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Abstract

We use the Restriction_Spaces library as a semantic foundation
for the process algebra framework HOL-CSP, offering a complementary
backend to the existing HOLCF infrastructure. The type of processes is
instantiated as a restriction space, and we prove that it is complete in
this setting. This enables the construction of fixed points for recursive
process definitions without having to rely exclusively on a pointed com-
plete partial order. Notably, some operators are constructive without
being Scott-continuous, and vice versa, illustrating the genuine com-
plementarity between the two approaches. We also show that key
CSP operators are either constructive or non-destructive, and verify
the admissibility of several predicates, thereby supporting automated
reasoning over recursive specifications.
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1 Depth Operator

1.1 Definition

instantiation processptick :: (type, type) order-restriction-space
begin

lift-definition restriction-processpiick ::
(("a, 'r) processpiick, nat] = (‘a, 'r) processpiick>
is APn. (FPU{(tQu, X)|[tuX.t€T P Alengtht=nAtF
t A ftF u},
DPU{tQu |tu teT PANlengtht=nAtFtA
ftF u})
(proof)

1.2 Projections

context fixes P :: «(‘a, 'r) processpiicr) begin

lemma F-restriction-processpiick :
(FPlIn)=FPU{tQu, X)|tuX.t€T PAlengtht=mnA
tFt A ftF ub

(proof)

lemma D-restriction-processptick :

D PIn)=DPU{tQultu.teT PAlengtht=mnAtFtA
ftF u}py

(proof)

lemma T-restriction-processpiick :

T (Pln)=TPU{tQu|tu.teT PAlengtht=nAtFtA
ftF up

(proof)

lemmas restriction-processyick-projs = F-restriction-processpicr, D-restriction-processpici
T-restriction-processptick

lemma D-restriction-processpticr -
assumes ¢t € D (P | n)
obtains <t € D P) and <length t < n»
| v where <t = u @ v <u € T P> <length u = ny (tF w <ftF v

(proof)

lemma F-restriction-processpicr b :
assumes ((t, X) € F (P | n)
obtains (¢, X) € F P» and <length t < n)
| w v where (¢t = u Q v <u € T P> <length u = ny (tF w (ftF v

(proof)



lemma T-restriction-processpiickE
qt €T (Pln);teT P= lengtht < n = thesis;
Nuvv.t=u@Quv= ueT P = lengthu =n= tF u= fiF
v = thesis] = thesis
(proof)

lemmas restriction-process,;qi-elims =
P
F-restriction-processy;cr B D-restriction-process,iicr, 2 T-restriction-processyiick £

lemma D-restriction-processyiici! :
«te€DPVteT PA(lengtht =nAtFtV n<lengtht) =t
eD (P n)p
(proof)

lemma F-restriction-processptici! :

(t, X) e FPVteT PA (lengtht=nAtFtV n< lengtht)
= (t, X) € F (P | n)p

(proof)

lemma T-restriction-processpiick! :

e T PViteTPA((lengtht=nAtFtVn<lengtht) =t
eT (Pl n)y

(proof)

lemma F-restriction-processpt;cr-Suc-length-iff-F :
«(t, X) € F (P | Suc (length t)) +— (t, X) € F P»
and D-restriction-processpt;cr-Suc-length-iff-D :
<t € D (P ] Suc (length t)) «— t € D P»
and T-restriction-processpyici-Suc-length-iff-T :
<t € T (P ] Suc (length t)) +— t € T P»
(proof)

lemma length-less-in-F-restriction-processpiicrk
dengtht <n = (t, X) e F(Pln) = (t, X) e F P»
(proof)

lemma length-le-in-T-restriction-processptick :
dengtht <n=teT (Pln) =teT P
(proof)

lemma length-less-in-D-restriction-processpiick :
dengtht <n=te€D(Pln)=teDDP



(proof)

lemma not-tickFree-in-F-restriction-processpicr-iff

dengtht <n= - tFt= (t, X) € F (Pl n)+— (t, X) € F
P

{proof)

lemma not-tickFree-in-D-restriction-processpiicr-iff
dengtht <n= —-tFt=te€D (Pln)«—teDDP
(proof)

end

lemma front-tickFreeE :

