> have z f Ap’and y § Ap’ and Ap’ x X by simp+
from «(p - (yvecl Qyuec?)) #x (z#y#X)> have z f (p - (yvecl Qyvec?)) and
y i (p- (yvecl Qyuec2)) and (p - (yvecl Qyvec?)) g+ X by simp+

from «x § a» yvecEq have x t yvecl and = # y and z f yvec2 by simp+

from «distinct(bn «)> yvecEq have yvecl #x yvec2 and y f yvec! and y 4
yvec? by simp+

from «bn a fx C"» yvecEq have yvecl #x C’'and y § C' and yvec2 §x C' by
stmp+

from S «x § a» <z § p - (yvecl Qyuec?2)> yvecEq have z £ p by(intro freshAl-
phaSwap) (assumption | simp)+

from S «distinct(bn «)) <y § p - (yvecl Qyuec2)s yvecEq have y § p by(intro
freshAlphaSwap) (assumption | simp)+

from yvecEq S <z § yvecly <z § yvec2y <y f yvecly <y f yvec2y <x § p -
(yveclQyvec2)s <y £ p - (yvecl Qyvec?2)»
have set ((y, z)#p) C set(bn «) x set(bn(((y, )#p) - @)
apply(simp add: bnEqut[symmetric])
by (auto simp add: equts calc-atm)

moreover from PeqP’ have ([(y, z)] - ((p - ¥p) ® ¥) ~ [(y, z)] - Up’
by (simp add: AssertionStatEqClosed)
then have (((y, ©)#9) + Up) @ (s, 7)) - ¥) = (3, o)) - V1)
by (simp add: equts)
moreover from <(distinctPerm py S «x # y» <x § p» <y § p» have distinct-
Perm((y, )#p)
by simp
moreover from FrP’ have ([(z, y)] - (extractFrame([(z, y)] - P"))) = ([(«,
y) - (Ap’, ¥p')
by simp
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with <z § Ap”’ <y # Ap” have extractFrame P" = (Ap’, ([(y, z)] - ¥p"))
by (simp add: equts name-swap)
moreover from <z § p <y § p «x i N «(p - (yvecl Qyvec?)) tx ([(z, v)] -
N')» have ([(y, z)] - p - (yveci@Qyvec2)) tx ([(y, )] - [(z, y)] - N)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
then have (((y, z)#p) + (yvecl Qyuec2)) #x N’ by(simp add: name-swap)
with «x § yvecly <z § yvec2) «x # y» <x § C» <y f yvecly <y § yvec2) <x § p
<yt py «x i N yvecEq
have dn(((y, )#p) - a) t* N’ by(simp add: bnEqut[symmetric]) (simp add:
equts perm-compose calc-atm freshChainSimps)
moreover from <z § p <y § pr <x § N «(p - (yvecl Qyvec?)) tx ([(z, y)] -
P have ((y, 2)] - p - (yuecl @yuece)) tx (3, 2)] - (@, )] - P7)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
then have (((y, )#p) - (yvecl Qyuvec2)) $x P’ by(simp add: name-swap)
with «x § yvecl) x § yvec2) <x # y» <y § yvecly <y § yvec2r <x § p> <y § p
«x § Py yvecEq
have bn(((y, z)#p) - @) tx P" by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p> <y § p» <z § Ap" «(p - (yvecl Qyvec?)) §x Ap’» have
(p - (yvecl Qr#yvec?)) 4+ Ap’
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#yvec?2)) tx ([(y, )] - Ap’)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <z §f yvecl) <z § yvec2y <x # y <z § Ap” <y § yvecl> <y § yvec2> <z
p <yt p «yt Ap”" yvecEq
have dn(((y, z)#p) - @) §x Ap' by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y p <z § C» «(p - (yveclQyvec?)) g+ C’» have
(p - (yvecl Qr#tyvec?)) tx C’
by(simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qztyvec?)) t* ([(y, )] - C)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecl) <z ff yvec2y <z # y «x § C) <yt yvecl) <y § yvec2) <z § p»
y i p <yt C) yvecEq
have bn(((y, x)#p) - @) tx C’ by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y & p> <@ § X> «(p - (yvecl Qyuec?)) g+ X» have (p
- (yvecl Qz#tyvec?)) fx X
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qutyvec?)) = ([(y, 7)] - X)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecl» <z f yvec2) «x # y» <x § X» <yt yvecl> <y § yvec2> «x § p
y i <bn o fx Xo yveckq
have bn(((y, x)#p) - a) $x X by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § py <y § p» <z § V> «(p - (yvecl Qyvec?2)) tx Vs have (p
- (yvecl Qu#yvec?)) fx V
by (simp add: equts freshChainSimps)
then have ([(y, z)] + p - (yvecl Qz#yvec?2)) tx ([(y, )] - V)
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by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «x § yvecly <z § yvec2) «x # y» <x § V> <y § yvecly <y § yvec2> «x § p»
y i p <bn a tx V) yvecEq
have n(((y, z)#p) - «) tx V by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z £ p> <y § pr <z § W «(p - (yvecl Qyuec2)) t+ W> have
(p - (yveclQz#yvec2)) tx W
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#tyvec?2)) tx ([(y, )] - W)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z ff yvecl» «x f yvec2y «x # y» <x § W <y § yvecl) <y f yvec2> <x f p
y i pr <bn atx Wy yvecEq
have n(((y, z)#p) - «) $x W by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y & p <z § Y «(p - (yvecl Qyuec?)) §x Y» have (p
- (yvecl Qz#tyvec?)) gx Y
by (simp add: equts freshChainSimps)
then have (|(y, )] - p - (yvect Qugtyvecs)) b (((, )] - V)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § yvecl» <z § yvec2) «x # 1y <x § Y <y £ yvecl> <y yvec2y <z f p»
<y § pr <bn a tx Yy yvecEq
have bn(((y, x)#p) - a) §x Y by(simp add: dbnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from <z § p» <y § p <z § 2> <«(p - (yvecI Qyuec?)) §x Z» have (p
- (yvecl Qu#tyvec?)) tx Z
by (simp add: equts freshChainSimps)
then have ([(y, z)] - p - (yvecl Qz#yvec?2)) tx ([(y, z)] - Z)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with «x § yvecl» <z § yvec2y <x # y x § Z» <y § yvecl) <y t yvec2y <z § p
<y i pr <bn a fx Z» yvecEq
have n(((y, z)#p) - a) §x Z by(simp add: bnEqut[symmetric]) (simp add:
perm-compose calc-atm equts freshChainSimps)
moreover from ((yvec! Qyuec2) #x Ap” <y t Ap”" yvecEq have bn o #x Ap
by simp
moreover from <Ap’ #x ([(z, y)] - N')» have ([(z, y)] - Ap") #* ([(z, y)] -
@ )] - V)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § Ap’ <y Ap”» have Ap’ ffx N’ by simp
with (Ap’ #x M» (yvecl Qyuec2) i+ Ap’ <y t Ap’» ceq have Ap’ #x a by
stmp
moreover then have (((y, 2)#p) - Ap’) #x (((y, 2)#p) - «)
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z Ap» «y tf Ap" S «(yveclQyuec2) §x Ap”y «(p - (yvecl Qyuvec?2)) #x
Ap !y
have Ap' t* (((y, z)#p) - @) by(simp add: equts)
moreover from <Ap’ fx ([(z, y)] - P")» have ([(z, y)] - Ap") t* ([(z, v)] -
@, )] - P")
by (simp only: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <z § Ap”» <y Ap’» have Ap’ #ix P’ by simp

/
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moreover from yvecEq aeq «(p + (yvecl Qyuec2)) fx (yvecl Qyuec2)y <y £ p
@ far S «(p - (yvecl Qyuec?)) gx Mr«(p - (yvecl Qyuec?)) #x ([(z, y)] - N')» <y 4
yvecl <y § yvec2y <z f p
have dn(((y, )#p) - @) fx «
apply(simp add: equts del: set-append)
apply(intro conjl)
apply(simp add: perm-compose equts del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts
del: set-append)
apply(simp add: perm-compose equts del: set-append)
apply(simp add: perm-compose equts swapStarFresh del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) swapStarFresh calc-atm
equts del: set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply (subst pt-fresh-star-bij[symmetric, OF pt-name-inst, OF at-name-inst,
where pi=[(z, y)]])
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply(simp add: perm-compose freshChainSimps(6) calc-atm equts del:
set-append)
apply (subst pt-fresh-star-bij|symmetric, OF pt-name-inst, OF at-name-inst,
where pi=[(z, y)]])
by (simp add: perm-compose freshChainSimps(6) calc-atm equts del: set-append)
moreover note <Ap’ fx Cy «Ap' #x Vi (Ap' #x W> <Ap'tx X>o «Ap' #x ¥
«Ap' tx Z» «distinct Ap”

ultimately show Zcase
by (elim ¢BrOpen)
next
case(cScope UV P a P2 Ap Up CC'a/ PP VWXY Z)
from «a < (vz)P'=a’' < Pz f o <z § af
obtain P’ where o« < P' = a’ < P"" and P = (vz)P""’
apply(cases rule: actionCases|[where a=a])
apply (simp-all add: residuallnject)
apply (metis bn.simps(8) boundOutputScopeDest)
by (metis bn.simps(4) boundOutputScopeDest)
then obtain p U’ Ap’ Up’ where S: set p C set(bn a’) x set(bn(p - a’))
and PeqP”: ((p- Up) @ U') ~ Up’
and distinctPerm p and bn(p - ') §x C’ and FrP': extractFrame P'’ =
(Ap', Up')
and Ap’ x P and Ap’ ffx o’ and Ap’ #x (p - a’) and Ap’ #x C and
distinct Ap’
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and bn(p - ') 4% P and Ap' #x V and Ap’ ix W and Ap’ #x (a#X)
and Ap' t#+ Y and bn(p - o) fx o’
and Ap’tx Z and bn(p - o) x V and bn(p - o) tx W and bn(p - o) fx
(z#X) and dn(p - o) §x YV
and bn(p - o) §x Z using cScope
by (elim cScope) (assumption | simp)+
from <Ap’ tx (2#X)> have z § Ap’ and Ap’ #x X by simp+
from <bn(p - ') tx (z#X)» have z £ bn(p - o’) and bn(p - a') §x X by
stmp—+

note S PeqP’ «distinctPerm p» <bn(p - ') x C"
moreover from FrP’ «P" = (vz|) P’ have extractFrame P = ((z#Ap"),
Up') by simp
moreover from «Ap’ #x P'» <P" = (vz)P"" «x § Ap’ have (z#Ap’) fi*
P by(simp add: abs-fresh)
moreover from <Ap’tx oy «(Ap’ #x C» <z o <z § C» have (a#Ap’) #x
o' and (z#Ap’) $x C by simp+
moreover note <bn(p - ') fx a
moreover from <bn(p - ') tx P «P" = (vz)P""y <z  bn(p - ') have
bn(p + ') §x P" by simp
moreover from (Ap’fx o’y <z §f o> have (z#Ap’) §x o’ by simp
moreover from (Ap'tx (p - o’y «x f o’ S« § bn(p - &) have (z#Ap’)
b (p - o)
by (simp add: subjectEqut[symmetric] bnEqut[symmetric] okjectEqut[symmetric]
freshChainSimps)
moreover from (Ap’fx V» «x § V> have (z#Ap’) §x V by simp+
moreover from <Ap’t#x W) <z § W) have (x#Ap’) §x W by simp+
moreover from <Ap’ t#x X> <z § X> have (z#Ap’) §x X by simp+
moreover from (Ap’fx Y» <z § Y have (z#Ap’) §x Y by simp+
moreover from Ap’fx Z) <z § Z) have (z#Ap’) t* Z by simp+
moreover note <bn(p - ') tx Vi <bn(p - ') = W> <bn(p - ') gx X> <bn(p
cal) fx Yy <bn(p - o) tx 2>
moreover from <distinct Ap" <z § Ap’ have distinct(z#Ap’) by simp
ultimately show ?case by(elim cScope)
next
case(cBang ¥V P Ap UVp CC'a PP VWXY Z)
then obtain p U’ Ap’ Up’ where S: set p C set(bn «) x set(bn(p - «))
and FrP": extractFrame P' = (Ap’, Up')
and PegP" (p- (¥p® 1)) @ ¥/~ Up'
and Ap’tx C and Ap’ fx P'and Ap' fx a and Ap’ fx (p - «)
and Ap’fix V and Ap’ #fx W and Ap’fx X and Ap’fix Y and Ap' fix Z
and distinct Ap’
and distinctPerm p and (bn(p - «)) i+ a and (bn(p - «)) fx P’
and (bn(p - «)) fx C' and (bn(p - «)) tx V and (bn(p + @)) §x W and
(bn(p - @) t+ X and (bn(p - «)) #x Y and (bn(p - o)) 4* Z
apply —
by (rule cBang)(assumption | simp (no-asm-use))+
moreover from (Up ~ 1) have (p - Up) ~ (p - 1)
by (simp add: AssertionStatEqClosed)
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then have (p - Up) ~ 1 by(simp add: permBottom)
with PegP’ have (1 @ ¥/) ~ Up’
by(simp add: equts permBottom) (metis Identity AssertionStatEqTrans
composition’ Commutativity Associativity AssertionStatEqSym)
ultimately show ?Zcase using cBang
by (metis permBottom)
qed

with A have ?thesis by blast
}
moreover have bn « tx ([J::'a list) and bn a #x ([J::("a action) list) and bn «
gx ([J::name list) and bn o fx ([J::'b list) and bn « #x ([]::(‘a, b, 'c) psi list)
and Ap #x ([J::'a list) and Ap i+ ([]::("a action) list) and Ap #x ([]::name list)
and Ap fx ([J::'d list) and Ap #* ([J::(‘a, 'b, 'c) psi list)
by simp+
ultimately show ?thesis by blast
qed

lemma expandTauFrame:
fixesU b
and P :: (‘a, 'b,/c) psi
and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up == 'b
and C : f:fs-name

assumes ¥ > P —7 < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and Ap g% P
and Ap #x C

obtains U’ Ap’ Up’ where extractFrame P’ = (Ap’, Up') and Up @ ¥/~ Up'
and Ap'fx C and Ap’ fx P’ and distinct Ap’
proof —
assume A: NAp' Up’' U
[extractFrame P’ = (Ap’, ¥p'); Up @ U/ ~ Up’ Ap' tx C; Ap’ fx P’
distinct Ap']
= thesis

from <V > P ——7 <P’ <Ap #x P> have Ap #x P’ by(rule tauFreshChain-
Derivative)

{

fix X :: name list
and Y :: ' list
and 7 :: (‘a, 'b, 'c) psi list

assume Ap fx X
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and Ap fx Y
and Ap fx Z

with assms (Ap #x P’» obtain ¥/ Ap’ ¥p’ where extractFrame P’ = (Ap’,
Uphand Up @ U/~ Up’and Ap'fx C
and Ap’ #x P'and Ap'fx X and Ap’ #x Y and Ap’ #x Z and distinct Ap’
proof (nominal-induct avoiding: C X Y Z arbitrary: thesis rule: tauFramelnduct)
case(cAlpha WV P P' Ap Vp p C X Y Z)
then obtain ¥’ Ap’ Up’ where FrP’:. extractFrame P' = (Ap’, Up') and
Up @ '~ Up’and distinct Ap’
and Ap'fx C and Ap’ #x P'and Ap'fx X and Ap' #x Y and Ap' #x Z
by metis

have S: set p C set Ap x set(p - Ap) by fact

from FrP’ have (p - extractFrame P") = p - (Ap', Up’) by simp
with <Ap fx P «(p - Ap) x P"» S have extractFrame P' = {(p - Ap”"), (p
Up')) by(simp add: equts)
moreover from (Vp ® ¥/~ Up’ have (p - (Vp ® U')) ~ (p - Up') by(rule
AssertionStatEqClosed)
then have (p - ¥p) ® (p - ¥') ~ (p - ¥p') by(simp add: equts)
moreover from (Ap’ #x C»> have (p - Ap’) #x (p - C) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst))
with (Ap i+ C» <(p - Ap) #x C» S have (p - Ap’) x C by simp
moreover from <Ap’ tx P’ have (p - Ap’) #x (p - P’) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst])
with <Ap x P) «(p - Ap) x P> S have (p - Ap’) §x P’ by simp
moreover from (Ap’ #x X» have (p - Ap’) t*x (p - X) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst))
with (Ap i+ X» «(p - Ap) §x X> S have (p - Ap’) tx X by simp
moreover from <Ap’ #x YY) have (p - Ap’) t* (p - Y) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst])
with <Ap tx Yy «(p - Ap) §x Y» S have (p - Ap’) #x Y by simp
moreover from <Ap’ #x Z> have (p - Ap’) t#x (p - Z) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst])
with «Ap #x Z» «(p - Ap) #x Z» S have (p - Ap’) §x Z by simp
moreover from «(distinct Ap’s have distinct(p - Ap’) by simp
ultimately show ?case by(rule cAlpha)
next
case(cCase W P P' ¢ Cs Ap Up C B Y Z thesis)
then obtain V' Ap’ ¥p’ where FrP’ extractFrame P’ = (Ap’, ¥p’)
and Up ® V' ~ Up’ and distinct Ap’
and Ap’fx C and Ap’ fx P’
and Ap'f* Band Ap' #x Y and Ap’ #x Z
apply —
by(rule cCase) (assumption | simp (no-asm-use))+
with (Up ~ 1) (Vp @ U/~ Up have 1 @ U/ ~ Up’
by(metis Identity AssertionStatEqTrans composition’ Commutativity Asso-
ciativity AssertionStatEqSym)
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then show ?case using FrP’' «Ap' fx P «Ap'fix C» «(Ap' fix By <Ap'fix Y»
«Ap' #x Z» «distinct Ap"» using cCase
by force
next
case(cParl W W PP ' Ag QAp Yp CX Y Z)
moreover from <Ap #x X»> <Ap fx Ag) <Ap fx Y» (Ap #x W <Ap #x @
(AP ﬂ* A
have Ap #x (XQAg) and Ap fx (Yo#Y) and Ap i (Q#2)
by simp+
ultimately obtain U’ Ap’ ¥p’ where FrP’: extractFrame P' = (Ap’, Up')
and distinct Ap’
and Vp @ V'~ ¥p’and Ap #§x P and Ap f*x C and Ap’ #x C and Ap’
fx P’
and Ap’ i (XQAg) and Ap’ i+ (Po#Y) and Ap’ ix (Q#Z)
by metis

then have Ap’ #+ X and Ap’ tx Ag and Ap’ i+ Y and Ap’ #x ¥y and
Ap'tx Q and Ap’' fix Z
by simp+

from <Ap’ fx Ag» (Ag tx P)» FrP' have Ag f#x ¥p' by(force dest: extract-
FrameFreshChain)

with <Ap’ dx U <Ap’ % Ag> <extractFrame Q = (Ag, ¥q)» FrP’

have eztractFrame(P' | Q) = ((Ap'QAq), ¥p' ® V) by simp

moreover from (¥p @ ¥/~ Up'have (Vp @ Ug) @ ¥'~ T¥p' @ Ug
by(metis Associativity Commutativity Composition AssertionStatEqTrans
AssertionStatEqSym)

moreover from <Ap’fx C» (Ag fx C» have (Ap'QAg) #+ C by simp
moreover from <Ap'fx P (Ag tx P «(Ap'#x @ <Ag t* @ have (Ap'QAq)
= (P’ Q) by simp
moreover from <Ap’fx X> (Ag fx X> have (Ap'QAg) #x X by simp
moreover from (Ap’fx V) (Ag #x Y» have (Ap'QAq) #*+ Y by simp
moreover from Ap' fx Z) <Aq #x Z) have (Ap'QAq) #x Z by simp
moreover from <Ap'tx Ag» «distinct Ap”s «distinct Ag> have distinct(Ap'QAg)
by simp
ultimately show ?case by(rule cParl)
next
case(cPar2 WV Up Q Q' Ap PAg Vo CX Y 7)
moreover from (Ag fx X> <Ap tx Ag> <Ag #x Yy <Ag tx Up» (Ag fx P>
(Ag tix 2>
have Ag #x (XQAp) and Aq tx (¥p#Y) and Ag f#x (P#Z)
by (simp add: freshChainSimps)+
ultimately obtain ¥’ Ag’ ¥’ where FrQ': extractFrame Q' = (Ag’, ¥o')
and distinct Ag’
and Vg ® ¥/~ ¥p'and Ag’ #* C and A’ fx Q'
and Ag’ ix (XQAp) and A’ tx (¥p#Y) and Ag’ tx (P#Z)
by metis
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then have Ag’ fix X and Ag’ #x Ap and Ag’ fix Y and A’ i+ Up and
Ag'tx P and Ag' tix Z
by simp+

from <Ag’ tx Ap» <Ap fx Q" FrQ' have Ap tx Vg’ by(force dest: extract-
FrameFreshChain)

with (Ag’ #x Upr <A’ #x Ap» <extractFrame P = (Ap, Up)» FrQ’

have extractFrame(P || Q") = ((ApQAg"), ¥p @ Uo') by simp

moreover from ¥g ® ¥/ ~ ¥y have (¥p @ Ug) U/~ Up ® ¥g'
by(metis Associativity Commutativity Composition AssertionStatEqTrans
AssertionStatEqSym)
moreover from <Ap #x C) (Ag’ fx C» have (ApQ@QAg’) i+ C by simp
moreover from <Ap #x Py <Ag' tix Py <Ap #x Q" <Ag’#x Q" have (ApQAy’)
fx (P || Q) by simp
moreover from <Ap #x X» <Ag’ ix X> have (ApQAg’) #x X by simp
moreover from Ap fx Y <Ag’ % Y» have (ApQAy’) #x Y by simp
moreover from «Ap % Z» <Ag’ t#x Z) have (ApQAg’) #x Z by simp
moreover from <Ag’ i+ Apy «distinct Ap» <distinct Ag”» have distinct(ApQAg ")
by simp
ultimately show ?case by(rule cPar2)
next
case(cComml UV Wg P M N P' Ap Up Q K zvec Q" Aqg CX Y Z)
have PTrans: ¥ ® ¥g > P +—M(N|) < P’ and QTrans: ¥ ® Up > Q
— K (vxzvec)(N) < Q' by fact+
from PTrans <extractFrame P = (Ap, Up)) «distinct Ap) <Ap fx Py (Ap fx
N>y (Ap #x M>
(Ap % Q" (Ap #x Cr <Ap 8+ X> (Ap % Y) (Ap % Z» <Ap tx Ag> <Ap
f* zvec
obtain ¥’ Ap’ Up’ where FrP": extractFrame P’ = (Ap’, Up’) and PeqP”
Up @ U~ Up'/
and Ap’ #fx Q" and Ap’ fix C and Ap’ #x X and Ap’ #x Y and distinct
Ap’
and Ap’ i Z and Ap’ ix Ag and Ap' §x avec and Ap’ fx P’
by (elim expandNonTauFramelwhere C=(Q’, C, X, Y, Z, Ag, zvec) and
C'=(Q, C, X, Y, Z, Ag, zvec)]) auto
moreover from QTrans have distinct zvec by(auto dest: boundOutputDis-
tinct)
from QTrans <extractFrame Q = (Ag, Yo)» «distinct Ag>» <Ag t* P> (Ag f#*
zvecy (Ag ¥ K> <xvec ix K» «distinct zvec
Ap'fx Agy «Ap' tx zveer <Ag fx Q> «avec fx Q> (Ag % Up) (zvec fx Up>
(Ag #x N»
(Ag #x Oy <Ag % X» (Ag tx Y <Ag tx 2> <avec fx Py «zvec §x C» (zvec
fx X» <xvec x Yy <xvec % 2>
obtain p "' Ag’ ¥g' where S: set p C set zvec X set(p - zvec) and QeqQ”:
(p-Tg) @ ¥"~ Uy and FrQ": extractFrame Q' = (Ag’, ¥q')
and Ag’ fx Ap’and Ag’ ffx C' and Ag’ #x X and Ag’ #* Y and Ag’ t*
Z and Ag’ #x P and A’ #+ N and distinct Ag’
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and (p - zvec) §x Ap’ and (p - zvec) fx C and (p - zvec) g+ X and (p -
avec) fx Y and (p - zvec) fx P

and (p - zvec) t* Z and (p - zvec) * N and (p - zvec) §x ¥p and (p -
zvec) % Ag'and (p - zvec) #+ Q'

and distinctPerm p and Ag’ fx zvec and A’ fx Q'

by (elim expandNonTauFrame[where C=(P, C, X, Y, Z, Ap’, ¥p) and
C'=(P, C, X, Y, Z, Ap’', ¥p)]) (assumption | simp)+

from PTrans <Ag' tx Py <A’ % N> «(p - avec) fx P> «(p - avec) fx N>

have Ag’ i+« P’ and (p - zvec) i+ P’ by(force dest: inputFreshChainDeriva-
tive)+

with FrP’ <Ag’ t+ Ap"» «(p - zvec) §%x Ap’» have Ag' g+ ¥p’ and (p - zvec)
fx Wp' by(force dest: extractFrameFreshChain)+

from FrQ’ «Ag’ tx Ap’ <Ap’ tx Q" «(p - zvec) #x Ag’ «(p - zvec) #x Q)
have Ap’ * Uy’ and (p « zvec) #x ¥’

by (force dest: extractFrameFreshChain)+

have eztractFrame((v*zvec)) (P’ || Q') = (((p - avec)QAp'@QAy"), (p + ¥p')
® (p- Q")
proof —
from FrP’ FrQ' <Ap' #x Ugo" <Ag’ 4% Ap"» <Ag’ t* ¥p'» have eztract-
mee(P’ H Q/) = <(API@AQI), Up' ® \IJQ,>
by simp
then have extractFrame((vxzvec)(P' || Q') = ((zvec@QAp'@QAg"), ¥p' @
Vo)
by (induct zvec) auto
moreover from «(p - zvec) #* Up’ «(p « zvec) f§x ¥g'» S
have (vxzvec)((v*(Ap' QA ")) (FAssert (¥p' @ Ug'))) = (v+(p - avec)(p
- (vx(Ap'QAQ")) (FAssert(¥p' @ ¥g')))
by (intro frameChainAlpha) (auto simp add: fresh-star-def frameResChain-
Fresh)
then have (vxzvec|)((v*(Ap'QAg"))(FAssert (¥p' @ ¥g'))) = (vx(p -
we)) (v+(Ap'@AQ ) (FAssert(p - Up') & (p - ¥g")))
using <Ap’ §x zvecy «(p « avec) fx Ap’y <Ag’ #x zvecy «(p « avec) tx Agh S
by (auto simp add: equts)
ultimately show ?thesis
by (simp add: frameChainAppend)
qed

moreover have (Vp @ ¥g) ® ((p- ¥ )@ (p- V")~ (p-¥p) @ (p- Vg
proof —
have (Vp @ (p - Wg)) © (U@ W) = (¥p & ¥) @ ((p - Ug) @ ¥7)
by (metis Associativity Commutativity Composition AssertionStatEqTrans)
moreover from PeqP’ Qeq@)’ have (Up @ ¥') @ ((p+ ¥q) ® ¥") >~ ¥p’
(3¢ \IIQ/
by (metis Associativity Commutativity Composition AssertionStatEqTrans)
ultimately have (¥p @ (p - ¥g)) @ (¥ @ ¥") >~ Up'® ¥y’
by(metis AssertionStatEqTrans)
then have (p - (Vp © (p - Wg)) ® (W' © W) = (p - (Vp' ® W)
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by (rule AssertionStatEqClosed)
with <zvec % Up> <(p - zvec) $x Upy S «distinctPerm p> show ?thesis
by (simp add: equts)
qed

moreover from <(p « zvec) fx C» <Ap’ % C)» <Ag’ 4+ C> have ((p -
zvec)@Ap'QAg") i+ C by simp
moreover from «(p - avec) §x X» <Ap’ #x X» <Ag’ §x X» have ((p -
zvec)QAp'QAL") i+ X by simp
moreover from «(p - zvec) #x Yy «<Ap’ fx V> <Ag’ #x Y» have ((p -
zvec)QAp'QAG") tx Y by simp
moreover from «(p - zvec) tx Z» <Ap’ #x Z) (Ag’ t* Z» have ((p -
zvec)QAp'QAG’) tx Z by simp
moreover from «(p - zvec) fx P «(p - zvec) $x Q" <Ap’ #§x P) (Ap’ fx Q'
WA % P <Ag’ tix Q)
have ((p + avec)QAp'QAG") #x ((v*zvec)(P' || Q') by(auto simp add:
resChainFresh fresh-star-def)
moreover from ((p - zvec) fx Ap”" «(p - zvec) tx Ag” «Ag’ tx Ap'» «distinct
zvecy <distinct Ap’y «distinct Ag”
have distinct((p - zvec)QAp'Q@Aq")
by auto (simp add: name-list-supp fresh-star-def fresh-def)+

ultimately show Zcase using cComm1
by metis
next
case(cComm2 ¥ Wgo P M azvec NP' Ap Up QK Q' Ag CX Y Z)
have PTrans: ¥ ® Vg > P ——M(v*zvec)(N) < P'and QTrans: ¥ @ Up
> Q —K(N) < Q' by fact+
from PTrans have distinct zvec by(auto dest: boundOutputDistinct)
from PTrans <extractFrame P = (Ap, ¥p)) «distinct Ap) <Ap fx Py <Ap fx
Q> <zvec §x @y <distinct zvecy <zvec fx M)
(Ap % Cr (Ap i X» <Ap #x Y <Ap #x Z» (Ap t* Ag> <Ap #* aveey (Ap
fx Wo» <Ap #x My (Ap §x N»
<xvec fx Py «xvec fx C) <xvec fx X> <avec fx Y <avec §x 2> (Ag #x zvec
<xvec fx Yo
obtain p U/ Ap’ Up' where S: set p C set zvec x set(p - zvec)
and FrP’: extractFrame P' = (Ap’, Up') and PeqP": (p - ¥p) @ U/ ~ Up'
and distinct Ap’
and Ap’fx C and Ap’ #x X and Ap'fi* Y and Ap’ fix N and Ap’ fix Q
and (p - zvec) fx Q
and Ap’ fx Z and Ap' #x Ag and Ap’ fx zvec and Ap’ §x P’ and (p -
zvec) fx N and (p - zvec) fx ¥g
and (p - zvec) tx Ap’ and (p - zvec) t+ C and (p - avec) fx X and (p -
zvec) fx Ag
and (p - zvec) §* Y and (p - zvec) #x Z and (p - zvec) §x P’ and distinctPerm
p
by (elim expandNonTauFrame[where C=(C, X, Y, Z, Ag, @, ¥g) and
C'=(C, X, Y, Z, Ag, Q, ¥g)]) (assumption | simp)-+
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from QTrans <extractFrame Q = (Ag, Vo) «distinct Ag> <Ag i+ @ <Ag t*
zveey <Ag fx P’y «(p - zvec) g% Ag>
(Ap’#x Agy «Ag % Py (Ag fx Upy <Ag #x Cr <Ag i+ X» <Ag tix YV <Ag
fx Z» (Ag #x Ny (Ag tx K>
obtain ¥ Ag’ ¥q’ where QeqQ” ¥ @ " ~ ¥q' and FrQ" extractFrame
Q"= (Ag’, ¥g') and distinct Ag’
and Ag’ #* zvec and Ag’ #* Q' and Ag’ #* zvec and Ag’ #x P’ and Ag’
gx (p + zvec)
and A’ fix Ap’and Ag’ #x C and Ag' §x X and Ag’ #x ¥V and Ag’ #x
Z and Ag’ #x P
by (elim expandNonTauFrame|where C=(P, C, P, X, Y, Z, Ap’, zvec, (p -
avec), ¥p) and C'=(P, C, P', X, Y, Z, Ap’, zvec, (p - zvec), Up)]) (assumption
| simp)+

