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1 UTP Relations Theory

1.1 Creating the Theory

SML

open_theory “utp—z—library";

force_delete_theory "utp—rel" handle Fail - => ();
new_theory "utp—rel";

open_theory "utp—rel";
set_flags[("z_type_check_only" false),(" z_use_azxioms" true),

("standard_z_paras",false),(" standard_z_terms", false)l;

(% Setting PP to accept the refinement symbol )
val - =

ReaderWriterSupport. PrettyNames.add_new_symbols

[(["refinedby"],
Value "C",

Reader WriterSupport. PrettyNames.Simple)]
handle Fail - => ()

(x Setting PP to accept the equivalence symbol )
val - =
ReaderWriterSupport. PrettyNames.add_new_symbols
[([" equivalentto"],
Value "=",
Reader WriterSupport. PrettyNames.Simple)]
handle Fail - => ()




1.2 Definitions
1.2.1 Names and Alphabets

Z

| [NAME]

Z

‘ any_name:NAME

Z

‘ ALPHABET =P NAME

Z

\dash - NAME — NAME

Z

one, two : NAME — NAME

ran one M ran two = &

Z

dashed : ALPHABET

dashed = ran dash

undashed : ALPHABET

Z
|
|

undashed = {n : NAME | n & ran dash}

Z
\ in_a : ALPHABET — ALPHABET




‘ Y a:ALPHABET e in_a a = a N undashed

out_a : ALPHABET — ALPHABET

Y a:ALPHABET e out_a a = a N dashed

homogeneous : P ALPHABET

homogeneous = {a : ALPHABET
| (V n : undashed ® n € a < dash n € a)}

composable : P (ALPHABET x ALPHABET)

composable = {al, a2 : ALPHABET
| (V n: undashed @ n € a2 < dash n € al)}

1.2.2 Bindings

z
VALUE := Int(Z) | Bool(B)
| Channel(NAME)
| Seq(seq VALUE) | Set(P VALUE)
| Pair(VALUE x VALUE)
| Sync

Z

| INT_VAL = {n:Z o Int(n)}

Z

‘ BOOL_V AL = {Bool(true),Bool(false)}



Z

‘ CHANNEL_VAL = {n:NAME e Channel(n)}

Z

‘ SEQ_-VAL = {s:seq VALUE e Seq(s)}

Z

| SET_VAL = {s:P VALUE e Set(s)}

Z

| PAIR.VAL = {v1,v2:VALUE e Pair(vl,v2)}

Z

| EVENT_V AL = {¢:CHANNEL_VAL; v:VALUE e Pair(c,v)}

Z

| SEQ_EVENT_V AL = {s:seq EVENT_VAL o Seq(s)}

Z

| SET_EVENT._V AL = {s:F EVENT_VAL e Set(s)}

Z

| SET_SEQ_EVENT_VAL = {s:F SEQ_EVENT_VAL e Set(s)}

Z

| PAIR_.SEQ_EVENT_VAL = {s1,52:SEQ_EVENT_VAL e Pair(sl,s2)}

Z

‘UNARY_F = VALUE - VALUE

Z

| (Vf:UNARY _F; v:VALUE e f v € VALUE)
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Z

‘ any_un_fun : UNARY_F

Z

|BINARY _F = (VALUE x VALUE) + VALUE

Z

‘ (Vf:BINARY _F; vu:VALUE x VALUE e f vv € VALUFE)

Z

‘ any_bin_fun : BINARY _F

Z

‘RELATION = VALUE < VALUE

Z

‘ any_rel : RELATION

Z

EXPRESSION := Val(VALUE)
| Var (NAME)
| Fun; (UNARY _F x EXPRESSION)
| Fung (BINARY _F x EXPRESSION x EXPRESSION)
| Rel (RELATION x EXPRESSION x EXPRESSION)