(ftF t; tF t = thesis; \t' r. t = t' Q [V (r)] = tF t' = thesis]
= thesis

(proof)

1.3 Proof obligation

instance
(proof )

corollary <«OFCLASS(('a, 'r) processpiick, restriction-space-class)»

(proof)

end

instance processpiicr 1 (type, type) pepo-restriction-space

{proof)

(ML)

1.4 Compatibility with Refinements

lemma leF-restriction-processpiickl: <Pl n Cp Q | n
if (AsX. (s, X) e FQ=lengths<n= (s, X)eF (Pl n)p
(proof )

lemma leT-restriction-processpiickl: <P L n Cp @ | n
if <Ns.seT Q= lengths<n=—seT (P|n)
(proof)

lemma leDT-restriction-processpiickd: <P | n Cpr @ | n
if <Ns.seT Q= lengths<n=—seT (P|n)



and (As. length s <n = se€D Q= s D (Pl n)p
(proof)

lemma leFD-restriction-processptickl: <P 1 n Cpp Q L m
if <AsX. (s, X) e F Q= lengths<n= (s, X)eF (Pl n)p
and (As. s € D Q = lengths < n= s D (Pl n)p
(proof)

1.5 First Laws

lemma restriction-processyiick-0 [simp] : <P | 0 = L»

(proof)

lemma restriction-processpiick-BOT [simp] : «(L :: (“a, 'r) processpiick)
Iln=10,L
(proof)

lemma restriction-processpiicr-is-BOT-iff :
«(Pln=1l¢<—>n=0VvVP=_1
(proof)

lemma restriction-processpiick-STOP [simp] : <STOP | n = (if n =
0 then L else STOP))
(proof)

lemma restriction-processptick-1s-STOP-iff : <P | n = STOP +— n
#0NP=_8TOP)

(proof)

lemma restriction-processyiic,-SKIP [simp] : <SKIP r | n = (if n =
0 then L else SKIP r))
(proof)

lemma restriction-processpi;cr-is-SKIP-iff : <P | n = SKIP r +— n
# 0 NP = SKIP r

{proof)

lemma restriction-processyicr,-SKIPS [simp] : <SKIPS R | n = (if n
= 0 then L else SKIPS R)»

(proof)

lemma restriction-processpt;cr-is-SKIPS-iff : <P | n = SKIPS R +—
n# 0 N P = SKIPS R»
(proof)



1.6 Monotony
1.6.1 P | n is an Approximation of the P

lemma restriction-processyiicr-approx-self : <P | n & P
(proof)

lemma restriction-processptick-FD-self : <P | n Cpp P>

(proof)

lemma restriction-processpici-F-self : <P | n Cp P»

(proof)

lemma restriction-processpticr-D-self : <P | n Tp P»

(proof)

lemma restriction-processpyici-1-self : <P | n Cp P»

(proof)

lemma restriction-processpticr-DT-self : <P | n Epr P»
(proof)

1.6.2 Monotony of ()

lemma Suc-right-mono-restriction-processpticr : <P | n & P | Suc n

(proof)

lemma Suc-right-mono-restriction-processptick-FD : <P | n Cpp P

3 Suc n»
(proof)

lemma Suc-right-mono-restriction-processpiick-F : <P | n

Suc ny

(proof)

lemma Suc-right-mono-restriction-processpiici-D <P | n

Suc ny

(proof)

lemma Suc-right-mono-restriction-processptick-T : <P | n

Suc ny
(proof )