from QTrans <Ap’ #x Q> <Ap’ fx N> «(p - zvec) #x @ «(p + zvec) fx N>

have Ap’ #x Q' and (p - zvec) fx Q' by(force dest: inputFreshChainDeriva-
tive)+

with FrQ' <Ag’ tx Ap”" <Ag’ #* (p + 2vec)» have Ap’ #x Uy’ and (p - zvec)
fx Wo' by(force dest: extractFrameFreshChain)+

from FrP’ <Ag' #x Ap" <Ag' #x P’ «(p - avec) g+ Ap" «(p + zvec) fx P’
have Ag’ i* Up’and (p - zvec) fx Up'

by (force dest: extractFrameFreshChain)+

have eztractFrame((v*zvec)) (P || Q') = (((p - zvec)QAp'@QAy"), (p + ¥p')
® (p-¥q))
proof —
from FrP’ FrQ' <Ap' #x Uo" <Ag’ 4% Ap"r (Ag’ t* ¥p'» have extract-
Frame(P' || @) = (Ap'@Aq"), Wp! @ Wg)
by simp
then have estractFrame((vxazvec)(P' | Q') = ((zvec@Ap'@Ay"), ¥p' @
vQ')
by (induct zvec) auto
moreover from «(p - zvec) #* Up’ «(p « zvec) fx ¥o'» S
have (vxzvec))((vx(Ap'QAQ")|)(FAssert (¥p' @ ¥q'))) = (vx(p + zvec))(p
- (vx(Ap'QAQ ")) (FAssert(¥p' @ ¥g')))
by (intro frameChainAlpha) (auto simp add: fresh-star-def frameResChain-
Fresh)
then have (vszvec)((vx(Ap'QAg"))(FAssert (Tp' @ Vq')) = (v*(p -
wvee))((v(Ap @A) (FAssert(p - ¥p') & (p - 9o")
using <Ap’ #x zvecy «(p « avec) fx Ap’ <Ag’ #x zvecy <A’ i* (p « zvec)r S
by (auto simp add: equts)
ultimately show ?thesis
by(simp add: frameChainAppend)
qed

moreover have (UVp @ Uo) @ ((p- )@ (p-¥") ~(p-¥p)® (p- Vg
proof —
have ((p - Wp) ® W) @ (1 @ U) = ((p+ Up) @ W) @ (Vg @ U7)
by (metis Associativity Commutativity Composition AssertionStatEqTrans)
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moreover from PeqP’ Qeq@)’ have ((p - Up) @ ¥') ® (g @ ¥") ~ ¥p’
(24 \IIQ/
by (metis Associativity Commutativity Composition AssertionStatEqTrans)
ultimately have ((p - ¥p) @ Up) @ (¥ @ ¥) ~ Up' @ ¥y’
by(metis AssertionStatEqTrans)
then have (p - ((p - Wp) © W) & (V' ® W) = (p - (Vp' & ¥Q))
by (rule AssertionStatEqClosed)
with <avec fx W «(p - avec) tx Vo> S «distinctPerm p» show ?thesis
by (simp add: equts)
qed

moreover from <(p - zvec) fx C» <Ap’ % C)» <Ag’ 8+ C> have ((p -
zvec)QAp'QAG’) tx C by simp
moreover from «(p - zvec) fx X» <Ap’ #x X» (Ag’ #x X» have ((p -
zvec)QAp'QAG") tx X by simp
moreover from «(p - zvec) #x Y> <Ap’ tx Y (Ag’ #x Y» have ((p -
zvec)@Ap'QAG") i+ Y by simp
moreover from ((p - zvec) #x Z» <Ap’ tx Z) <(Ag' #* Z» have ((p -
zvec)QAp'QAG") i+ Z by simp
moreover from «(p - azvec) fx P «(p - zvec) $x Q" <Ap’ #§x P) (Ap’ fx Q'
WA % P <Ag’ tix Q7
have ((p + 2vec)QAp'QAQG’) #x ((v*zvec)(P' || Q') by(auto simp add:
resChainFresh fresh-star-def)
moreover from «(p - zvec) fx Ap’ « A’ i* (p - zvec)) <Ag' #x Ap's «distinct
zvecy «distinct Ap's <distinct Ag”
have distinct((p - zvec)QAp'Q@Ay")
by auto (simp add: name-list-supp fresh-star-def fresh-def )+

ultimately show Zcase using cComm2 by metis
next
case(cBrClose W P M azvec N P' Ap Vp 2 C X Y Z)
from «(z # Ap) $x C> have Ap i+ C by simp
from «(z # Ap) x X» <z § Ap> have Ap fx (z#X) by simp
from «(z # Ap) §x Y» have Ap #x Y by simp
from «(z # Ap) #§x Z) have Ap fx Z by simp
from «z § zvecy (zvec fx X» have zvec fx (z#X) by simp

have PTrans: ¥ > P — M (v*zvec)(N) < P’ by fact+
from PTrans have distinct zvec by(auto dest: boundOutputDistinct)
from PTrans <extractFrame P = (Ap, ¥p)» <distinct Aps <avec fx M) <Ap
fx Py <Ap fx My <Ap #x zvec) <Ap tx Ny <Ap #x C)
Ap tx (z#X) Ap fx Yy <Ap #x Z» <axvec #§x P> <xvec fx C) <(avec fx*
(z#X)> <xvec $x Yy <avec i 2>

obtain p U/ Ap’ Up' where S: set p C set zvec x set(p - zvec)
and FrP’: extractFrame P’ = (Ap’, Up') and PeqP’: (p - ¥p) @ U/ ~ Up’
and distinct Ap’
and Ap’tx C and Ap’ #x (z#X) and Ap'ffx Y and Ap’fx N
and Ap’ fx Z and Ap’ fix zvec and Ap’ fx P’ and (p - zvec) #* zvec and
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(p - zvec) x N
and (p - zvec) fx Ap’ and (p - zvec) fx C and (p - zvec) #* (z#X)
and (p - avec) §x Y and (p - zvec) #x Z and (p - avec) §x P’ and distinctPerm
b
by (elim expandNonTauFrame|where C=(C, (z#X), Y, Z) and C'=(C,
(z#X), Y, Z)]) (assumption | simp)+
then have Ap’fx X and z ff Ap’ and (p - zvec) #x X and z § (p - zvec) by
stmp-+
from FrP’ «(p - avec) §x Ap’ «(p - avec) x P’y have (p - zvec) fx Up’
by (metis extractFrameFreshChain freshFrameDest)
from S «Ap' #x zveer «(p - zvec) $x Ap’ have p - Ap’ = Ap’ by simp

from «(p - zvec) fx Up’) S
have (vszvec)({(Ap', Up")) = (vx(p - zvec))(p - (Ap’, Up'))
by (intro frameChainAlpha) (auto simp add: fresh-star-def frameResChain-
Fresh)
then have ((zvecQAp'), Up"y = (p + ((avec@QAp’), Up))
by (metis frameChainAppend frameResChainEqut)
with <p - Ap’ = Ap’ have ((zvec@QAp"), Up') = (((p - zvec)QAp’), (p -
Wp)
by (simp add: equts)
then have ((z#(zvec@QAp’)), Up') = ((z#((p - zvec)QAp")), (p - Up"))
by simp

moreover from FrP’ have extractFrame ((vz)((v+zvec) P’)) = ((a#(zvecQAp’)),
Up)
by (metis extractFrameResChain extractFrame-extractFrame’-extractFrame’’ . simps
frameChainAppend frameResChain.step)

ultimately have FrP’2: extractFrame ((vz|)((vxzvec)P’)) = ((x#((p -
zvec)@QAp")), (p - Tp'))
by simp

from PeqP’have (p- ((p - ¥p) @ U)) ~ (p - ¥p)
by (metis AssertionStatEqClosed)

with «distinctPerm p> have PeqP’2: Up @ (p - U') ~ (p - Up')
by (simp add: equts)

note FrP’2 PeqP’2

moreover from <z § C) «(p - zvec) fx C) <Ap’ #x C»
have (z#((p - zvec)@Ap") g+ C by simp
moreover from «(z # Ap) #x (vz|)((vrzvec)P')y <Ap’ #x (z#X) <Ap’ fx
P’ <Ap' t* zvec
<z i (p - zvec)s «(p - zvec) fx zvecy «(p - zvec) fx P’
have (2#((p - zvec)@Ap") tx ((vz|((v*zvec) P’))
by simp
moreover from <z § X> «(p - zvec) fx X» <Ap’ fx X»
have (z#((p - zvec)QAp")) g+ X by simp
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moreover from <z # Yy «(p - avec) fx Y <Ap’ 4 ¥
have (z#((p - zvec)@Ap")) i+ Y by simp
moreover from <z £ Z» «(p - zvec) §x Z) «Ap' i Z»
have (2#((p - 2vec)@Ap")) i+ Z by simp
moreover from <z £ (p - zvec)) <z § Ap”" «(p - zvec) fx Ap’
«distinct Ap"y «distinct zvecy <distinctPerm p»
have distinct (z#((p - zvec)@Ap’)) by simp
ultimately show Zcase
by (rule ¢BrClose)
next
case(cScope UV P Pz Ap ¥p CX Y Z)
then obtain U’ Ap’ Up’ where FrP’: extractFrame P' = (Ap’, Up') and
distinct Ap’
and Vp ® V'~ Up’and Ap’ #*x C and Ap’ fix P’
and Ap’ t* (z#X) and Ap' #x YV and Ap’ #x Z
using cScope(4 )[where ba=z# X| by (metis freshStarAtom fresh-star-list-cons(1))
from <Ap’ tx (z#X)> have x § Ap’ and Ap’ #x X by simp+
moreover from FrP’ have extractFrame((vz))P') = ((z#Ap"), Yp') by simp
moreover note (Ip @ ¥/ ~ Up'
moreover from «z § C» «Ap’ i+ C> have (z#Ap’) tx C by simp
moreover from <Ap’ fx P’y have (z#Ap’) #x ((vz)P’) by(simp add:
abs-fresh fresh-star-def)
moreover from <z § X> <Ap’#x X> have (z#Ap’) §x X by simp
moreover from «z § Y» <Ap’ #x V) have (z#Ap’) §x Y by simp
moreover from <z £ Z» «Ap’ tx Z) have (z#Ap’) t* Z by simp
moreover from <z § Ap”" <distinct Ap’y have distinct(x#Ap’) by simp
ultimately show ?case by(elim cScope)
next
case(cBang ¥ P P' Ap ¥p CBY Z)
then obtain V' Ap’ ¥p’ where FrP’: extractFrame P’ = (Ap’, ¥p')
and (Vp®1) @ U/~ Up’
and Ap' fx C and Ap’ tx P’ and distinct Ap’
and Ap'f* Band Ap' #x Y and Ap’ #x Z
using cBang by (metis psiFreshVec(4) psiFreshVec(7))
with (Up ~ 1) «(¥p ® 1) ® U/~ Up’ have 1 @ U/ ~ Up’
by (metis Identity AssertionStatEqTrans composition’ Commutativity Asso-
ciativity AssertionStatEqSym)
then show ?case using FrP’' «Ap' fx P «Ap'fix C» <(Ap' fix By <Ap'fix Y»
<Ap'tx Z» «distinct Ap”
by (elim cBang)
qed
with A have ?thesis by simp
}
moreover have Ap fx ([J::name list) and Ap #x ([]::'b list) and Ap t* ([]::('a,
‘b, ‘c) psi list) by simp+
ultimately show ?thesis by blast
qed

lemma expandFrame:
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fixes U :: b
and P :: (‘a, b, 'c) psi

and o :: 'a action

and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up = 'b

and C :: 'fifs-name
and C' :: 'g::fs-name

assumes Trans: ¥ > P —a < P’

and
and
and
and
and
and
and
and
and
and

obtains p U’ Ap’ Up’ where set p C set(bn ) x set(bn(p + o)) and (p - Up)
® ¥’ ~ Up’and distinctPerm p and
extractFrame P’ = (Ap’, Up'y and Ap' tx+ P'and Ap't* o and Ap’ t* (p - @)

and

Ap'#x C and (bn(p - @) tx C"and (bn(p - )) t* « and (bn(p - @)) §x P’ and

extractFrame P = (Ap, Up)
distinct Ap

bn o #x subject «
distinct(bn «)

Ap ﬁ* «

Ap ﬂ* P

Ap ﬁ* C

AP ﬁ* Cl

bn o fx P

bn o fx C'

distinct Ap’
using assms
apply(cases a=T)

by (auto intro: expandTauFrame[where C=C] ezpandNonTauFrame[where C=C

and C'=C")

abbreviation
frameImpJudge (<- —p - [80, 80] 80)
where F —p G = FrameStatImp F G

lemma FrameStatEqImpCompose:
fixes F :: 'b frame
and G :: b frame
and H :: 'b frame
and I :: 'b frame

assumes F ~p @

and

G‘%FH

and H ~p [

shows F —p [
using assms

by (auto simp add: FrameStatEq-def) (blast intro: FrameStatImp Trans)
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lemma transferNonTauFrame:

fixes U == 'b
and P :: (‘a, 'b, 'c) psi
and o :: ‘a action
and P’ :: ('a, b, 'c) psi
and Ar :: name list
and Ag :: name list
and U == 'b

assumes ¥p > P ——a < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and distinct(bn «)
and <AF, \I/F®\I’p> —F <AG, \I/G®\I/p>
and Ap #x P
and Ag fx P
and Apr #x subject o
and Ag fx subject «
and Ap #x Ap
and AP ﬁ* AG
and Ap fx Up
and Ap fx Ug
and «a # 7T

shows o > P —a < P’
using assms
proof(nominal-induct ¥ P Rs==a < P’ Ap Up avoiding: « P' Vg Ap Ag rule:
semanticsFramelnduct)
case(cAlpha Vp P Ap Up pa P' Vg Ar Ag)
from (<AF7 Upr ® (p . \I/p» —F <Ag, Ve ® (p . ‘I’p)>>
have (p - ((Ap, Up © (p - Up)) =5 (- (Ag, Vo © (p - Up)))
by (rule FrameStatImpClosed)
with <Ap #x Ap> «(p + Ap) tx Ap> <Ap tix Upr «((p - Ap) tx Up> (Ap fx Ag»
(p - Ap) fx Ag> <Ap tix U «(p - Ap) % Y
«<distinctPerm p> <set p C set Ap X set (p - Ap)» have (Ap, Vp @ Up) <
(Ag, Yg ® Up)
by (simp add: equts)
with cAlpha show ?Zcase by force
next
case(cInput Yy M K avec N Tvec P o P' Vg Ap Ag)
from cInput have Ap #x K and Ag tx K by(auto simp add: residuallnject)

from (Ap #x (M(Mxzvec N|).P)y <Ag fx (M(Axzvec N|).P)) have Ar fx+ M and
Ag #* M by simp+
from <V - M < K»
have Vp @ 1+ M < K
by (blast intro: statEqEnt Identity AssertionStatEqSym,)
with (Ap #x M) <Ap tx K>
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have ((Ap, ¥Vp ® 1)) Fp M < K
by (force intro: framelmpl)
with «(4p, ¥p ® 1> —p (4dg, Yo ® 1)
have ((Ag, Yg ® 1)) Fp M < K
by (simp add: FrameStatEq-def FrameStatImp-def)
with (Ag #x M) (Ag #x K>
have U ® 1 - M < K by(force dest: frameImpFE)
then have Vg F M + K by(blast intro: statEqEnt Identity)
then show ?Zcase using <distinct xvec) <set xvec C supp N> <length xvec = length
Tvecy using cInput Input
by (force simp add: residuallnject)
next
case(cBrinput Uy M K zvec N Tvec P o P' W Ap Ag)
from cBrinput have Ar fx K and Ag i+ K by(auto simp add: residuallnject)

from (Ap #x (M(Axzvec N|).P)) <Ag fx (M(Axavec N|).P)> have Ap fx M and
Ag #x M by simp+
from «Vp - K > M)
have Vp @ 1+ K = M
by (blast intro: statEqEnt Identity AssertionStatEqSym,)
with (Ap #x M) <Ap #x K>
have (<AF7 Upr ® 1>) Fr K= M
by (force intro: framelmpl)
with «(Ap, ¥pr ® 1) —p (Ag, Y @ 1)
have ((Ag, ¥¢ ® 1)) Fp K = M
by (simp add: FrameStatEq-def FrameStatImp-def)
with (Ag #x M) (Ag #x K>
have U ® 1 - K = M by(force dest: framelmpFE)
then have Vg F K = M by(blast intro: statEqEnt Identity)
then show ?Zcase using <distinct zvec) <set xzvec C supp N> <length xvec = length
Tvec) using cBrinput Brinput
by (force simp add: residuallnject)
next
case(cOutput ¥p M K NP o P' Vg Ap Ag)
from cOutput have Ap fx K and Ag #* K by(auto simp add: residuallnject)

from <Ap fx (M(N).P)) <Ag fx (M(N).P)» have Ap x M and Ag §x+ M by
stmp—+
from «Vp - M < K>
have Vp 1+ M < K
by (blast intro: statEqEnt Identity AssertionStatEqSym)
with <Ap #x My <Ap $x K>
have (<AF7 \I/F X 1>) I_F M+ K
by (force intro: framelmpl)
with «(Ap, ¥p ® 1) —p (Ag, ¥ @ 1)
have ((Ag, ¥¢ ® 1)) Fp M < K
by (simp add: FrameStatImp-def)
with (Ag #x M) (Ag #x K>
have U¢ ® 1 F M < K by(force dest: frameImpFE)
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then have Vg H M + K by(blast intro: statEqEnt Identity)

then show ?case using cOutput Output by(force simp add: residuallnject)
next

case(cBrOutput Vg M K N P o P' U Ar Ag)

from c¢BrOutput have A t* K and Ag fx K by(auto simp add: residuallnject)

from (Ap fx (M(N).P)) (Ag #x (M(N).P)> have Ap #x M and Ag #x M by
stmp+
from «<Vp - M < K»
have Vp @ 1+ M < K
by (blast intro: statEqEnt Identity AssertionStatEqSym)
with (Ap #x M) <Ap #x K>
have ((Ap, Yp ® 1)) Fp M = K
by (force intro: frameImpl)
with <<AF, Upr ® 1> —F <AG7 Vo ® 1>>
have ((Ag, Vo ® 1>) Fep M < K
by(simp add: FrameStatImp-def)
with (Ag #x M) (Ag #x K>
have U ® 1 - M < K by(force dest: framelmpFE)
then have Vg - M < K by(blast intro: statEqEnt Identity)
then show ?case using c¢BrOutput BrOutput by (force simp add: residuallnject)
next
case(cCase U P ¢ Cs Ap Up o P' U Ap Ag)
from (Up ~ 1) have (Ap, Vp ® Up) ~p (Ap, Up ® 1)
by (metis framelntCompositionSym Identity AssertionStatEqTrans)
moreover note (Ap, Vp ® 1) —r (Ag, Ua @ 1)
moreover from (Up ~ 1) have (Ag, Vg ® 1) ~p (Ag, ¥g @ Up)
by(metis framelntCompositionSym Identity AssertionStatEqTrans Assertion-
StatEqSym)
ultimately have (Ap, Ur ® Up) —Fp (Adg, Yo @ Up)
by (rule FrameStatEqImpCompose)
with cCase have ¥ > P —a < P’
by (metis freshStarPair(2) memFreshChain(1) psiCasesFreshChain(1) psiFreshVec(3))
moreover note <(p, P) € set Cs»
moreover from (Ap #x (Cases Cs)y<Aq tx (Cases Cs)) «(p, P) € set Cs) have
Ap tx ¢ and Ag ti*x ¢
by (auto dest: memFreshChain)
from (Up F ¢» have Ur ® 1+ ¢ by(blast intro: statEqEnt Identity Assertion-
StatEqSym)
with <Ap #* ¢ have ((Ap, Vr ® 1)) Fr ¢ by(force intro: frameImpl)
with «((Ap, ¥p ® 1) —F (A, ¥¢ ® 1) have ((Ag, Vg ® 1)) Fr ¢
by (simp add: FrameStatImp-def)
with (Ag f* > have U5 ® 1+ ¢ by(force dest: framelmpE)
then have Vg F ¢ by(blast intro: statEqEnt Identity)
ultimately show Zcase using <guarded P> cCase Case by(force intro: residual-
Inject)
next
case(cParl ¥p Vg Pa P'Ag Q Ap ¥p o' PQ' ¥g Ar Ag)
from (Ap #x (P || Q) <Ag tx (P || @) have Ap #x P and Ag fx P and Ap
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fx* @ and Ag #x @
by simp+
have FrQ: extractFrame Q = (Ag, VYg) by fact
have <AF7 <\IJF & \I’Q) ® \I/p> oy ol <AF, \I/F X \I/p X \IJQ>
by (metis Associativity Composition AssertionStatEqSym AssertionStatEqTrans
Commutativity frameResChainPres frameNilStatEq)
moreover note ((Ap, ¥r ® ¥p @ V) —r (Ag, Yo @ Up ® Ug)
moreover have (Ag, Vg @ ¥p ® V) ~r (Ag, (Yo ® Vq) ® ¥p)
by (metis Associativity Composition AssertionStatEqSym AssertionStatEqTrans
Commutativity frameResChainPres frameNilStatEq)
ultimately have <AF, (\I/F X \IJQ) X g’p> —F <Ag, (\I’G ® \IJQ) (%9 \I/p>
by (rule FrameStatEqImpCompose)
moreover from <Ap #x @ <Ag #x @ Fr@Q (Ag #x Ap» (Ag #* Ag> have Ap
fx g and Ag f* Yo
by (force dest: extractFrameFreshChain)+
moreover note (Ap fix Py (Ag tix Py <Ap #x subject o'y <Ag #x subject o> <Ap
ﬁ* AF) (AP ﬁ* AG) (AP ﬁ* \I/F> (AP ﬁ* \I/Q) (AP ﬂ* Ag) (AP ﬁ* qu)
moreover from (o < P’ || Q = a’ < PQ" <bn a #x
obtain p P” where a < P’ = a’ < P" and set p C set(bn a') x set(bn «)
and PQ' = P | (p - Q)
apply(drule-tac sym)
by (rule actionParlDest) (assumption | simp | blast dest: sym)+
ultimately have ¥g ® Vg > P —a < P’ using «a’ # 7 by(force intro:
cParl)
then show ?case using Fr@ «(bn o) #x Q> <Ag tx Yo <Ag fx Pr <Ag fx a»
using cParl
by(metis Parl)
next
case(cPar2 Vp Up Qo Q' Ap P Ag Vg o' PQ' V¢ Ap Ag)
from <Ap fx (P || Q) <Ag #x (P || Q)> have Ar #x P and A f+ P and Ap
f* @ and Ag #x @
by simp+
have FrP: extractFrame P = (Ap, Up) by fact
have (Ap, (Vr @ ¥Up) ® \I/Q> ~p (Ap, ¥p @ Up ® \I/Q>
by (metis Associativity frameResChainPres frameNilStatEq)
moreover note ((Ap, Ur @ ¥p @ Ug) —r (Ag, ¥g @ Up @ Ug)
moreover have <Ag, Vo @ V¥Yp ® \I/Q> ~p <Ag, (\I/G ® \I/p) ® \I/Q>
by (metis Associativity AssertionStatEqSym frameResChainPres frameNilStatEq)
ultimately have (Ap, (¥r @ Up) ® ¥g) —r (Ag, (¥g ® ¥p) ® Ug)
by (rule FrameStatEqImpCompose)
moreover from <Ap fx Py <Ag fix P> FrP <Ap fix Ap» <Ap fix Ag> have Ap
fx Up and Ag fx Up
by (force dest: extractFrameFreshChain)+
moreover note <Ap tx Q> (Ag t* @ (Ap * subject o’y <Ag f* subject oy <Ag
fx Apy (Ag tx Ag> <Ag ix U «Ag ix ¥pr (Ag ix Ag) (Ag Bx Y
moreover from «a < P || Q' = o’ < PQ" <bn a fx a’
obtain p Q" where a < Q' = o’ < Q" and set p C set(bn a’) x set(bn «)
and PQ'=(p- P) || Q"
apply(drule-tac sym)
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by (rule actionPar2Dest) (assumption | simp | blast dest: sym)+
ultimately have U5 ® Up > Q —a < Q' using <o’ # 7> by(force intro:
cPar2)
then show ?case using FrP ¢(bn «) g% P> <Ap tx U <Ap fx @ (Ap #x @
using cPar2
by(metis Par2)
next
case cComml
then show ?case by(simp add: residuallnject)
next
case cComm2
then show ?case by(simp add: residuallnject)
next
case(cBrMerge Wp Vo PM NP Ap Up Q Q' Ag a PQ' V¢ Ar Ag)
from <<AF7 Upr @ Up ® ‘I’Q> —F <Ag, Vo @ Up ® \I/Q>)
have <AF, (\I/F X \I/Q) ® \I/p> —F <A(;, Uo @ Up ® \I/Q>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity FrameS-
tatImp Trans associativitySym framelmpNilStatEq frameImpResChainPres)
moreover have (Ag, ¥g ® ¥p ® Yg) —r (Aa, (Yo @ Vo) ® ¥p)
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity associativi-
tySym frameImpNilStatEq frameImpResChainPres)
ultimately have FimpP: <AF, (\I/F (%9 \I/Q) X \I’p> —F <Ag, (\IJG ® \I/Q) X \I/p>
by (metis FrameStatImp Trans)

from (M(N) < P'|| Q"= a < PQ"» have o = ;M(N)) and (P'|| Q') = PQ’
by (simp add: residuallnject)+

moreover note FimpP «Ap #x (P || Q) <Ag t* (P || Q) <Ap #x subject a»
(Ag f* subject a»
<Ap fix Apy (Ap #x Agy <Ap % ¥ <Ap % Y <Ap fx Yp»
ultimately have TransP: ¥¢ ® ¥g > P +— (M(N|) < P’
by (intro cBrMerge(2)[where bd=Ag]) auto

from <<AF, Upr @ Up ® \IJQ> —F <Ag, Ve @ Up ® \I/Q>>
have (Ap, (Vr ® ¥Up) ® \I/Q> —r (dg, V¢ @ ¥p ® \I/Q>
by (metis FrameStatEq-def FrameStatImpTrans framelntAssociativity)
moreover have (Ag, Ug @ ¥p @ V) —r (A, (Ve @ Up) ® ¥g)
by (metis FrameStatEq-def framelntAssociativity)
ultimately have FimpQ: (Ap, (Vr ® ¥p) ® ¥q) —=r (Ada, (Vg ® ¥p) ®
Vo)
by (metis FrameStatImp Trans)

note <a = (M(N)» «(P' || Q) = PQ"» FimpQ <Ar tx (P || Q) <Ag fx (P |
Q) <Ap tx subject a» <Ag ti* subject v
(Ag t* Apy <Ag % Agy (Ag tx Upy (Ag tx ¥g» <(Ag #x ¥p)
then have TransQ: Vg @ ¥p > Q — (M(N) < Q'
by (intro ¢cBrMerge(6)[where bd=Ag]) auto

have U > P || Q — (M(N) < P’ || Q' using TransP Trans@ cBrMerge
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by (intro BrMerge)
with ( M(N) < P’ || Q' = o < PQ"
show ?case by simp
next
case(cBrComml ¥p Vg PM NP’ Ap Up Q avec Q' Ag o PQ' ¥g Ar Ag)
from M (vszvec)(N) < P'|| Q' = a < PQ" Ap #* subject o> «Ag f* subject
a
have Ap #§x M and Ag #§x M
by (auto simp add: residuallnject)

from <<AF7 Ur @ Up ® \I’Q> —F <Ag, Vo @ V¥Yp ® \IJQ>>
have <AF7 (\IIF ® \I/Q) & \I’p> —F <Ag, Vo @ Up ® \I’Q>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity FrameS-
tatImp Trans associativitySym framelmpNilStatEq framelImpResChainPres)
moreover have (Ag, Ug @ ¥p ® V) —r (A, (Ve @ Ug) @ ¥p)
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity associativi-
tySym frameImpNilStatEq frameImpResChainPres)
ultimately have FimpP: (Ap, (Vr @ ¥q) ® ¥p) —Fr (A, (¥a ® ¥g) ® Up)
by (metis FrameStatImp Trans)

note FimpP <Ap #x (P || Q) <Ag #x (P || Q) <Ap #x M> <(Ag tx M>
(Ap ﬁ* AF) (Ap ﬁ* Ag) (Ap ﬁ* \I/F) (Ap ﬁ* \Ilg> (Ap ﬁ* \I/Q>
then have TransP: ¥q ® ¥g > P — (M(N]) < P’
by (intro ¢cBrComml (4)[where be=Ap and bd=Ag]) auto
from <<AF7 Upr @ Up ® \IJQ> —>r <Ag, Vo @ Up ® \I/Q>>
have <AF7 (\IJF & \I/p) & \IJQ> —F <Ag, Vo @ Up ® \I/Q>
by (metis FrameStatEq-def FrameStatImp Trans framelntAssociativity)
moreover have (Ag, Uq ® ¥p ® V) —r (A, (Yo @ Up) ® ¥g)
by (metis FrameStatEq-def framelntAssociativity)
ultimately have FimpQ: (Ar, (Vr ® Vp) @ Vg) —r (Aa, (Yo ® ¥p) ®
Vo)
by (metis FrameStatImpTrans)
note «distinct zvecy FimpQ <Ap 4+ (P || Q) <Ag #x (P || Q) <Ap #x M» (Ag
fx M>
(Ag t* Apy <Ag tx Agy (Ag tx Upy (Ag tx Yo (Ag i+ ¥p)
then have TransQ: ¥¢ @ Up > Q — M (vxavec)(N) < Q'
by (simp add: ¢cBrComml.hyps(8) freshCompChain(1))

from TransP Trans@ cBrComml
have U > P || Q — (M (vxavec)(N) < P'|| Q'
by (intro BrComm1)
with (M (vxzvec)(N) < P’ || Q' = a < PQ"
show ?case
by simp
next
case(cBrComm2 ¥ Uo P M xvec NP' Ap Up Q Q' Ag a PQ' ¥¢ Ar Ag)
from (M (vxzvec)(N) < P'|| Q' = o < PQ" «Ap t* subject o <Aq fx subject
a»
have Ap #x M and Ag #x M
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by(auto simp add: residuallnject)

from ((Ap, Vp @ Up ® \I/Q> —p (Adg, Ve @ Up ® \I/Q>>
have <AF7 <\IJF & \I’p) & \IJQ> —F <AG7 Vo ® Up ® \I/Q>
by (metis FrameStatEqg-def FrameStatImp Trans framelntAssociativity)
moreover have <Ag, Vo ®V¥Yp ® \IJQ> —r <AG, (\I’G 24 \I/p) ® \IJQ>
by (metis FrameStatEq-def framelntAssociativity)
ultimately have FimpQ: (Ap, (Vr ® ¥p) ® ¥q) —r (Ada, (Vg ® ¥p) ®