Z

‘ BINDING = NAME + VALUE

Z

‘ BINDINGS = P BINDING

Z
\ FV : EXPRESSION — P NAME

11



VY v:VALUE; n:NAME; expl,exp2: EXPRESSION;
f1:UNARY _F: f2:BINARY _F; r:RELATION
o FV (Val(v)) = @
A FV (Var(n)) = {n}
N FV(Fun;(fl,expl)) = FV(expl)
N FV(Fung(f2,expl,exp?2)) = FV(expl) U FV (exp2)
N FV(Rel(r,expl,exp2)) = FV(expl) U FV (exp2)

V4
WF_BINDING_EXPRESSIONg =
{b:BINDING; e:EXPRESSION | FV(e) C dom b}

Z

Eval : WF_BINDING_EXPRESSIONp — VALUE

YV b:BINDING; v:VALUE; n:NAME; expl,exp2: EXPRESSION;
fl1:UNARY _F; f2:BINARY _F; r:RELATION
e Fwval (b,Val(v)) = v
A ( ((b,Var(n)) € WF_BINDING_EXPRESSIONR) =
FEval (b,Var(n)) = b n )
A ( ((b,expl) € WF_BINDING_EXPRESSION ) =
FEval (b,Fun;(f1,expl)) = fI (Eval(b,expl)) )
A ( ((b,expl) € WF_BINDING_EXPRESSION g
A (byezp2) € WF_BINDING.EXPRESSION z) =
Fval (b,Funy(f2,expl, exp2)) =
2 (Eval(b,expl),Eval(b,exp2)) )
A ( ((b,expl) € WF_BINDING_EXPRESSION g
A (byezp2) € WF_BINDING_EXPRESSION z) =
Fval (b,Rel(r,expl, exp2)) =
Bool((Eval(b,expl),Eval(b,exp2)) € r) )

1.2.3 UTP Relations Predicates

Z

REL_PREDICATE =

12



{a:ALPHABET; bs:BINDINGS | (Vb:bs @ dom b = a)}

Z

UnrestVar : REL._ PREDICATE — P NAME

V w:REL_PREDICATE
o UnrestVar u = {n:u.1 | (V b:u.2; v:VALUE
e b @ {nr— v} eu2)}

unrestTypedVar : (REL_.PREDICATE x NAME x P VALUE) — B

V rREL_PREDICATE; n:NAME; T:P VALUE e
unrest TypedVar(r,n,T) < (Vb:r.2; v:T ¢ b & {n — v} € r.2)

REL CONDITION : P REL_PREDICATE

REL_CONDITION = {r : REL_.PREDICATE
| (r.1 \ undashed) C UnrestVar(r) }

dashCond : REL_CONDITION — REL_PREDICATE

V w:REL_.CONDITION e
dashCond(u) = ({n:u.1 | n € undashed e dash n} U u.1,
{b:u.2
[
{n:dom b N undashed o dash n +— b n}
U
{n:dash (dom b N dashed)

13



Z

U : (NAME — NAME) x ALPHABET) - REL_PREDICATE

V f:NAME — NAME ; o:ALPHABET
| o' C dashed
o (3a:ALPHABET
| a C undashed

A a' = dash (a)
. U (f?a/) =
({n:NAME | n € a e dash(f n)} U a,
{ b:BINDING
| dom b = {n:NAME | n € a e dash(f n)}
Ua

AN (Y n:NAME | n € a e
b(dash(f n)) = b(n)) }
)

1.2.4 Syntactic Restrictions

V4
WF_FEqualsg =
{a:ALPHABET; n:NAME; e:EXPRESSION | n € a N FV(e) C a}

Z

WF_ALPHABET_EXPRESSION =
{a:ALPHABET;el ,e2: EXPRESSION | (FV(el) U FV(e2)) C a}

Z
‘ WPF_Condg =
| {ul,b,u2:REL_PREDICATE | (b.1 C ul.1 A ul.1 = u2.1)}

Z

\ WF_Semig =
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‘ {ul,u2:REL_PREDICATE | (ul.1, u2.1) € composable }