Cr P

Cp P

Cr P

lemma Suc-right-mono-restriction-processptici-DT : <P | n Epr P

4 Suc n»
(proof)

lemma le-right-mono-restriction-processpick, : <n < m = P | n C

Pl m



(proof)

lemma le-right-mono-restriction-processpiick-FD : <n < m = P | n
Erp P L m

(proof)

lemma le-right-mono-restriction-processpiicr-F : «n < m = P | n
Crp Plm

(proof)

IN

lemma restriction-processpticr-le-right-mono-D : «n
Cp Plm

(proof)

m=— Pln

lemma restriction-processpt;ci-le-right-mono-T : (n
Cr P l, m»
(proof)

IN

m= Pln

lemma restriction-processyiick-le-right-mono-DT : «<n < m = P |
nCpr P \I, my

(proof)

1.6.3 Interpretations of Refinements

lemma ex-not-restriction-leD : <3n. -~ P nCp Q| n if <= PCp
@
(proof)

interpretation PRS-leF : PreorderRestrictionSpace <(J)» <«(Cp)»
(proof)

interpretation PRS-leT : PreorderRestrictionSpace <(1)> <«(Cr)»
{proof)

interpretation PRS-leDT : PreorderRestrictionSpace <(})» «(Epr)»
{proof)

1.7 Continuity

context begin

private lemma chain-restriction-processpiick : <chain Y = chain
(M. Yiln)y

(proof) lemma cont-prem-restriction-processptick :

(i Yi)ydn= (] i Yildn) (is «?lhs = ?rhs)) if <chain ¥>
(proof )



lemma restriction-processpi;c-cont [simp] @ <cont (Az. fz | n) if
<cont f»

{proof)

end

1.8 Completeness

Processes are actually an instance of complete-restriction-space.

lemma chain-restriction-chain :
<restriction-chain ¢ = chain o> for o :: <nat = ('a, 'r) processpiick>

(proof)

lemma restricted-L UB-restriction-chain-is :
«(An. ([ n. o n) | n) = o if «restriction-chain o>
(proof )

instance processpiick (type, type) complete-restriction-space
(proof )

This is a very powerful result. Now we can write fixed-point
equations for processes like v X. f X, providing the fact that f
is constructive.

(ML)

2 Constructiveness of Prefixes

2.1 Equality

lemma restriction-processpiicr-Mprefiz

dae A—Paln= (casenof 0 = L | Sucm=TdacA — (Pa
+ m)) (is «?lhs = %rhsy)
(proof)

lemma restriction-processpticr-Mndetprefix :

Ma€ A— Paln= (casenof 0 = L | Sucm = NacA — (Pa
+ m)) (is «?lhs = %rhsy)
{proof)

corollary restriction-processyi;cr-writel :
<a > Pln=(casenof 0= L|Sucm=a— (P|lm))

(proof)



corollary restriction-processyi;cr-write :
<cla - Pl n=(casenof 0= 1]Sucm= cla— (Pl m)

(proof)

corollary restriction-processpiicr-read :
«c?a€A - Paln= (casenof 0 = L | Sucm = c?acA — (Pa

L)
(proof)

corollary restriction-processyticr-ndet-write :
«MacA - Paln= (casenof 0 = L | Sucm= cllacA — (Pa

L)
(proof)
2.2 Constructiveness
lemma Mprefix-constructive : <constructive (AP. Oa € A — P a)»

(proof)

lemma Mndetprefiz-constructive : <constructive (AP.Ma € A — P a)»

(proof)

lemma write0-constructive : <constructive (AP. a — P)»

(proof)

lemma write-constructive : <constructive (AP. cla — P)»

(proof)

lemma read-constructive : <constructive (AP. c?a € A — P a)»

(proof)

lemma ndet-write-constructive : <constructive (AP. c!la € A — P a)»

(proof)

3 Non Destructiveness of Choices

3.1 Equality

lemma restriction-processpiick-Ndet : <P Q L n= (Pl n)N(QJ
n))

(proof)

lemma restriction-processpticr-GlobalNdet :
(Ma€ A. Pa)l n=_(ifn=0then L elseMNa € A. (Pal n))
(proof)