Vo)
by (metis FrameStatImpTrans)

note FimpQ <Ap fx (P || Q) <Ag tix (P || Q) (Ap #x M» <Ag tx M)
(Ag t* Apy <Ag % Agy (Ag tx Upy (Ag tx ¥o» (Ag ix ¥p)

then have TransQ: Vg @ ¥p > Q — (M(N) < Q'
by (intro ¢BrComm2(8)[where bc=Ar and bd=Ag]) auto

from <<AF7 Upr @ Up ® \I/Q> —F <Ag, Usg @ ¥p ® \IJQ>>
have <AF, (\I/F ® \I/Q) & \IJP> —F <Ag, Vo @ Up ® \IJQ>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity FrameS-
tatImp Trans associativitySym framelmpNilStatEq framelmpResChainPres)
moreover have (Ag, Ug @ ¥p @ Vo) —r (A, (Ve @ Ug) ® Up)
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity associativi-
tySym frameImpNilStatEq frameImpResChainPres)
ultimately have FimpP: (Ap, (Vr ® ¥q) ® ¥p) = (A, (Yo ® ¥g) ® Up)
by (metis FrameStatImp Trans)

note «distinct zvecy FimpP <Ap #x (P || Q) <Ag tx (P || Q) <Ap #x M» (Ag
fx M>
(Ap tx Ap> <Ap tx Ag» (Ap % Upy <Ap i U <Ap % U
then have TransP: ¥g ® ¥g > P — M (vxavec|)(N) < P’
by (intro ¢BrComm2(4)[where bc=Ar and bd=Ag]) auto

from TransP Trans@ cBrComm2
have U > P || Q — jM(vxavec)(N) < P'|| Q'
by (intro BrComm2)
with (M (vxzvec)(N) < P’ || Q' = o < PQ"
show Zcase
by simp
next
case cBrClose
then show ?case by(simp add: residuallnject)
next
case(cOpen Vg P M zvec yvec N P’z Ap Up o P Vg Ap Ag)
from <M (vx(zvec Q@ x # yvec))(N) < P’ = a < P"» <z t avecy <z § yvecr <z f
ay <zt Py «distinct(bn a)»
obtain zvec’ x’ yvec’ N’ where M (v (zvecQyuec)|)(N) < P’ = M (vx(zvec’Qyvec”)|)(([(z,
2] - N) < ([(z, 27)] - P")
and a = M(vx(zvec’Qz'#yvec’)) (N
apply(cases rule: actionCasesjwhere a=q|)
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apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(metis boundOutputOpenDest)
apply(simp add: residuallnject)
by (simp add: residuallnject)

then have Vg > P — M (vx(zvecQyuec))(N) < P’ using cOpen
by (intro cOpen(4)[where be=Ar and bd=Ag]) auto
with «x € supp N> <z § Ye» <z § M> <z § zvec> <x § yvec
have U¢g > (vz)P — M (vx(zvecQz#yvec))(N) < P’
by (intro Open)
then show ?case using (o = M (vx(zvec’Qz'#yvec’))(N')» «M(v*(zvec @ z #
yvec))(N) < P'=a < P
by simp
next
case(cBrOpen ¥r P M zvec yvec N P’ x Ap Up a P Vg Ar Ag)
from M (v+(zvec @ z # yvec))(N) < P'=a < P' «z f zvec) <z § yveer <z 4
ay szt Py «distinct(bn a)»
obtain zvec’ z’ yvec’ N’ where | M (v*(zvecQyuvec))(N) < P’ = M (v+(zvec'Qyvec’) ) {([(z,
20 - N) < ([(z, 7] - P")
and « = M (vx(zvec'Qz'#yvec)) (N
apply(cases rule: actionCases|where a=a])
apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(simp add: residuallnject)
apply(metis boundOutputOpenDest)
by (simp add: residuallnject)

then have Ug > P — M (vx(avecQyuec))(N) < P’ using ¢BrOpen
by (intro ¢cBrOpen) (assumption | simp)+
with «x € supp Ny <z § Ue» <z § M> <z § avee <z § yvee
have U > (vz)) P — M (v*(zvecQx#yvec))(N) < P’
by (intro BrOpen)
then show ?case using «a = | M (vx(zvec’Qz'#yvec’))(N')» (M (vx(zvec @ z #
yvec))(N) < P'=a < P')
by simp
next
case(cScope Vg P o P 'z Ap Up o’ 2P Vg Ar Ag)
from (a < (vz)P' = o’ < zP) <z § a» <z § o> obtain P’ where zP = (vz)P"
and a < P'=a’ < P"
by (drule-tac sym) (force intro: actionScopeDest)
then have ¥ > P —a < P’ using cScope by auto
with <z f U <z o' «« < P'=a’ < Py <P = (vz)P'" show Zcase
by (metis Scope)
next
case(cBang Vp P Ap Up o P' ¥ Ar Ag)
from (Up ~ 1) have (Ap, Vp @ Up ® 1) ~p (Ap, Up ® 1)
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by (metis framelntCompositionSym Identity AssertionStatEqTrans)
moreover note ((Ap, Vp ® 1) —>p (Ag, Vo ® 1)
moreover from (Up ~ 1) have (4g, Vg ® 1) ~r (Ag, Vg ® Up ® 1)
by(metis framelIntCompositionSym Identity AssertionStatEqTrans Assertion-
StatEqSym,)
ultimately have <AF, Upr @ Up ® 1> —r <Ag, Vo @ V¥Yp ® 1>
by (rule FrameStatEqImpCompose)
with cBang have ¥ > P | |P —a < P’ by force
then show ?case using <guarded P> using cBang by(metis Bang)
qed

lemma transferTauFrame:
fixes U == 'b
and P :: (‘a, 'b, 'c) psi
and P’ :: (‘a, b, 'c) psi

and Ar :: name list
and Ag :: name list
and V¢ ')

assumes ¥p > P 7 < P’
and extractFrame P = (Ap, Up)
and distinct Ap
and <AF, \I/F®\I’p> —F <Ag, \Ifg®\pp>
and Ap fx P
and Ag fx P
and Ap fx Ap
and Ap #x Ag
and Ap fx Up
and Ap fx Ug

shows g > P —7 < P’
using assms
proof(nominal-induct avoiding: ¥ Ap Ag rule: tauFramelnduct)
case(cAlpha ¥ P P' Ap ¥p p Vg Ap Ag)
from «(Ap, ¥r @ (p - ¥p)) =r (Ag, Vg @ (p - Up))
have (p - ((Ap, Vp @ (p - ¥p)))) —=r (P ((Ac, Yo @ (p - ¥p))))
by (rule FrameStatImpClosed)
with (Ap ﬁ* AF> <(p . AP) ﬁ* AF> <Ap ﬂ* \I/F> <(p . Ap) ﬁ* \I/F> (Ap ﬁ* Ag)
(p - Ap) #x Ag> <Ap tix U «(p - Ap) tx U
<distinctPerm py <set p C set Ap x set (p - Ap)» have (Ap, Vp ® Up) —p
(Ag, ¥g @ Up)
by (simp add: equts)
with cAlpha show ?case by blast
next
case(cCase Vp P P' o Cs Ap Up U Ar Ag)
from «¥p ~ 1) have (A, Up @ Up) ~p (Ap, Ur ® 1)
by (metis framelntCompositionSym Identity AssertionStatEqTrans)
moreover note (Ap, Vp ® 1) —p (Ag, Ta @ 1)
moreover from (Up ~ 1) have (Ag, Vg ® 1) ~p (Ag, ¥g @ Up)
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by(metis framelntCompositionSym Identity AssertionStatEqTrans Assertion-
StatEqSym)
ultimately have (Ap, Vp ® Up) —p (Ag, Yo @ ¥p)
by (rule FrameStatEqImpCompose)
with cCase have Vg > P —7 < P’
by (metis freshStarPair(2) memFreshChain(1) psiCasesFreshChain(1) psiFreshVec(3))
moreover note <(p, P) € set Cs»
moreover from (Ap #x (Cases Cs)y<Aq tx (Cases Cs)) «(p, P) € set Cs) have
Ap tx ¢ and Ag tix ¢
by (auto dest: memFreshChain)
from (Up F ¢» have Ur ® 1+ ¢ by(blast intro: statEqEnt Identity Assertion-
StatEqSym)
with (Ap i+ ¢» have ((Ap, ¥p ® 1)) Fp ¢ by(force intro: frameImpl)
with «((Ap, Up ® 1) —F (Ag, ¥¢ ® 1) have ((4g, Vg @ 1)) Fr ¢
by (simp add: FrameStatImp-def)
with (Ag fi* > have U5 ® 1 F ¢ by(force dest: framelmpE)
then have Vg F ¢ by(blast intro: statEqEnt Identity)
ultimately show ?case using <guarded P> by(rule Case)
next
case(cParl Up U PP Ag Q Ap Up ¥g Ar Ag)
from <Ap fx (P || Q) <Ag #x (P || Q)» have Ar §x P and Ag f+ P and Ap
fx @ and Ag #x @
by simp+
have IH: \V Ap Ag. H<AF7 (Up ® \I’Q) ® Up) —p (Ag, ¥ ® Up); Ap fx P;
Ag i P;
> P+——71 < P’
by fact
have FrQ: extractFrame Q = (Ag, VYq) by fact
have <AF, (Up ® \I’Q) ® \pr> ~p (Ap, ¥p @ Up ® \I/Q>
by (metis Associativity Composition AssertionStatEqSym AssertionStatEqTrans
Commutativity frameResChainPres frameNilStatEq)
moreover note ((Ap, Ur ® ¥p @ Ug) —r (Ag, Yo @ Up ® Uo)
moreover have (Ag, Vg @ ¥p ® V) ~r (Ag, (Yo ® Vq) ® ¥p)
by (metis Associativity Composition AssertionStatEqSym AssertionStatEqTrans
Commutativity frameResChainPres frameNilStatEq)
ultimately have <AF, (\I/F ® \I/Q) ® \I/P> —F <AGf, (\I/G & \IJQ) (9 \I’p>
by (rule FrameStatEqImpCompose)
moreover from <Ap #x @ <Ag #x @ Fr@Q (Ag #x Ap» (Ag #* Ag> have Ap
fx o and Ag f* Yo
by (force dest: extractFrameFreshChain)+
moreover note <Ap fix Py <Ag fix P> <Ap ttx Apy <Ap x Ag> <Ap #§x U <Ap
ﬁ* \I/Q) (Ap ﬁ* Ag) (Ap ﬂ* \I’G'>
ultimately have V¢ @ ¥ > P+—71 < P’
using [H by blast
then show ?case using FrQ) <Ag fix Yo <Ag tix P>
by (intro Parl) auto
next

case(cParQ \I’F \I/p Q Q/ AP PAQ \I/Q \I/G AF AG)
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from (Ap #x (P || Q) <Ag tx (P || Q) have Ap #x P and Ag fx P and Ap
f* @ and Ag f* @
by simp+
have IH: /\\If AF Ac'. [[(AF, (\IJF (9 \I/p) & \IJQ> —F <Ag, U ® \IJQ>, AF ﬂ* Q;
Ag t* @
AQ fx Ap; AQ fx Ag; AQ pEs (\I/F & \I/p); AQ f \I/]] = U
>Q+—7 < Q’
by fact
have FrP: extractFrame P = (Ap, Up) by fact
have <AF7 (\IJF & \I/p) X \IJQ> ~p <AF, \I/F X \IJP X \IJQ>
by(metis Associativity frameResChainPres frameNilStatEq)
moreover note ((Ap, ¥r ® ¥p @ V) —r (Ag, Yo @ Up ® Uo)
moreover have (Ag, Vg @ ¥p ® V) ~r (Ag, (Yo ® ¥p) ® ¥q)
by (metis Associativity AssertionStatEqSym frameResChainPres frameNilStatEq)
ultimately have <AF, (\I/F & \I/p) ® \I/Q> —F <Ag, (‘I’G & \I/P) ® \I/Q>
by (rule FrameStatEqImpCompose)
moreover from <Ap f#x Py <Ag tix P> FrP (Ap #x Apy <Ap #x Ag» have Ap
f* Yp and Ag tx Up
by (force dest: extractFrameFreshChain)+
moreover note (Ap fix O <Ag fx @ <Ag i Ap> (Ag tix Agy <Ag i ¥ (Ag
fx Upy «Ag #x Ag> (Ag t* Yo
ultimately have ¥ @ Up > Q —7 < Q'
using [H by blast
then show ?case using FrP «Ap x Uy <Ap fx @
by (intro Par2) auto
next
case(cComml ¥p Vg PM NP Ap Up Q K zvec Q' Ag Ve Ar Ag)
have FimpG: (Ap, ¥r @ ¥p @ Ug) —r (A, Ve ® Up ® ¥g) by fact
from (Ap #x (P || Q) <Ag tx (P || @) have Ap #x P and Ag fx P and Ap
fx* @ and Ag #x @
by simp+
have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Aqg, ¥q) by fact
from <Ap fx P> (Ag tx Py FrP <Ap #x Apy <Ap #§x Ag> have Ap f* Up and
A #x ¥p
by (force dest: extractFrameFreshChain)+
from Ap tx O (Ag fx Q@ Fr@Q (Ag t* Ap> <Ag #* Ag> have Ap #x ¥ and
AG ﬁ* \I/Q
by (force dest: extractFrameFreshChain)+

from ¥p @ Up > Q — K (vxavec)(N) < Q" have Up @ Up > Q — ROut
K ((v+zvec)N <’ Q)
by (simp add: residuallnject)
with FrQ <distinct Ag»
obtain K’ where Ke¢K" (Vp ® Up) @ ¥ - K <+ K'and Ap #x K'and Ap
fx K'and Ag fx K’
using <Ap fx Q) <Ag tx Ap> <Ag tx Ag> Ap tx @ <Ag tx @ <Ag tx ¥
(Ag 1+ Up» (Ap tix Agr (Ag tx @ <Ag #x K> <xvec i+ K> «distinct zvec
by (elim outputObtainPrefix[where B=ApQArQAg]) force+
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have U¢ ® Ug > P —K'(N|) < P’
proof —
from KegK’' have UVp @ (Up ® ¥g) b K < K’ by(rule statEqEnt|OF Asso-
ciativity))
with (Up @ (Up ® Ug) - M < K> have Up @ (Up @ Up) - M < K’
by (rule chanEqTrans)
then have (¥p @ Vo) ® Up F M < K’
by (metis statEqEnt AssertionStatEqSym Associativity AssertionStatEqTrans
compositionSym Commutativity)
with (Up @ U > P —M(N) < P FrP distinct Ap»
have Up ® Ug > P —K'(N|) < P’ using <Ap t* Up> <Ap tx Vg Ap tx
Py <Ap #x My <Ap tx K
by (force intro: inputRenameSubject)
moreover have (Ap, (¥p @ Ug) @ Up) —p (Ag, (Ya @ ¥g) @ Up)
proof —
have <AF, (\I/F X \I/Q) [029] \I/p> ~r <AF, UVpr @ Up ® \I/Q>
by (metis Associativity Composition AssertionStatEqSym AssertionStatEq-
Trans Commutativity frameResChainPres frameNilStatEq)
moreover have (Ag, ¥o @ Up @ V) ~p (Ag, (Vg ® ¥g) ® Up)
by (metis Associativity Composition AssertionStatEqSym AssertionStatEq-
Trans Commutativity frameResChainPres frameNilStatEq)
ultimately show ?thesis using FimpG
by (elim FrameStatEqImpCompose)
qed
ultimately show ?thesis using «Ap f#* Py (Ag t* Py (Ap #x K"
(Ag % K" <Ap tx Ap> (Ap fx Ag> <Ap % Ups <Ap #x Ugy <Ap fx T
FrP <distinct Ap)»
by (auto intro: transferNonTauFrame)
qed

moreover from FrP «(¥p @ Vg > P —M(N) < P «distinct Ap>
obtain M’ where MegM" (Vp ® V) @ Up - M < M’ and Ag §+x M’ and
Ap tx M’ and Ag #$x M’
using (Ag #x P» (Ap i Ap) (Ap t#x Ag> (Ap tx P> <Ag tx Py (Ap ix ¥
(Ap tx Yo (Ap tix Agy <Ap fx Py <(Ap #x M>
by (elim inputObtainPrefizvjwhere B=AgQApQAg]) force+

have Vg @ Up > Q —> M (v*avec)(N) < Q'
proof —
from MegM’' have Vp ® (Vg ® ¥p) - M < M’
by (rule statEqEnt]|OF Associativity])
with (Up @ (Up ® Ug) - M < K> have Up @ (Vg @ Up) - K + M’
by (blast intro: chanEqTrans chanFEqSym compositionSym Commutativity statE-
gEnt)
then have (Vp @ ¥p) ® Yo - K < M’
by (blast intro: statEqEnt AssertionStatEqSym Associativity
AssertionStatEqTrans compositionSym Commutativity)
with «<Up @ Up > Q — K (vkzvec)(N) < Q" FrQ «distinct Ag>
have Ur @ Up > Q —>M'(vxavec)(N) < Q' using (Ag fx ¥pr <Ag fx Up»
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(Ag t* @ (Ag fx K> (Ag tx M
by (force intro: outputRenameSubject)
moreover have (Ap, (¥p @ Up) & ¥g) —r (Ag, (Ya @ ¥p) @ Ug)
proof —
have <AF, (\I/F ® ‘l/p) ® \I/Q> oy <AF, ‘IIF ® \I/p ® \I/Q>
by (metis Associativity frameResChainPres frameNilStatEq)
moreover have (Ag, Vg ® ¥p ® V) ~p (Ag, (Yo @ ¥Up) ® ¥q)
by(metis Associativity AssertionStatEqSym frameResChainPres frameNil-
StatEq)
ultimately show ?thesis using FimpG
by (elim FrameStatEqImpCompose)
qed

ultimately show ?thesis using (Ap #x Q) <Ag #* Q) <Ap fx M’ (Ag #x M"
(Ag fx Ap> (Ag ix Ag» (Ag ix U (Ag % W) <Ag fix Upy FrQ <distinct
Ag» <distinct xvecy
by (auto intro: transferNonTauFrame)
qed

moreover have U @ Up @ U + K' < M’
proof —
from MegM’' have Up @ Up @ Yo+ M' < M
by (blast intro: chanEqSym Associativity statEqEnt Commutativity composi-
tionSym)
moreover from KeqK' have Up @ ¥p @ Uy F K < K’
by (blast intro: chanEqSym Associativity statEqEnt Commutativity composi-
tionSym,)
ultimately have Up ® Up ® Vg - K’ <> M’ using (Vp @ ¥Yp @ Yo - M
& K»
by (blast intro: chanEqSym chanFEqTrans)
then show ?thesis using (Ap fix M’ «Ap tx K (Ag fx M’ <Ag #x K’
FimpG
apply(simp add: FrameStatImp-def)
apply(erule allE[where z=SChanEq’ K' M)
by (force intro: framelmpl dest: framelmpFE)
qed

ultimately show ?case using (Ap #x Vo) (Ap i Py (Ap #x @ <Ap fx A
Ap tx K (Ag tx U (Ag fx Pr (Ag fx @ <Ag #x M" «xvec §x P> FrP FrQ
by (intro Comm1) (assumption | simp)+
next
case(cComm2 ‘I’F \I/Q P M zvec N P’ Ap \I/p Q K Q/ AQ \I/G AF Ag)
have FimpG: <AF7 Ur @ Up ® \I’Q> —F <AG', Uo @ Up ® \I/Q> by fact
from (Ap #x (P || Q) <Ag tx (P || Q) have Ap #x P and Ag fx P and Ap
f* @ and Ag f* @
by simp+
have FrP: extractFrame P = (Ap, Up) by fact
have FrQ: extractFrame Q = (Ag, ¥g) by fact
from <Ap fix Py <Ag tix P> FrP <Ap tix Apy <Ap #x Ag> have Ap #x Up and
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AG ﬁ* \I/p
by (force dest: extractFrameFreshChain)+
from (Ap #x @ <Ag i @ Fr@Q (Ag #x Ap» <(Ag #* Ag> have Ap fx Vg and
AG ﬁ* \I/Q
by (force dest: extractFrameFreshChain)+
from <Up ® ¥p > Q —K(N|) < Q" Fr@ <distinct Ag»
obtain K’ where KegK" (Ur @ Up) ® U - K <> K'and Ap i+ K’ and Ap
fx K'and Ag fx K’
using <Ap fx ) <Ag ix Ap> <Ag tx Ag> Ap tx @ <Ag tx @ <Ag t* ¥
(Ag i ¥pr <Ap fix Ag> (Ag fx @ <Ag i K>
by (elim inputObtainPrefixjwhere B=ApQArQAg]) force+
have Vo ® Ug > P — K'(v*zvec)(N) < P’
proof —
from KeqK’' have Up @ (Up @ Ug) F K « K’
by (rule statEqEnt]|OF Associativity])
with (Up ® (Up ® Ug) - M < K> have Up ® (Up @ Ug) b M < K'
by (rule chanEqTrans)
then have (¥p @ Vo) ® Up F M < K’
by(metis statEqEnt AssertionStatEqSym Associativity AssertionStatEqTrans
compositionSym Commutativity)
with «<Up ® Yo > P —M(vkazvec)(N) < P'» FrP «distinct Ap»
have Up ® ¥g > P +—K/'(vxzvec)(N) < P’ using (Ap fx Up» <Ap tx Uy
«Ap fix P> <Ap fix M> <Ap #x K"
by (force intro: outputRenameSubject)
moreover have (Ap, (¥p @ Ug) @ Up) —p (Ag, (Ya @ ¥g) @ Up)
proof —
have <AF, (\I/F X \I/Q) X \I’p> ~r <AF, UVpr @ Up ® \I/Q>
by(metis Associativity Composition AssertionStatEqSym AssertionStatEq-
Trans Commutativity frameResChainPres frameNilStatEq)
moreover have (Ag, ¥g @ Up @ Yg) ~p (Ag, (Vg ® ¥g) ® Up)
by (metis Associativity Composition AssertionStatEqSym AssertionStatEq-
Trans Commutativity frameResChainPres frameNilStatEq)
ultimately show ?thesis using FimpG
by (elim FrameStatEqImpCompose)
qed
ultimately show ?thesis using (Ap fx P) (Ag i P> (Ap fix K"
(Ag % K"y <Ap tx Apy (Ap fx Ag> <Ap % Ups <Ap #x Ugy <Ap fx T
FrP <distinct Ap)
<distinct zvec
by (auto intro: transferNonTauFrame)
qed

moreover from «¥p ® Vg > P — M(vszvec)(N) < P’» have Up @ ¥g >
P — ROut M ((vxavec)N <" P’)
by (simp add: residuallnject)
moreover with FrP <distinct Ap»
obtain M’ where MegM" (Vp @ V) @ Up - M < M’ and Ag f+x M’ and
Ap tx M’ and Ag #$x M’
using (Ag #x P> (Ap t#x Ap) (Ap t#*x Ag) (Ap tx P> <Ag tx Py (Ap ix U
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(Ap % W (Ap tx Agr <Ap fx P> <Ap #x M> «zvec i M) «distinct zvec
by (elim outputObtainPrefizjwhere B=AgQArQAg]) force+

have V¢ @ Up > () ’—>M/(]ND < QI
proof —
from MegM' have Ur ® (Vg ® Up) - M < M’ by(rule statEqEnt[OF
Associativity])
with (Vp ® (UVp ® Vo) F M < K> have ¥p @ (Vo @ ¥p) - K < M’
by (blast intro: chanEqTrans chanEqSym compositionSym Commutativity statE-
gEnt)
then have (¥p @ Up) @ Ug F K < M’
by (blast intro: statEqEnt AssertionStatEqSym Associativity
AssertionStatEqTrans compositionSym Commutativity)
with <Up @ ¥p > Q —K(N) < Q" FrQ <distinct Ag»
have Up @ ¥p > Q —M'(N) < Q' using <Ag #x Up» <Ag tx Up» (Ag f#x
@ Ag tx K» <Ag tx M)
by (force intro: inputRenameSubject)
moreover have (Ap, (¥r @ Up) ® ¥gq) —r (Ag, (¥a ® ¥p) @ Ug)
proof —
have <AF, (\I/F R Up) ® \I/Q> ~p <AF, Ur @ Up ® \I/Q>
by (metis Associativity frameResChainPres frameNilStatEq)
moreover have (A¢g, ¥q ® ¥p @ V) ~p (Ag, (Ve ® ¥p) @ Ug)
by(metis Associativity AssertionStatEqSym frameResChainPres frameNil-
StatEq)
ultimately show ?thesis using FimpG
by (elim FrameStatEqImpCompose)
qed

ultimately show ?thesis using «Ap fx Q) <Ag t* Q> «Ap #x M) «Ag tx M’
(Ag i Ap> (Ag #x Ag> (Ag ix Up» (Ag % W <Ag i Upy FrQ <distinct
Ag» «distinct zvec
by (auto intro: transferNonTauFrame)
qed

moreover have V¢ @ ¥p @ Vg - K' < M’
proof —
from MegM’' have Up @ Up @ Yo+ M' < M
by (blast intro: chanEqSym Associativity statEqEnt Commutativity composi-
tionSym)
moreover from KegK’' have Vp ® ¥p @ Yo - K < K’
by (blast intro: chanEqSym Associativity statEqEnt Commutativity composi-
tionSym,)
ultimately have Up @ Up ® U - K’ <> M’ using (¥p @ Up @ U - M
— K
by (blast intro: chanEqSym chanFEqTrans)
then show ?thesis using (Ap fix M’ «Ap tx K (Ag fix M’ <Ag #x K’
FimpG
apply(simp add: FrameStatImp-def)
apply(erule allE[where x=SChanEq’ K' M)
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by (force intro: framelmpl dest: framelmpE)
qed

ultimately show ?case using «Ap fx W) (Ap % P (Ap fx @ <Ap #x Ag»
Ap tx K (Ag tx U (Ag fx Py (Ag fx @ <Ag fx M" «avec tx Q> FrP FrQ
by (intro Comm2) (assumption | simp)+
next
case(cBrClose Vg P M zvec N P' Ap Up z Vg Ar Ag)
from «Up > P — [M(vxavec)(N) < P’
have suppM: ((supp M)::name set) C ((supp P):name set)
by (simp add: residuallnject brOutput TermSupp)

note <Up > P — [M(v*zvec)(N) < P’y <extractFrame P = (Ap, Up)»
«distinct Ap» «distinct zveey <(Ap, Vp ® Up) —p (Ag, ¥g @ Up)

moreover from <z § Apy (Ap % (vz) P> <z § Ag> <A #* (vz) P>
have Ap #x P and Ag #x P by simp+
moreover with suppM
have Ap #§x M and Ag 4+ M
by (auto simp add: fresh-star-def fresh-def)
moreover note <Ap fix Apy <Ap fix Agy <Ap fix Uy <Ap tx Uy
ultimately have ¥ > P —— M (v*zvec)(N) < P’
by(simp add: transferNonTauFrame)
with «x € supp M) <z § U
show ?Zcase
by (simp add: BrClose)
next
case(cScope \IJF PPz Ap \I’p \I/G AF Ag)
then have Vg > P ——7 < P’ by auto
with <z § Vg show ?Zcase
by (intro Scope) auto
next
case(cBang \IJF PP’ Ap \pr \I/G AF AG)
from (Up ~ 1) have (Ap, Vp @ Up ® 1) ~p (Ap, Vp ® 1)
by (metis framelntCompositionSym Identity AssertionStatEqTrans)
moreover note ((Ap, Vp ® 1) —r (Ag, ¥o @ 1)
moreover from (¥p ~ 1) have (4Ag, Vg ® 1) ~p (Ag, Vg @ Up ® 1)
by(metis framelntCompositionSym Identity AssertionStatEqTrans Assertion-
StatEqSym)
ultimately have (Ap, Vp @ Up ® 1) —p (Ag, Y @ ¥p ® 1)
by (rule FrameStatEqImpCompose)
with cBang have ¥ > P || |P —7 < P’ by force
then show ?case using <guarded P> by(rule Bang)

qed
lemma transferFrame:
fixes Up = 'b
and P :: (‘a, 'b, 'c) psi
and o :: 'a action
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and P’ :: ('a, b, 'c) psi

and Ar :: name list
and Ag :: name list
and Vg ')

assumes ¥p > P ——a < P’

and
and
and
and
and
and
and
and
and
and
and

extractFrame P = (Ap, ¥p)

distinct Ap

(Ap, Vp @ Up) —p (Ag, ¥g @ Up)
AG ﬁ* P

Ap #x subject o

Ag i subject o

Ap % Ap

Ap tx Ag

Ap ﬂ* \I’F

Ap 4+ ¥g

shows g > P ——a < P’
using assms
proof —
from Up > P —a < P’ have distinct(bn «) by(auto dest: boundOutputDis-

tinct)

then show ?thesis using assms
by(cases a = 7) (auto intro: transferNonTauFrame transfer TauFrame)

qged

lemma parCasesInputFrame[consumes 7, case-names cParl cPar2):
fixes U = 'b
and P :: (‘a, 'b, 'c) psi
and Q@ :: (‘a, b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and T :: (‘a, b, 'c) psi
and C :: 'd:fs-name

assumes Trans: U > P || Q —M(N) < T

and
and
and
and
and
and
and

extractFrame(P || Q) = (Apg, Ypg)

distinct Apq

Apq tx ¥

Apq tx P

Apq #x Q

Apq fx M

rParl: N\P"Ap Up Ag ¥q. [V ® Vg > P+—M(N| < P’; extractFrame

P = (Ap, Up); extractFrame Q = (Ag, Yo);

distinct Ap; distinct Ag; Ap ix ¥; Ap x P; Ap fx

Q; Ap §x M; Aq #x V; Ag fx P; Ag #x Q; Ag fx M;

Ap ﬁ* \I/Q; AQ ﬁ* ‘pr; AP ﬁ* AQ; APQ = AP@AQ;
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Vpo =Vp ® Vq] = Prop (P’ | Q)
and rPar2: NQ' Ap ¥p Ag Vq. [Y @ Up > Q —M(N) < Q'; extractFrame
P = (Ap, Up); extractFrame Q = (Ag, Yo);
distinct Ap; distinct Ag; Ap ix ¥; Ap #x P; Ap fx
Q; Ap fx M; Ag tx U; Ag tx P; Ag i+ Q; Ag tx M,
Ap ﬁ* \I/Q; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Vpo =¥p ® V] = Prop (P | Q)
shows Prop T
using Trans
proof (induct rule: parlnputCases[of - - - - - - (Apg, Tpg)))
case(cParl P’ Ag Uq)
from <Ag #x (Apg, ¥pg)» have Ag 4 Apg and Ag fx Upgy by simp+
obtain Ap ¥p where FrP: extractFrame P = (Ap, Up) and distinct Ap
Ap ﬁ* (P7 Q7 \I/, M, AQ, APQ, \I/Q)
by (rule freshFrame)
then have Ap fx P and Ap #*x @ and Ap f* ¥ and Ap #x M and Ap fx Ag
and Ap #x Apg and Ap #x ¥g
by simp+

have FrQ: extractFrame Q = (Ag, VYg) by fact

from <Ag #x P> <Ap tx Ag» FrP have Ag i ¥p
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ «(Ap fx Ag» <Ap t*x Uy
(Ag t* ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \I/pQ> by simp
moreover from <distinct Ap» <distinct Ag» <Ap % Ag» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@QAg) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Upg = (p- ¥p) ® (p - V) and Aeq: Apg = (p+ Ap)Q(p - Ag)
using (Ap ﬁ* ApQ) (AQ ﬁ* APQ) <distinct ApQ)
by (elim frameChainEq’) (assumption | simp add: equts)+

from ¥ @ ¥g > P—M(N) < P"» S (Apqg #* P> <Ap §x Py (Ag tx Py (Apq
fx My <Ap % M»> <Ag fx M> Aeq
have (p - (Vv ® ¥g)) > P —M(N|) < P’
by (elim inputPermFrame) auto
with S (Apg fx U <Ap % U <(Ag fx U» Aeg have ¥ @ (p - ¥g) > P —M(N)
< P’
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg #x P» <Ap #x P> <Ag #x P> Aeq have extractFrame P = ((p -
Ap), p - Vp)
by (simp add: equts)
moreover from Fr@ have (p - extractFrame Q) = p - (Ag, Yg) by simp
with S <Apg #x @ <Ap fx @ <Ag t* @ Aeg have extractFrame Q = ((p -

