Appendix C

Refinement Laws

Simulation
Law C.1 (Skip)

Skip =< Skip

Law C.2 (Stop)

Stop =< Stop

Law C.3 (Chaos)

Chaos =< Chaos

Law C.4 (Schema expressions)
ASExzp < CSExp

provided

© V Py.State; Po.State; L @ R A pre ASExp = pre CSExp

@ V Py.State; P,.State; Py.State’; L e R A pre ASExzp N CSEzp =
(3 Py.State’; L' @ R' N ASEzp)

Law C.5 (Prefix distribution®)
c— A X ¢c— Ay

provided A; =< As
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C Refinement Laws

Law C.6 (Simple prefix distribution®)
c.ae — Skip = c.ce — Skip
provided
© V P;.State; Po.State; L e R = ae = ce
Law C.7 (Output prefix distribution)
clae — A1 < clee — Ay

provided

© VY Py.State; Ps.State; L e R = ae = ce
O A < A,

Law C.8 (Input prefix distribution)
cle — A1 <X ¢’z — Ay

provided A; =< Ao

Law C.9 (Input constrained prefix distribution®*)

clex:T1 — A1 2 c?z: Ty — As
provided

© A = Ay

© V Ay.State; Ag.State; Le R = (T < Ts)

Law C.10 (Multiple prefix distribution®)

For every channel ¢ and communication parameters as and cs,

cas — A1 <X cecs — Ag
provided

O A X A,

© For every abstract expression e,, in as and its corresponding concrete expression

ec, in cs: ¥ Py.State; Py.State; Lo R = (e, < €4,)

© The names of all input variables are not changed from as to cs.

© Type of c is finite.
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Law C.11 (Guard distribution)
ag & A1 = cg & Ao

provided

© V P;.State; Ps.State; L e R = (ag < cg)
o A < As

Law C.12 (Sequence distribution)
Ar; Ay X Bi; By

provided

O A =X B
© Ay <X By

Law C.13 (External choice distribution*)
A1 0Ay = B OBy

provided

O A4 =X B
© Ay <X By

© R is a function from the concrete to the abstract state

Law C.14 (External choice/Prefix distribution®)
Ojec;— A; < 0O7ec¢; — B

provided Vie A; <X B;

Law C.15 (External choice/Simple prefix distribution®)
Oiec.ae; — A; < O ec.ce; — By

provided

O VieAd; X B;
© VieVP.State; Py.State; L e R = ae; = ce;
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Law C.16 (External choice/Output Prefix distribution*)
O¢eclae; — A; <X 0O 1 e¢lece; — B;
provided
©VieA; <X B;
© VieV Pi.State; Py.State; L e R = ae; = ce; a
Law C.17 (External choice/Input Prefix distribution®)

Ojec?y; — A; < O7ec;7y; — B;

provided Vie A; < B; 4

Law C.18 (External choice/Constrained Input Prefix distribution®)
O i’ci?xiiTAz—’Ai <0 io(ci?xi:TBiHBi

provided
O Vie AZ j B,L'
> Vi eV AState; B.State; Le R= (T, & Tp,) Q

Law C.19 (External choice/Multiple Prefix distribution*)
For every channel ¢; and communication parameters as;, and cs;,

Octecias; — A; < 0O iec;cs; — By
provided
© Type of ¢ is finite

O VieAd; X B;

© For every i, and every abstract expression e, in as; and its corresponding con-
crete expression
e in cs;: Y Py.State; Ps.State; Le R = e, & e,

© For every i, the names of all input variables are not changed neither from as; to
cS; a

Law C.20 (Internal choice distribution®)
A1 Ay < B M By

provided

© A X Ay
© B X By a
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Law C.21 (Parallelism composition distribution®)
A1 HTLS1A | CcS | nsg 4 ” AQ = Bl |[n513 | CcS | nsg g ]| BQ

provided

O A =B
© Ay <X By

O Yug,vp ® R(va,vp) = (v4 € nsy, = vp € nsi,)

© Yug,vp ® R(va,vp) = (v4 € nse, = vp € nsa,,) a
Law C.22 (Interleave distribution®)