10



lemma restriction-processpyici-GlobalDet :
«(Oae A Pa)ln=_(ifn=0then L else Ja € A. (Pal n))
(is <?lhs = (if n = 0 then L else ?rhs)))

(proof )

lemma restriction-processpiicy-Det: <P O Q L n= (P | n) O (Q
n)y (is «?lhs = ?rhs»)

(proof)

corollary restriction-processpiic-Sliding: <P > @ | n = (P | n) >
(Q 4 n)
(proof )

3.2 Non Destructiveness

lemma GlobalNdet-non-destructive : <non-destructive (AP. Ma € A.
Pa)
(proof)

lemma Ndet-non-destructive : <non-destructive (\(P, Q). P 1 Q)

(proof)

lemma GlobalDet-non-destructive : <non-destructive (AP. Oa € A. P
a)

(proof)

lemma Det-non-destructive : <non-destructive (A\(P, Q). P O Q)
(proof)

corollary Sliding-non-destructive : <non-destructive (A(P, Q). P >
Q)
(proof)

4 Non Destructiveness of Renaming

4.1 Equality

lemma restriction-processyt;cr-Renaming:
<Renaming P f g | n = Renaming (P | n) f ¢ (is <?lhs = %rhs»)
(proof)

4.2 Non Destructiveness

lemma Renaming-non-destructive [simp| :
<non-destructive (A\P. Renaming P f g)»

(proof)

11



5 Non Destructiveness of Sequential Com-
position

5.1 Refinement

lemma restriction-processpticr-Seq-FD :
(P3QlnCrp (Pln);(QLn) (is<?hs Crp ?rhsy)
(proof )

corollary restriction-processpt;cr-MultiSeq-FD :
(SEQle@ L. Pl)l nCrp SEQl €@ L. (P1| n)
(proof )

5.2 Non Destructiveness

lemma Seg-non-destructive :
«non-destructive (A(P :: (‘a, 'r) processpiick, Q). P; Q)
{proof )

6 Non Destructiveness of Synchronization
Product

6.1 Preliminaries

lemma D-Sync-optimized :
D (P 4] Q) =
{vQuwltuvw tFvA ftF w A
v setinterleaves ((t, u), range tick U ev * A) A
teDPAueT QVteDQAueTP)p
(is <- = ?rhs))
(proof )

lemma tickFree-interleave-iff :
<t setinterleaves ((u, v), S) = tF t <— tF u A tF v

(proof)

lemma interleave-subsetL :
(Ft = {a. eva € setu} C A=
t setinterleaves ((u, v), range tick U ev * A) = t = v
for t w v :: «("a, 1) tracepiick>

{proof)

lemma interleave-subsetR :
(tFt = {a. eva € set v} C A =
t setinterleaves ((u, v), range tick U ev * A) = t = w)

(proof)

12



lemma interleave-imp-lengthLR-le :
<t setinterleaves ((u, v), §) =
length u < length t A length v < length t»

(proof)

lemma interleave-le-preficLR :
<t setinterleaves ((u, v), §) = v' < u = v' < v =
(Ft' < ¢ Fou” < vt setinterleaves ((u’, v”), S)) V
(Ft' < ¢ Fu” < u'. t’ setinterleaves ((u”, v’), S))

(proof)

lemma restriction-processpyici-Sync-FD-div-oneside :
assumes (tF uy (ftF v» <t-P € D (P | n) «t-Q € T (Q | n)»
<u setinterleaves ((t-P, t-Q), range tick U ev < A)»
shows <u @ v € D (P [4] Q | n)

(proof)

6.2 Refinement

lemma restriction-processpyjci-Sync-FD :
(PJA] Q1 nCrp (P n)[A] (QJ n) (is <?lhs Cpp ?rhs)
(proof )

The equality does not hold in general, but we can establish it by
adding an assumption over the strict alphabets of the processes.