Ag), p - ¥g)
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by (simp add: equts)
moreover from (distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- Aq)
by simp+
moreover from <Ap i+ Ag» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[OF
pt-name-inst, OF at-name-inst])
moreover from <Ap i+ V> have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ag fx Up> have (p - Ag) i (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show “case using <Apg fix ¥» <Apg i P> <Apg i+ @ Apg f#*
M)> Aeq Veq
by (intro rParl) (assumption | simp)+
next
case(cPar2 Q' Ap Up)
from <Ap t*x (Apg, ¥pg) have Ap #x Apg and Ap #x Upg by simp+
obtain Ag Yo where FrQ: extractFrame @ = (Ag, V) and distinct Ag
Ag tx (P, Q, ¥, M, Ap, Apq, ¥p)
by (rule freshFrame)
then have Ag f+ P and Ag #* @ and Ag fix ¥ and Ag f* M and Ag §x Ap
and Ag #x Apg and Ag #x ¥p
by simp+

have FrP: extractFrame P = (Ap, ¥p) by fact

from (Ap #x @ <Ag 1* Ap> Fr@Q have Ap §x ¥g
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypg)» FrP FrQ (Ag tx Ap» <Ap t* U
(Ag t* ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \I/pQ> by simp
moreover from <distinct Ap» <distinct Ag» <Ag f* Ap» have distinct(Ap@QAg)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Upg = (p- ¥p) @ (p - Vo) and Aeq: Apg = (p - Ap)Q(p - Ag)
using «Ap t#x Apg> «Ag t* Apg> «distinct Apg»
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ @ Up > Q —M(N|) < Q" S <Apg #x @ <Ap #x @ (Ag fx @ <Apg
fx M> <Ap tx M» <Ag tx M> Aeq
have (p - (v ® ¥p)) > Q —M(N) < Q'
by (elim inputPermFrame) auto
with S <Apg % U <Ap #x ¥» <Ag % ¥» Aeg have U ® (p - Up) > Q — M (N
< Q'
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, ¥p) by simp
with § <Apg fx Py <Ap fx Py <Ag t* P> Aeq have extractFrame P = ((p -
Ap), p - ¥p)
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by (simp add: equts)
moreover from Fr@ have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #x @ <Ap fx @ <Ag t* @ Aeq have extractFrame Q = ((p -
AQ)> p- \IIQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from <Ag fx Ap» have (p - Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij| OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ Ug> have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ag x Up> have (p - Ag) i* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg tix U» <Apg #§x P» (Apg fx @ <Apg fx*
My Aeq Veq
by (intro rPar2) (assumption | simp)+
qed

lemma parCasesBrInputFrame|consumes 7, case-names cParl cPar2 cBrMerge]:
fixes U b
and P :: (‘a, b, 'c) psi
and @ = ('a, 'b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and T = (‘a, 'b, 'c) psi
and C :: 'd:fs-name

assumes Trans: ¥ > P || Q — M(N) < T
and extractFrame(P || Q) = (Apqg, Ypq)
and distinct Apg
and Apg fx ¥
and Apg fx P
and Apg f* @
and Apg #x M
and rParl: NP’ Ap Up Ag Vq. [¥ ® Vg > P+—;M(N|) < P’; extractFrame
P = (Ap, Up); extractFrame Q = (Aqg, ¥Yg);
distinct Ap; distinct Ag; Ap #x W; Ap #x P; Ap fx
Q; Ap #x M; Ag fx U; Ag tx P; Ag i Q; Ag fx M;
Ap ﬁ* \IJQ; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Upg =¥p ® Vo] = Prop (P'| Q)
and 7Par2: NQ'Ap Up Ag ¥q. [Y @ Up > Q —  M(N) < Q'; extractFrame
P = (Ap, Up); extractFrame Q = (Aqg, VYg);
distinct Ap; distinct Ag; Ap §x W; Ap x P; Ap fx
Q; Ap #x M; Ag % U; Ag fx P; Ag fx Q; Ag tx M;
Ap ﬁ* \IIQ; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Vpo =Vp ® Vq] = Prop (P | Q)
and rBrMerge: AN¥g P’ Ap Up Q' Ag.
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[¥ ® Vo> P+— (M(N|) < P’ extractFrame P = (Ap, Up);
distinct Ap;
U Upp> Qv+ (|M(N) < Q; extractFrame Q = (Ag, Yo);
distinct Ag;
Ap tx Qs Ap f* Ag;
Ag % ¥; Ag tx Up; Ag fx P;

Ag i+ @
APQ = AP@AQ; \I/pQ =VUp ® WQH -
Prop (P'| Q)

shows Prop T
using Trans
proof (induct rule: parBrinputCases[of - - - - - - (Apg, ¥pg)))
case(cParl P' Ag Uq)
from <Ag #x (Apg, ¥pg)» have Ag tx Apg and Ag fx Upg by simp+
obtain Ap ¥p where FrP: extractFrame P = (Ap, Up) and distinct Ap
AP ﬁ* (P, Q, \If, M, AQ, APQ, \IJQ)
by (rule freshFrame)
then have Ap fx P and Ap fx  and Ap i+ ¥ and Ap §x M and Ap fx Ag
and Ap i+ Apg and Ap fx ¥g
by simp+

have FrQ: extractFrame @ = (Ag, ¥Yq) by fact

from «Ag #x P» <Ap tx Ag> FrP have Ag #x Up
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypg)» FrP FrQ «Ap fx Ag» <Ap t* Ug»
(Ag #x ¥p>
have ((Ap@QAg), Up ® ¥q) = (Apg, ¥pg) by simp
moreover from <distinct Ap» <distinct Ag» <Ap #x Ag» have distinct(Ap@Aqg)
by(auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Vpy = (p- ¥p) ® (p - V) and Aeq: Apg = (p - Ap)Q(p - Ag)
using (Ap #x Apg» (Ag #* Apg» «distinct Apg>
by (elim frameChainEq’) (assumption | simp add: equts)+

from ¥ ® Vg > P +—=; M(N|) < P"» S <Apg fx Py (Ap #x P» <Ag #x P>
(Apqg % M»> <Ap tx M» (Ag #x M> Aeq
have (p - (T ® Ug)) > P —;M(N) < P’
by (elim brinputPermFrame) auto
with S <Apg tx Uy <Ap #x U <Ag fx U» Aeghave T @ (p - ¥g) > P — M (N|
< P’
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, ¥p) by simp
with § (Apg fx Py <Ap fx Py <Ag t* P> Aeq have extractFrame P = ((p -
Ap), p - ¥p)
by (simp add: equts)
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moreover from Fr@ have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <(Apg 1 @ <Ap #x @ Ag tx Q> Aeq have extractFrame Q = ((p -
AQ)» p- \I/Q>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from (Ap i Ag» have (p - Ap) tx (p - Ag) by(simp add: pt-fresh-star-bij[ OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ U have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay ix Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg i+ U» <Apg #§x P> <Apg fx @ <Apg
M> Aeq Veq
by (intro rParl) (assumption | simp)+
next
case(cPar2 Q' Ap ¥p)
from <Ap tx (Apg, ¥pg) have Ap #x Apg and Ap i Ypg by simp+
obtain Ag ¥y where FrQ: extractFrame Q = (Ag, Vo) and distinct Ag
AQ ﬁ* (P, Q, \I/, M, AP, APQ, \I/p)
by (rule freshFrame)
then have Ag fx P and Ag f*x @ and Ag f#* ¥ and Ag #x M and Ag f* Ap
and Ag #x Apg and Ag fx Up
by simp+

have FrP: extractFrame P = (Ap, Up) by fact

from «Ap ix @ (Ag fx Ap> Fr@ have Ap fx ¥g
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ (Aq tx Ap» <Ap t* Ug»
<AQ ﬁ* \pr>
have ((Ap@QAg), Up ® ¥q) = (Apg, ¥pg) by simp
moreover from «distinct Ap» <distinct Ag» <Ag #* Ap>» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Yeq: Upy = (p- ¥p) ® (p - Vo) and Aeq: Apg = (p - Ap)Q(p - Ag)
using (Ap §*x Apg» (Ag #x Apg» «distinct Apg>
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<U @ ¥p > Q — M(N) < Q" S <Apg #* @ <Ap fx @ (Ag t* @
(Apg tx M» <Ap fix M> «Ag #x M> Aeq
have (p - (T ® Up)) > Q —; M(N) < Q'
by (elim brinputPermFrame) auto
with S <Apg fx U <Ap i U» <Ag % ¥ Aeghave ¥ @ (p- Up) > Q — M (N
< Q'
by (simp add: equts)
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moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg #x P» <Ap #x P> <Ag #x P> Aeq have extractFrame P = ((p -
AP)7 b \IIP>
by (simp add: equts)
moreover from Fr@Q have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #* @ <Ap fx @ <Ag t* @ Aeq have extractFrame Q = ((p -
AQ)? p- \IIQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from <Ag ix Ap» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ Ugo» have (p - Ap) i (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay ix Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg fx ¥» <(Apg i P> <Apg ix @ <Apg f#*
M)> Aeq Veq
by (intro rPar2) (assumption | simp)+
next
case(cBrMerge Yo P' Ap Up Q' Ag)
then have FrP: estractFrame P = (Ap, Up) and FrQ: estractFrame Q = (Ag,
Vo)
and Ap tix Apg and Ag t* Apg
by simp+

from <extractFrame(P || Q) = (Apq, Ypg)» FrP FrQ «Ap fx Ag» <Ap t* Ug»
(Ag #x ¥p>
have ((Ap@QAg), Up ® ¥q) = (Apg, ¥pg) by simp
moreover from <distinct Ap» <distinct Ag» <Ap #x Ag» have distinct(Ap@Aqg)
by(auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Vpy = (p- ¥p) ® (p - V) and Aeq: Apg = (p - Ap)Q(p - Ag)
using (Ap #x Apg» (Ag #* Apg» «distinct Apg>
by (elim frameChainEq’) (assumption | simp add: equts)+

from ¥ ® Vg > P +—=; M(N|) < P"» S <Apg fx Py (Ap #x P» <Ag #x P>
(Apqg % M»> <Ap tx M» (Ag #x M> Aeq
have (p - (T ® Ug)) > P —;M(N) < P’
by (elim brinputPermFrame) auto
with S <Apg tx Uy <Ap #x U <Ag fx U» Aeghave T @ (p - ¥g) > P — M (N|
< P’
by (simp add: equts)

from «<¥ @ ¥p > Q — M(N) < Q" S <Apg #*x @ <Ag tx @ Ap *x @

(Apg t* M» <Ag tx M> <Ap #x M> Aeq
have (p - (T ® Up)) > Q — M(N) < Q'
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by (elim brinputPermFrame) auto
with S <Apg 1+ ) <Ap i+ U» (Ag % ¥ Aeghave ¥ ® (p- ¥p) > Q — M (N]|
< Q'

by (simp add: equts)

note <¥ ® (p Vo) > P+ M(N) < P» ¥ ® (p-TUp) > Q+— M(N|) <
Qh
moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg fx Py <Ap fx Py <Ag t* P> Aeq have extractFrame P = ((p -
Ap), p - ¥p)
by(simp add: equts)
moreover from Fr@ have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S (Apg 1+ @ <Ap #x @ Ag §x Q> Aeq have extractFrame Q = ((p -
AQ)7 p- \IJQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from (Ap i Ag» have (p - Ap) tx (p - Ag) by(simp add: pt-fresh-star-bij[ OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ U have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst])
moreover from <Ag ix Up> have (p - Ag) 8* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg t* U» <Apg #§x P> (Apg fx @ <Apg
M)> Aeq Veq
by (intro rBrMerge) simp+
qed

lemma parCasesOutputFrame[consumes 11, case-names cParl cPar2):
fixes U =)
and P :: (‘a, b, 'c) psi
and @ :: ('a, ', 'c) psi

and M :'a

and zvec :: name list
and N :=:'a

and T :: (‘a, b, 'c) psi
and C :: 'd:fs-name

assumes Trans: U > P || Q — M (vsavec)(N) < T

and avec fx ¥

and zvec fx P

and azvec fx @

and zvec fx M

and extractFrame(P || Q) = (Apg, Ypg)

and distinct Apg

and Apg ix ¥

and Apg t*x P

and Apg t* @
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and Apg tx M
and rParl: \P' Ap ¥p Ag ¥q. [¥ ® Vg > P —M(v*avec)(N) < P
extractFrame P = (Ap, Up); extractFrame Q = (Ag, ¥q);
distinct Ap; distinct Ag; Ap ix ¥; Ap #x P; Ap fx
Q; Ap fx M; Ag tx U; Ag tx P; Ag i+ Q; Ag tx M,
Ap ﬁ* \I/Q; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Vpo =¥p ® Vo] = Prop (P'| Q)
and rPar2: NQ' Ap ¥p Ag ¥q. [V @ ¥p > Q —M(vxzvec)(N) < Q%
extractFrame P = (Ap, Up); extractFrame Q = (Ag, ¥q);
distinct Ap; distinct Ag; Ap i ¥; Ap x P; Ap fx
Q; Ap i« M; Ag tx U; Ag tx P; Ag i Q; Ag tx M;
Ap ﬁ* \I/Q; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Upq = Up © Wg] = Prop (P | Q)
shows Prop T
using Trans <xvec #x Uy (xvec fx Py <xvec f*x Q) <xvec fx M>
proof (induct rule: parOutputCases[of - - - - - - - (Apg, Tpg)))
case(cParl P’ Ag Uq)
from <Ag #* (Apg, ¥pg)» have Ag ix Apg and Ag fx ¥pgy by simp+
obtain Ap ¥p where FrP: extractFrame P = (Ap, Vp) and distinct Ap
Ap ﬁ* (P, Q7 \IJ, M, AQ, APQ, \I/Q)
by (rule freshFrame)
then have Ap fx P and Ap f*x @ and Ap f* ¥ and Ap #x M and Ap fx Ag
and Ap f#x Apg and Ap fx ¥g
by simp+

have FrQ: extractFrame Q = (Ag, ¥g) by fact

from <Ag #x P> <Ap tx Ag» FrP have Ag tx ¥p
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ «(Ap fx Ag» <Ap t* Uy
<AQ ﬂ* \I/p>
have <(AP@AQ), \I/p & \I/Q> = <APQ, \I/pQ> by sz'mp
moreover from <distinct Ap» <distinct Ag» <Ap #x Ag>» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@QAg) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Upg = (p- ¥p) ® (p+ Vo) and Aeq: Apg = (p + Ap)Q(p - Ag)
using (Ap ﬁ* ApQ) <AQ ﬁ* APQ> <distinct ApQ)
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ ® ¥g > P +—M(vxazvec)(N) < P S <Apg % P» <Ap fx Py (Ag f*
Py (Apg #x M> (Ap x M» <Ag tx M)» Aeq
have (p - (¥ ® ¥g)) > P — M(vxzvec))(N) < P’
by (elim outputPermFrame) (assumption | simp)+

with S <Apg tx U» (Ap i+ ¥ <Ag t+* ¥» Aeqg have U ® (p - ¥g) > P
— M (vszvec)(N) < P’
by (simp add: equts)
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moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg #x P» <Ap #x P> <Ag #x P> Aeq have extractFrame P = ((p -
AP)7 b \IIP>
by (simp add: equts)
moreover from Fr@Q have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #* @ <Ap fx @ <Ag t* @ Aeq have extractFrame Q = ((p -
AQ)? p- \IIQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from <Ap i+ Ag» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ Ugo» have (p - Ap) i (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay ix Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg fx ¥» <(Apg i P> <Apg ix @ <Apg f#*
M)> Aeq Veq
by (intro rParl) (assumption | simp)+
next
case(cPar2 Q' Ap Up)
from <Ap tx (Apg, ¥pg) have Ap #x Apg and Ap i Upg by simp+
obtain Ag VYo where FrQ: extractFrame Q = (Ag, V) and distinct Ag
AQ ﬁ* (P, Q, \I/, M, AP, APQ, \I/p)
by (rule freshFrame)
then have Ag f*x P and Ag f* @ and Ag f#* ¥ and Ag #x M and Ag f* Ap
and Ag #x Apg and Ag fx Up
by simp+

have FrP: extractFrame P = (Ap, Up) by fact

from «Ap tx @ (Ag i Ap> Fr@ have Ap tx Vg
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ (Aqg tx Ap» <Ap i+ Uy
(Ag t* ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \I/pQ> by simp
moreover from <distinct Ap» <distinct Ag» <Ag f* Ap» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@QAg) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Ueq: Upg = (p- ¥p) ® (p+ V) and Aeq: Apg = (p+ Ap)Q(p - Ag)
using (Ap ﬁ* ApQ) (AQ ﬁ* APQ) <distinct ApQ)
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ ® Up > Q —>M(v*avec)(N) < Q" S <Apg tix @ <Ap tx @ <Ag t*

Q> <Apg tx My (Ap tx M> <Ag tx M> Aeq
have (p - (T ® ¥p)) > Q —> M (v*zvec)(N) < Q'
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by (elim outputPermFrame) (assumption | simp)+
with S <Apg fx U» <Ap fx U <Ag i+ ¥» Aeqg have ¥ @ (p - Up) > Q
— M (vxzvec)(N) < Q'
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, ¥p) by simp
with § (Apg fx Py <Ap fx Py <Ag t* P> Aeq have extractFrame P = ((p -
Ap), p - Vp)
by (simp add: equts)
moreover from Fr@Q have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #x @ <Ap i+ @ <Ag t* @ Aeq have extractFrame Q = ((p -
AQ)) p- leQ>
by (simp add: equts)
moreover from (distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- Aq)
by simp+
moreover from <Ag x Ap» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ V> have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ag i+ Up> have (p - Ag) i (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show “case using <Apg fix ¥» <(Apg t*x P> <Apg i @ <Apg #*
M)> Aeq Veq
by (intro rPar2) (assumption | simp)+
qed

lemma parCasesBrOutputFrame[consumes 11, case-names cParl cPar2 cBrComm1
c¢BrComm2):
fixes ¥ b
and P :: (‘a, 'b, 'c) psi
and Q@ :: (‘a, b, 'c) psi

and M :'a

and zvec :: name list
and N :'a

and T :: (‘a, b, 'c) psi
and C :: 'd:fs-name

assumes Trans: ¥ > P || Q — M (vxzvec)(N) < T
and zvec fx U
and avec fix P
and azvec fx Q
and zvec fx M
and extractFrame(P || Q) = (Apqg, Ypq)
and distinct Apg
and Apg i ¥
and Apg t* P
and Apg ix @
and Apg tx M
and rParl: AP’ Ap Up Ag ¥g. [¥ ® Yo > P —jM(v*zvec)(N) < P’
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extractFrame P = (Ap, Up); extractFrame Q = (Ag, ¥g);
distinct Ap; distinct Ag; Ap #x W; Ap #x P; Ap fx
Q; Ap #x M; Ag #x U; Ag fx P; Ag fx Q; Ag tx M;
Ap ﬁ* \IIQ; AQ ﬁ* \I/p; Ap ﬁ* AQ; APQ = AP@AQ;
Upg =¥p ® Vo] = Prop (P'| Q)
and rPar2: NQ' Ap ¥p Ag V. [V ® Up > Q —M(vxzvec)(N) < Q
extractFrame P = (Ap, Up); extractFrame Q = (Ag, ¥q);
distinct Ap; distinct Ag; Ap §x W; Ap #x P; Ap fx
Q; Ap #x M; Ag % U; Ag fx P; Ag fx Q; Ag tx M;
Ap ﬂ* \I’Q; AQ ﬁ* \I/p; Ap ﬂ* AQ; APQ = AP@AQ;
Vpo =Vp ® Vq] = Prop (P | Q)
and rBrCommi: N\¥g P’ Ap ¥p Q' Aq.
[V ® ¥ > P —; M(N|) < P’ extractFrame P = (Ap, Vp); distinct
Ap;
U ® Up > Q+—iM(vszvec)(N) < Q' extractFrame Q = (Ag, Vg);
distinct Ag;
distinct zvec;
Ap #x U5 Ap i+ W5 Ap ix Py Ap x Q5 Ap §x Ag;
AQ ﬁ* \I/; AQ ]j* \I/p; AQ ]j* P; AQ ﬁ* Q;
Ap #x M; Ag t*x M; xvec ix M;
zvec §x U; zvec fx P; xvec fx Q;
APQ = AP@AQ; \I/pQ =Up ® \I/Qﬂ —
Prop (P']| Q)
and rBrComm2: N\¥q P' Ap ¥p Q' Ag.
[¥ @ g > P —iM(vxzvec)(N) < P'; extractFrame P = (Ap, Up);
distinct Ap;
U@ Up> Q—(M(N) < Q) extractFrame Q = (Ag, Vq); distinct
AQ;
distinct xvec;
Ap fx U Ap i+ Wo; Ap fx Py Ap ix Q5 Ap ix Ag;
AQ ﬁ* \I/; AQ ﬂ* \I/p; AQ ﬂ* P; AQ ﬁ* Q;
Ap % M; Ag #x M; avec §x M;
zvec fx U5 zvec fx P; zvec fx Q;
Apg = ApQAg; ¥pg = ¥p ® Vg] =
Prop (P || Q)
shows Prop T
using Trans <xvec #x Uy <xvec fx Py <xvec f*x Q) <xvec fx M>
proof (induct rule: parBrOutputCases[of - - - - - - - (Apg, Tpg)))
case(cParl P’ Ag Uq)
from <Ag #* (Apg, ¥pg)» have Ag 4x Apg and Ag fx ¥pg by simp+
obtain Ap Up where FrP: extractFrame P = (Ap, Vp) and distinct Ap
Ap ﬁ* (P, Q, \IJ, M, AQ, APQ, \I/Q)
by (rule freshFrame)
then have Ap fx P and Ap #x @ and Ap i+ ¥ and Ap ix M and Ap fx Ag
and Ap f#x Apg and Ap #x ¥g
by simp+

have FrQ: extractFrame Q = (Ag, ¥g) by fact
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from <Ag #x P> <Ap tx Ag» FrP have Ag tx ¥p
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ «(Ap fx Ag» <Ap i+ Uy»
(Ag t* ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \I/pQ> by simp
moreover from <distinct Ap» <distinct Ag» <Ap % Ag» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Upg = (p- ¥p) ® (p+ Vo) and Aeq: Apg = (p+ Ap)Q(p - Ag)
using (Ap ﬁ* ApQ) (AQ ﬁ* APQ) <distinct ApQ)
by(elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ ® Uy > P M (v*azvec)(N) < P S «Apg #x Py <Ap #x Py <Ag t*
Py (Apg #x M> (Ap x M» <Ag tx M)» Aeq
have (p - (¥ ® Ug)) > P —iM(vazvec)(N) < P’
by (elim broutputPermFrame) (assumption | simp)+

with S <Apg fx > (Ap i+ ¥ <Ag t+* ¥ Aeqg have U ® (p - ¥g) > P
— M (v*zvec)(N) < P’
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S <Apg fx Py <Ap fx P> <Ag t#* P> Aeq have extractFrame P = ((p -
Ap), p - V¥p)
by (simp add: equts)
moreover from Fr@ have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg tx @ <Ap #x @ Ag §x Q> Aeq have extractFrame Q = ((p -
AQ)? p- \IJQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from <Ap i+ Ag» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[ OF
pt-name-inst, OF at-name-inst))
moreover from <Ap i+ Ugo» have (p - Ap) i (p - Ug) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay x Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg fix ¥» (Apg i P> <Apg i*x @ <Apg f#*
M)> Aeq Veq
by (intro rParl) (assumption | simp)+
next
case(cPar2 Q' Ap Up)
from <Ap tx (Apg, ¥pg) have Ap #x Apg and Ap #* Upg by simp+
obtain Ag ¥y where FrQ: extractFrame Q = (Ag, Vo) and distinct Ag
AQ ﬁ* (P, Q, \I’, M, Ap, APQ, \I/p)
by (rule freshFrame)
then have Ag fx P and Ag f* @ and Ag f#* ¥ and Ag #x M and Ag f*+ Ap
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and Ag #x Apg and Ag fx Up
by simp+

have FrP: extractFrame P = (Ap, Up) by fact

from «Ap tx @ (Ag i Ap> Fr@ have Ap tx Vg
by (force dest: extractFrameFreshChain)

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ (Ag tx Ap» <Ap t* Uy
(Ag t* ¥p>
have <(AP@AQ), Up ® \I/Q> = <APQ, \I/pQ> by simp
moreover from <distinct Ap» <distinct Ag» <Ag #* Ap» have distinct(Ap@QAq)
by(auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@QAg) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Ueq: Upg = (p- ¥p) ® (p - V) and Aeq: Apg = (p+ Ap)Q(p - Ag)
using (Ap ﬁ* ApQ) (AQ ﬁ* APQ) <distinct ApQ)
by (elim frameChainEq’) (assumption | simp add: equts)+

from U ® Up > Q —M(vsavec)(N) < Q" S <Apq t* @ <Ap i+ @ (Ag
fx @ (Apg fx M> <Ap % M> (Ag 1+ M»> Aeq
have (p - (¥ ® Up)) > Q M (v*zvec)(N) < Q’
by (elim broutputPermFrame) (assumption | simp)+
with S <Apg fx U» <Ap #x ¥ <Ag i+ ¥» Aeqg have ¥ @ (p - Up) > Q
M (v*zvec)(N) < Q'
by (simp add: equts)
moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg #x P) <Ap #x P> <Ag #x P> Aeq have extractFrame P = ((p -
Ap), p - Vp)
by (simp add: equts)
moreover from Fr@Q have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #* @ <Ap fx @ <Ag t* @ Aeg have extractFrame Q = ((p -
AQ>7 p- leQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from (Ag #x Ap» have (p - Ap) i (p - Ag) by(simp add: pt-fresh-star-bij| OF
pt-name-inst, OF at-name-inst))
moreover from «Ap i Ug» have (p - Ap) #x (p - ¥g) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay x Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
ultimately show ?case using <Apg fx ¥» <(Apg i P> <Apg i @ <Apg #*
M) Aeq Veq
by (intro rPar2) (assumption | simp)+
next
case(cBrComml $go P' Ap Up Q' Ag)
then have FrP: exstractFrame P = (Ap, Up) and FrQ: estractFrame Q = (Ag,
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Vo)
and Ap #x Apg and Ag fx Apg
by simp+

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ (Ap fx Ag» <Ap t* Ug»
<AQ ﬁ* \pr>
have ((Ap@QAg), Up ® ¥q) = (Apg, ¥pg) by simp
moreover from «distinct Ap» <distinct Ag» <Ap #x Ag>» have distinct(ApQAq)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@QAg) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Yeq: Upg = (p- ¥p) ® (p - Vo) and Aeq: Apg = (p+ Ap)Q(p - Ag)
using (Ap #*x Apg> (Ag #x Apg» «distinct Apg>
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ ® Uy > P +—; M(N) < P» S (Apg % P> <Ap #x P» (Ag fx P»
(Apg tx M» <Ap fix M> <Ag #x M> Aeq
have (p - (¥ ® ¥g)) > P —{ M(N) < P’
by (elim brinputPermFrame) (assumption | simp)+

from U ® Up > Q —M(vszvec)(N) < Q" S <Apg #+ @ (Ag tx @ <Ap
fx @ (Apg fx M> <Ap tx M> (Ag t* M» Aeq
have (p - (T ® ¥p)) > Q —iM(v*zvec)(N) < Q'
by (elim broutputPermFrame) (assumption | simp)+

from «(p - (¥ ® ¥g)) > P —(M(N) < P» S <Apg fx ¥ (Ap #x ¥ (Aqg f#*
Uy Aeq have U @ (p - ¥g) > P —; M(N|) < P’
by (simp add: equts)
moreover from «(p - (¥ ® ¥p)) > Q —iM(v*avec)(N) < Q" S <Apg fx U»
(Ap fx U <Ag t* Uy Aeq have U ® (p - Up) > Q — M (vxavec)(N) < Q'
by (simp add: equts)

moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S (Apg #x P» <Ap #x P> <Ag #x P> Aeq have extractFrame P = ((p -
AP)7 p- \IIP>
by (simp add: equts)
moreover from Fr@Q have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <Apg #* @ <Ap fx @ <Ag t* @ Aeq have extractFrame Q = ((p -
AQ)? p- \IIQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4g)
by simp+
moreover from <Ap i+ Ag» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[OF
pt-name-inst, OF at-name-inst))
moreover from <Ap #+ U have (p - Ap) i (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
moreover from <Ay x Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))
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ultimately show ?case using <distinct xvecy <zvec §x M» <xvec §x U» (xvec fx*
Py <zvec ¥ @ <Apg tx ¥ <Apg t#x Py (Apg fx @ (Apg tx M) Aeq Veq
by (intro rBrComm1) (assumption | simp)+
next
case(cBrComm2 $g P' Ap Up Q' Ag)
then have FrP: exstractFrame P = (Ap, Up) and FrQ: ezstractFrame Q) = (Ag,
Vo)
and Ap #x Apg and Ag fix Apg
by simp+

from <extractFrame(P || Q) = (Apq, Ypq)» FrP FrQ «(Ap fx Ag» <Ap t* Ug»
<AQ ﬁ* \pr>
have ((ApQAg), Up ® ¥q) = (Apg, ¥pg) by simp
moreover from «distinct Ap» «distinct Ag> <Ap §x Ag» have distinct(ApQAg)
by (auto simp add: fresh-star-def fresh-def name-list-supp)
ultimately obtain p where S: set p C set(Ap@Ag) x set((p - Ap)Q(p - Ag))
and distinctPerm p
and Veq: Upy = (p- ¥p) ® (p - V) and Aeq: Apg = (p - Ap)Q(p - Ag)
using (Ap §*x Apg» (A #x Apg» «distinct Apg>
by (elim frameChainEq’) (assumption | simp add: equts)+

from «<¥ ® Vg > P M (vszvec)(N) < P S <Apg #x P> <Ap #x Py <Ag t*
Py (Apg #x M> (Ap fx M <Ag i+ M)» Aeq
have (p - (¥ ® ¥g)) > P —M(v*zvec)(N) < P’
by (elim broutputPermFrame) (assumption | simp)+

from «<U @ ¥p > Q — M(N) < Q" S <Apg #* @ <Ag tx @ Ap t*x @
(Apg tx M» <Ap fix M> «Ag #x M> Aeq
have (p - (T ® Up)) > Q —; M(N) < Q'
by (elim brinputPermFrame) (assumption | simp)+

from «(p - (¥ ® ¥q)) > P —iM(vzvec)(N) < P"» S <Apg tix U» <Ap tx >
(Ag t* Uy Aeqg have U @ (p « Ug) > P +—M(vxavec)(N) < P’
by (simp add: equts)
moreover from «(p - (¥ ® ¥p)) > Q — M(N) < Q" S <Apg fx U» <Ap
Uy <Ag tx Uy Aeqg have U @ (p - ¥p) > Q — M(N) < Q'
by (simp add: equts)

moreover from FrP have (p - extractFrame P) = p - (Ap, Up) by simp
with S <Apg fx Py <Ap fx Py <Ag t#* P> Aeq have extractFrame P = ((p -
AP)7 p- \IIP>
by (simp add: equts)
moreover from Fr@ have (p - extractFrame Q) = p - (Ag, ¥g) by simp
with S <(Apg tx @ <Ap #x @ Ag tx Q> Aeq have extractFrame Q = ((p -
AQ)? p- \IJQ>
by (simp add: equts)
moreover from «distinct Ap» «distinct Ag> have distinct(p - Ap) and distinct(p
- 4q)
by simp+
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moreover from <Ap i+ Ag» have (p+ Ap) #x (p - Ag) by(simp add: pt-fresh-star-bij[OF
pt-name-inst, OF at-name-inst))

moreover from <Ap #+ Uy» have (p - Ap) i (p - V) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst))

moreover from <Ay x Up> have (p - Ag) t* (p - Up) by(simp add: pt-fresh-star-bij|OF
pt-name-inst, OF at-name-inst])

ultimately show ?case using <distinct xvecy <zvec §x M» <xvec §x U» (avec fx*
Py <zvec ix @ <Apg tx ¥ <Apg 1 Py (Apg fx @ (Apg tx M) Aeq Veq

by (intro rBrComm2) (assumption | simp)+

qged

inductive bangPred :: ('a, 'b, 'c) psi = ('a, 'b, 'c) psi = bool
where
auzl: bangPred P (1P)
| auz2: bangPred P (P || !P)

lemma bangInduct[consumes 1, case-names cParl cPar2 cComm1 cComm2 cBrMerge
c¢BrComm1 c¢BrComm?2 cBang|:

fixes U :: b
and P :: (‘a, b, 'c) psi
and Rs :: (‘a, 'b, 'c) residual

and Prop :: 'd::fs-name = 'b = ('a, 'b, '¢) psi = (‘a, 'b, '¢) residual = bool
and C :'d

assumes ¥ > |P — Rs
and rParl: Aa P’ C. [V > P +——a < P’ bn o fx ¥; bn a % P; bn a fx*
subject a; bn a % C; distinct(bn )] = Prop C ¥ (P || 'P) (o < (P IP))
and rPar2: Na P’ C. [V > P —a < P; bn a #x U; bn o fx P; bn a
subject a; bn a % C; distinct(bn «);
NC. Prop C U (IP) (o« < P)] = Prop C ¥ (P || !P) («
< (P | PY)
and rCommi: AM N P’ K zvec P"" C. [V > P —M(N|) < P, ¥ > P
— K (vxavec)(N) < P"; NC. Prop C ¥ (IP) (K (v*zvec)(N) < P"); U F M «
avec fx U; zvec §x P; xvec #x M; zvec #§x K;
zvec §x C; distinct zvec] = Prop C U (P || |P) (7 < (vxavec)(P' || P"))
and rComm2: AM zvec NP' K P" C. [¥ > P —M(vxavec))(N) < P’; ¥ >
IP——K(N|) < P"; NC. Prop C ¥ (IP) (K(N)) < P"); U+ M < K,
avec fx V; zvec §x P; xvec #x M; zvec §x K;
zvec §x C; distinct zvec] = Prop C U (P || |P) (7 < (vxavec) (P’ || P"))
and rBrMerge: AMNP'P" C.[¥ > P+—;M(N)<P;¥r!P—;M(N|
< P"; NC. Prop C ¥ (IP) ((M(N) < P")] =
Prop C W (P || 1P) GM(N) < (P'|| P")
and rBrCommi: A\M N P’ gvec P C. [V > P +—;M(N) < P’; ¥ > P
— M (vxavec)(N) < P''; AC. Prop C ¥ (\P) (iM(vxzvec))(N) < P");
zvec §x U; xvec §x P; zvec ix M; zvec §x C,
distinct zvec] => Prop C ¥ (P || 'P) (jM (v*zvec)(N) < (P’ || P"))
and rBrComm2: AM N P’ zvec P" C. [¥ > P —{M(vszvec)(N) < P} ¥
> P +—iM(N) < P"; AC. Prop C ¥ (\P) (;M(N) < P'";