Z

‘ WF_Skipr = {a:ALPHABET | a € homogeneous }

Z
WF_Assigng =
{a:ALPHABET; ns:seq NAME; exps:seq EXPRESSION
| (Vn:ran ns e n € a A n € undashed)
A (Verran exps o FV(e) C a AN FV(e) C undashed)
A #ns = Fexps # 0

A a € homogeneous}

Z

‘ WF_Substg =
‘ {uw:REL_PREDICATE; e:EXPRESSION; n:NAME
‘ | FV(e) Cu.l A n € u.1}

Z

WF_Varg gniar =
{a:ALPHABET; n:NAME | a € homogeneous A\ n € undashed
A {n,dash(n)} C a}

Z
WF_VCL'I"TR_EndTR =
{a:ALPHABET; n:NAME; T:SET_VAL | (a,n) € WF_Vargr_gnar}

Z

‘ WF_Extend_restg =

‘ {v: REL_PREDICATE; a : ALPHABET

| @ C undashed N (a U {n:a e dash n}) N u.l = &}

Z

‘ WF_REL PREDICATE _PAIR =

15



| {ul,u2:REL_PREDICATE | ul.1 = u2.1}

Z

| WF_Glbg_ruwr = {a:ALPHABET; us:P REL_PREDICATE

‘ | (Vu-us:us ® u_us.1 = a)}
1.2.5 Operations on Values

Z

‘T@l_SR_

- <gr-:VALUE < VALUE

(- <p -) ={s1,5s2:SEQ_VAL
| ((Seq™)s1) prefizz ((Seq™)s2)}

- <gr-: VALUE < VALUE

(- <g -) = {s1,s2:SEQ_VAL
| ((Seq™)s1) prefizg ((Seq™)s2)
A ((Seq™)s1) # ((Seq™)s2)}

_€r-: VALUE <~ VALUE

(- €r =) = {e:VALUE; s:SET_VAL | e € ((Set™)s)}

16



- ¥¢r - : VALUE < VALUE

(- €r =) = {e:VALUE; s:SET_VAL | e & ((Set™)s)}

(- Cr -) = {s1,s2:SET_VAL | ((Set™)s1) C ((Set™)s2)}

MkESingleton: VALUE — VALUE

V v:VALUE e MkSingleton(v) = Seq({v))

Mk:Pazr (VALUE x VALUE) — VALUE

vV v1,v2:VALUE e MkPair(vl,v2) = Pair(vl,v2)

Z

‘ fun _ SeqDifg -

| - SeqDifr - : (VALUE x VALUE) + VALUE

17



V s1,s2:VALUE | {s1,s2} C SEQ_-VAL

A ((Seq™) s2) prefizz ((Seq™) s1)
o s1 SeqDifr s2 =

Seq( ((Seq™)s1) —z ((Seq™)s2) )

fun _ Tgr

“r - : (VALUE x VALUE) - VALUE

V s1,s2:VALUE
| {s1,s2} C SEQ_VAL

e s1 g s2 = Seq( ((Seq™)s1) ™ ((Seq™)s2) )

Z

| fun _ Ir -

Z

_r-: (VALUE x VALUE) - VALUE

YV s,st :VALUE
| s € SEQ_VAL N st € SET_VAL

e 5 g st = Seq(((Seq™)s) I ((Set™)st))

Z

‘fun_UR_

Ugr - : (VALUE x VALUFE) + VALUE

vV s1,s2:VALUE

\
|
| | {s1,52} C SET_VAL

18



‘ o 51 Up s2 = Set( ((Set™)s1) U ((Set™)s2) )

Z

‘fun_ﬂR_

Z

_Ngr_: (VALUE x VALUE) - VALUE

V s1,s2:VALUE
| {s1,s2} C SET_VAL
o s1 Ng s2 = Set( ((Set™)sl) N ((Set™)s2) )