lemma strict-events-of-subset-restriction-processp;cr-Sync :
(PJA] Q@1 n=(P{n)[A4] (Q1 n) (is <?lhs = 2rhs»)
if «a(P) C AV a(Q) C A

(proof )

corollary restriction-processp;cr-MultiSync-FD :
(JA] me# M. Pl nCpp [A] m €# M. (P1{ n)
(proof )

In the following corollary, we could be more precise by having
the condition on at least size M — 1 processes.

corollary strict-events-of-subset-restriction-processpt;ci-MultiSync :
(JA] m €# M. Pm | n = (if n = 0 then L else [A] m €# M. (P

m } n))h
— if n = 0 then L else - is necessary because we can have M = {#}.
if <Am. m e## M = a(P m) C A

(proof)

corollary restriction-processpticr-Par :

Pl QIin=(Pln)|(Qn)

13



(proof)

corollary restriction-processy;cr-MultiPar :

| me# M. Plln=(if n=20then L else|| me# M. (Pl]
n))»

(proof)

6.3 Non Destructiveness

lemma Sync-non-destructive :
(non-destructive (A\(P :: ('a, 'r) processpiick, Q). P [A] Q)
{proof)

end

7 Non Destructiveness of Throw

7.1 Equality

lemma Depth-Throw-1-is-constant: <P © a € A. Q1 al 1 =P O a
€A Q2al Dy
(proof)

7.2 Refinement

lemma restriction-processpticr-Throw-FD :
(POacA Qa)lnCrp (Pln)O©acA (Qal n) (is «?hs
Crp 7rhsy)

(proof)

7.3 Non Destructiveness

lemma Throw-non-destructive :
(non-destructive (A(P :: (‘a, 'r) processpiick, Q). P © a € A. Q a)
(proof )

lemma ThrowR-constructive-if-disjoint-initials :
<constructive (AQ :: 'a = ('a, 'r) processprick- P © a € A. Q a)
if (An{e ewee P} ={}h

{proof)

14



8 Non Destructiveness of Interrupt

8.1 Refinement

lemma restriction-processyi;cr-Interrupt-FD :
(PAQLnCrp (Pln) A(QL ny (is <?lhs Cpp rhs))
(proof )

8.2 Non Destructiveness

lemma Interrupt-non-destructive :
<non-destructive (A(P :: ('a, ') processprick, Q). P 1N Q)
(proof)

9 Non too Destructiveness of After

9.1 Equality

lemma initials-restriction-processptick: <(P 1 n)® = (if n = 0 then
UNIV else P°)
(proof)

lemma (in After) restriction-processpiick-After:

<P after e | n = (if ev e € P° then (P | Suc n) after e else ¥ P e
L n)p
(proof )

lemma (in AfterExt) restriction-processpiick-Afterick:

<P aftery el n=

(case e of /(1) = Q Pr|n|evz = ifec P°then (P | Sucn)
after y e else ¥ Pz | n)

(proof)

lemma (in AfterExt) restriction-processpiick-Afterirace:
€T P=tFt= Paftery t ] n= (P (n+ length t)) afters
t

{proof)

9.2 Non too Destructiveness

lemma (in After) non-too-destructive-on-After :
(non-too-destructive-on (AP. P after e) {P. eve € P}

(proof)

lemma (in AfterExt) non-too-destructive-on-Afters;cr
(non-too-destructive-on (AP. P after, €) {P. e € P'}
if <A\r. e = V/(r) = non-too-destructive-on Q {P. /(r) € P’}
(proof)

15



lemma (in After) non-too-destructive-After :

<non-too-destructive (AP. P after e)» if x : (non-too-destructive-on
U {P. eved¢g P}
{proof)

lemma (in AfterExt) non-too-destructive-Afteri;cr
(non-too-destructive (A\P. P after ; e)»
if * : <\a. e = ev a = non-too-destructive-on ¥ {P. ev a ¢ P’}
(N\r. e =V (r) = non-too-destructive (AP. P r)»

{proof)

lemma (in AfterEat) restriction-shift-Afterirqce :
<restriction-shift (AP. P aftert t) (— int (length t))»
if <non-too-destructive ¥y (non-too-destructive »
— We could imagine more precise assumptions, but is it useful?