377



avec fx V; zvec §x P; zvec ix M; zvec §x C)
distinct zvec] = Prop C ¥ (P || |P) ;M (v*zvec)(N) < (P’ || P"))
and rBang: ARs C. [¥ > P || !P — Rs; NC. Prop C ¥ (P || 'P) Rs; guarded
Pl = Prop C ¥ (IP) Rs
shows Prop C ¥ (!P) Rs
proof —
from «¥ > !|P — Rs» have guarded P
by (nominal-induct ¥ P==!P Rs rule: semantics.strong-induct) (auto simp add:
psi.inject)

fix @ :: (Ya, b, 'c) psi
and V' : b

assume U’ > @Q — Rs
and guarded Q)
and bangPred P @
and ¥ ~ U’

then have Prop C ¥ @ Rs using rParl rParl rPar2 rPar2 rComm1 rComm2
rBrMerge rBrComml rBrComm?2 rBang
proof (nominal-induct avoiding: U C rule: semantics.strong-induct)
case(cInput O/ M K zvec N Tvec Q ¥ C)
then show %case by — (ind-cases bangPred P (M (Axzvec N|).Q))
next
case(cBrinput V' K M zvec N Tvec Q ¥ C)
then show ?Zcase by — (ind-cases bangPred P (M (Axzvec N)).Q))
next
case(Output W M KN Q ¥ ()
then show ?case by — (ind-cases bangPred P (M(N).Q))
next
case(BrOutput W M K N Q ¥ ()
then show Zcase by — (ind-cases bangPred P (M(N).Q))
next
case(Case U/ QQ Rs ¢ Cs ¥ C)
then show ?Zcase by — (ind-cases bangPred P (Cases Cs))
next
case(cParl ¥/ ¥p Qa P'R AR ¥ C)
have rPari: Aa P’ C. [V > P —a < P’; bn a % ¥; bn « #x P; bn a fx
subject a; bn a % C; distinct(bn )] = Prop C ¥ (P || !P) (o < (P" ] IP))
by fact
from <bangPred P (Q || R)> have Q@ = P and R = !P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from (R = !P) <extractFrame R = (Ag, YR)» have A =[] and ¥ = 1 by
auto
from <0’ ®@ Up > Q+—a < P» Q=P (U ~T)» (Ip =1 have ¥ > P
—a < P’
by (metis statEqTransition Identity AssertionStatEqSym)
then have Prop C ¥ (P || !P) (a < (P’ | !P)) using <bn « tx U» <bn o fx
@ <bn a tx subject v <bn a fx C» «Q = P> «distinct(bn a)»
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by (intro rParl) auto
with <R = !P» <QQ = P> show ?case by simp
next
case(cPar2 V' ¥p Ra P' Q Ap ¥ C)
have rPar2: Aa P’ C. [¥ > P —sa < P'; bn o #x U; bn « % P; bn « f#x*
subject «; bn o i C; distinct(bn a);
NC. Prop C ¥ (IP) (o < P")] = Prop C ¥ (P || |P) («
< (P | PY)
by fact
from <bangPred P (Q || R)>» have Q = P and R = |P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from <Q = P» <extractFrame Q = (Ap, Up)) <guarded Py have Up ~ 1 and
supp Up = ({}::name set)
by (blast dest: guardedStatEq)+
from V' @ ¥p > R+—a < P» (R='P) «<U ~ Ty «Up ~ 1) have ¥ >
P —a < P’
by (metis statEqTransition Identity Composition Commutativity Assertion-
StatEqSym)
moreover
{
fix C
have bangPred P (1P) by(rule auxl)
moreover from U ~ U/ «Up ~ 1) have ¥V ~ U’ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have A\C. Prop C ¥ (!P) (o < P’) using cPar2 <R = |P»
<guarded P> by simp
}
ultimately have Prop C ¥ (P || !P) (o < (P || P’)) using <bn « #x U <bn
a fx Q) <bn « fx subject ay <bn « tx Cy <Q = Py «distinct(bn «)»
by (elim rPar2) auto
with <R = Py <@ = P> show ?case by simp
next
case(cComm! O/ UVp Q M NP' Ap Up R K zvec P"" Ar ¥ C)
have rComml1: AM N P’ K zvec P"" C. [¥ > P —M(N) < P; ¥ > |P
— K (v*avec)(N) < P''; NC. Prop C' U (IP) (K(v*azvec)(N) < P"); ¥ + M +
K;
avec fx WU; avec §x P; zvec fx M; avec §x K; xvec
tx C; distinct zvec] = Prop C ¥ (P || 'P) (7 < (vxzvec)(P' | P"))
by fact
from <bangPred P (Q || R)> have Q = P and R = !P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from (R = !P) <extractFrame R = (Ag, Yr)» have Agr =[] and ¥ = 1 by
auto
from (V'@ Up > Q —M(N) < P» «Q = Py <¥U >~ U» <Up =1) have ¥
> P+—M(N|) < P’
by(metis statEqTransition Identity AssertionStatEqSym)
moreover from <Q = P» <extractFrame Q = (Ap, Yp)» <guarded P> have
Up ~ 1 and supp Up = ({}::name set)
by (blast dest: guardedStatEq)+
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moreover from (V' ® Up > R —— K (vszvec)(N) < Py <R =1P) «<Up ~
1) «<¥ ~ Uy have ¥ > |P K (vxavec)(N) < P
by (metis statEqTransition Identity Composition Commutativity Assertion-
StatEqSym,)
moreover
{
fix C
have bangPred P (1P) by(rule auxl)
moreover from U ~ U’ «Up ~ 1) have ¥ ~ U/ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have AC. Prop C ¥ (\P) (K (vxzvec)(N) < P"") using cComm1
(R = P> «guarded P> by simp
}
moreover from (V' Q@ Up Q Up - M < K) (Up ~ 1) W ~ U (Wp =1
have V- M <& K
by(metis statEqEnt Identity Composition Commutativity AssertionStatE-
qSym)
ultimately have Prop C ¥ (P || |P) (7 < (vxazvec)(P' | P")) using (zvec
fx Uy <zvec #§x Q> <xvec §x M) <avec fx K> <xvec §x Cr «Q = P» «distinct zvec)
by (elim rComm1[where K=K and M=M and N=N]) auto
with (R = P> <«Q = P»> show ?Zcase by simp
next
case(cComm2 ' Ur Q M avec N P' Ap UVp R K P" Ar ¥ C)
have rComm2: AM zvec N P' K P” C. [V > P ——M (v*zvec)(N) < P, U
> P +—K(N) < P"”; NC. Prop C ¥ (IP) (K(N)) < P"); U - M + K,
avec fx U; avec §x P; zvec fx M; xvec §x K; xvec
tx C; distinct zvec] => Prop C ¥ (P || 'P) (7 < (vxzvec)(P'| P"))
by fact
from <bangPred P (Q || R)> have Q@ = P and R =P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from (R = !P) <extractFrame R = (Ag, YRr)» have Agr =[] and ¥ = 1 by
auto
from V' ® Ui > Q —> M(vxavec)(N) < P «Q = P> U ~U) Up=1)
have ¥ > P — M (v*zvec)(N) < P’
by (metis statEqTransition Identity AssertionStatEqSym)
moreover from Q) = Py <extractFrame Q = (Ap, Up)» <guarded P> have
Up ~ 1 and supp Up = ({}::name set)
by (blast dest: guardedStatEq)+
moreover from (V' ® ¥p > R+—K(N|) < P'"» <R =Py «<Up >~ 1) (U ~
U’y have ¥ > |P +—K(N) < P"
by (metis statEqTransition Identity Composition Commutativity Assertion-
StatEqSym,)
moreover
{
fix C
have bangPred P (1P) by(rule auxl)
moreover from (U ~ ¥’ «Up ~ 1) have ¥ ~ U/ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have AC. Prop C ¥ (!P) (K(N|) < P”) using cComm?2 <R =
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\P) <guarded P> by simp
}
moreover from (V' @ Up @ UV M < Ky <Up ~ 1y (0 ~ U) (Ip =1
have V- M <& K
by(metis statEqEnt Identity Composition Commutativity AssertionStatE-
qSym)
ultimately have Prop C U (P || !P) (7 < (v*zvec)) (P’ | P")) using <zvec
fx Uy <zvec x Q> <xvec fx M> <xvec x K> <xvec fx C) <Q = P» «distinct zvecs
by (elim rComm2[where K=K and M=M and N=N]) auto
with <R = Py <@ = P> show ?case by simp
next
case(cBrMerge V' UVp Q M N P’ Ap Up R P" Ap ¥ ()
have rBrMerge: AMNP'P" C. [V > P+——;M(N) < P;¥>!P—;M(N)
< P"; NC. Prop C ¥ (IP) ((M(N) < P")] =
Prop CW (P || 'P) (M(N) < (P' | P™)
by fact
from <bangPred P (Q || R)> have @ = P and R = |P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from <R = Py <extractFrame R = (Ar, Ugr)» have Ag =[] and ¥ = 1 by
auto
from <0’ @ Up > Q —  M(N) < P»<«Q = P> «<¥ ~ ¥ (Up = 1) have
V> P+——;M(N) <P’
by(metis statEqTransition Identity AssertionStatEqSym)
moreover from «Q = Py <extractFrame Q = (Ap, Up)» <guarded P) have
Up ~ 1 and supp ¥p = ({}::name set)
by (blast dest: guardedStatEq)+
from (V' ® ¥p > R+—;, M(N|) < Py <R =Py <U ~ ¥’ «Up ~ 1) have
U P+, M(N|) < P"
by (metis AssertionStatEqSym Identity compositionSym statEqTransition)
moreover
{
fix C
have bangPred P (1P) by(rule aux1)
moreover from (¥ ~ U (Up ~ 1) have ¥ ~ U’ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have AC. Prop C ¥ (IP) ((M(N|) < P”) using cBrMerge (R
= P <guarded P> by simp

ultimately have Prop C ¥ (P || |P) ((M(N) < (P"| P"))
by (elim rBrMerge) auto
with <R = Py <QQ = P> show ?case by simp
next
case(cBrComm1 V' Vg Q M N P’ Ap Up R zvec P Ar ¥ C)
have rBrCommi1: AM N P’ zvec P C. [¥ > P —;M(N|) < P'; ¥ > |P
— M (vxavec)(N) < P''; AC. Prop C ¥ (\P) (iM(vxzvec))(N) < P");
zvec §x U; xvec §x P; zvec ix M; zvec §x C,
distinct zvec] => Prop C ¥ (P || 'P) (jM (v*zvec)(N) < (P’ || P"))
by fact
from <bangPred P (Q || R)> have Q@ = P and R = !P
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by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from (R =P <extractFrame R = (Ar, Yr)» have A =[] and ¥ = 1 by
auto
from <0’ @ Up > Q — M(N) < P»<«Q = P> «<¥ ~ ¥ (Up = 1) have
Up>Pr—;M(N) <P’
by(metis statEqTransition Identity AssertionStatEqSym)
moreover from (@ = Py <extractFrame Q = (Ap, Up)» <guarded Py have
Up ~ 1 and supp Vp = ({}::name set)
by (blast dest: guardedStatEq)+
moreover from (V' ® Up > R —M(vxzvec)(N) < P'y <R =Py «Up ~
1) «<U ~ U have U > |P —{M (v*zvec))(N) < P”'
by (metis statEqTransition Identity Composition Commutativity Assertion-
StatEqSym)
moreover
{
fix C
have bangPred P (1P) by(rule aux1)
moreover from (¥ ~ ¥U» (Up ~ 1) have ¥ ~ U’ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have AC. Prop C ¥ (1P) (M (v*zvec)(N) < P’) using
cBrComml <R = P> <quarded P> by simp
}
ultimately have Prop C ¥ (P || IP) (M (v*zvec))(N) < (P’ || P")) using
<zvec fx Uy <xvec fx Q> «xvec fx M> <zvec #x C) «Q = P» <«distinct zvec)
by (elim rBrComm1) auto
with <R = Py <Q) = P> show ?case by simp
next
case(cBrComm2 V' Uy Q M avec N P’ Ap ¥p R P" Ar ¥ C)
have rBrComm2: AM N P’ zvec P" C. [V > P —M (v*zvec)(N) < P’ ¥
> P +—;M(N) < P"”; AC. Prop C ¥ (\P) (;M(N) < P'";
zvec #x U; zvec ix P; zvec fx M; xvec §x C;
distinct zvec] => Prop C ¥ (P || 'P) (;M (v*zvec)(N) < (P’ || P"))
by fact
from <bangPred P (Q || R)> have Q@ = P and R = |P
by — (ind-cases bangPred P (Q || R), auto simp add: psi.inject)+
from (R = !P) <extractFrame R = (Ag, Yr)» have Agr =[] and ¥ = 1 by
auto
from <0’ @ Up > Q —jM(vxavec)(N) < P» «Q = Py U ~U) «¥p =1,
have U > P M (v*zvec))(N) < P’
by (metis statEqTransition Identity AssertionStatEqSym)
moreover from <@ = Py <extractFrame Q = (Ap, Vp)» <guarded P> have
Up ~ 1 and supp Up = ({}::name set)
by (blast dest: guardedStatEq)+
moreover from <0’ ® ¥p > R+ M(N) < Py <R =Py <Up ~ 1) T
~ ¥’ have ¥ > |P —; M(N|) < P"
by (metis statEqTransition Identity Composition Commutativity Assertion-
StatEqSym,)
moreover

{

382



fix C
have bangPred P (1P) by(rule aux1)
moreover from U ~ U’ «Up ~ 1) have ¥ ~ U/ @ Up by(metis
Composition Identity Commutativity AssertionStatEqSym AssertionStatEqTrans)
ultimately have AC. Prop C ¥ (\P) (;M(N|)) < P') using c¢BrComm?2
<R = P> «guarded P> by simp
}
ultimately have Prop C U (P || |P) (jM(v*zvec)(N) < (P’ | P')) using
<zvec fx Uy <xvec fx Q) <xvec fx M»y <xvec #x C) <«Q = P» <«distinct zvec)
by (elim rBrComm?2) auto
with <R = Py <) = P> show ?case by simp
next
case(cBrClose ¥/ Q M avec N P’z ¥ ()
then show ?case by — (ind-cases bangPred P ((vz)@Q))
next
case(cOpen U Q M zvec yvec N P’ z C)
then show %case by — (ind-cases bangPred P ((vz|) Q))
next
case(cBrOpen U Q M zvec yvec N P’ z C)
then show ?Zcase by — (ind-cases bangPred P ((vz)@Q))
next
case(cScope ¥ Q a P’z C)
then show %case by — (ind-cases bangPred P ((vz|) Q))
next
case(Bang U’ Q Rs ¥ ()
have rBang: ARs C. [¥ > P || !P — Rs; AC. Prop C U (P || !P) Rs;
guarded P] = Prop C' ¥ (IP) Rs
by fact
from <bangPred P (1Q)> have P = @
by — (ind-cases bangPred P (1Q), auto simp add: psi.inject)
with «<¥'> Q || 'Q — Rs» <¥ ~ Uy have ¥ > P || |P — Rs by(metis
statEqTransition AssertionStatEqSym)
moreover
{
fix C
have bangPred P (P || |P) by(rule auz2)
with Bang <P = @»> have AC. Prop C ¥ (P || |P) Rs by simp
}
moreover from <guarded () <P = (> have guarded P by simp
ultimately have Prop C' ¥ (1P) Rs by(rule rBang)
with <P = @) show ?case by simp
qed
}
with «guarded P> <V > |P —— Rs»
show ?thesis by(force intro: auxl)
qed

lemma bangInputInduct[consumes 1, case-names cParl cPar2 cBang]:
fixesU :'b
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and P :: ('a, b, 'c) psi

and M :'a

and N :'a

and P’ :: (‘a, b, 'c) psi

and Prop :: 'b = (‘a, 'b, 'c) psi = 'a = ‘a = (‘a, 'b, 'c) psi = bool

assumes ¥ > |P — M(N|) < P’
and rParl: AP ¥ > P+—M(N) < P'= Prop ¥ (P ||!P) MN (P'| !P)
and rPar2: AP [V > P —M(N) < P’ Prop ¥ (\P) M N P]| = Prop ¥
(P 1P) MN (P | P!
and rBang: AP [ > P || !P —M(N|) < P’; Prop ¥ (P || 'P) M N P/
guarded P| = Prop ¥ (IP) M N P’
shows Prop ¥ (IP) M N P’
using «¥ > |P — M (N) < P’
by(nominal-induct ¥ P Rs==M(N|) < P’ arbitrary: P’ rule: bangInduct)
(auto simp add: residuallnject intro: rParl rPar2 rBang)

lemma brbangInputinduct[consumes 1, case-names cParl cPar2 cBrMerge cBangl:
fixes U b
and P :: (‘a, b, 'c) psi
and M :'a
and N :'a
and P’ :: ('a, b, 'c) psi
and Prop :: 'b = (‘a, 'b, 'c) psi = 'a = 'a = (‘a, 'b, 'c¢) psi = bool

assumes ¥ > I[P —; M(N|) < P’

and rPari: AP ¥ > P+—;M(N) < P'= Prop ¥ (P ||!P) M N (P
1P)

and rPar2: AP [¥ > |P —;M(N|) < P’; Prop ¥ (\P) M N P'| = Prop
U (P|P)MN (P| P

and rBrMerge: AP’ P C. [V > P —;M(N|) < P; ¥ > |P —; M(N) <
P"; NC. Prop ¥ (!\P) M N P'"] =

Prop W (P | 'P) M N (P'| P”)

and rBang: AP [Y > P || '\P —;M(N) < P’; Prop ¥ (P || !P) M N P’
guarded P] = Prop ¥ (!1P) M N P’
shows Prop ¥ (\P) M N P’

using «¥ > |P —;M(N]) < P’

by (nominal-induct ¥ P Rs==; M(N|) < P’ arbitrary: P’ rule: bangInduct)

(auto simp add: residuallnject intro: rParl rPar2 rBrMerge rBang)

lemma bangOutputinduct[consumes 1, case-names cParl cPar2 cBang|:
fixes U b
and P :: (‘a, b, 'c) psi

and M ::'a
and zvec :: name list
and N :'a

and P’ :: (‘a, b, 'c) psi
and Prop :: 'd::fs-name = ‘b = (‘a, 'b, 'c) psi = 'a = ('a, 'b, '¢) boundOutput
= bool
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and C ::'d

assumes ¥ > |P — M (vxzvec|)(N) < P’

and rParl: Nzvec N P’ C. [V > P — M (vxavec)(N) < P’; zvec i V; zvec
fx P; avec §x M; xvec tx C; distinct zvec] = Prop C U (P || !P) M ((vxzvec) N
<P PY)

and rPar2: Aavec N P’ C. [¥ > |P —— M (vxavec)(N) < P’; NC. Prop C ¥
(IP) M ((vxzvec)N <’ P’); zvec % U; zvec ix P; zvec i+ M; xvec fx C; distinct
zvec] =

Prop C U (P || !P) M ((v*zvec)N <’ (P || P"))

and rBang: A\BC. [V > P | !P+——(ROut M B); ANC. Prop C ¥ (P | 'P) M

B; guarded P] = Prop C ¥ (\P) M B

shows Prop C ¥ (1P) M ((vxavec)N <’ P’
using «¥ > |P — M (vzvec)(N) < P’
apply(simp add: residuallnject)
by (nominal-induct ¥ P Rs==ROut M ((v+zvec) N <’ P') avoiding: C arbitrary:
avec N P’ rule: bangInduct)
(force simp add: residuallnject intro: rParl rPar2 rBang)+

lemma bangTaulnduct[consumes 1, case-names cParl cPar2 cCommi1 cComm2
cBany]:
fixes U :: b
and P :: (‘a, b, 'c) psi
and P’ :: (‘a, b, 'c) psi
and Prop :: 'd::fs-name = 'b = (‘a, 'b, 'c) psi = (‘a, 'b, '¢) psi = bool
and C :'d

assumes ¥ > |P —7 < P’
and rParl: AP’ C. ¥ > P+——7 < P' = Prop C ¥ (P | !P) (P'||!P)
and rPar2: AP’ C. [¥ > P —7 < P'; AC. Prop C U (IP) P| = Prop C
w (P | 1P) (P P
and rComml: AM N P’ K zvec P C. [V > P —M(N) < P; U > IP
— K (vxzvec)(N) < P, U+ M + K;
avec fx U; zvec §x P; xvec #x M; zvec #§x K;
zvec §x C] = Prop C U (P || |P) ((vxavec)(P' || P"))
and rComm2: AM N P’ K gvec P"" C. [¥ > P — M (vxavec))(N) < P'; ¥ >
IP —K(N) < P", O - M < K;
avec fx V; zvec §x P; xvec #x M; zvec §x K;
zvec §x C] = Prop C U (P || \P) ((vxavec)(P' || P"))
and rBang: AP’ C. [V > P || P +——7 < P ANC. Prop C ¥ (P || IP) P
guarded P] = Prop C ¥ (IP) P

shows Prop C ¥ (1P) P’
using ¥ > !P 7 < P’
by (nominal-induct ¥ P Rs==1 < P’ avoiding: C arbitrary: P’ rule: bangInduct)

(auto simp add: residuallnject intro: rParl rPar2 rComml rComm2 rBang)

lemma bangInduct’[consumes 2, case-names cAlpha cParl cPar2 cComm1 cComm2
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c¢BrMerge ¢cBrComm1 ¢BrComm?2 cBang]:

fixes U = 'b
and P :: (‘a, b, 'c) psi
and o :: ‘a action

and P’ :: (‘a, b, 'c) psi

and Prop :: 'd::fs-name = 'b = (‘a, 'b, 'c) psi = 'a action = ('a, 'b, 'c) psi
= bool

and C :: 'd:fs-name

assumes ¥ > |P —a < P’
and bn « f* subject «
and rAlpha: Aa P'p C. [bn a #x U; bn « §* P; bn « #x subject a; bn a #x C;
set p C set(bn «) x set(bn(p + «)); distinctPerm p;
bn(p - ) tx o; bn(p + ) §x P’; Prop C ¥ (P || 'P) «
P =
Prop C W (P \P) (5 - ) (p - P
and rParl: Na P’ C.
[¥ > P—a < P; bn a fix U; bn a ix P; bn « ix subject a; bn «
tx C; distinct(bn o)] =
Prop C ¥ (P || 'P) a (P"] 'P)
and rPar2: Na P’ C.
[¥ > !P+——a < P ANC. Prop C ¥ (IP) o P/
bn o fix U; bn « fx P; bn « #x subject «; bn « #§x C; distinct(bn
a)] =
Prop C 9 (P ||!'P) a (P || P’
and rCommi: AM N P’ K zvec P"" C. [V > P —M(N|) < P, ¥ > P
— K (vxavec)(N) < P"; ANC. Prop C U (IP) (K(vxavec)(N)) P"; ¥+ M + K,
avec fx V; zvec §x P; xvec #x M; zvec §x K;
zvec §x C; distinct zvec] = Prop C U (P || IP) (1) ((v*zvec)(P' || P"))
and rComm2: AM zvec NP' K P" C. [¥ > P — M(vxavec))(N) < P’; ¥ >
P —K(N) < P"; NC. Prop C ¥ (1P) (K(N)) P"; ¥ F M < K;
zvec §x U; xvec #x P; zvec fx M; zvec §x K;
avec #x C; distinct zvec] = Prop C ¥ (P || \P) (1) ((v*xzvec)(P' | P"))
and rBrMerge: AMNP'P" C.[¥ > Pr—;M(N|) < P;¥r!P—;M(N|
< P NC. Prop C ¥ (IP) ((M(N)) P"] =
Prop C W (P || 'P) M(ND) (P’ | P")
and rBrComml: AM N P’ zvec P C. [V > P —;M(N) < P’; ¥ > |P
— M (v*zvec)(N) < P""; NC. Prop C U (IP) (jM(vxzvec)(N)) P",
zvec tx W; qvec fx P; zvec fix M; xvec §x C)
distinct zvec] = Prop C ¥ (P || |P) (M (v*zvec)(N)) (P’ | P")
and rBrComm2: AM N P’ xvec P C. [V > P —jM(vxavec)(N) < P’ ¥
> 1P —; M(N) < P"; NC. Prop C ¥ (\P) (;M(N)) P";
avec fx U; zvec §x P; xvec ix M; zvec §x C)
distinct zvec] => Prop C ¥ (P || 'P) (jM (v*zvec)(N)) (P’ | P")
and rBang: Aa P'C.
[¥ > P ||!P+——a < P’; guarded P; ANC. Prop C ¥ (P | IP) «
P’; guarded P; distinct(bn o)] =
Prop C ¥ (\P) o P’
shows Prop C ¥ (IP) o P’
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proof —
from U > P —a < P’ have distinct(bn «) by(rule boundOutputDistinct)
with <& > IP —a < P’ <bn o #x subject oy show ?thesis
proof (nominal-induct ¥ P Rs==a < P’ avoiding: C a P’ rule: banglInduct)
case(cParl a P’ C o' P")
note «« < (P'||!P)=a’< P')
moreover from «bn « fx o> have bn a f#* bn o’ by simp
moreover note <distinct(bn «)» «distinct(bn a'))
moreover from <bn « fx subject a» have bn a fx (o < P’ || |P) by simp
moreover from <bn o’ §x subject o’y have bn o' i (o’ < P”) by simp
ultimately obtain p where S: set p C set(bn a) x set(bn(p - «)) and
distinctPerm p and o’ = p - «
and Pleq: P =p - (P'| !P) and bn(p - @) fx o and bn(p - a) tx (P’ || I P)
by (elim residualEq)

from «<¥ > P ——a < P <bn a fx U <bn a {x P> <bn a #* subject a» <bn «
fx C» «distinct(bn a)»
have Prop C ¥ (P || !P) « (P !P)
by (rule rParl)

with <bn o fx U <bn a fx P> <bn a §* subject oy <bn « fx C» S «distinctPerm
p <bn a fx a’y <bn o $x Py «a' = (p - @)y Pleq <bn(p - ) tx a» <bn(p - «) fx
(P | 1P,
have Prop C W (P || !P) (p - «) (p - (P 'P))
by (elim rAlpha)
with P'eq <a’ = p - a» «distinctPerm p> show ?case by simp
next
case(cPar2 o P’ C o' P")
note <«a < (P | P)=a’'< P
moreover from <bn o #* o> have bn a f#* bn o’ by simp
moreover note <distinct(bn «)» «distinct(bn a’))
moreover from <bn o fx subject oy have bn « fx (o < P || P’) by simp
moreover from <bn o’ fx subject o> have bn a’ fx (o’ < P') by simp
ultimately obtain p where S: set p C set(bn a) x set(bn(p - «)) and
distinctPerm p and o’ = p - «
and Pleq: P"=p- (P | P') and bn(p - o) #§* o and bn(p - «) i+ (P || P’)
by (elim residualEq)

note <¥ > |P —a < Ph

moreover from <bn « #x subject vy <distinct(bn «)» have AC. Prop C ¥ (IP)
a P’ by(intro cPar2) auto

moreover note <bn « fix Uy <bn a f#x Py <bn o f* subject a» <bn a fx C»
<distinct(bn o)

ultimately have Prop C ¥ (P || |P) a (P || P/)

by (rule rPar2)

with «bn « fx U <bn a fx P> <bn o #* subject ay <bn o fx C» S «distinctPerm
pr <bn a gx a’y <bn atx Py «a' = (p - ) Pleq <bn(p - a) fx a <bn(p - a) fx (P
I P)

have Prop C U (P || 'P) (p-«) (p- (P | P")
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by (elim rAlpha)
with P'eq <o’ = p - a» show ?case by simp
next
case(cComml1 M N P’ K zvec P" C « P'")
then have Prop C U (P || !P) (1) ((v*avec) (P’ || P"))
by (elim rComm1) (assumption | simp)+
then show ?Zcase using «r < (vxazvec)(P' || P") = o < P
by (simp add: residuallnject)
next
case(cComm2 M zvec N P' K P" C o P""")
then have Prop C U (P || !P) (1) ((v*zvec) (P’ || P"))
by (elim rComm2) (assumption | simp)+
then show ?Zcase using v < (vxzvec)(P' || P") = a < P
by (simp add: residuallnject)
next
case(cBrMerge M N P' P" C o P"")
then have Prop C W (P || 'P) ((M(N)) (P'] P")
by (elim rBrMerge) (assumption | simp)+
then show ?case using ((M(N) < P’ || P""=a < P"")
by (simp add: residuallnject)
next
case(cBrComm1 M N P’ xvec P" C o P'")
note <((jM(vxavec)(N)) < (P'|| P") = a < P"")
moreover from (zvec §x a» have zvec #* bn o by simp
moreover note <distinct zvecy <distinct(bn a)»
moreover from <zvec fx M»> have zvec fx ((iM(v*zvec))(N)) < (P’ | P")) by
stmp
moreover from <bn « f* subject a» have bn o i (o < P""’) by simp
ultimately obtain p where S: set p C set zvec X set(p - zvec) and distinct-
Perm p and « = p - (jM(vxavec)(N))
and Pleq: P""'=p - (P'|| P") and (p - avec) t* (jM (vxavec)(N)) and (p -
avec) tx (P’ | P')
using residualEq[where a=(jM (vxzvec|)(N)) and S=«| by (smt (verit, best)
Sigma-cong bn.simps(4) bnEqut)

from c¢BrComml1 have Prop C U (P || !P) (iM(v*zvec)(N)) (P’ || P")
by (elim rBrComm1) (assumption | simp)+

with «zvec fx U) <xvec fx Py <xvec §x M» <zxvec fx C» S <distinctPerm p> <xvec fx
ay «xvec x Py c«a = (p - (M (vxavec)(N)))» P'eq «(p - zvec) #* (M (v+zvec)(N))»
«(p - avec) tx (P] P")
have Prop C ¥ (P || 'P) (p « (M (v*zvec)(N))) (p - (P | P"))
by (intro rAlpha) simp+

with Pleq «a = p - (M (v*zvec)(N))> «distinctPerm p> show Zcase by simp
next

case(cBrComm2 M N P’ zvec P"” C o P'"")