Ay |[ns1 | nso]| A2 = By |[ns1 | nso]| Be

provided

O A4 < A
© B X By

O Yug,vp ® R(va,vp) = (va € ns1, = vp € nsi,)
O Yug,vp ® R(va,vp) = (va € nsy, = vp € ns2y,) a
Law C.23 (Recursion distribution®)
IU,XOFA(X) < uX OFcf(X>

provided Fy < Fg¢ a

Law C.24 (Specification Statement Distribution*)
wy : [prea, posta] = wp : [prep, postp|
provided

> —preg =~ prep

© posta N uly = usa = postp A up = up, where u are the state variables that are
not in the frame w. a

Law C.25 (Variable Block Distribution®)
var x e A1 < var z e Ay

provided
Ap < Ay a
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Action Refinement

Assumptions

Law C.26 (Assumption Conjunction®)

{ai}; {2} ={q1 A 2}

Law C.27 (Assumption introduction*)
{9} = {9} {91}
provided g = ¢ d

In the following two laws we refer to a predicate assump’. In general, for any predicate
p, the predicate p’ is formed by dashing all its free undecorated variables.

Law C.28 (Schema Expression/Assumption—introduction)

AState; i?7: Ty; ol: Ty | p A assump']

[AState; i?7: Ty; ol Ty | p A assump']; {assump}

The schema in this law is an arbitrary schema that specifies an action in Circus: it acts
on a state schema State and, optionally, has input variables i? of type T;, and output
variables o! of type T,.

Law C.29 (Initialisation schema/Assumption—introduction®)
State’ | p A\ assump’|

[State’ | p A assump']; {assump}

Law C.30 (Assumption/Guard—introduction)

{9 A={g}; 9& A

Law C.31 (Guard/Assumption—introduction 1*)

g& A=g&{g}; A

Law C.32 (Assumption/Guard—elimination 1)

{anlh (&) ={a} A

provided g¢g; = ¢ d
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Law C.33 (Assumption/Guard—elimination 2)

{oan}; (& A)={g}; Stop

provided g¢; = - ¢ d

Law C.34 (Assumption/Guard—replacement)

{anh (p&A)={g}t (&4

provided g1 = (g2 < ¢3) d

Law C.35 (Assumption elimination)

{p} C4 Skip

Law C.36 (Assumption substitution 1%)

{91} Ea {92}

provided g¢g; = ¢ d

Law C.37 (Assumption/External choice—distribution)

{r}; (A1 0 A2) = ({p}; A1) O ({p}; A2)

Law C.38 (Assumption/Parallelism composition—distribution)

{p}; (A1 |[nsi | es | ns2]| A2) = ({p}; A1) [[ns1 | es | ns2] ({p}; A2)

Law C.39 (Assumption/Interleaving—distribution)

{p}; (A1 |[ns1 | nso]| A2) = ({p}; A1) [[ns1 | nso]| ({p}; A2)
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Law C.40 (Assumption/Mutual recursion—distribution*)

Fi(X1,.. ., X, Xn), ...
{g},’ MXl,...,Xi,...,Xn.< FZ‘(Xl,...,XZ‘,...,Xn),...

Fo(Xi,. . Xiyo o, X))
Ca
Fi(Xi,.. ., X Xn), -
/J,Xl,...,Xi,...,Xn0< {g}, Fi(Xl,...,Xi,...,Xn),...
Fo(Xi,. . Xir o X))

provided for all j, such that 1 < j < mn,

{g}, Fj(Xl,...,Xi7...,Xn) E.A F]({g}, Xl,...,{g},' XZ',..