{proof)

10 Destructiveness of Hiding

theory Hiding-Destructive
imports HOL— CSPM Prefizes-Constructive
begin

10.1 Refinement

lemma Hiding-restriction-processyiick-FD : «(P L n)\ S Cpp P\ S
o

(proof )

10.2 Destructiveness

lemma Hiding-destructive :

3P Q :: ("a, 'r) processprick. Pl n=0Q L nA(P\S)| Suc0 #
(Q\ S) ) Suc 0y if <S #{p
(proof )

11 Admissibility

named-theorems restriction-adm-process,ci-simpset

16



11.1 Belonging

lemma restriction-adm-in-D [restm'ction—adm—processptiCk-simpset] :
<admy (Az. t € D (fz))
and restriction-adm-notin-D [restriction-adm-processpic-simpset] :
<admy (Az. t ¢ D (fz))
and restriction-adm-in-F [restriction-adm-processpyicy-simpset] :
<admy (Az. (1, X) € F (fz))
and restriction-adm-notin-F [restriction-adm-processpt;c,-simpset)] :
cadmy (Az. (¢, X) ¢ F (fx)) if <conty f>

for f :: <'b :: restriction = (‘a, 'r) processpiick>

{proof)

corollary restriction-adm-in-T [restriction-adm-processpy;cr-simpset]

ccont) f = adm; (Az. t €T (fz))

and restriction-adm-notin-T [restriction-adm-processyi;cx-simpset] :
cconty f = admy (Az. t ¢ T (fz)»

(proof)

corollary restriction-adm-in-initials [restriction-adm-processpycr-simpset]

ccont; f => adm; (A\z. e € (fz)°)
and restriction-adm-notin-initials [restriction-adm-processpci-simpset)

. cconty f = adm (A\z. e & (fz)°)
(proof)

11.2 Refining

corollary restriction-adm-leF [restriction-adm-processpicr-simpset] :
<conty f = conty g = admy (Az. fz Cp g z)

(proof)

corollary restriction-adm-leD [restriction-adm-processpi;cr-simpset] :
<cont) f => cont; g = adm (A\z. fz Cp g z)»

(proof)

corollary restriction-adm-leT [restriction-adm-processpi;cr-simpset] :
<conty f = conty g = admy (A\z. fz Cp g z)
(proof)

corollary restriction-adm-leFD [restriction-adm-processp;cr-simpset]

<conty f = conty g = admy (A\z. fz Cpp g )
(proof)

corollary restriction-adm-leDT [restriction-adm-processpy;cr-simpset]

17



<cont) f => cont; g = adm (Az. fz Cpr g z)
(proof)

11.2.1 Transitions

lemma (in After) restriction-cont-After [restriction-adm-simpset] :
<cont; (Az. fx after a)» if <cont; f> and <cont; ¥»
— We could imagine more precise assumptions, but is it useful?

(proof)

lemma (in AfterExt) restriction-cont-Aftery;cr [restriction-adm-simpset)

«conty (Az. fx after , e) if «cont) fr> and <cont; ¥» and <cont|
— We could imagine more precise assumptions, but is it useful?

(proof)

lemma (in AfterExt) restriction-cont-Afteri,qce [restriction-adm-simpset)]

cconty (Az. fz afterr t)» if <cont) > and (cont; ¥» and <cont; O
— We could imagine more precise assumptions, but is it useful?