note <«(jM(vxzvec)(N)) < (P"|| Py =a < P""

moreover from <zvec f* o have zvec f* bn a by simp

388



moreover note <distinct zvec) <distinct(bn «)»
moreover from <zvec fx M> have zvec fx ((jM (v*zvec)(N)) < (P’ | P")) by
stmp
moreover from <bn « fx subject a» have bn « fx (o < P'"') by simp
ultimately obtain p where S: set p C set zvec X set(p - zvec) and distinct-
Perm p and « = p - (jM (vxavec)(N))
and Pleq: P"""=p - (P'|| P") and (p - avec) t* (;M (v+avec)(N)) and (p -
avec) tx (P’ || P")
using residualEgq[where a=(jM (vxavec)(N)) and f=a| by (smt (verit, best)
Sigma-cong bn.simps(4) bnEqut)

from c¢BrComm2 have Prop C U (P || !P) (iM(v*zvec)(N)) (P'|| P")
by (elim rBrComm?2) (assumption | simp)+

with <zvec fx Uy <xvec #x Py <xvec ix M» <xvec §x C» S «distinctPerm p) <xvec fx
ay <xvee tx Py ca= (p » (M (vxavec)(N)))» P'eq «(p - zvec) t* (M (vxzvec)(N))»
«(p - wvec) tx (P' || P")»
have Prop C W (P || IP) (p - (M(wszoec)(N))) (p - (P' || P"))
by (intro rAlpha) simp+

with Pleq <o = p - (M (v*zvec)(N))> «distinctPerm p> show Zcase by simp
next
case(cBang C a P’)
then show ?case by(auto intro: rBang)
qed
qged

lemma brComminAuxzTooMuch:

fixesU b

and Uy = 'b

and R :: (‘a, 'b, 'c) psi
and M :'a

and N :'a

and R’ :: (‘a, ’b, 'c) psi
and Ar :: name list
and Vp = 'b

and Ap :: name list
and Up b

and Ag :: name list

assumes RTrans: ¥ @ Uy > R —( M(N) < R’
and FrR: extractFrame R = (Agr, UR)
and distinct Ag
and QimpP: (Ag, (¥ ® ¥g) ® ¥r) —r (Ap, (T ® ¥p) ® Up)
and Apr fx Ap
and Ap ix Ag
and Ap f#x ¥
and Ap fx Up
and Ap fx VYo
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and Ap ix (¥ ® ¥g)
and Agp f*x R
and Ag fx M
and Ap fx R
and Ap fx M
and Ag #x R
and Ag fx M

shows ¥ @ ¥p > R+—; M(N) < R’
using assms
proof (nominal-induct avoiding: Ap ¥p Ag ¥g V¥ rule: brinputFramelnduct)
case(cAlpha v'P MNP’ AR \I/R p AP \I/p AQ \IJQ \I/)
have S: set p C set Ar x set (p - Ar) by fact
from <<AQ, U ® (p . \I’R)> —>F <AP, (ﬂj} ® \I/p) (9 (p . \I/R)>>
have (p - (Ag, ' & (p - W) “r (p - (Ap, (0 @ Wp) @ (p - Up)))
by (rule FrameStatImpClosed)
with <Agr fx Ap) «(p + AR) tix Ap> <Agr tx U «(p - AR) tix U (A tx Up> «(p
- Ag) i Upy» <Ag #x A
(p- Ag) tix Ag> <Ag tx U» «(p - Ar) t* U» S «distinctPerm p»
have (Ag, U/ ® Ug) —p (Ap, (¥ ® ¥p) ® Ug) by(simp add: equts)
moreover note <Ag i+ U (Ap #x U <Ag tix P> (Ap % Up) <Ap fx ¥g» <Ap
fx M> <Ap #x P>
(Ag t* P> <Ap tx M> (Ag fix M» <Ag t* Ap> <Agr ix Ag>
ultimately show ?case
by (elim cAlpha)
next
case(cBrinput ¥’ M K zvec N Tvec P Ap ¥p Ag ¥q V)
from <Ap fx (M(Axzvec N|).P)> <Ag #* (M(A*zvec NJ|).P)>
have Ap #§x M and Ag #x M by simp+
from <V’ - K > M)>
have V'@ 1+ K = M
by (blast intro: statEqEnt Identity AssertionStatEqSym)
with (Adg #x K> «Ag #x M)
have ((Ag, ¥'® 1)) Fr K = M
by (force intro: framelmpl)
with (<AQ, v ® 1> —F <Ap7 (‘I’ & \I/p) ® 1>>
have (<AP7 (\If ® \I/p) ® 1>) }_F K i M
by(simp add: FrameStatImp-def)
with (Ap #+ K> <Ap #x M> have (V @ Up) ® 1 F K = M
by (force dest: framelmpE)
then have ¥ ® Up - K = M by(blast intro: statEqEnt Identity)
then show ?Zcase using <distinct zvec) <set xvec C supp N> <length xvec = length
Tvec»
by (rule Brinput)
next
case(cCase U P M NP ¢ Cs Ar U Ag Vo Ap Up ¥)
from <Ap tx (Cases Cs)y <Ag #x (Cases Cs)y (¢, P) € set Cs»
have Ap #§x P and Ag fx P and Ap #* ¢ and Ag f* ¢
by (auto dest: memFreshChain)
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from (¥’ + )
have U/ @ 1+ ¢
by (blast intro: statEqEnt Identity AssertionStatEqSym,)
with <Ap tx ¢
have (<Ap, U'® 1>) Fr ©
by (force intro: framelmpl)
with <<Ap, U'® 1> —F <AQ, (\I/ ® \I/Q) ® 1>)
have ((4g, (Y ® ¥o) ® 1)) Fr ¢
by (simp add: FrameStatImp-def)
with <Ag i+ ¢» have (¥ @ ¥g) @ 1 F ¢
by (force dest: frameImpE)
then have U ® Vg - ¢ by(blast intro: statEqEnt Identity)

have <Ap7 v ® \IJR> —F <AQ, (\I/ & \IJQ> X \IIR>
proof —
from (Ui ~ 1) have (Adp, ¥/ ® Ug) ~p (Ap, ¥'® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note ((Ap, ¥/ ® 1) —r (Ag, (T ® ¥g) @ 1)
moreover from ¥y ~ 1) have (Ag, (¥ ® ¥g) ® 1) ~p (4dg, (T @ Tg) ®
Vr)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qged
moreover note <Ap fx U (A fx U <(Ap fx Py <A tx U <Ap fx M)
(Ag #x P> <Ap #x P> <Ag #x M» (Ap tx M) <Agr #x Ag> (AR tix Ap>
ultimately have ¥V @ g > P +— ;M(N|) < P’
by (elim cCase(4))
moreover note (¢, P) € set Cs» <V @ Vg - ¢r <guarded P»
ultimately show ?case
by (rule Case)
next
case(cParl V' ¥ PM NP’ Ag Q Ap ¥p Ap' ¥p' Ag' ¥o' W)
from <extractFrame Q = (Ag, Vq)» <Ag #x Ap"» <Ap' #x (P || Q) have Ap’
i o
by (force dest: extractFrameFreshChain)

have (Ap’, (V @ ¥p') @ Up ® ¥q) —r (Ap', (V@ ¥p') ® Yo ® Up)
by (metis Commutativity FrameStatEq-def framelntCompositionSym)
moreover have <Ap/, (‘I/ ® \I/P/) & \I/Q ® \I’p> —F <Ap/, ((\I/ & \I/p/) ® \I’Q)
® ¥p)
by (metis FrameStatEq-def framelntAssociativity)
moreover have (Ap’, (¥ ® Up') ® ¥g) ® Up) —r (Ap’, (VT @ Vg) @ ¥p')
® Up)
by (metis FrameStatEq-def associativitySym framelIntComposition)
ultimately have right: (Ap’, (T ® Up') @ ¥p @ Ug) —r (Ap/, (¥ ® Vp)
R Up') @ Up)
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by (metis FrameStatImp Trans)
have <AQ/, U’ ® Up ® \I/Q> —F <AQ/, U ® \I/Q X \I/p>
by (metis AssertionStatEq-def Commutativity compositionSym framelImpNil-
StatEq framelmpResChainPres)
moreover have (Ag’, ¥/ ® ¥g ® ¥p) —r (Ag’, (V' @ Uy) @ Up)
by (metis FrameStatEq-def framelntAssociativity)
ultimately have left: (Ag’, ¥/ ® ¥p @ Ug) —r (Ag’, (V' ® ¥g) ® ¥p)
by (metis FrameStatImp Trans)
from (Ag/, ¥/ @ ¥p @ Ug) —r (Ap’, (T @ Up') @ Up @ Vg)» left right
have (Ag’, (¥'® ¥g) @ Up) —p (Ap’, (¥ @ ¥g) @ Up') ® Up)
by (metis AssertionStatEqSym AssertionStatEqTrans AssertionStatEq-def Asso-
ciativity FrameStatImp Trans associativitySym frameImpNilStatEq framelmpResChain-
Pres)
moreover note <Ap fx U (Ap tx Uy (Ap 4% Uy <Ap % U <Ap #x Py <Ap
g M>
(Ap 8% Up" <Ap'tx (P || Q) (Ag’ tx (P || Q) <Ap ' tx Yoy <Ap' i« M> <Ag’
fx M> <Ap i+ Ap"» <Ap tx Agh
ultimately have (V @ ¥g) @ ¥p' > P +— (M(N|) < P’
by(elim cPar1(6)) (simp | force)+
then have (¥ @ Up') @ UV > P+— ;M(N) < P’
by (metis associativitySym statEqTransition)

moreover note <extractFrame Q = (Ag, Vo) Ag tx U» <Ag i+ Uph
(Ag #x Py <Ag #x M> (Ag tx N>
ultimately show ?case
by (elim Parl) (simp | force)+
next
case(cParQ v’ \I/p Q M N Q/ AP PAQ \I/Q AP,\IIP/ AQ,\IIQ,\II)
from <extractFrame P = (Ap, Up)» <Ap #§x Ap”"y «(Ap'#x (P | Q) have Ap' fx
vp
by (force dest: extractFrameFreshChain)
have <Ap/, (\I’ X \I/p/) QR Yp ® \I’Q> —F <Ap/, ((\I’ ® \I/p/) X \I’p) X \I/Q>
by (metis FrameStatEq-def framelntAssociativity)
moreover have (Ap’, (¥ ® Up') ® Up) ® V) —r (Ap’, (Y @ Up) @ ¥p')
® Yo)
by (metis FrameStatEq-def associativitySym framelIntComposition)
ultimately have T‘Zght <Ap/, (\IJ X \I/p/) X \I/p X \I/Q> —F <AP/, ((\I/ [024] \I/p)
@ VUp') ® Vo)
by (metis FrameStatImp Trans)
moreover have left: (Ag/, ¥/ @ Up @ Ug) —p (Ag’, (¥ @ ¥p) @ ¥g)
by (metis FrameStatEq-def framelntAssociativity)
from <<AQI, U ® Up ® \IJQ> —F <Ap/7 (\IJ ® \I/p/) RUYp ® \IJQ>> left ’I"Zght
have <AQ/, (\I//(X) \pr) ® \I/Q> —r <Ap/7 ((\I/ (024] \I/p) X \I’p/) ® \I/Q>
by (metis FrameStatEqg-def FrameStatImp Trans framelntAssociativity)
moreover note <Ag fx U (Ag i+ Upr (Ag i U <Ag fx Up) (Ag fx @ <Ag
fx M>
(Ag i+ Uph <Ap'fx (P || Q) <Ag'#x (P || Q) <Ap'tx Upy <Ap'#x M> <Ag’
fx M> <Ag tx Ag’ <Ag #x Aph
ultimately have (V @ Up) @ Up' > Q — (M(N) < Q'
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by (elim cPar2(6)) (simp | force)+
then have (¥ ® Up') @ Up > Q — (M(N) < Q'
by (metis associativitySym statEqTransition)
moreover note <extractFrame P = (Ap, Up) <Ap fx U» <Ap fx Up’
(Ap fix Q> «Ap #x M)> <(Ap #x N»
ultimately show Zcase
by (elim Par2) (simp | force)+
next
case(cBrMerge W/ o PM NP Ap Up Q Q' Ag Ap’' Up' Ag' ¥q' U)
from <extractFrame Q = (Ag, Vq)» <Ag #x Ap"» <Ap' #x (P || Q) have Ap’
fx Vg
by (force dest: extractFrameFreshChain)
from <eztractFrame P = (Ap, Up)» <Ap #§x Ap”"y «(Ap'#x (P | Q) have Ap’ fx
Up
by (force dest: extractFrameFreshChain)
have <Ap/, (\I’ X \I/p/) R Yp ® \I’Q> —F <Ap/, (‘1/ X \I/p/) X \I/Q X \I/p>
by (metis Commutativity FrameStatEq-def framelntCompositionSym)
moreover have (Ap/, (¥ ® ¥p') @ Vo ® ¥p) —p (Ap’, (¥ @ ¥p') ® ¥g)
® Up)
by (metis FrameStatEq-def framelntAssociativity)
moreover have <Ap/7 ((\I/ & \I/p/) & \I/Q) (9 \I/p> —F <Ap/, ((\I/ ® \I/Q) X \I/P/)
® ¥p)
by (metis FrameStatEq-def associativitySym framelntComposition)
ultimately have right: (Ap’, (¥ ® ¥p') @ Up ® ¥q) —r (Ap’, (¥ @ ¥q)
® \IJPI) ® Up)
by (metis FrameStatImpTrans)
have <AQ/, U''® Up ® \IJQ> —r <AQ/, U’ ® \IJQ X \I’p>
by (metis AssertionStatEq-def Commutativity compositionSym framelmpNil-
StatEq frameImpResChainPres)
moreover have (Ag’, ¥/ ® ¥g ® ¥p) —r (Ag’, (T @ Uy) @ ¥p)
by (metis FrameStatEq-def framelntAssociativity)
ultimately have left: <AQ’, U'® Up ® \I/Q> —r <AQ/, (\I// ® \I/Q) X \I/p>
by (metis FrameStatImp Trans)
from (Aq, V' ®@ Up @ W) —p (Ap', (¥ @ Up') @ Up @ Wo)» left right
have (Ag’, (V' ®@ ¥g) @ ¥p) —r (Ap', (¥ @ ¥g) ® ¥p') ® Up)
by (metis AssertionStatEqSym AssertionStatEqTrans AssertionStatEq-def Asso-
ciativity FrameStatImp Trans associativitySym framelImpNilStatEq framelmpResChain-
Pres)
moreover note <Ap fx U (Ap tx Uy (Ap 4% Uy <Ap fix U <Ap #x Py <Ap
fx M>
(Ap #x Up" <Ap'tx (P || Q) (Ag  tx (P || Q) <Ap'fx Wy <Ap' #x M> <Ag’
fx M> <Ap tx Ap’ <Ap % Agh
ultimately have (¥ ® ¥g) ® ¥p'> P — ;M(N) < P’
by (elim cBrMerge(2)) (simp | force)+
then have Ptrans: (¥ ® Up') @ ¥ > P — (M(N|) < P’
by (metis associativitySym statEqTransition)

have left?: <AQ/, U’ ® Up ® \I/Q> —F <AQ/, (\I// (024 \I/P) ® \I/Q>
by (metis FrameStatEq-def framelntAssociativity)
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have <Ap/, (\I/ ® \prl) X VYp ® \PQ> —F <AP', ((\I/ ® \prl) ® \I/P) ® \I’Q>
by (metis FrameStatEq-def framelntAssociativity)
moreover have (4p’, (T @ ¥p") @ Up) @ V) —p (Ap’, (¥ @ Up) @ Up')
® Vo)
by (metis FrameStatEqg-def associativitySym framelntComposition)
ultimately have Tight,?: <Ap/, (\I/ (%9 \I/p/) QR ¥Yp ® \IJQ> —F <Ap/7 ((\IJ ® \I/p)
R Up') ® \IIQ>
by (metis FrameStatImp Trans)
from (Ao, ¥/ @ ¥p @ Ug) —p (Ap’, (T Q@ Up') @ Up @ V) left2 right2
have (Ag’, (¥'®@ ¥p) @ Ug) —p (Ap’, (T @ ¥p) @ Up') @ V)
by (metis FrameStatEqg-def FrameStatImp Trans framelntAssociativity)
moreover note (Ag fx U <Ag tx Upr <Ag tx U» (Ag fx Upr (Ag fx @ (Ag
fx M>
(Ag i+ Uph <Ap'fx (P || Q) <Ag'#x (P || Q) <Ap’' tx Upy <Ap' #x M> <Ag’
fx M> <Ag tix Ag’ <Ag #x Aph
ultimately have (¥ @ Up) @ Up'> Q — (M(N) < Q'
by (elim cBrMerge(6)) (simp | force)+
then have Qtrans: (V@ Up') @ ¥p > Q — M(N) < Q'
by (metis associativitySym statEqTransition)

from Ptrans <extractFrame P = (Ap, ¥p)» Qtrans <extractFrame @ = (Ag,
\I/Q>>
(Ap tx ) <Ap #+ Up" (Ap fx Py <Ap fx @ <Ap tx M» <Ap tx Ag» (Ag f*
Uy (Ag #x Uph <Ag tx P>
(Ag t*x @ (Ag #x M>
show ?case
by (elim BrMerge) (simp | force)+
next
case(cScope V' P M N P’z Ap Up Ap’ Up' Ag Vg V)
then have ¥ @ Up' > P — ;M(N|) < P’
by simp
with <z § O <z § Up' <z § M> <zt N»
show ?case
by (elim Scope) (simp | force)+
next
case(cBang W' P M N P' Ap U Ap Up Ag g U)
from <Ag #* P» have Ag fx (P || |P)

by simp

from (Ap #x !P) have Ap fx (P || !P)
by simp

from <Ag #x !P> have Ag tx (P || |P)
by simp

have <AQ, UV Ur®1) <>p (Ap, (V@ Up) ® Yp ® 1)
proof —
from <Py ~ 1) have (4g, V' ® ¥p ® 1) ~p (Ag, ¥/ ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note ((Ag, V' ® 1) —r (Ap, (T @ ¥p) ® 1)
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moreover from (Ui ~ 1) have (Ap, (T ® Up) ® 1) ~p (Ap, (T ® ¥p) ®
Ur®1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
then have ¥ ® ¥p > P || |P — ;M(N|) < P’
using (Ag fx U (AR fx U) <Ag #x (P || |P)) <Ag #x Up»
<Ap t (P || !P)» <Ag tx (P || P)y <Ap fx M> <Ag #x M> <Ag #x M> <Agr
fx Ap) AR t*x Ag»
by (elim c¢Bang(5))
then show ?case using <guarded P>
by (rule Bang)

qed
lemma brComminAux:
fixesU b

and Uy ='b
and R :: (‘a, b, 'c) psi
and M :'a
and N :'a
and R’ :: ('a, 'b, 'c) psi
and Ar :: name list
and Vp ')
and Ap :: name list
and Vp b
and Ag :: name list

assumes RTrans: ¥V @ ¥g > R —; M(N) < R’
and FrR: extractFrame R = (Agr, VR)
and distinct Ag
and QimpP: <AQ7 (\I/ ® \I/Q) ® \I/R> —r <Ap7 (\If ® \I/p) ® \I/R>
and Apg f#x Ap
and Ap fix Ag
and Agp fx VU
and Agp tx Up
and AR li* \I/Q
and Ag #x R
and Ag fx M
and Ap fx R
and Ap fx M
and Ag #x R
and Ag fx M

shows ¥ @ Up > R+—;M(N) < R’
proof —
from (Ap % W) (A fx W
have Ap #x (¥ ® ¥g)
by auto
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with assms
show ?thesis
by (simp add: brCommlInAuxzTooMuch)

qed
lemma brCommOQutAuzTooMuch:
fixesU b

and Yo =D
and R :: (‘a, 'b, 'c) psi
and M :'a
and zvec :: name list
and N :'a
and R’ :: (‘a, 'd, 'c) psi
and Ar :: name list
and Vp ')
and Ap :: name list
and Up = 'b
and Ag :: name list

assumes RTrans: ¥V @ g > R —— RBrOut M ((v+zvec)N <’ R’)
and FrR: extractFrame R = (Agr, UR)
and distinct Ag
and QimpP: <AQ, (\If ® \I/Q) ® \I/R> —F <Ap, (\If ® \I/p) ® \I’R>
and Apr fx Ap
and Ap fix Ag
and Ap f#x ¥
and Ap fx Up
and Ap fx VYo
and Ap ix (¥ ® ¥g)
and Agp fx R
and Apr tx M
and Ap fx R
and Ap #x M
and Ag #x R
and Ag fx M

shows U ® Up > R — [M(vkazvec)(N) < R’
using assms
proof (nominal-induct R M B==(vxzvec)N <’ R’ Ar Vg avoiding: ¥V Ap Up Ag
Vg N R’ zvec rule: broutputFramelnduct)
case (cAlpha ' PM Agr Vrp U Ap ¥p Ag ¥g N P’ zvec)
have S: set p C set Ag x set (p - Ar) by fact
from «(Ag, U’ (p - Wp)) —p (Ap, (¥ & Up) @ (p - Up))
have (p - (A, V' @ (p - ¥g))) —=r (p - (Ap, (¥ @ ¥p) ® (p - YR)))
by (rule FrameStatImpClosed)
with (AR fx Ap>» <(p - AR) fx Ap> <ARr #§x ¥ «(p - AR) 1 U/ <Ag tx Up> «(p
< AR) 1% Up» (Ap tx Ag»
(p - Ag) tix Ag> <Ag t* U» «(p + Ag) t* U» S <distinctPerm p»
have (Ag, V' ® Ug) —p (Ap, (¥ ® ¥p) ® Up) by(simp add: equts)
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moreover note <Ag i+ U (Ap #x U <Ag tx P> (AR % Up) <Ap fx ¥g» <Ag
fx M> «Ap #x P»
(Ag tx P> <Ap fix M» (Ag fx M» <(Ag tx Ap> <Ag #x Ag>
ultimately show ?case
by (elim cAlpha)
next
case(cBrOutput W' M K NPV Ap ¥p Ag ¥g N’ R’ zvec)
from <Ap tx (M(N).P)) <Ag tx (M(N).P)
have Ap #§*x M and Ag §+x M by simp+
from (V' - M < K>
have V' @ 1+ M <X K
by (blast intro: statEqEnt Identity AssertionStatEqSym)
with <Ag i K» (Ag #x M)
have ((4g, ¥/ ® 1)) Fr M < K
by (force intro: frameImpl)
with <<AQ, U’ ® 1> —r <Ap, (\If ® \I/p) ® 1>>
have (<AP, (\IJ (39 \I/P) ® 1>) FF M j K
by(simp add: FrameStatImp-def)
with <Ap i+ K> <Ap tx M) have (Y @ Yp) @ 1+ M < K
by (force dest: framelmpE)
then have ¥ ® Up b M =< K by(blast intro: statEqEnt Identity)
then have ¥ ® ¥p > M(N).P — jK(N) < P
by (rule BrOutput)
with <N <’ P = (vxazvec)N' <’ R’
show ?Zcase
by (simp add: residuallnject)
next
case(cCase V'R M ¢ Cs Ap Ur U Ap ¥p Ag Yo N R’ zvec)
from <Ap tx (Cases Cs)y <Ag #* (Cases Cs)y (¢, R) € set Cs
have Ap #§* R and Ag f* R and Ap fx ¢ and Ag i* ¢
by (auto dest: memFreshChain)

from U’ F @) have U/ ® 1 ¢ by(blast intro: statEqEnt Identity Assertion-
StatEqSym)

with (A 8% ¢ have ((Ag, ¥/ ® 1)) Fp ¢ by(force intro: frameImpl)

with (<AQ, U ® 1> —F <Ap, (\I/ ® ‘l/p) ® 1>> have (<AP7 (\I/ (9 \I/p) ® 1>)
Fro

by(simp add: FrameStatImp-def)
with <Ap i+ > have (¥ ® ¥p) @ 1+ ¢ by(force dest: framelmpE)
then have U ® Up F ¢ by(blast intro: statEqEnt Identity)

have <AQ, v ® \I/R> —F <Ap, (‘I/ & \IJP) ® \IJR>
proof —
from ¥ ~ 1> have (Ag, V' ® Up) ~p (Ag, ¥/ ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note ((Ag, V' ® 1) < (Ap, (T @ Up) @ 1)
moreover from (Vp ~ 1) have (Ap, (¥ ® Up) ® 1) ~p (Ap, (¥ @ Up) ®
Vr)
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by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
with (Ap #* Ry (Ag tix R»
have ¥ ® Up > R — M (vxavec)(N) < R’ using cCase
by (intro cCase(4)) simp+
then show ?case using (¢, R) € set Cs) <V ® Up F @) <guarded R)
by (rule Case)
next
case(cPar] v’ \I/Q P M zvec N P’ AQ Q Ap \pr ) Ap/ \pr/ AQ/ \I/Q/ N’ R/
yvec)
from <eztractFrame Q = (Ag, Yo)» (Ag fx Ap" <Ap' #x (P || Q) have Ap’
g Uy
by (force dest: extractFrameFreshChain)

have <Ap/, (\I/ ® \prl) R Yp ® \PQ> —r <AP', (\1/ ® \I’Pl) ® Vg ® \I/p>
by (metis Commutativity FrameStatEq-def framelntCompositionSym)
moreover have (Ap’/, (¥ ® ¥p') ® Vo ® ¥p) —p (Ap’, (¥ @ ¥p') ® ¥q)
® ¥p)
by (metis FrameStatEqg-def framelntAssociativity)
moreover have (Ap’, (T ® ¥p") ® Ug) ® Up) —p (Ap’, (¥ @ ¥g) @ Up’)
® Up)
by (metis FrameStatEq-def associativitySym framelntComposition)
ultimately have right: (Ap’, (T ®@ Up') @ ¥p ® V) —r (4p/, (¥ @ Up)
®VUp') ® ¥p)
by (metis FrameStatImpTrans)
have <AQ’, UV Up® \IIQ> —F <AQ/, U ® Vo ® \I/p>
by (metis AssertionStatEq-def Commutativity compositionSym framelImpNil-
StatEq frameImpResChainPres)
moreover have (Ag’, ¥/ ® ¥g ® ¥p) —r (Ag’, (' @ Uy) @ Up)
by (metis FrameStatEq-def framelntAssociativity)
ultimately have left: <AQ’, UV Up® \I’Q> —F <AQ’, (\I// ® \I/Q) & \I’P>
by (metis FrameStatImp Trans)
from (Aq, V' ®@ Up @ W) —p (Ap', (¥ @ Up') @ Up @ Wo)» left right
have <AQI, (\I/I(X) \I/Q) & ‘I’p> —F <Apl7 ((\I/ & \IIQ) & \I/p/) X \I/P>
by (metis AssertionStatEqSym AssertionStatEqTrans AssertionStatEq-def Asso-
ciativity FrameStatImp Trans associativitySym frameImpNilStatEq framelmpResChain-
Pres)
moreover note (Ap fx U «Ap fx Uy <Ap fx Uy <Ap % Ugr <Ap 8% Py <Ap
i M>
(Ap #x Uph <Ap'tx (P || Q) (Ag  tx (P || Q) <Ap ' ftx ¥y <Ap' i« M> <Ag’
fx M> <Ap tx Ap" <Ap % Agh
ultimately have (¥ ® ¥q) ® ¥p' > P ——iM(vxzvec)(N) < P’
by (intro cParl(6)) (simp | force)+
then have (¥ @ Up') @ Uy > P ——iM(vxavec|)(N) < P’
by (metis associativitySym statEqTransition)
moreover note <extractFrame Q = (Ag, Yg)» wvec i+ ) <Ag fx Uy (Ag tx
\I/p !y
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(Ag #x Py <Ag fx M> (Ag #* avecy (Ag t* N>
ultimately have ¥ @ Up' > P || Q — M (v*zvec)(N) < P" || Q
by (elim Parl) (simp | force)+
then show ?Zcase using ((vxavec)N <’ (P’ || Q) = (vxyvec)N' <’ R"»
by (simp add: residuallnject)
next
case(cPar2 ¥/ Up Q M avec N Q' Ap P Ag Yo ¥ Ap’ Up’ Ag' Yo' N' R’
yvec)
from <extractFrame P = (Ap, Up)» <Ap #§x Ap”"y <(Ap’'#x (P | Q) have Ap’ fx
Up
by (force dest: extractFrameFreshChain)
have <Ap/, (\I/ ® \prl) R Yp ® \I/Q> —F <Ap', ((\I/ ® \prl) ® \I/p) ® \I/Q>
by (metis FrameStatEq-def framelntAssociativity)
moreover have (Ap/, (T @ ¥p') @ Up) @ V) —p (Ap’, (¥ @ Up) @ Up')
® Vo)
by (metis FrameStatEqg-def associativitySym framelntComposition)
ultimately have right: (Ap’, (T ® Up') @ Up ® V) —r (Ap/, (¥ ® ¥Up)
® \I/p/) ® \IIQ>
by (metis FrameStatImp Trans)
moreover have left: (Ag’, ¥/ @ ¥p @ Ug) —r (Ao, (V'@ Up) @ ¥g)
by (metis FrameStatEqg-def framelntAssociativity)
from <<AQ/, U'®¥Up ® \IJQ> —r <Ap/7 (\If X \I/p/) R V¥Yp ® \IJQ>> left right
have <AQ/, (\I/,® \I/P) ® \I/Q> —r <AP/, ((\If & \I/p) ® \I/p/) & \IJQ>
by (metis FrameStatEq-def FrameStatImp Trans framelntAssociativity)
moreover note Ag fx U «Ag tx Upr <Ag tix Uy (Ag i+ Upr (Ag fx @ (Ag
g M>
(Ag i+ Up" <Ap'fx (P || Q) <Ag'#x (P || Q) <Ap'tx Ups <Ap' i« M> <Ag’
fx M> <Ag tx Ag’ <Ag #x Aph
ultimately have (¥ @ Up) ® Up' > Q — M (v*zvec)(N) < Q'
by (intro cPar2(6)) (simp | force)+
then have (¥ ® ¥p') @ Up > Q —> M (vxavec)(N) < Q'
by (metis associativitySym statEqTransition)
moreover note <extractFrame P = (Ap, Up)» <xvec fx Py (Ap fx Uy <Ap fx
\I/P/>
<Ap fx Q> <Ap #x M> <Ap t* avecy <Ap fx N»
ultimately have ¥ ® Up' > P || Q — M (v*zvec)(N) < P || Q'
by (elim Par2) (simp | force)+
then show Zcase using «(vszvec)N <’ (P || Q') = (v*yvec)N’ <’ R
by (simp add: residuallnject)
next
case(cBrComml ¥' ¥ P M N P' Ap Up Q avec Q' Aq ¥ Ap' Up' Ag' Vg’
N’ R’ yvec)
have Tight: <Ap/7 (\If ® \I’p/) RUYp ® \I/Q> —F <Ap/, (\I/Q X (\I/ X \pr/)) X \I/p>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity Commutativ-
ity FrameStatImpTrans frameImpNilStatEq frameImpResChainPres)
with <<AQ/, UV Up ® \I/Q> —>F <Ap/, (\I/ X \I/p/) QR Up ® \I’Q>>
have <AQI, (\IJQ & ‘I],) & \pr> —F <Ap/7 (\I/Q & (\If & \I/pl)) X \IJP>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity Commautativ-
ity FrameStatImp Trans frameImpNilStatEq framelmpResChainPres)
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moreover from ¢’ ® ¥g > P — ;M(N) < P)
have Yo @ ¥'> P +—— ;M(N|) < P’
by (metis Commutativity statEqTransition)
moreover note <extractFrame P = (Ap, Up)» «distinct Apy <Ap fx Ap’
(Ap % Agh «Ap fx Uy <Ap i+ Uy <Ap fx Up’ (Ap i+ U <Ap i+ Py <Ap
fx M> <Ap' tx (P || Q)
<Ap' i+ My (Ag' tx (P || Q) <Ag’ #x M)
ultimately have Vo ® (Vv ® Up') > P — (M(N|) < P’
by (elim brCommiInAuzx) (simp | force)+
then have Ptrans: (T @ Up') @ ¥g > P — (| M(N|) < P’
by (metis Commutativity statEqTransition)