‘fun-\R_

Z

“\r - : (VALUE x VALUE) + VALUE

YV s1,s2:VALUFE
| {s1,s2} C SET_VAL
o s1 \r s2 = Set( ((Set™)s1) \ ((Set™)s2) )

1.2.6 Relations Constructs

Truer : ALPHABET — REL_PREDICATE

V a:ALPHABET e Truer a = (a, {b : BINDING | dom b = a})

Falser : ALPHABET — REL_PREDICATE

V a:ALPHABET e Fualser a = (a,9)
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Z

‘fun_ =R -

Z

- =r - (REL.PREDICATE x REL_-PREDICATE) — REL_PREDICATE

V ul,u2:REL_PREDICATE
o (ul.1 =u2.1 Nul.2 =u2.2 = ul =g u2 = Trueg ul.1)
A (ul.l # u2.1V ul.2 # u2.2 = ul =5 u2 = Falseg ul.1)

Z

=g : WF_Equalsp — REL_PREDICATE

YV a_n_e:WF_Fqualsg
e =p (a_n_e) =
(a-n-e.1, {b:BINDING
| dom b = a_n_e.1
A bla-n_e.2) =
Fval(b,a-n_e.3)})

Z

=4+r: WF_ALPHABET_EXPRESSION — REL_PREDICATE

V a_e_e: WF_ALPHABET_EXPRESSION
o —n (aec) =
(a-e-e.1, {b:BINDING
| dom b = a_e_e.1
A Eval(bya_e_e.2) =
Fval(b,a_e_e.3)})

Z

—r: REL_PREDICATE — REL_PREDICATE

20



| V u:REL_PREDICATE & = u = (u.1, (Trueg u.1).2 \ u.2)

Z

‘fun_@R_

Z

- ®r -: REL_.PREDICATE x ALPHABET — REL_PREDICATE

V u:REL_PREDICATE; a : ALPHABET
e u ®p a = (u.l U a,
{b:BINDING | (u.1 < b) € u.2
A dom b = u.1 U a})

Z

‘fun- AR -

Z

- Ar -: REL_.PREDICATE x REL_PREDICATE — REL_PREDICATE

V ul u2:REL_PREDICATE e
ul Ag u2 = (ul.1 U u2.1,

Z

‘fun_ Vg -

Z

- Vr -t REL_PREDICATE x REL_PREDICATE — REL_PREDICATE

V ul,u2:REL_PREDICATE e
ul Vg u2 = (ul.1 U u2.1,
(ul ®g u2.1).2 U (u2 &g ul.1).2)

21



Z

‘fun_=>R_

- =gr -t REL_PREDICATE x REL_PREDICATE — REL_PREDICATE

YV ul, u2:REL_PREDICATE e ul =g u2 = (—g ul) Vg u2

- &g -t REL.PREDICATE x REL_.PREDICATE — REL_PREDICATE

V ul ,u2:REL_PREDICATE e
ul &g u2 = (ul =5 u2) Ag (u2 =5 ul)

- <gp-Dgr-: WF_Condp — REL_.PREDICATE

V ul_b_u2: WF_Condg
o ul_b_u2.1 <p ul_b_u2.2 >p ul_b_u2.3 =
(ul_-b_u2.2 Agp ul_b_u2.1)
Ve ((br ul_b_u2.2) Ag ul_b_u2.3)

Z

‘fun—;R—

Z

| - sr -2 WF_Semip — REL_PREDICATE

22



YV ul_u2: WF_Semip
e ul_u2.1 ;5 ul_u2.2 =
(in—a ul_u2.1.1 U out_a ul_u2.2.1,

{b1:ul_u2.1.2; b2:ul_u2.2.2

| (Vn:dom b2
| n € undashed
e b2(n)=b1 (dash n))

o (undashed < b1) U (dashed <1 b2)})

Z

IIg: WF_Skipr — REL_PREDICATE

V a:WF_Skipg
o Iy a = (a, {b: BINDING
| dom b = a
A (V n:a | n € undashed

e b(n) = b(dash(n)))})