Law C.41 (Assumption/Prefix—distribution*)
{g9};c—>ACac—{g}; A

Law C.42 (Assumption/Prefix—distribution 2*)
{9}; e = A={g};c—{g}; A

Law C.43 (Assumption/Simple Prefix—distribution®)
{g}; ce = ACa;ce—{g}; A

Law C.44 (Assumption/Simple Prefix—distribution 2*)
{g}; ce = A={g}ice—{g}; A

Law C.45 (Assumption/Output prefix—distribution*)
{g}; cle = AT clo — {g}; A

Law C.46 (Assumption/Output prefix—distribution 2*)
{g}; cle — A={g}; cle — {g}; A

Law C.47 (Assumption/Input prefix—distribution®*)
{g}; c?z = ACqc?z —{g}; A

provided z ¢ F'V(g)

{9} Xn),
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Law C.48 (Assumption/Input Prefix—distribution 2*)

{g}; ¢tz — A={g}; ¢’z — {g}; A

provided z ¢ FV(g) Q

Law C.49 (Assumption/Constrained Input prefix—distribution®)
{g9};c?x: T —-AC c?z: T — {g}; A

provided z ¢ FV(g) Q

Law C.50 (Assumption/Constrained Input Prefix—distribution 2*)
[g}i 70 i T — A={g}; % s T — {g}; A

provided z ¢ F'V(g) Qa

Law C.51 (Assumption/Multiple prefix—distribution*)
For every channel ¢ and communication parameters as,

{9}; cas = AC 4 cas — {g}; A

provided

© The names of all input variables are not free in g. d

Law C.52 (Assumption/Multiple Prefix—distribution 2*)
For every channel ¢ and communication parameters as,

{9}; cas — A= cas — {g}; A

provided
© The names of all input variables are not free in g. d
Law C.53 (Assumption/Schema—distribution®)

{g}; [decl | p] E [decl | p]; {g}

provided g Ap= ¢ a
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Law C.54 (Assumption/Assignment—distribution®)

lg}; o =e={g};v:=e; {g}
provided z ¢ F'V(g) Q

Law C.55 (Assumption Unit*)

{true} = Skip

Law C.56 (Assumption Zero*)

{false} = Chaos

Guards

Law C.57 (Guard combination)

g &(p&A)=(gNg)&A

Law C.58 (Guards expansion®)

(VR &A= & A0 gp & A

Law C.59 (Guard/Sequence—associativity)

(9 & Ay); Ay = g & (Aq; Ad)

Law C.60 (Guard/External choice—distribution)

g& (A1 O Ay) = (9 & A1) O (g9 & Ay)

Law C.61 (Guard/Internal choice—distribution)

g&(AlrlAQ):(g&Al)[—l(g&Ag)

Law C.62 (Guard/Parallelism composition—distribution 1)

g & (Ar|[ns1 | cs| nsy) A2) = (g & Aq) [ns1 | es | nsa]| (g & Ag)
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Law C.63 (Guard/Parallelism composition—distribution 2)

(g1 & Ay)|[ns1 | cs | ns2 ] (g2 & A2)

(91 V 92) & ((g1 & Aq) [[ms1 | es | nsz ]| (92 & Az))

provided

© g Q

Law C.64 (Guards/Parallelism composition—distribution 3*)

(91 N g2) & (A1 |[nsy | cs | ns2 ] A2)

(91 & Ay) [nsy | es | nsy ]l (g2 & Ag)
provided

©ane e a

Law C.65 (Guard/Interleaving—distribution 1)

9 & (Ay [[ns1 | nso]| A2) = (9 & Ay) [[ns1 | nsa] (9 & Az)

Law C.66 (Guard/Interleaving—distribution 2)

(91 & A1) [[ns1 | nsa]| (g2 & A2)

(91 V g2) & ((g1 & A1) [[ns1 | ns2| (g2 & A2))

Law C.67 (True guard)

true & A = A

Law C.68 (False guard)

false & A = Stop

Law C.69 (Guarded Stop)

g & Stop = Stop



200 C Refinement Laws

Schema Expressions

Law C.70 (Schema disjunction elimination)

pre SEzpy & (SEzpy V SEzpy) T4 pre SEzp; & SExp;

Law C.71 (Schema expression/Sequence—introduction)

[AS1; ASy; @7 : T | preSi A preSa A CSy A CSa)
Ea
[AS); ES9; i7: T | preSy A CS1]; [ES1; ASe; i7: T | preSa A CSs]

provided
O a(S1)Na(S) =9
FV{(preS; (S1)u{i?}
FV (preSs (S2) U {i?}
)
)

o ) Ca
o ) Ca
© DFV(CS) C a(S]
> ) € af
o

DFV(CS, S5
UDFV (CS2) N DFV(CS,) = @ Q
Law C.72 (Initialisation schema/Sequence—introduction*)
[S1; Sy 1 CS1 A CSs]
(] CS11; [84] CSs]
provided