have right2: (Ap’, (¥ ® ¥p') ® ¥p ® ¥g) —r (Ap’, (¥ @ Up') ® ¥p) ®
Vo)
by (metis FrameStatEq-def framelntAssociativity)
with <<AQ/, U''® Up ® \I/Q> —r <Ap/, (\If ® \I/p/) RUYp ® \I/Q>>
have (A4g’, (V' ® ¥p) ® ¥q) —r (Ap', (¥ @ ¥p') @ Up) ® ¥g)
by (metis FrameStatEq-def FrameStatImp Trans framelntAssociativity)
then have Qtrans: (V@ Up') @ Up > Q — jM(v*avec)(N) < Q'
using «Ag fix Ap" «Ag t*x Ag’h <Ag #x ¥ (Ag fx ¥ph
(Ag tx Upy <Ag tix U (Ag i+ Upr <Ag tix @ <Ag tx M> <Ap'tx (P || Q)
<Ap' tx M>
Ao’ i+ (P || Q) <A’ tx M)
by (intro cBrComm1(8)) (simp | force)+
from Ptrans <extractFrame P = (Ap, ¥p)» Qtrans <extractFrame Q = (Aq,
\I/Q>>
Ap 1+ Uy <Ap #x Up') <Ap #x Py <Ap #x Q>
Ap % M> <(Ap fx Agr <Ag tx Uy (Ag % Up' <Ag tix Pr <Ag tx @ (Ag t*
M <xvec §x P>
have U @ Up'> P || Q — [M(v*zvec)(N) < P"|| Q'
by (elim BrComml1) (simp | force)+
then show ?case using ((vxzvec)N <’ (P || Q') = (v+yvec)N' <" R’
by (simp add: residuallnject)
next
case(cBrComm2 V' Wg P M azvec N P’ Ap Up Q Q" Aq ¥ Ap' ¥p' Ag' Vo'
N’ R’ yvec)
have <Ap/, (\I/ ® \I/p/) & \I/P & \I’Q> —F <Ap/7 (‘I’p (9 (\I/ & \I/p/)) X \I/Q>
by (metis AssertionStatEqTrans AssertionStatEqg-def Commutativity associativ-
itySym framelmpNilStatEq frameImpResChainPres)
with <<AQ/, Ve Up® \I/Q> —F <Ap/, (T ® \prl) RUp ® \I/Q>>
have (4q’, (Vp @ ¥') ® V) —r (Ap', (¥p @ (¥ @ Up') @ ¥q)
by (metis AssertionStatEqTrans AssertionStatEq-def Commutativity FrameS-
tatImp Trans associativitySym framelmpNilStatEq frameImpResChainPres)
moreover from V' ® Up > Q — ;M(N) < Q"
have Up @ U/ > Q — ;M(N) < Q’
by (metis Commutativity statEqTransition)
moreover note <extractFrame Q = (Ag, Yo) «distinct Ag>
(Ag tx Ap'y <Ag tix Agh <Ag % Upr <Ag tx Uy <Ag % Uph
(Ag t+ U <Ag tix @ <Ag fx My <Ap'tx (P || Q) <Ap’ #x M» <Ag’ tx (P ||
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Q) «Ag’ #x M)
ultimately have ¥p @ (¥ @ ¥p') > Q — (M(N|) < Q'
by (elim brCommlInAuz) (simp | force)+
then have Qtrans: (¥ @ ¥p') @ Up > Q — (M(N) < Q'
by (metis Commutativity statEqTransition)

have <Ap', (\I/ ® \prl) R Up ® \I/Q> —F <Ap', ((\I/ ® \prl) ® \I/Q) & \I/p>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity associativi-
tySym frameImpNilStatEq frameImpResChainPres)
with <<AQ/7 U ® Up ® \IJQ> —F <AP/, (\I/ ® \I/p/) RUp ® \I/Q>>
have <AQ/, (\IJ’® \I/Q) X \I’p> —r <Ap/, ((\I/ (024] \I/p,> ® \I/Q) ® \I/p>
by (metis AssertionStatEqTrans AssertionStatEq-def Associativity FrameS-
tatImp Trans associativitySym framelmpNilStatEq frameImpResChainPres)
with <Ap i+ Ap" <Ap fx Ag” <Ap tx Uy (Ap #x Up» «Ap gx U
(Ap tx U (Ap fx Wy <Ap % Py <Ap fx M> <Ap' i+ (P || Q) <Ap’ fx M)>
Ao’ i+ (P || Q) <A’ tix M
have Ptrans: (¥ ® ¥p') ® Ug > P — [M(v*zvec)(N) < P’
by (intro cBrComm2(4)) (simp | force)+
from Ptrans <extractFrame P = (Ap, ¥p)» Qtrans <extractFrame Q = (Agq,
\I/Q>>
(Ap tx Uy <Ap tx Up’ <Ap #x Py <Ap #x Q> <Ap fx My <Ap #x Ag>
(Ag t+ Uy <Ag i+ Uph (Ag tx Py (Ag tx @ <Ag fx M» <zvec fx ()
have U @ Up' > P || Q — M (vxzvec)(N) < P' | Q'
by (elim BrComm?2) (simp | force)+
then show ?Zcase using ((vxzvec)N <’ (P’ Q') = (v*yvec)N’' <’ R"
by (simp add: residuallnject)
next
case(cBrOpen ¥’ R M’ zvec yvec N'R'x Ap W ¥ Ap ¥p Ag Yo N R zvec)
have ¥ ® Up > R — |M'(vx(zvecQyuec))(N’) < R’ using c¢BrOpen
by (intro ¢cBrOpen(4)) (assumption | simp)+

then have ¥ ® Up > (vz)R — [M/(v*(zvecQr#yvec))(N') < R’
using <z € supp N «x § U <z § Up» <z § M’ «x § zvecr <z § yvees
by (elim BrOpen) (simp | force)+

with «(v*(zvec @ z # yvec))N' <’ R’ = (vxzvec)N <’ R""

show Zcase
by (simp add: residuallnject)

next

case(cScope V' R M' zvec N' R' © Ar W U Ap Up Ag Uo N R” yvec)

then have ¥ @ Up > R — [M'(vxavec)(N') < R’
by (intro cScope(4)) (simp | force)+

with <z § Uy <z £ Upy <z f M <z § zvee) <z §f N»

have ¥ ® Up > (vz)R — M (vxzvec)(N') < (vz) R’
by (elim Scope) (simp | force)+

then show ?Zcase using ((vxzvec)N' <’ (vz)R’' = (vxyvec)N <’ R'
by (simp add: residuallnject)

next
case(cBang ' R M' Ap U U Ap Up Ag Yo N R’ zvec)
have <AQ, UV@Ur®1) <>p (Ap, (V@ Up) ® Yr ® 1)
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proof —
from «Up ~ 1) have (Ag, ¥'® UVr ® 1) ~p (Ag, ¥/ ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note ((Ag, V' ® 1) —r (Ap, (T @ ¥p) ® 1)
moreover from (Up ~ 1) have (Ap, (¥ @ ¥p) @ 1) ~p (4p, (¥ @ ¥p) ®
Vp®1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
then have U ® ¥p > R || IR — jM'(vxzvec))(N) < R’ using cBang
by (intro cBang(5)) (simp | force)+
then show ?case using (guarded R»
by (rule Bang)
qed

lemma brCommOutAux:

fixesU ')

and ¥y = b

and R :: (‘a, b, 'c) psi
and M :'a

and zvec :: name list
and N :=:'a

and R’ :: (‘a, 'b, 'c) psi
and Ar :: name list
and Vp b

and Ap :: name list
and Up b

and Ag :: name list

assumes RTrans: ¥ @ Vg > R — (M (v*zvec)(N) < R’
and FrR: extractFrame R = (Ag, UR)
and distinct Agr
and QimpP: (Ag, (¥ ® ¥g) ® ¥gr) —Fr (Ap, (¥ ® ¥p) ® V¥g)
and Apr fx Ap
and AR li* AQ
and Apg f#x ¥
and Ag tix Up
and Ap fix Yo

and Agp f*x R
and Apr tx M
and Ap #x R
and Ap #x M
and Ag #x R
and Ag fx M

shows ¥ @ ¥p > R +— M (vxzvec|)(N) < R’
proof —
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from RTrans have ¥ ® Yo > R —— RBrOut M ((vxzvec)N <’ R’)
by (simp add: residuallnject)

moreover from (Ap i+ ¥ (AR i+ Uo» have Ap 1+ (¥ ® Yg)
by force

ultimately show ?%thesis using assms
by (elim brCommOutAuzTooMuch)

qed
lemma comml1Auz:
fixesV b

and Uy =='b
and R :: (‘a, 'b, c) psi
and K :'a
and zvec :: name list
and N :'a
and R’ :: ('a, 'b, 'c) psi
and Ar :: name list
and ¥p b
and P :: (‘a, b, 'c) psi
and M :'a
and L = 'a
and P’ :: (‘a, b, 'c) psi
and Ap :: name list
and Up == 'b
and Ag :: name list

assumes RTrans: ¥ @ Vg > R — K (vazvec)(N) < R’
and FrR: extractFrame R = (Agr, UR)
and PTrans: ¥ @ ¥ > P+—M(L) < P’
and MegK: ¥V @ Vo @ Vg M < K
and PquZ <AQ, (\I’ X \I/Q) ® \IJR> —F <Ap7 (\If X \I/p) X \I’R>
and FrP: extractFrame P = (Ap, Up)
and Fr@Q: extractFrame @ = (Ag, ¥g)
and distinct Ap
and distinct Ag
and Apr fx Ap
and AR li* AQ

and Apg f#x ¥
and Agp fx P
and Ap fx Q
and Agp f*x R
and Apr fx K
and Ap #x U
and Ap fx R
and Ap fx P
and Ap f#x M
and Ag xR
and Ag fx M
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obtains K’ where ¥ ® Up > R +—— K '(vxzvec)(N) < R'and ¥ @ ¥p @ U F
M + K’and Ap f*x K’
proof —
from (Ag #x Py (Ag fix Q) (Ar #§x Ap) (Agr #x Ag> FrP Fr() have Ap #* Up
and AR ﬁ* \I/Q
by (force dest: extractFrameFreshChain)+
assume Assumptions: AK'. [V @ ¥p > R —K'(vxzvec)(N) < R, ¥ ® Up
@ UrF M+ K’ Ag i+ K'] = thesis
{
fix U/ b
and zvec ::name list

assume A: ¥ ® Uy ~ ¥’
assume U’ > R —— K (vxavec)(N) < R’
then have ¥/ > R ——ROut K ((vxzvec) N <’ R') by (simp add: residuallnject)
moreover note FrR «distinct Ag> PTrans
moreover from ¥’ > R — K (v+zvec)(N) < R’ have distinct zvec by (auto
dest: boundOutputDistinct)
moreover assume V' @ Up - M + K and (Adg, V' ® ¥p) —p (Ap, (T ®
Up) @ Ug)
and Ag fi* zvec and Ap fx zvec and zvec $x R and zvec #x P
and Ag fx ¥’
ultimately have 3K'. U ® ¥p > R —ROut K’ ((vsavec)N <" R ) AN ¥ ®
Up @ Up b M < K’ A zvec fix K' AN Ag f#ix K’
using FrP <Ap fx Ry (Ag tx R (Ap #x W) (Ap tx P» «distinct Ap> <Apr f*
Uy AR tix Py <Ag tx R»
(Ap % M> (Ag i+ M» <Ap #x K» (AR fx Ap» (AR tx Ag) <Ag tx ¥p»
proof(nominal-induct ¥’ R K B==(vxavec)N <’ R’ Ar ¥ avoiding: ¥ P
Ap Up Ag zvec zvec N R’ arbitrary: M rule: outputFramelnduct)
case(cAlpha V' R K Agr ¥ p W P Ap Up Ag zvec zvec N R’ M)
have S: set p C set Ag X set (p - Agr) by fact
from «<¥'® (p- Yg)F M < Krhave (p- (V'@ (p-Ur))F(p- M) <
(p- K)
by (rule chanEqClosed)
with <Ag #x U «(p - Ag) 8% U’ <AR tx K» «(p - Ag) #x K» S «distinctPerm
P
have ¥/ @ Up - (p - M) < K by(simp add: equts)
moreover from ¥V ® (p- Ug) > P+—M(L) < P» S <Ar #x P> «(p - AR)
fx P> have (p - (¥ @ (p - Vg))) > P +—(p - M)(L) < P’
by (elim inputPermFrameSubject) auto
with <Ag #x Us «(p - Ag) #x U S «distinctPerm p> have ¥ ® ¥ > P —(p
- M)(L) < P’
by (simp add: equts)
moreover from <Ap i+ M> have (p - Ap) #x (p - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Ag tx Ap> «(p - Ag) #*x Ap> S have Ap t* (p -+ M) by simp
moreover from <Ag i+ M> have (p - Ag) tx (p - M)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ag i+ Ag> «(p « Ar) #* Ag> S have Ag fx (p - M) by simp
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moreover from «((Ag, ¥/ ® (p - ¥r)) —r (Ap, (T @ Up) @ (p - Tr)) >
have (p - (Aq, V' ® (p - Vg))) —=F (p - (Ap, (¥ @ ¥p) ® (p - YR)))
by (rule FrameStatImpClosed)
with (Agp i+ Ap) «(p - AR) % Ap> <Ag #x U) «(p - Ag) #x ¥ (AR §x Up)
<(p . AR) ﬁ* qu) (AR ﬂ* AQ)
(p - Ap) fx Ag> <Apr tx U» «(p - Ag) tx U» S «distinctPerm p»
have (Ag, ¥/ ® ¥r) —r (Ap, (¥ ® ¥p) @ Ur) by(simp add: equts)
ultimately obtain K’ where ¥ @ ¥p > R —ROut K’ ((v*xzvec)N <’ R’)
and ¥V @ Up @ Upt (p- M) + K’'and zvec i+ K’ and Ag i+ K’
using cAlpha
by metis
from (¥ ® Up > R ——ROut K' ((vxzvec)N <’ R')» S <Ag #x R> <(p - AR)
fx B>
have (p - (T ® ¥p)) > R —(ROut (p - K') ((v*zvec)N <’ R’)) using
outputPermFrameSubject
by (auto simp add: residuallnject)
with S (Ag #x Uy «((p - Ag) #x Uy (Ag #x Up) ¢(p - AR) tix Up> have ¥ ®
Up > R+——(ROut (p - K') ((vxzvec)N <’ R'))
by (simp add: equts)
moreover from <V ® Up @ U+ (p- M) & K’ have (p - (v ® ¥p ®
Up))(p-p- M) (p- K
by (rule chanEqClosed)
with S <Ag fx U «(p - AR) #$x U <AR #x Up» «(p - Ar) t* Up> «distinctPerm
phave ¥ @ Up @ (p- Yr)F M < (p - K')
by (simp add: equts)
moreover from <zvec fx K> have (p - zvec) g% (p - K)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ag t* zvecy «(p - Ag) t* zvecy S have zvec ix (p - K') by simp
moreover from (Ag fx K’ have (p - Ag) #x (p - K)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
ultimately show ?case by blast
next
case(cOutput W' M K NRVU P Ap Up Ag zvec zvec N' R' M)
from «Ap % (M'(N).R)» <Aq tx (M'(N).R)> «zvec fx (M'(N).R)»
have Ap #x M’ and Ag #x M’ and zvec §x M' by simp+

from <0’ M’ + K> have V' ® 1 - M’ + K by(blast intro: statEqEnt
Identity AssertionStatEqSym)
then have U/ ® 1+ M’ + M’ by(blast intro: chanEqSym chanEqTrans)
with (Ag tx M’ have ((Ag, V' ® 1)) Fp M’ <+ M'by(force intro: frameImpl)

with <<AQ, U ® 1> —F <AP, <\IJ & \I/p) & 1>) have (<AP, (\I’ X \IJP) ® 1>)
|_F M’ < M’
by(simp add: FrameStatImp-def)
with <Ap 1+ M have (Y @ Up) @ 1+ M’ + M’ by(force dest: frameImpE)
then have ¥V ® Up b M’ < M’ by(blast intro: statEqEnt Identity) then
have ¥ ® Up > M/(N).R —M'(N) < R
by (rule Output)
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moreover from V' Q1+ M+ Kr» <V @1+ M < K>
have ¥/ ® 1 + M < M’ by(metis chanEqSym chanEqTrans)
with <Ag #x M» <Ag tx M
have ((Ag, ¥/ ® 1)) Fp M < M’
by (force intro: frameImpl)
with <<AQ7 U’ ® 1> —r <AP, (\I/ X \I/p) X 1>>
have ((Ap, (¥ @ Up) ® 1)) Fr M < M’
by(simp add: FrameStatImp-def)
with (Ap i+ M» <Ap fx M’ have (I @ Up) @ 1L+ M < M’
by (force dest: framelImpE)
then have V @ Up @ 1 - M < M’
by(metis statEqEnt Associativity)
ultimately show ?case using cOutput by(auto simp add: residuallnject)
next
case(cCase W R M' ¢ Cs AR Up W P Ap Up Ag zvec zvec N R’ M)
from <guarded R» <extractFrame R = (Agr, Ugr)» have Up ~ 1
by (metis guardedStatEq)
with <0/ ®@ 1+ M <+ M"» have V' ® Yp - M < M’
by(metis Identity Commutativity statEqEnt AssertionStatEqSym Composi-
tion)
moreover have (Ag, U/ ® Ur) —r (Ap, (¥ @ ¥p) @ Upg)
proof —
from <Up ~ 1> have (Ag, ¥/ ® ¥g) ~p (4g, V' ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note <(Ag, ¥’ ® 1) —p (Ap, (T @ Up) ® 1)
moreover from «Up ~ 1) have (4p, (¥ @ Up) ® 1) ~p (Ap, (¥ ® Up)
® Vp)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by(rule FrameStatEqImpCompose)
qed
moreover from <V ® 1 > P —M(L) < P» «<Up~1»
have U ® ¥p > P +—M(L) < P’ by(metis statEqTransition Identity
Commutativity AssertionStatEqSym Composition)
moreover from <zvec fx (Cases Cs)y «Ap #x (Cases Cs)y «Ag 4 (Cases
Cs)y «(¢, R) € set Cs)
have Ap #* R and Ag #* R and zvec §* R and Ap f* ¢ and Ag f* ¢
by (auto dest: memFreshChain)
ultimately have 3K’ ¥ ® Up > R —ROut K' ((vxzvec)N <" R") A ¥
Q@Up @ Up bk M <+ K'A zvec ix K' N Ar #x K' using cCase
by (intro cCase) (assumption | simp)+
then obtain K’ where RTrans: ¥ @ ¥p > R —ROut K’ ((v*zvec)N <’
R
and MegK": ¥ @ Up @ Vg F M + K’ and zvec fix K’ and AR fx K’
by metis
note RTrans «(p, R) € set Cs»
moreover from (U’ ) have U/ ® 1 ¢ by(blast intro: statEqEnt Identity
AssertionStatEqSym)
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with <Ag #* ¢» have ((Ag, ¥’ ® 1)) Fr ¢ by(force intro: frameImpl)
with <<AQ, U ® 1> —F <Ap, (\I/ ® \IJP) & 1>> have (<Ap, (\If ® \pr) (%Y 1>)
Froy
by (simp add: FrameStatImp-def)
with (Ap i ¢» have (¥ ® Up) @ 1 F ¢ by(force dest: frameImpE)
then have U ® Up b ¢ by(blast intro: statEqEnt Identity)
ultimately have ¥ ® Up > Cases Cs —>ROut K' ((v*xzvec)N <’ R’) using
<guarded R> by(rule Case)
moreover from MeqgK' <UVp ~ 1> have V @ UVp @ 1 = M + K’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composition
AssertionStatEqTrans)
ultimately show ?case using <zvec fx K’
by auto
next
case(cParl v’ \I/Rg Rl M’ zvec N’ Rll AR2 R2 ARl \IlRl v P Ap \pr AQ
zvec yvec N R’ M)
have FrR2: extractFrame Ry = (Aga, Yra) by fact
from (¥’ ® Up1 @ Upo - M + M’ have (V' ® Uro) ® Ug1 F M + M’
by(metis statEqEnt Associativity Composition Commutativity)
moreover have (Ag, (¥' ® ¥ra) ® Yr1) —r (Ap, (¥ @ Ura) @ ¥p) ®
Vr1)
proof —
have <AQ, (\I// X \I/RQ) X \I/R1> ~p <AQ, U ® Upi ® \I/Rg>
by(metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
moreover note <(Ag, ¥/ ® Up; ® Yra) —r (Ap, (T Q@ Up) @ Upy ®
\I/R2>>
moreover have (Ap, (¥ @ Up) @ Up1 ® Uro) ~p (Ap, (¥ @ ¥ro) ®
Up) @ Up1)
by(metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
moreover from ¥ ® Up; ® Upo > P —M(L) < P’» have (¥ ® Ugs)
® Wr1 > Pr—M(L) < P’
by (metis statEqTransition Associativity Composition Commutativity)
moreover from (Ag; fix Ap> <Ago fix Ap> <Ap #x (Ry || R2)» <extractFrame
R1 = <AR17 \I/R1>> FrR2 have Ap ﬁ* \Ile and Ap ﬁ* \I/Rg
by (force dest: extractFrameFreshChain)+

moreover from «(vxzvec)N’' <’ (R || R2) = (v*yvec)N <" R"» <xvec
yvec
obtain p T where (vxavec)N' <’ Ry’ = (vxyvec)N <’ Tand R'= T || (p
- Ry) and set p C set yvec X set zvec
apply(drule-tac sym)
by (elim boundOutputParlDest’) (assumption | simp | blast dest: sym)-+
ultimately have 3K’ (V ® Ugo) @ Up > Ry —>ROut K' ((vxyvec)N <’
T) A (\Ij ® \I’Rg) ® ‘Ilp X \IIRI FM<< KA (ARQ@Z’UBC) ﬁ* K' A ARl ﬂ* K’
using cParl
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by (elim cParl(6)[where ba=P and bb=Ap and bd=Ag]) auto
then obtain K’'where RTrans: (¥ @ ¥gy) @ ¥p > Ry — K /'(vxavec)) (N')
< Ry’
and MegK" (¥ ® Ugpe) @ ¥p @ U1 F M + K’ and Agrs fx K’ and
Agr1 #x K’ and zvec #x K’
using ((vkzvec)N' <’ Ry’ = (v*yvec)N <’ T» by(auto simp add: residu-
allnject)

from RTrans have (U @ Up) @ ¥ry > Ry — K'(vxavec)(N') < Ry’
by (metis statEqTransition Associativity Composition Commutativity)
then have ¥ ® Up > (Ry || R2) —K'(vxavec)(N') < (R’ || R2) using
FrR2 «avec #x Ry» <Agpa #x Uy <Apo fix Up) <Aps tix K (Aga fix Ri» <Aga f*
zvecy (Ago #x N’
by (force intro: Parl)
moreover from MegK' have ¥V @ Up @ Up1 @ Vo W M < K’
by(metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using <zvec f#x K’ (Agy #x K’ <Ago tx K"
((vxzvec)N' <" (R1" || R2) = (vxyvec)N <’ R"
by (auto simp add: residuallnject)
next
case(cParQ v’ \I’Rl R2 M’ zvec N' RQ/ ARl Rl AR2 \I’Rg v P Ap ‘l’p AQ
zvec yvec N R’ M)
have FrR1: extractFrame Ry = (Agr1, Y1) by fact
from (0 ® Up1 @ Upo - M + M’ have (V' ® Uri) ® Upo W M & M’
by (metis statEqEnt Associativity Composition Commutativity)
moreover have <AQ, (\I// & \IIRI) ® \I/R2> —F <AP, ((\IJ ® \I’Rl) ® \I/p) ®
Vpa)
proof —
have <AQ, (\I// X \I’Rl) X \I/R2> ~p <AQ, U ® Upi ® \I/Rg>
by(metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
moreover note <(Ag, ¥/ ® Upy ® Yra) —r (Ap, (¥ @ Up) @ Upy ®
\I/R2>>
moreover have (Ap, (U @ ¥Up) ® Up1 ® Yro) ~p (Ap, (¥ ® Up1) ®
Up) ® Yga)
by (metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
moreover from ¥ ® Up; ® Upo > P —M(L) < P’» have (¥ ® Ugr)
®\I/RQI>P’—>MQLD-<P/
by (metis statEqTransition Associativity Composition Commutativity)
moreover from <Ag; fix Ap) <Ags % Ap> <Ap #x (Ry || R2)> FrR1 <extract-
Frame Ry = (ARra, Uro)) have Ap fx Uiy and Ap fx Upo
by (force dest: extractFrameFreshChain)+
moreover from «(vxzvec)N’ <’ (R1 || Re') = (v*yvec)N <" R"» <xvec #*
yvec
obtain p T where (vxzvec)N’' <’ Ry’ = (v+yvec)N <’ T and R’ = (p -
Ry) || T and set p C set yvec X set zvec
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apply(drule-tac sym)
by (elim boundOutputPar2Dest’) (assumption | simp | blast dest: sym)-+
ultimately have 3K’ (¥ ® ¥p1) ® Yp > Ry —ROut K' ((v+yvec) N <’
T) A (‘IJ (9 ‘I]Rl) R Up ® Vo F M + K' A (ARl@zvec) ﬁ* K’ A AR2 ﬁ* K’
using cPar2
by (elim cPar2(6)) (assumption | simp | auto)+
then obtain K’ where RTrans: (¥ ® Up1) ® Up > Ry — K'(vxzvec)(N)
=< RQ/
and MegK" (V ® Wgi) ® Up ® Wro - M <> K’ and Ag; fx K’ and
zvec fx K’ and Ags % K’
using ¢(vxzvec) N’ <’ Ry’ = (vsyvec)N <’ T» by(auto simp add: residu-
allnject)

from RTrans have (¥ @ Up) @ ¥pry > Ry — K'(vxavec)(N') < Ry’
by (metis statEqTransition Associativity Composition Commutativity)
then have ¥ ® Up > (Ry || R2) — K '(vxazvec)(N') < (Ry || R2’) using
FrR1 <xvec #x R1> <Agi tx ¥ <ARr1 #x Upy <Agry #x K <ARgy fx zvecy <Agy f*
N’ <AR1 ﬁ* R2>
by (force intro: Par2)
moreover from MeqgK' have V @ Up @ Upi ® Upo F M + K’
by (metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using <zvec #x K> <Ap1 #x K" (Apy fx K’
(vxzvec)N' <" (R1 || R2') = (vxyvec)N <" R"
by (auto simp add: residuallnject)
next
case(cOpen ¥’ R M’ zvec yvec N'R' x Ap U ¥ P Ap Up Ag zvec zvec2 N
R// M)
from «(v*(zvec @ x # yvec))N' <’ R’ = (v*zvec2)N <’ R"» <z f zvecr <z ff
yveer <z zvec2y <x § Ry «x § N> <distinct zvec2»
obtain zvec’ z’ yvec’ where A: (vx(zvecQyuec) )N’ <’ R’ = (v+(avec'Qyuec’)) ([(z,
2] - N) <" ([(z, z)] - R")
and B: zvec2 = (avec'Qz'#yvec’)
by (elim boundOutputOpenDest) auto
then have 3K’ ¥ @ ¥Up > R ——ROut K' ((v*(zvec'Qyuec”))([(z, )] - N)
<" ([(z,z"] - R") ANV Q@ Up @ Urt M < K’ A (2vec) ix K' A Ag fix K’ using
cOpen
by (elim cOpen(4)) (assumption | simp)+
then obtain K’ where RTrans: ¥ @ ¥p > R — K'(vx(zvecQyvec)|)(N')
< R’
and MegK": ¥ @ Up @ Vg F M + K’and zvec fix K’ and AR fx K’
using A by(auto simp add: residuallnject)
from <Agp #x Ap> <Ap i ((vz)R)> <z § Ap» <extractFrame R = (AR, Ur)
have Ap fix Up
by (force dest: extractFrameFreshChain)+

from <V ® U > P+—M(L) < P’ <extractFrame P = (Ap, Up)» <distinct

Apy <zvec tix Py <Ap fix Uy <x § Ap> <Ap fix M> <Ap #§x Py <Ap tix zvecr (Ap fx
Uy <Ap fix zveey (AR f#x P> (AR tix Ap> <z ff Apy <x § P>
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obtain K’ where MegK": (¥ @ Ur) @ Up - M + K" and Ag tx K" and
wec tx K" and z § K"
by (elim inputObtainPrefixr|where B=(xz#ArQzvec)]) (assumption | simp |
force)+

from MegK" MeqK' have KegK': (V @ Up) @ Up - K'+ K"
by(metis statEqEnt Associativity Composition Commutativity chanEqSym
chanEqTrans)
with RTrans <extractFrame R = (Ag, Ug)» «distinct Ap> <A f#x ¥ <Ap fx*
Upy <Ap #x K <Agr #x K' AR #* R
have ¥ ® Up > R — K" (vx(zvecQyuec))(N") < R’
by (elim outputRenameSubject) (assumption | force)+
then have ¥ @ Up > (vz)R — K" (v+(zvecQa#yvec))(N') < R’
using «z § ) <z Up» <z § K’ <z § zvecr « x § yveey <z € supp N> (zvec
fx Uy <xvec x Wpy <zvec fx Ry <zt K
by (elim Open) (assumption | force)+
moreover from MeqK' have V @ Up @ Vp - M + K"
by(metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using «zvec fx K’y <z f Ky <Ag #x K’ B ¢(vx(zvec
@ z # yvec))N' <’ R’ = (v*zvec2)N <’ R
by (auto simp add: residuallnject)
next
case(cScope W' R M’ zvec N' R' © Ap ¥r ¥ P Ap Up Ag zvec yvec N R"
)
from ((vxazvec)N' <’ (vz)R’' = (vxyvec)N <’ R"» «x § zvecy <z § yvec
obtain R'’ where R” = (vz)R"’ and (vxzvec)N' <’ R’ = (v*yvec)N <’
R///
apply(drule-tac sym)
by (metis bound OutputScopeDest)
then have 3K ¥ ® ¥p > R +——ROut K' ((vxyvec)N <" R") AT @ Up
@ Up b M+ K'A zvec ix K' A Ap #x K’ using cScope
by (elim cScope(4)) (assumption | simp)+
then obtain K’ where RTrans: ¥ @ Up > R — K'(v+avec)(N') < R’
and MegK": ¥ @ Up @ U F M + K’ and zvec fix K’ and AR fx K’
using ((vxzvec)N' <’ R’ = (vxyvec)N <’ R'"
by (auto simp add: residuallnject)
from <Agp #x Ap> <Ap t*x ((vz)R)> <z § Ap» <extractFrame R = (AR, Ur)
have Ap fix Up
by (force dest: extractFrameFreshChain)+
from <V ® U > P+—M(L) < P <extractFrame P = (Ap, Up)» <distinct
Ap) <z § P> <zvec §x Py <Ap tx Upy <z § Apy (Ap #x M> <Ap #x P> <Ap t* zvec
(Ap % Uy <Ap fx zvec) (AR fix Py (AR fx Ap>
obtain K" where Me¢K'": (0 @ ¥p) ® UVp+ M + K" and z § K" and
AR t* K" and zvec #x K"
by (elim inputObtainPrefizjwhere B=(z#ArQzvec)]) (assumption | force)+

from MeqK" MegK' have KegK': (¥ @ Up) @ Up k- K' < K"