Z

Assigng : WF_Assigng — REL_PREDICATE

YV aa: WF_Assigng
[
( #aa.2 = 1
A (In:NAME | n = head(aa.2) o
Assigng(aa) =
=r(aa.1,dash(n),head aa.3)
Ar IIg (aa.1 \ {n, dash(n)})) )
V ( #aa.2 > 1
A (3n:NAME | n = head(aa.2) o
Assigng(aa) =
=g(aa.1,dash(n),head aa.3)

23



‘ Ar (Assigng(aa.1 \ {n,dash(n)},
‘ tail aa.2,
‘ tail aa.3))) )

YV w:REL_PREDICATE; a:ALPHABET

Z
‘ _ —Rr - REL_PREDICATE x ALPHABET — REL_PREDICATE
|
| eu—pa=(ul\a {bu2 ea < b})

d_gr: ALPHABET x REL_PREDICATE — REL_PREDICATE

V4
|
|

YV a:ALPHABET; u:REL_PREDICATE e 3_¢ (a, u) = u —g a

YV a:ALPHABET; w:REL_PREDICATE

‘ V_gr: ALPHABET x REL_PREDICATE — REL_PREDICATE
|
| e V_p (a, u) = g (3-r(a,7g u))

V a:ALPHABET; w:REL_PREDICATE

z
‘ dr: ALPHABET x REL_PREDICATE — REL_PREDICATE
|
‘ d 3Fn’, (CL, u) = (EI—R (a’u U’)) Dr a

Z

‘ Vr: ALPHABET x REL_-PREDICATE — REL_PREDICATE
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|
|
‘ YV a:ALPHABET; w:REL_PREDICATE

o Vi (a, u) = —g (3rla,mr u))

V4
/r: WF_Substr — REL_PREDICATE

V u_e_n:WF_Substp
o /pu_e_n =
(u_e_n.1.1,{b:BINDING | dom b = u_e_n.1.1
ANb @ {u_e-n.8 — Eval(bu_e-n.2)}
€ u_en.1.2 })

Z

‘ fun _ intchoicer _

Z

_ tntchoicer -: WF_REL_PREDICATE_PAIR — REL_PREDICATE

Y pair_u:WF_REL_PREDICATE _PAIR

e pair_u.1 intchoicegr pair_u.2 = pair_u.1 Vg pair-u.2

|
|
V4

‘ fun _ conjggr -

Z

~conjgr -: WF_REL_PREDICATE_PAIR — REL_PREDICATE

V pair_u:WF_REL_PREDICATE _PAIR
® pair_u.l conjr pair_u.2 = pair_u.l Agr pair_u.2

Z

‘ varg: WF_Varg_gnar — REL-PREDICATE

25



V oa_n:WF_Varg_gnar ® varg a-n = 3_g ({a-n.2}, 1l a-n.1)

endR: WE_ VarR_EndR — REL_PREDICATE

Va_n:WF_Varg_ gnir
o endp a-n = 3_p ({dash a_n.2}, g a_n.1)

_ +r -: WF_Eaxtend_restp — REL_PREDICATE

V u_a:WF_Extend_restp
e u_a.l +p u_a.2 = u_a.l
Ar ITg(u-a.2 U {n:u_a.2 e dash n})

1.2.7 Refinement

Z

| fun (r - )r

Z

(r - YR : REL_.PREDICATE — REL_PREDICATE

V w:REL_PREDICATE

[ <R U >R = V_R (U],U)
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Z

_LCgr _: WF_REL_PREDICATE_PAIR — REL_PREDICATE

YV pair_u:WF_REL_PREDICATE_PAIR
o parr_u.l Cg pair_u.2 =

(r (pair-u.2 =g pair_u.1) )p
1.2.8 The Complete Lattice

Z

monotonic : P (REL_PREDICATE — REL_PREDICATE)

monotonic = {f:REL_.PREDICATE — REL_PREDICATE
| (V ul,u2 : REL_.PREDICATE
o (ul Cpu2) =g (f(ul) Er f(u2)) =
Truer @)}