O alS)Na(S) =92
© DFV(CS1) C a(S))
© DFV(CS:) C a(Sy) Q
Law C.73 (Schemas/Parallelism composition—distribution*)

SEzxp; (A1 [ns1 | es | ns2 ]| A2)

(SExp; Ay) [[ns1 | cs | nsy ] Ao
provided

o wrtV (SExp) C ns;
O wrtV (SExp) NusedV (Az) = @ a
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Law C.74 (Schemas/Interleaving—distribution®)

(O e g; & SEzp;); (A1 |[ns1 | nso]| A2)
(O e g; & SEzp;); A1) |[ns1 | nsa]| Az
provided

O U, wrtV (SExp;) C ns;
O U, wrtV (SExp;) NusedV (As) = &

Law C.75 (Schemas refinement*)

SExp1 Ea SEzpy

where
e SExzpy = [AS; di?; do! | P1]
o SExpy = [AS; di?; do! | Ps]

provided

© pre SExp; = pre SExpo
@ (pre SExp; A\ Py) = Py

Parallelism composition

Law C.76 (Parallelism composition commutativity™)

Ay |[nsi | cs | nsa)| A2 = Ag|[nse | es | ns1] Ar

Law C.77 (Partition expansion®)

var z: T e Ay; (Ag|[ns; | cs | nsy]| As)

var z: T e Ay; (A2 [nsiU{z} | cs | nsa] As)

provided z ¢ nso
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Law C.78 (Parallelism composition introduction 1%)

¢ A=(c— Alnsy | {cl}|ns]c— Skip)
ce = A= (ce = Alnsy | { ¢l | ns] ce— Skip)
provided

O ¢ ¢ usedC(A)
O wrtV(A) C ns; Q

Law C.79 (Sequence/Parallelism composition—introduction 1)

Al; Ag(e)

((A1; cle — Skip) [wrtV (Ag) | {clt | wrtV (Ag)] ¢’y — Aa(y)) \ {clt
provided
O ¢ ¢ usedC(A1) U usedC(Az)

“ y ¢ FV(4z)
@ wrtV (A1) NusedV (Az) = @
O FV(e) NwrtV(As before e) = @ Qa

Law C.80 (Channel extension 1)
Ay |[nsi | es| nsa]| A2 = Ar|[ns1 | esU{c} | nsa] A2

provided c¢ ¢ usedC(A;) U usedC(Asz) a

Law C.81 (Channel extension 2)

Ay |[nsi | es | ns2] Aa(e)

cle = Ai[ns1 | esU{ct | ns2] c?z — Aa(z)) \ {cl}

provided
O ¢ ¢ usedC(A1) UusedC(Asz)
oz ¢ FV(AQ)
O FV(e) NwrtV(Ay before e) = @ Q
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Law C.82 (Channel extension 3*)
(A1 |[ns1 | es1 | ns2 ] A2(e)) \ cs2
((cle — Ay) [ns1 | es1 | ns2] (c?x — Aa(x))) \ cs2

provided

© c€cs
O cEcs
o 7 ¢ FV(A) Q

Law C.83 (Channel extension 4*)
(A1 [ns1 | s | nsa]| A2) \ es2 = ((¢ — A1) |[ns1 | es1 | ns2] (¢ — A2)) \ cso
(A1 |[nsy | es1 | ns2 ]| A2) \ ¢cs2 = ((c.e — Ay) |[ns1 | es1 | nsa]| (c.e — Ag)) \ cso

provided

© c € cs
D ¢ € cso 4

Law C.84 (Parallelism composition/Sequence—step™)
(A1; A2) [ns1 | es | ns] As = A1; (Ag|[nsy | cs | nse ]| As)
provided