by(metis statEqEnt Associativity Composition Commutativity chanEqSym
chanEqTrans)
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with RTrans <extractFrame R = (Agr, Wg)» «distinct Ap) <Ar t#x ¥) <Ap tx
Ups (Ag #x K’ (Ag #x K'» (AR tx R»
have ¥V @ Up > R — K" (|v*zvec)(N') < R’
by (elim outputRenameSubject) (assumption | force)+
then have U ® Up > (vz)R — K" (vxavec)(N') < (vz))R’ using <z § U»
x § Upy «x t Ky «x § avee) <x § N <xvec fx U (xvec fx Up) <xvec fx Ry <z ff
K’
by (elim Scope) (assumption | force)+
moreover from MeqgK' have V @ Up @ Vp - M « K"
by (metis statEqEnt Associativity Composition Commutativity)
ultimately show ?Zcase using <zvec i+ K’ «x f K’y (Ag #x K') <(vxzvec) N’
<" (vz)R' = (v*xyvec)N <’ R""
by (auto simp add: residuallnject)
next
case(cBang ' R M' Ar U U P Ap Up Ag zvec zvec N R’ M)
from <guarded R» <extractFrame R = (Agr, Ugr)» have Up ~ 1
by (metis guardedStatEq)
with <0/ ®@ 1+ M+ M»have V@ Yp @ 1 - M < M’
by(metis Identity Commutativity statEqEnt AssertionStatEqSym Composi-
tion)
moreover have (Ag, ¥/ ® ¥p ® 1) —p (Ap, (¥ @ ¥Up) ® Up ® 1)
proof —
from <Up ~ 1> have (Ag, V' @ Yp ® 1) ~p (4g, ¥' ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note <(Ag, ¥’ ® 1) —p (Ap, (T @ Up) ® 1)
moreover from «Up ~ 1) have (4p, (¥ @ Up) ® 1) ~p (Ap, (¥ ® Up)
R Up ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by(rule FrameStatEqImpCompose)
qed
moreover from <V ® 1 > P —M(L) < P» «<Up~1»
have U @ ¥ ® 1 > P —M(L) < P’ by(metis statEqTransition Identity
Commutativity AssertionStatEqSym Composition)
ultimately have 3K’ ¥ ® Up > R || |R —>ROut K' ((vxzvec)N <’ R
ANV R@Up @VUr@1F M« K'A zvec ix K’ A Ag % K’ using cBang
by (intro cBang(5)) (assumption |simp)+
then obtain K'where RTrans: U @ Up > R || |R — ROut K' ((v+zvec) N
<" R
and MegK: ¥V @ Up @ Up ® 1+ M «+ K’ and zvec % K’ and AR tix K’
by metis
from RTrans (guarded Ry have ¥ ® Up > |R —>ROut K’ ((vxzvec)N <’
R") by(rule Bang)
moreover from MegK’' <Up ~ 1> have V @ Up @ 1 - M < K’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composition
AssertionStatEqTrans)
ultimately show ?case using <zvec fx K"
by force
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qed
}
note Goal = this
have ¥ ® VYo ~ ¥ ® ¥qg by simp
moreover note RTrans
moreover from MegK have (¥ @ Ug) ® Upt+ M < K
by(metis statEqEnt Associativity Commutativity)
moreover note Peq() <Ar #x W) <Ap #x ¥
ultimately have 3K’ U ® ¥p > R —ROut K’ ((vxzvec)N <’ R) A ¥ ®
Up @ Ut M < K’ A ([J::name list) fx K' A Ag tx K’
by (elim Goal) (assumption | force simp add: residuallnject)+
with Assumptions show ?thesis
by (force simp add: residuallnject)

qed
lemma comm2Auz:
fixes U b

and Uy ='b
and R ("a, b, 'c) psi
and K :'a
and N :'a
and R’ ("a, 'b, 'c) psi
and Ar :: name list
and Vp ')
and P :: (‘a, 'b, 'c) psi
and M :'a

and zvec :: name list
and P’ :: ('a, b, 'c) psi

and Ap :: name list
and Up b
and Ag :: name list

assumes RTrans: ¥ @ Ug > R —K(N|) < R’
and FrR: extractFrame R = (Agr, UR)
and PTrans: ¥ @ ¥g > P —M(vxzvec)(N) < P’
and MegK: UV @ o ®@ VM K
and szpp <AQ7 (\I/ ® \I/Q) & \I/R> —F <Ap7 (\If (39 \I/p) ® \I/R>
and FrP: extractFrame P = (Ap, Up)
and Fr@Q: extractFrame @ = (Ag, ¥g)
and distinct Ap
and distinct Ag
and Ag fx Ap
and Apg fx Ag

and Ap fx U
and Agp fx P
and Agr fx Q
and Agr f*x R
and Agr fx K
and Ap #x ¥

412



and Ap fx R

and Ap fx P
and Ap fx M
and Ag #x R
and Ag #x M

and Ag f* zvec
and zvec ffx M

obtains K’ where ¥V @ Up > R+—K/(N) < R’and ¥ @ ¥p ® U+ M
K’ and Ag tix K’
proof —

from <Ap #x Py <Ag #ix @ <Ag #*x Ap» (Ap #x Ag> FrP FrQ have Ap ix ¥p
and Ap f* ¥g

by (force dest: extractFrameFreshChain)+

assume Assumptions: NK'. [V @ Up > R+—K/(N) < R, ¥ @ ¥p ® Up F

M < K, Ap % K'] = thesis

fix U'::'b

fix zvec::name list
assume Ap fx U’
assume Ap f* zvec
assume Ap fx zvec
assume zvec fx R
assume zvec fx P

assume A: ¥ @ Uy ~ 0’
with RTrans have U/ > R —K(N|) < R’
by (rule statEqTransition)
moreover note FrR <distinct Ap>
moreover from ¥ ® Yo ® Vp - M < K» have (V@ Vo) @ YUp - M < K
by (blast intro: statEqEnt Associativity AssertionStatEqSym)
with A have ¥/ @ Up - M + K by(rule statEqEnt|OF Composition])
moreover have (Ag, U/ ® Ur) ~p (Ag, (¥ ® ¥g) ® Ug) using A
by (blast dest: frameIntComposition FrameStatEqTrans FrameStatEqSym)
with QimpP have (Ag, ¥/ ® ¥g) —p (Ap, (¥ @ ¥p) ® Ug)
by (force intro: FrameStatEqImpCompose)
moreover from PTrans have distinct zvec by (auto dest: boundOutputDistinct)
ultimately have 3K ¥ @ Up > R+—K'(N) < RRAN¥ Q@ Up @ U+ M
< K' A zvec ttx K' N Ag #x K’
using PTrans FrP (AR #x K> (AR #x U’ AR tx Uy AR fix Py (Ag #x R»
(Ap f* Upy (Ap fx Ry (Ag fx Ry (Ap #x U)
<Ap #x Py <Ap fx M> <Ap §x zvecr <Ag #x M) <Agr t* zvec) <zvec §x R»
<zvec #x Py «distinct Ap>
(Ap tx Ap> <Ag #x Ag> (AR fx zvec) <avec fx M>
proof (nominal-induct avoiding: ¥ P Ap ¥p Ag zvec zvec arbitrary: M rule:
inputFramelnduct)
case(cAlpha V'R K NR'Agr Vr p U P Ap Up Ag zvec zvec M)
have S: set p C set Ar x set (p + Ar) by fact
from <0’ @ (p-¥r)F M < K» have (p- (V'@ (p-VUg))F(p- M)+
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(p- K)
by (rule chanEqClosed)
with <Ag #x U «(p - Ag) % U’ <AR tx K» «(p - Ag) #x K» S «distinctPerm
P
have ¥/ ® Up t (p - M) <+ K by(simp add: equts)
moreover from (¥ ® (p - Ug) > P — M (vszvec)(N) < P» S (AR fix P»
(p+ AR) fx P> <A #* avecy «(p - ARr) t* avecr <zvec % M)
have (p - (Y ® (p - Ug))) > P —(p - M)(v*azvec)(N) < P’
using outputPermFrameSubject by (auto simp add: residuallnject)
with <Ag #x U «(p - Ag) #x ¥ S «distinctPerm p> have ¥ @ ¥ > P —(p
- M)(vxazvec)(N) < P’
by (simp add: equts)
moreover from <Ap tx M> have (p - Ap) #x (p - M)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with (Agp % Ap) <«(p - AR) tx Ap> S have Ap #x (p - M) by simp
moreover from <Ag tx M> have (p - Ag) tx (p - M)
by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
with <Agr #+ Ag» «(p + Ar) % Ag> S have Ag #x (p - M) by simp

moreover from «((Ag, ¥/ ® (p - ¥gr)) —r (Ap, (T Up) @ (p - Tr))»
have (p - (Aq, V' ® (p - Yg))) —r (p- (dp, (¥ ® Up) ® (p - ¥r)))
by (rule FrameStatImpClosed)
with <Ag tix Aps «(p - AR) tx Apy (Ap tx U «(p - AR) fx U (Ap #x Up)
(p - Ag) i Up> <Ag tx Ag>
(p - Agr) tx Ag> <Ag tx Uy «(p - AR) i U» S <distinctPerm p»
have (Ag, V' ® Ug) —p (Ap, (¥ ® ¥p) ® Ug) by(simp add: equts)
moreover from <xvec fx M> have (p - zvec) #x (p -+ M) by(simp add:
pt-fresh-star-bij| OF pt-name-inst, OF at-name-inst))
with S (A #* zveey «(p - AR) t* avecy have zvec §x (p -+ M) by simp
ultimately obtain K’ where ¥ @ Up > R +——K'(N)) < R'and ¥ @ Up
@ UYrF (p- M)+ K and zvec §x K’ and Ag #x K’
using cAlpha
by (auto simp del: freshChainSimps)
from <V ® Up > R+—K'(N)) < R» S <Ap t* R» «(p - Agr) §* R> have (p
- (P @ ¥p)) > R—(p- K)(N) < R’
by (elim inputPermFrameSubject) auto
with S (Ag t#x O «(p - AR) % U» <Ag #x Up> «(p - AR) #§* Up> have ¥ ®
Up > R+—(p- K)(N) < R’
by (simp add: equts)
moreover from <V ® Up ® Up - (p- M) < K’ have (p - (V ® ¥p ®
YRk (p-p- M) (p- K
by (rule chanEqClosed)
with S <Ag #x U «((p - Ag) #x U <AR #x Up» «(p - Ar) tx Up> «distinctPerm
p»have V. @ Up @ (p- Yr)F M < (p - K)
by (simp add: equts)
moreover from <zvec fx K> have (p - zvec) gx (p - K)
by (simp add: pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst])
with <Ag t* zvecy <(p - Ag) t* zvecy S have zvec i (p - K') by simp
moreover from <Ar §x K> have (p - Agr) #x (p - K)
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by (simp add: pt-fresh-star-bij[OF pt-name-inst, OF at-name-inst])
ultimately show ?case by blast
next
case(cInput W' M’ K zvec N Tvec RV P Ap Up Ag zvec yvec M)
from <Ap fx (M'(Asxzvec N|).R)> <Ag fx (M'(Axzvec N|).R)> <zvec fx*
(M'(Axavec N|.R)»
have Ap #x M’ and Ag #+ M’ and zvec §x M’ by simp+

from V' - M’ + K>
have V" @ 1+ M+ K
by (blast intro: statEqEnt Identity AssertionStatEqSym,)
then have V' @ 1+ M’ + M’
by (blast intro: chanEqSym chanEqTrans)
with <Ag #x M"
have ((Ag, ¥/ ® 1)) Fpr M' < M’
by (force intro: framelImpl)

with (<AQ, U’ ® 1> —>Fr <AP, (\If X \I/p) X 1>>

have ((Ap, (Y@ Up)®@ 1)) Fp M' < M’
by (simp add: FrameStatImp-def)

with (Ap x M"» have (Y @ ¥p) @ 1+ M’ + M’
by (force dest: framelmpE)

then have U ® Up - M’ +» M’ by(blast intro: statEqEnt Identity)

then have ¥ @ Up > M'(Axzvec N|).R — M'((N|zvec::=Tvec])|) < R[zvec::=Tvec]

using <distinct xvecy <set zvec C supp N> <length xvec = length Tvec»
by (rule Input)

moreover from V'@ 1+ M+ Kr» <V @1+ M < K>
have ¥/ ® 1 + M < M’ by(metis chanEqSym chanEqTrans)
with <Ag #x M» <Ag tx M
have ((Ag, ¥/ ® 1)) Fp M < M’
by (force intro: framelImpl)
with <<AQ7 v’ ® 1> —F <AP, (\IJ & \I/P) ® 1> i
have ((Ap, (¥ @ Up) ® 1)) Fr M < M’
by(simp add: FrameStatImp-def)
with (Ap i+ M» <Ap fx M’ have (¥ @ Up) @ 1L+ M < M’
by (force dest: frameImpE)
then have V @ Up @ 1 - M < M’
by(metis statEqEnt Associativity)
ultimately show ?case using <zvec fx M’
by force
next
case(cCase W' R M'NR' ¢ Cs Ap Ur U P Ap Up Ag zvec zvec M)
from <guarded R» <extractFrame R = (Agr, Ugr)» have Up ~ 1
by (metis guardedStatEq)
with <0/ ®@ 1+ M+ M» have V' @ Vp - M < M’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composi-
tion)
moreover have (Ag, U/ ® Ur) —r (Ap, (¥ ® ¥p) @ Up)
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proof —
from (Up ~ 1) have (Ag, V' ® Ug) ~p (g, ¥/ ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note <(Ag, ¥/ ® 1) —r (Ap, (T @ Up) ® 1)
moreover from «Up ~ 1) have (4p, (¥ @ Up) ® 1) ~p (Ap, (¥ ® Up)
® Vp)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by(rule FrameStatEqImpCompose)
qed
moreover from U ® 1 > P —M(v*zvec)(N) < P «¥p ~ 1)
have ¥ ® Urp > P +—M(v*zvec))(N) < P’ by(metis statEqTransition
Identity Commutativity AssertionStatEqSym Composition)
moreover from <zvec fx (Cases Cs)y «Ap #x (Cases Cs)y <«Ag 4 (Cases
Cs)) «(p, R) € set Cs»
have Ap #* R and Ag #* R and zvec §* R and Ap f* ¢ and Ag f* ¢
by (auto dest: memFreshChain)
ultimately have 3K’ ¥ @ Vp > R+—K'(N) < RAV @ Up @ Y- M
< K' A zvec ix K' AN Ag #x K’ using cCase
by (elim cCase) (assumption |simp)+
then obtain K’ where RTrans: ¥ @ Up > R —K'(N|) < R’
and MegK: ¥ @ Vp @ Vg - M <+ K’ and zvec fx K’ and AR #x K’
by metis
note RTrans «(p, R) € set Cs»
moreover from (U’ o) have U’ ® 1 ¢ by(blast intro: statEqEnt Identity
AssertionStatEqSym)
with <Ag #* ¢» have ((Ag, ¥’ ® 1)) Fr ¢ by(force intro: frameImpl)
with ((Ag, V' ® 1) —p (Ap, (¥ ® Up) @ 1)) have ((4p, (T @ ¥p) ® 1))
Froy
by (simp add: FrameStatImp-def)
with (Ap fix > have (¥ ® Up) ® 1 F ¢ by(force dest: frameImpE)
then have U ® Up b ¢ by(blast intro: statEqEnt Identity)
ultimately have ¥ ® Up > Cases Cs — K'(N|) < R’ using (guarded R)
by (rule Case)
moreover from MeqgK’' <V ~ 1> have V @ Vp @ 1 - M + K’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composition
AssertionStatEqTrans)
ultimately show ¢case using <zvec fx K’
by force
next
case(cPar] v’ \I/RQ Rl M’ NRll AR2 Rg ARl \Ile v P AP ‘I/p AQ zvec
avec M)
have FrR2: extractFrame Ry = (ARa, YRa) by fact
from (U ® Up1 @ Upo - M + M’ have (V' ® Uro) ® Up1 F M & M’
by (metis statEqEnt Associativity Composition Commutativity)
moreover have (Ag, (¥' ® ¥ra) ® Yr1) —r (Ap, (¥ @ Ura) @ ¥p) ®
VR1)
proof —
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have <AQ, (\I// X \I/RQ) X \I’R1> ~r <AQ, U ® Upri ® \I’Rg>
by(metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
moreover note <(Ag, ¥/ @ Up; ® Yra) —r (Ap, (¥ @ Up) @ Upy ®
\I/R2>>
moreover have (Ap, (¥ ® ¥p) ® Yp1 ® VYro) ~p (Ap, (V ® Vro) ®
Vp) ® Upri)
by (metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
ultimately show ?thesis by(rule FrameStatEqImpCompose)
qed
moreover from ¥ ® ¥ry ® Yo > P —— M (vsavec)(N) < P’ have (¥
® PUpo) ® Upy > P +—M(vxzvec)(N) < P’
by (metis statEqTransition Associativity Composition Commutativity)
moreover from (Ap; fx Ap> <Ago fx Ap> <Ap t* (Ry || R2) <extractFrame
R1 = <AR1, \I/R1>> FrR2 have Ap ﬂ* \IJRI and Ap ﬂ* \IJRQ
by (force dest: extractFrameFreshChain)+
moreover note (distinct xvec)

ultimately have 3K’ (I ® Ugry) @ Up > Ry —K'(N) < R/ A (¥ ®
Ury) @ Up @ Upy H M < K' A (Ag2Qzvec) i+ K' A Agy §* K’ using cParl
by (elim cParl(6)[where ba=P and bb=Ap and bd=Ag and bf=zvec])
auto
then obtain K’ where RTrans: (¥ @ Ugo) @ Up > Ry —K'(N|) < Ry’
and MegK" (¥ @ Upo) ® Up @ Wy - M < K’ and Ags fx K’ and
zvec fx K’ and ARy % K’
by force

from RTrans have (U @ Up) ® ¥po > Ry —>K'(N|) < Ry’
by (metis statEqTransition Associativity Composition Commutativity)
then have ¥V @ Up > (Rl || R2> }—>K/(]ND < (Rl/ H Rg) using FrR2 <Agpo
fx Wy (Ago #tx Upy <ARpo % K (Ags fix Ry» <Ags fix N»
by (force intro: Parl)
moreover from MeqgK' have ¥V @ Up @ Up; @ Upo - M < K’
by(metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using <zvec fix K’ <Agy f#ix K" <Agrs fx K"
by force
next
case(cPar2 U/ Upy Ry M' N Ry Ap1 R1 Ars Upe ¥ P Ap Up Ag zvec
avec M)
have FrR1: extractFrame Ry = (Agr1, Vg1) by fact
from U’/ ® Upy @ Upo b M < M’ have (V' ® Ur1) ® Vpo b M < M’
by(metis statEqEnt Associativity Composition Commutativity)
moreover have (Ag, (¥'® ¥r1) ® ¥ro) —r (Ap, (¥ ® Ur1) ® ¥p) ®
Ur2)
proof —
have <AQ, (\I’/ & \IIRI) X \I’R2> oy <AQ, \I//® ‘IJR]_ ® \I/RQ>
by (metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
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moreover note <(Ag, ¥/ ® Up; ® ¥ro) —r (Ap, (¥ @ ¥p) @ Upy ®
\I/RQ>>
moreover have (Ap, (V ® Up) ® Uy @ Ygry) ~p (Ap, (T ® Ugry) ®
Up) ® VUga)
by (metis Associativity Composition Commutativity AssertionStatEqTrans
AssertionStatEqSym frameNilStatEq frameResChainPres)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
moreover from U ® ¥p; ® Yo > P — M (vxzvec)(N) < P’y have (U
® \I/Rl) ® Wpro > P '—)MGV*%UGCD<N> < P’
by(metis statEqTransition Associativity Composition Commutativity)
moreover from (A fix Ap» <Ago fx Ap> <Ap fix (R || R2)» FrR1 <extract-
Frame Ro = (AR2, Ugro)» have Ap fx Upy and Ap #x WUpo
by (force dest: extractFrameFreshChain)+
ultimately have 3K’ (I ® Ugpy) @ Up > Ry —K'(N) < R/ A (¥ ®
Urpi) Up @ Upo b M <> K' A (Ar1Qzuec) fix K' A Ags #x K’ using <distinct
zvecy cPar2
by (elim cPar2(6)[where ba=P and bb=Ap and bd=Ag and bf=zvec])
auto
then obtain K’ where RTrans: (¥ ® ¥g1) @ ¥Up > Ry —K/(N|) < Ry’
and Mqu/Z (\I/ ® \IIRI) RUp  Upo b M K’ and ARl ﬁ* K’ and
zvec fx K’ and Ags % K’
by force

from RTrans have (¥ ® Up) ® Ugy > Ry —K'(N) < Ry’
by (metis statEqTransition Associativity Composition Commutativity)
then have ¥ ® Up > (Ry || R2) —K'(N|) < (R1 || R2’) using FrR1 <Ap
fx Uy ARy #x Upy <ARry % K (Ag1 fix Ry <Ag1 fix N»
by (force intro: Par2)
moreover from MeqgK' have V @ Up @ Upi ® Ypo F M «— K’
by (metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using <zvec ffx K’ <Agy f#ix K" <Agrs fx K"
by force
next
case(cScope W' R M'NR' 2 Ag UV W P Ap Up Aq zvec zvec M)
then have 3K’ U © Up > R —K'(N) < R'AVU @ Up @ Up - M ¢ K'
A zvec fx K' N Ag #x K'
by (elim c¢Scope(4)) (assumption | simp del: freshChainSimps)+
then obtain K’ where RTrans: ¥ ® ¥p > R —K'(N|) < R’
and MegK": ¥ @ Up @ Vg F M + K’and zvec fix K’ and AR fx K’
by metis
from <Agp #x Ap> <Ap i ((vz)R)> <z § Ap» <extractFrame R = (AR, Ur)
have Ap fix Up
by (force dest: extractFrameFreshChain)+

from «<¥ ® ¥ > P ——M(v*zvec)(N) < P"» have ¥ ® ¥ > P —— ROut
M ((vxzvec) N <’ P') by(simp add: residuallnject)

with <extractFrame P = (Ap, Up)» «distinct Ap> <z § Py <zvec x Py <Ap f#x
Upy <zt Apy <Ap fix My <Ap fx Py <Ap #x zvecy <Ap #x Uy <Ap #x zvecy <Ag
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fx Py <Ag #x Ap> <xvec ix M <distinct zvec
obtain K’ where MeqK": (0 ® Ug) @ Vp+ M < K" and z § K" and
AR tx K" and zvec fix K"’
by (elim outputObtainPrefiz[where B=(z#ArQzvec)]) (assumption | simp
| force | metis freshChainSym)+

from MegK" MeqK' have KegK': (V @ Up) @ Up - K'+ K"
by(metis statEqEnt Associativity Composition Commutativity chanEqSym
chanEqTrans)
with RTrans <extractFrame R = (Ag, Ug)» «distinct Ap> <A x ¥ (Ap fx*
Upy <Ag fx K'» <Ag fix K'» (Ag fx R
have ¥ @ Up > R —K''(N) < R’
by (elim inputRenameSubject) (assumption | force)+
then have ¥ @ Up > (vz)R — K" (N) < (vz)R' using <z § U» <z § Up»
K" «x it N»
by (elim Scope) (assumption | force)+
moreover from MeqK' have V @ Up @ Vp - M + K"
by(metis statEqEnt Associativity Composition Commutativity)
ultimately show ?case using <zvec fx K’ «x f K’ (Ag #x K’
by force
next
case(cBang W' R M' NR' Ap ¥r U P Ap Up Ag zvec zvec M)
from <guarded Ry <extractFrame R = (Agr, Ugr)» have Up ~ 1
by (metis guardedStatEq)
with <0/ @ 1+ M+ M»have V@ Vp @ 1+ M < M’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composi-
tion)
moreover have (Ag, ¥/ ® ¥rp ® 1) —p (Ap, (¥ ® ¥p) ® ¥V ® 1)
proof —
from <Up ~ 1) have (4g, V'@ UVp ® 1) ~p (4g, V' ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
moreover note <(Ag, ¥/ ® 1) —p (Ap, (T @ ¥p) ® 1
moreover from (Up ~ 1) have (Ap, (V@ ¥p) ® 1) ~
®@Up ® 1)
by (metis Identity Commutativity AssertionStatEqSym Composition frameResChain-
Pres frameNilStatEq AssertionStatEqTrans)
ultimately show ?thesis by (rule FrameStatEqImpCompose)
qed
moreover from ¥ ® 1 > P ——M(v*zvec)(N) < P «(Up ~ 1)
have ¥ ® Up ® 1 > P —> M (v*avec|)(N) < P’ by(metis statEqTransition
Identity Commutativity AssertionStatEqSym Composition)
ultimately have 3K’ ¥ @ Up > R || IR—K'(N) < RA T @ Up @ Up
Q1EF M+ K'A zvec x K' N Ag % K’ using cBang
by (elim cBang(5)) (assumption | simp del: freshChainSimps)+
then obtain K’ where RTrans: ¥ @ Up > R | |R —K'(N|) < R’
and MegK: ¥V @ Up @ Up ® 1+ M + K’ and zvec fx K’ and AR tix K’
by metis
from RTrans <guarded R> have ¥ ® ¥p > |R —— K'(N|) < R’ by(rule Bang)

»
F(Ap, (Vv ® ¥p)
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moreover from MeqK' (Vg ~ 1) have ¥V  Up @ 1 - M + K’
by (metis Identity Commutativity statEqEnt AssertionStatEqSym Composition
AssertionStatEqTrans)
ultimately show ?case using <zvec fx K’
by force
qed
}
note Goal = this
have U ® Uy ~ U ® Uy by(simp add: AssertionStatEqRefl)
moreover from <Ag i+ Us <A #* Ugo» have Ag fx (¥ ® ¥qg) by force
ultimately have 3K’ U @ Up > R+—K'(N) < RRAV Q@ Up @ Up - M <
K’ A ([J:iname list) §x K' N Agp % K’
by (intro Goal) (assumption | force)+
with Assumptions show ?thesis
by blast
qed

end

end

theory Simulation
imports Semantics

begin

This file is a (heavily modified) variant of the theory Psi_Calculi.Simu-
lation from [1].

context env begin

definition
simulation :: 'b = (‘a, 'b, 'c) psi =
(b x (Ya, 'b, 'c) psi x ('a, b, 'c) psi) set =
("a, 'b, 'c) psi = bool («- > - ~[-] -» [80, 80, 80, 80] 80)
where
UpP~Rl Q=Va Q.U >Qr—a<Q — bnatx ¥ — bnatxP
L @P.U > Prsa< P A, P, Q) € Rel)

abbreviation
simulationNilJudge (<- ~[-] -» [80, 80, 80] 80) where P ~~[Rel] @ = SBottom’
> P ~~[Rel] @

lemma siml[consumes 1, case-names cSim]:
fixes U b
and P :: (Ya, b, 'c) psi
and Rel :: (b x (‘a, 'b, 'c) psi x ('a, 'b, 'c) psi) set
and @ :: (‘a, 'b, 'c) psi
and C :: 'd:fs-name

assumes FEqut: equt Rel
and Sim: Aa Q. [P > Qr—a < Q) bn atfx P;bnats @ bna tx T
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distinct(bn «);
bn o fx (subject a); bn a fix C] = IP. ¥ > P —a < P’
A (W, P', Q') € Rel

shows U > P ~~[Rel] Q
proof —
{
fix a Q'
assume ¥ > Q —a < Q" and bn o fix ¥ and bn o fix P
then have 3P U > P —a < P' A (U, P/, Q') € Rel
proof (nominal-induct « rule: action.strong-induct)
case(In M N)
then show ?Zcase by(auto simp add: Sim)
next
case(Brln M N)
then show ?case by(auto simp add: Sim)
next
case(Out M zvec N)
moreover {
fix M zvec N Q'
assume (zvec::name list) fx U and zvec i P
obtain p where zvecFreshPsi: ((p::name prm) « (zvec::name list)) fx U
and zvecFreshM: (p - zvec) tx (M::'a)
and zvecFreshN: (p - zvec) #* (N::'a)
and zvecFreshP: (p - zvec) #§x P
and avecFresh@: (p - avec) §x Q
and zvecFresh@” (p « avec) §x (Q"::('a, 'b, '¢) psi)
and zvecFreshC: (p - zvec) fx C
and zvecFreshzvec: (p - zvec) #x zvec
and S: (set p) C (set zvec) x (set(p - zvec))
and dpr: distinctPerm p
by (rule name-list-avoiding[where zvec=zvec and ¢=(¥, M, @, N, P, Q’,
avee, C)]) auto
from «(p - zvec) §x M) <distinctPerm p> have zvec fx (p - M)
by (subst pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst, where pi=p,
symmetric]) simp

assume Trans: U > Q — M (vxzvec)(N) < Q'
with zvecFreshN zvecFresh@' S
have ¥ > Q — M (vx(p - zvec))((p - N)) < (p - Q)
by (simp add: boundOutputChainAlpha' residuallnject)
moreover then have distinct(p - zvec) by(auto dest: boundOutputDistinct)

moreover note zvecFreshPsi zvecFreshP xvecFreshQ zvecFreshM zvecFreshC
ultimately obtain P’ where PTrans: ¥ > P — M (v*(p - zvec)){(p + N))
< P’
and P’RelQ": (¥, P/, p - Q') € Rel
using Sim by (metis bn.simps(3) optionFreshChain(1) subject.simps(3))
then have (p - ¥) > (p + P) —(p - (M(vx(p - zvec)){(p - N)) < P’))
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by(simp add: semantics.equt)
with «xvec f§x W) zvecFreshPsi <zvec fx P> xvecFreshP S dpr
have ¥ > P +—(p - M)(vxavec)(N) < (p - P’)
by (simp add: equts name-set-fresh-fresh)
with <zvec $x Uy xvecFreshPsi <xvec #x P> zvecFreshP S <xvec #x (p « M)
have ¥ > P +——(p - p - M)(v*zvec)(N) < (p - P’
by(simp add: outputPermSubject)

with dpr have ¥ > P — M (v*zvec|) (N) < (p - P’
by simp

moreover from P’'RelQ’ Fqut have (p - ¥, p- P p-p- Q') € Rel
apply(simp add: equt-def equts)
apply(erule ballE[where z=(¥, P’, p - Q"))
apply (erule allE[where z=p])
by (auto simp add: equts)

with (zvec #x U) zvecFreshPsi S dpr have (¥, p - P/, Q') € Rel
by simp
ultimately have 3P’. ¥ > P — M(v*avec)(N) < P' A (¥, P/, Q) €
Rel
by blast
}
ultimately show ?case by force
next
case(BrOut M zvec N)
moreover {
fix M zvec N Q'
assume (zvec::name list) tx U and zvec §* P
obtain p where zvecFreshPsi: ((p::name prm) - (zvec::name list)) fx W
and zvecFreshM: (p - zvec) tx (M::'a)
and zvecFreshN: (p - zvec) #x (N::'a)
and zvecFreshP: (p - zvec) #§x P
and zvecFresh@Q: (p « avec) fx Q
and avecFresh@": (p - zvec) #x (Q":('a, b, 'c) psi)
and avecFreshC: (p - zvec) fx C
and avecFreshavec: (p - xvec) #x zvec
and S: (set p) C (set zvec) x (set(p - zvec))
and dpr: distinctPerm p
by (rule name-list-avoiding[where zvec=zvec and ¢c=(¥, M, Q, N, P, Q’,
avee, C)]) auto

from «(p - zvec) §x M) <distinctPerm p> have zvec fx (p - M)
by (subst pt-fresh-star-bij|OF pt-name-inst, OF at-name-inst, where pi=p,
symmetric]) simp

assume Trans: ¥ > Q — M (vxzvec)(N) < Q'

with zvecFreshN zvecFresh@' S
have U > Q ——{M(vx(p - zvec)){(p - N)) < (p - Q")
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by(simp add: boundOutputChainAlpha’" residuallnject)
moreover then have distinct(p - zvec)
by (auto dest: boundOutputDistinct)

moreover note zvecFreshPsi xvecFreshP rvecFresh(Q xvecFreshM rvecFreshC
ultimately obtain P’ where PTrans: ¥ > P ——{M(v+(p - zvec)){(p -

N)) < P’

Rel

and P’RelQ": (¥, P/, p - Q') € Rel
by (auto dest: Sim)
then have (p - ) > (p - P) —(p - (M (vx(p - zvec))(