Z

Botgr: ALPHABET — REL_PREDICATE

V a:ALPHABET e Botr a = Truegr a

Z

Topr: ALPHABET — REL_PREDICATE

V a:ALPHABET e Topr a = Fulseg a

Greatest lower bound
zZ

Nr : WF_Glbr_pwr — REL_PREDICATE

YV a_us: WF_GIlbr_ruwr; u:REL_PREDICATE
e (ulgr (Ng a-us) = Trueg @) &
(u.1 = a_us.1
A (Vul:a-us.2 o (u Cg ul) = Trueg 9))
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Least upper bound

Z

UR : WE_ Gle_LubR — REL_PREDICATE

V a-us: WF_Glbr_pwr; w:REL_PREDICATE
e (Ug a-us Cg u) = Truer @) &
(u.1 = a_us.1
A (Vul:a_us.2 e (ul Cp u) = Trueg @))

Recursion

Z

REL_ FUNCTION =
{f:REL_PREDICATE + REL_PREDICATE
| (3a:ALPHABET e
(Vu_dom:dom f; u_ran:ran f

e a=wudom.1=u_ran.1))}

Z

pur : REL_.FUNCTION — REL_PREDICATE

V f: REL_.FUNCTION
e (3 aALPHABET
| (Vu_dom:dom f e a = u_dom.1)
o i f = Nrla,{u:REL_PREDICATE
| a = u.1
A f(u) Cg u = Truegr @}))

In order to get a simpler definition of the greatest fixed point, we make
the following calculation.

V4
‘ vr: REL_FUNCTION — REL_PREDICATE
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V f: REL_.FUNCTION
e (3 a:ALPHABET
| (Yu_dom:dom f e a = u_dom.1)
o vi | = Ug(a,{u:REL. PREDICATE
| a = u.1
ANuLCg f(u) = Trueg @}))

Z

’UCL’I"TRZ WE_ VarTR-EndTR — REL_PREDICATE

Van_t: WE_VarTr_gniTr
e varTr a_n_t = Ng(a-n_t.1 \ {a_n_t.2},
{v:VALUE
| v e ((Set™)a-n_t.3)
e varg (a-n_-t.1,a-n_t.2) ;g
Assigng(a-n_t.1,
(a-n_t.2),

(Val(v))) })

Z

endT r: WF_VarTgr_gnarr — REL_PREDICATE

Van_t:WE_VarTr_gniTr
e endTr a-n_t = Ng(a-n_t.1 \ {dash (a_n_t.2)},
{v:VALUE
| v e ((Set™)a-n_t.3)
o Assigng(a-n_t.1, (a-n_t.2),
(Val(v))) :r
endr (a-n_t.1,a-n_t.2)})
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2 UTP Theory for the Observational Vari-
able okay

2.1 Creating the Theory

SML

open_theory "utp—rel";

force_delete_theory "utp—okay" handle Fail - => ();

new_theory "utp—okay";

open_theory "utp—okay";

set_flags[("z_type_check_only",false),("z_use_azioms" true),
("standard_z_paras",false),(" standard_z_terms", false)l;

2.2 Definitions

Z

‘ okay : NAMFE
|

|

|

okay € undashed

V4
‘ (Vb:BINDING | okay € dom b e b okay € BOOL_VAL)
‘ A (Vb:BINDING | dash okay € dom b e b (dash okay) € BOOL_VAL)

Z

‘ ALPHABET OKAY = {okay, dash okay}

Z

unrestOK AY, unrestOKAY' : REL_PREDICATE — B

V r:REL_PREDICATE e
unrestOKAY (r) = unrestTypedVar(r,okay, BOOL_VAL)
A unrestOKAY'(r) = unrestTypedVar(r,dash okay, BOOL_VAL)
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OKAY : REL_PREDICATE