@ nitials(As) C cs

cs NusedC(A)) =@

wrtV (A1) NusedV (Az) = @
Ag is divergence-free

o
o
o
O wrtV (A1) C ns; a

Law C.85 (Parallelism composition/External choice—exchange)
(A1 [ns1 | es | ns2]| A2) O (By |[ns1 | ¢s | ns2]| Ba)
(A1 O By)|[ns; | es | ns2 ]| (A2 O By)

provided Aj |[ns1 | cs | ns2] Ba = Aa|[nsi | ¢s | ns2]| Bi = Stop Q



204 C Refinement Laws

Law C.86 (Parallelism composition/External choice—expansion*)
(ODiea;, — Aj)|nsi|cs|ns] (Oj @ bj — Bj)
(Dieai— A) [[nst | es | nsa] (D e by — B;) O (c — C))
provided
o Uifai} € cs
e cEcs
o ¢ ¢ Uf{ai}
o ¢ Ui{bi}
Law C.87 (Parallelism composition/External choice—distribution*)
Oie(A;[ns1|cs|ns2]]A)=(0ieA;)]|[ns|cs|nsa] A
provided
@ dnitials(A) C es
© A is deterministic d

Law C.88 (Parallelism composition/Sequence—distribution®)

(A1 [msy | s | nsa]| A2); (By[ns1 | cs | nso]| Ba)

(A1; Br) [[ns1 | es | ns2]| (A2; Bo)
provided

@ dnitials(By) U initials(Bz) C cs

© usedC (A1) Ninitials(B) = @

© usedC(Az) Ninitials(By) = @

O usedV(By) Nnsy = usedV (Bz) N ns; = & Q

Law C.89 (Parallelism composition Assignment/Skip*)
vl :=el|[ns1 | cs | nsy] Skip = vl := el

provided

© ns; and nse partition the variables in scope

© vl € ns; a
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Law C.90 (Parallelism composition unit*)

Skip [[ns1 | ¢s | ns2 ]| Skip = Skip

Law C.91 (Parallelism composition unit 2*)

Stop |[ns1 | ¢s | ns2 ] Stop = Stop

Law C.92 (Parallelism composition Deadlocked 1%)
(c1 — A1) |[ns1 | es | nsa]| (c2 — Aa) = Stop = Stop |[ns1 | ¢s | ns2]| (c2 — A2)

provided
S a#c
© {c1, 0} Ces a
Law C.93 (Parallelism composition Deadlocked 2)
gl & ¢y — Ay |[ns1 | esU{cr, ot | ns2 ]| g2 & ca — Aa = Stop

provided

D oa# e
O {c1,e2} Coes Q

Law C.94 (Parallelism composition Zero*)

Chaos |[ns1 | ¢s | ns2]| A = Chaos

Interleaving

Law C.95 (Interleaving/Sequence—distribution®)
(A1 [[nsy | sl A2); (B [ns1 | cs | nsz ]| Be)
(A1; B) [[ns1 | es | nsa ]| (A2; Ba)

provided

O (usedC(Ar) UusedC(Az))Nes =
@ initials(By) U initials(Bs) C cs a
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Law C.96 (Interleaving Zero*)

Chaos |[ns1 | nsa]| A = Chaos

Law C.97 (Interleaving Stop™)

Stop |[ns1 | nss]| Stop = Stop

Law C.98 (Parallelism composition/Interleaving Equivalence*)

Aq |[nse | nso)| A2 = Ay |[nse | @ | ns2 ]| Ao

Law C.99 (Interleaving Choices*)

(c1 — A1) [[ns1 | ns2]| (c2 — A2)

a1 — (A1 |[ns [ ns2]| (c2 — A2)) O o — ((e1 — A1) |[ns1 | nso]| A2)

Prefix
Law C.100 (Prefix/Skip*)

¢c— A= (c— Skip); A
c.e — A= (c.e — Skip); A

Law C.101 (Prefix/Sequential composition—associativity)

Cc — (Al; Az) = (C — Al); A2
c.¢c — (Al; AQ) = (c.e — Al); A2

provided FV(As)Na(c)=a a

Law C.102 (Prefix/Hiding")
(¢ — Skip) \ {c} = Skip
(c.e — Skip) \ {c} = Skip
Law C.103 (Prefix introduction®)
A=(c—=A\{cl

provided c¢ ¢ usedC(A) Q
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Law C.104 (Prefix/External choice—distribution®)

c—0ieg &A;=0ieg & c— A;

provided
O Vieg;
> Vi, j|i#7 e~ (g A g;) (guards are mutually exclusive). a

Law C.105 (Prefix/Internal choice—distribution)