(proof)

lemma (in OpSemTransitions) restriction-adm-weak-ev-trans [restriction-adm-processy;cx-simpset):
— Could be weakened to a continuity assumption on W.
fixes f g :: /b :: restriction = (‘a, 'r) processpiick>
assumes 7-trans-restriction-adm:
Nfg:'b= (a, 'r) processpiick. conty [ = cont; g = adm,
Az, fz~>p ga)
and (cont; f> and <cont; ¢> and (cont; ¥» and <cont; b
shows <adm (Az. fz ~¢ g z)

{proof)

lemma (in OpSemTransitions) restriction-adm-weak-tick-trans [restriction-adm-processpy;ci,-simpset]:
fixes f g :: <'b = restriction = ('a, 'r) processpiick>
assumes 7-trans-restriction-adm:
Nfg b= ("a, 'r) processpiick. cont, f => conty g => adm,
Az, fo~r ga)
and <cont; f> and <cont; ¢» and <cont; V) and <cont;
shows <adm; (Az. fz ~/r (g )

(proof)

lemma (in OpSemTransitions) restriction-adm-weak-trace-trans [restriction-adm-processpyicr-simpset]:
fixes f g :: b :: restriction = ('a, 'r) processpiick>
assumes 7-trans-restriction-adm:
Nfg b= ("a, 'r) processpiick. cont, f => conty g = adm,
M. fo~r ga)
and <conty f> and <cont; ¢> and <cont, ¥» and <cont;
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shows <adm) (Az. fz ~* ¢ (g z))
(proof)

declare restriction-adm-processy;.i-simpset [simp]

12 Higher-Order Rules

This is the main entry point. We configure the simplifier below.

named-theorems restriction-shift-processpt;cr-simpset

12.1 Prefixes

lemma Mprefiz-restriction-shift-processpiick [restriction-shift-processpticik-simpset]

<constructive (Az. Oa € A — fax)» if «(A\a. a € A = non-destructive
(fa))
(proof)

lemma Mndetprefiz-restriction-shift-processpiici [restriction-shift-processpiicr-simpset]

cconstructive (Az. Ma € A — fax)s if «(A\a. a € A = non-destructive
(fa))
(proof)

corollary write0-restriction-shift-processptici [restriction-shift-processpyici-simpset]

<non-destructive f = constructive (Az. a — f )

(proof)
corollary write-restriction-shift-processptici [restriction-shift-processpiici-simpset]

(non-destructive f = constructive (A\z. cta — fz)»

(proof)
corollary read-restriction-shift-processpiicr [restriction-shift-processpiicr-simpset]
«(Aa. a € A = non-destructive (f a)) = constructive (A\z. c?a €

A= faz)
(proof)

corollary ndet-write-restriction-shift-processpi;cr, [restriction-shift-processy;cx-simpset]

«(Na. a € A = non-destructive (f a)) = constructive (Az. clla €
A= faz)
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(proof)

12.2 Choices

lemma GlobalNdet-restriction-shift-processpiicr, [restriction-shift-processp;cr-simpset]

(Aa. a € A = non-destructive (f a)) = non-destructive (Az. Ma

€A faax)p

(Aa. a € A = constructive (f a)) = constructive (A\z. Ma € A.
faz)
(proof)

lemma GlobalDet-restriction-shift-processyiick [restriction-shift-processyi;cx-simpset]

«(Aa. a € A = non-destructive (f a)) = non-destructive (Az. Oa

€A fazx)p

«(Aa. a € A = constructive (f a)) = constructive (Az. Ja € A.
fazx)
(proof )

lemma Ndet-restriction-shift-processpyici [restm'ction-shiﬁ-processptick—simpset]

<non-destructive f = non-destructive g = non-destructive (\z. f
z M gx)
<constructive f = constructive g = constructive (Az. fz M g x)»

(proof)
lemma Det-restriction-shift-processpiick [restriction-shift-processpiicr-simpset]

<non-destructive f = non-destructive g = non-destructive (Az. f
zOga)
<constructive f = constructive g = constructive (Az. fz O g z)»

(proof)
lemma Sliding-restriction-shift-processpiick [restriction-shift-processpyci-simpset]

<non-destructive f = non-destructive g = non-destructive (Az. f
T > g )
<constructive f = constructive g = constructive (Az. fz > g z))

(proof)

12.3 Renaming

lemma Renaming-restriction-shift-processpiicr, [restriction-shift-processp;cr-simpset]

<non-destructive P => non-destructive (Az. Renaming (P z) f g)»
<constructive P = constructive (Az. Renaming (P z) f g)»

(proof)
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12.4 Sequential Composition

lemma Seg-restriction-shift-processptici [restrz’ction—shiﬁ-pmcessptiCk -simpset)

<non-destructive f = non-destructive g = non-destructive (Az. f

T35 gz)
<constructive f = constructive ¢ = constructive (A\z. fz 3 g x)»

(proof)

lemma MultiSeg-restriction-shift-processpiicx [restriction-shift-processyi;ck-simpset]

(AL 1 € set L = non-destructive (f )) = non-destructive (A\x.
SEQleQ L. flz)

(Al 1 € set L = constructive (f 1)) = constructive (A\z. SEQ 1
€Q L. flz)

(proof)

corollary MultiSeq-non-destructive : <non-destructive (AP. SEQ | €Q
L. Pl

(proof)

12.5 Synchronization Product

lemma Sync-restriction-shift-processpiicr [restriction-shift-processpyicr-simpset]

<non-destructive f = non-destructive g = non-destructive (Az. f

z [S] g =)
(constructive f = constructive g = constructive (Az. fx [S] g z)»

(proof)

lemma MultiSync-restriction-shift-processpiick [restriction-shift-processpyci,-simpset]

(Am. m €# M = non-destructive (f m)) = non-destructive (\z.
[S] m e# M. fmz)

(Am. m e# M = constructive (f m)) = constructive (Az. [5]
m EeH# M. fmx)

(proof )

corollary MultiSync-non-destructive : <non-destructive (AP. [S] m
€# M. P m)
(proof)

12.6 Throw

lemma Throw-restriction-shift-processpiick [restriction-shift-processpyicr-simpset]
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<non-destructive f = (Na. a € A = non-destructive (g a)) =
non-destructive (Az. fz © a € A. g a x)

<constructive f = (N\a. a € A = constructive (g a)) = construc-
tive (A\z. fr © a € A gaa)p
(proof )

12.7 Interrupt

lemma Interrupt-restriction-shift-processyi;cx [restriction-shift-process,i;cx-simpset]

<non-destructive f = non-destructive g = non-destructive (Az. f
z A ga)
<constructive f = constructive g = constructive (A\z. fz A\ g x)»

(proof)

12.8 After

lemma (in After) After-restriction-shift-processpi;cr [restriction-shift-processpiicr -simpset]

<non-too-destructive ¥ = constructive f = non-destructive (A\z.
fz after a)

«non-too-destructive ¥V = non-destructive f = non-too-destructive
(Az. fz after a)

(proof)

lemma (in AfterExt) Aftery;ck-restriction-shift-processpiick [restriction-shift-processyi;ck-simpset]

([non-too-destructive ¥; non-too-destructive Q; constructive f]
= non-destructive (\z. fz after , e)

([non-too-destructive ¥; non-too-destructive Q; non-destructive f]
= non-too-destructive (A\z. fx after, e))

(proof)

12.9 TIllustration

declare restriction-shift-processpiick-simpset [simp]

notepad begin
(proof)

end

Finally, we add the following new law. A similar result involving
the least fixed-point operator inherited from HOLCF was already
available: Renaming-fiz.

lemma Renaming-restriction-fiz :
<Renaming (v X. ¢ X) fg = (v X. (AP. Renaming P f g) o ¢ o
(AP. Renaming P (inv f) (inv g))) X)»
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(is <Renaming (v X. ¢ X) fg = (v X. %’ X)) if <constructive ¢>
and «nj fr and <inj ¢ for ¢ :: «(‘a, 'r) processpiick = (‘a, 'r)
PrOCesSptick?
(proof )

end
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