C—>(A1|_|A2):(C—>A1)|_|(C—>A2)
c.e — (A1 M Ay) = (c.e = A1) M (c.e — Ag)

Law C.106 (Prefix/Parallelism composition—distribution)
c— (A1 |[ns1 | es| ns2l A2) = (¢ = A1) |[ns1 | esU{cf} | ns2]| (¢ — A2)
c.e = (Ar|[ns1 | es | ns2] A2) = (c.e — Aq) |[ns1 | esU{cl} | ns2]| (c.e — A2)

provided c¢ ¢ usedC(A;) U usedC(Asz) or c € cs Q

Law C.107 (Communication/Parallelism composition—distribution)
(cle = A1) [ns1 ] cs | ns2] (¢?x — Ag(x)) = c.e — (A1 |[nsy | es | nsa || A2(e))

provided

© c€Ecs
Oz ¢ FV(Ag). 4

Law C.108 (Input prefix/Parallelism composition—distribution*)
c?r — (Ay|[nsi | cs | nsa| A2) = (c?z — Ay) |[ns1 | ¢s | nsa ]| (c?x — As)

provided
cEcs a
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Law C.109 (Input prefix/Parallelism composition—distribution 2*)
c?r — (Ay|[ns1 | cs | nsa| A2) = (c?z — Aq)|[ns1 | cs | nsa ]| Ao

provided

O cécs
O z ¢ usedV (As)
@ dnitials(Ag) C cs

© A, is deterministic d

External choice

Law C.110 (External choice commutativity™*)

A1 0 Ay =A,0 44

Law C.111 (External choice elimination*)
AOA=A

Law C.112 (External choice/Sequence—distribution)
(ODiegi&ci— Aj); B=0Oieg &c;— A;; B

Law C.113 (External choice/Sequence—distribution 2*)
((91 & A1) O (92 & A2)); B = ((91 & A1); B) B ((92 & A2); B)

provided g¢g; = — ¢ d

Law C.114 (External choice unit)

Stop O A=A

Internal Choice

Law C.115 (Sequence/Internal choice—distribution®)

Ar; (A2 M Ag) = (Aq; Ag) M (Ag; A3)

Law C.116 (Internal choice elimination®)

ANMA=A
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Law C.117 (Internal choice elimination 2*)

AiMA T Ay

Law C.118 (Internal choice zero*)

A M Chaos = Chaos

Law C.119 (Internal choice/Parallelism composition Distribution*)
Ay Ag) |[nsy | es | nsa]| As

(A1 [ns1 | es | ns2]| A3) M (Aa|[ns1 | es | ns2]| As)
Hiding
Law C.120 (Hiding Identity™)

A\es=A

provided csNusedC(A) =@ Qa

Law C.121 (Hiding combination)

(A\ es1)\ es2=AN\ (cs1U es)

Law C.122 (Hiding/External choice—distribution®)
(A1 O Ag) \ es = (A1 \ es) O (42 \ cs)

provided (initials(A1) U initials(A2)) N cs = & Qa

Law C.123 (Hiding/External choice—distribution 2*)
(g1 & A1) O (g2 & A2)) \ 5 = (91 & A1) \ €5) O (g2 & Ag) \ cs)

provided — (g1 A ¢2) or (initials(Ay) U initials(A2)) Ncs = & a

Law C.124 (Hiding expansion 2*)
A\ es=A\ esU{c}

provided c¢ ¢ usedC(A) Q
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Law C.125 (Hiding/Sequence—distribution®)
(A1; Ag) \ es = (A1 \ ¢s5); (A2 \ cs)

Law C.126 (Hiding/Chaos—distribution®)

Chaos \ c¢s = Chaos

Law C.127 (Hiding/Parallelism composition—distribution*)

(A1 |[nsy | es1 | ns2 ]| A2) \ cs2 = (A1 \ es2) [ns1 | es1 | ns2]| (A2 \ ¢s2)

provided cs;Ncso = a

Recursion

Law C.128 (Recursion unfold)

pXeF(X)=F(uX e F(X))

Law C.129 (Recursion—least fixed-point)

F(Y) E.A Y:>,uXoF(X) E_AY

Law C.130 (Recursion Refinement*)
IU,X L] Fl(X) E.A /LX L] FQ(X)

provided F; C 4 F> a

Law C.131 (Recursion—divergence introduction®)

(X o (c— X))\ {c} = (X o (c.e = X))\ {c} = Chaos

Sequence

Law C.132 (Sequence unit)

(A)Skip; A
(B)A = A; Skip

Law C.133 (Sequence zero)

Stop; A = Stop
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Law C.134 (Sequence zero 2*)

Chaos; A = Chaos

Chaos

Law C.135 (Chaos Refinement*)

Chaos T4 A

Variable Blocks
Law C.136 (Variable block introduction®)
A=varz:T e A

provided z ¢ FV(A) a

Law C.137 (Variable block/Sequence—extension*)
Ay;(var x: T @ Ag); A3 = (var z : T e Ay; Ag; A3)

provided z ¢ FV (A1) U FV(As) Q

Law C.138 (Variable block/Parallelism composition—extension*)

(var z : T @ Ay) |[ns1 | ¢s | ns2 ] Ao

(var z: T o Ay [nsgU{z} | cs | ns2] A2)

provided z ¢ FV(Az2) U ns; Unsy a

Law C.139 (Variable Substitution®)

/

A(z) =var y ey : [y = z]; Ay)

provided vy is not free in A d
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Alternation
Law C.140 (Alternation Introduction®)
w : [pre, post] T4 if [igi — w : [gi N\ pre, post] fi

provided pre =V, g;

Law C.141 (Alternation/Guarded Actions—interchange®)
ifg1—> All] ggﬁAzﬁ:gl&Almgg&Ag
provided

© gV e
g =

Substitution

Law C.142 (Substitution introduction®)
A = Aloldy, ..., old,, := newy, ..., new,]

provided {oldy,...,old,} N FV(A) =@

Law C.143 (Substitution expansion™*)

F(Aloldy,...,old, := new,...,new,|) = F(A)[oldy,...,old, := new, ..., new,|

provided {oldy,...,0ld,} NFV(F(_)) =&

Law C.144 (Substitution combination®)

Aloldy, ..., old, = midy, ..., midy][midy, ..., mid, := newy, ..., new,|

Aloldy, ..., old, := new, ..., new,]

provided {midy,...,mid,} NFV(A) =@

a
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Law C.145 (Substitution combination 2*)

Aloldy, ..., old,, := newn, ..., newy|[oldyt1, ..., 0ldy, = new,y1, ..., newny]
Aloldy, ..., old,, := newy, ..., newy,]
provided {new,...,new,} N{oldyi1,...,0ldy,} = & a

Process Refinement

Law C.146 (Process splitting)

Let gd and rd stand for the declarations of the processes () and R, determined by
Q.State, Q).PPar, and QQ.Act, and R.State, R.PPar, and R.Act, respectively, and pd
stand for the process declaration.

process P = begin state State = ).State A R.State
Q.PPar N= R.State
R.PPar N= Q.State
o F(Q.Act,R. Act)
end

Then
pd = (qd rd process P= F(Q,R))

provided @.PPar and R.PPar are disjoint with respect to R.State and @).State. O
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Law C.147 (Process Splitting 2*)

process G = begin
LState = [id : Range; comps | pred; ]
state GState =
[f : Range — LState | Vj : Range o (f j).id = j A predy(j)]
L.schema; Nz GState
L.action;, N\= GState

__ Promotion
ALState; AGState; id? : Range

OLState = f id? A f' = f @ {id? — OLState'}

G.schema; =V id? : Range ® L.schema; N\ Promotion
G.action, =

[cs ] i: Range o || (f i)] ® (promoteg L.actiony) [id, id? := i, 1]
e GG.action end

process L = (id : Range o begin state LState = [ comps | pred;]
L.schema; L.actiony,
e L.action end)
process G = |[cs] id : Range o L(id)