OKAY = =r(ALPHABET_OKAY ,okay, Val(Bool(true)))

OKAY'’ : REL_PREDICATE

OKAY' = =R(ALPHABET_OKAY ,dash okay,Val(Bool(true)))

2.2.1 Substitutions

Z

‘fun - oy

Z

- 05 : REL_.PREDICATE + REL_PREDICATE

YV d:REL_PREDICATE
| dash okay € d.1
o d o; = /r(d,Val(Bool(false)), dash okay)

Z

‘ fun _ oy

Z

_ o0y REL_PREDICATE — REL_PREDICATE

V d:REL_PREDICATE
| dash okay € d.1
o d 0, = /g(d,Val(Bool(true)), dash okay)
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3 UTP Designs Theory

3.1 Creating the Theory

SML
open_theory "utp—okay";
force_delete_theory "utp—des" handle Fail - => ();
new_theory "utp—des";
open_theory "utp—des";
set_flags[("z_type_check_only", false),(" z_use_azxioms" true),
("standard_z_paras",false),(" standard_z_terms", false)l;
(% Setting PP to accept the refinement symbol )
val - =
ReaderWriterSupport. PrettyNames.add_new_symbols
[(["refinedby"],
Value "C",

ReaderWriterSupport. PrettyNames.Simple))
handle Fail - => ()

3.2 Definitions

Z

| ALPHABET_DES = {a:ALPHABET | ALPHABET_OKAY C a}

Z
‘ DES_PREDICATE = {uw:REL_PREDICATE | u.1 € ALPHABET_DES}
3.2.1 Syntactic Restrictions

Z
| WF_DES_PREDICATE_PAIR =
| {d1,d2:DES_PREDICATE | d1.1 = d2.1}

Z

‘ WF_DESIGN_PAIR = {d1,d2:WF_DES_PREDICATE_PAIR
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| | d1.1.1 = d2.1.1}

Z

‘ WF_Assignp = {aa: WF_Assigng | aa.1 € ALPHABET _DES'}

Z

| WF_Skipp = {a:ALPHABET _DES | a € WF_Skipr}

Z

DES_ FUNCTION =
{f:WF_DES_PREDICATE_PAIR + DES_PREDICATE
| (J3a:ALPHABET o
(Vpair:dom f; u_ran:ran f

e a = pair.1.1 = u_ran.1))}
3.2.2 Designs Constructs

Z

‘fun_ Fp -

Z

- Fp - WF_DES_PREDICATE_PAIR — REL_PREDICATE

V d:WF_DES_PREDICATE_PAIR
e d.ltpd2 =
(=gr(d.1.1,0kay, Val(Bool(true)))
Ar d.1) =g
(=gr(d.1.1,dash(okay), Val(Bool(true)))
Agr d.2)

Z

‘ DESIGN = ran ( - Fp -)

Z

‘HD: WF_Skipp — REL_PREDICATE
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|
|
‘ YV a:WF_Skipp @ IIp a = Trueg a Fp (Ilg a)

Z

Assignp : WF_Assignp — REL_PREDICATE

Y aa: WF_Assignp
o Assignp(aa) = Trueg aa.1 Fp (Assigng(aa))

Z

Topp : ALPHABET_DES — DES_PREDICATE

YV a:ALPHABET_DES e Topp(a) = =g(a,okay,Val(Bool(false)))

Botp : ALPHABET_DES — DES_PREDICATE

V a:ALPHABET_DES e Botp(a) = Trueg a

3.3 Healthiness Conditions

H1 : REL_PREDICATE — REL_PREDICATE

V d:REL_PREDICATE e
H1 d = (=g({okay},okay, Val(Bool(true)))) =g d

H1 _healthy : P REL_PREDICATE

H1 _healthy = {d:REL.PREDICATE | H1 d = d}
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Z

H2_healthy : P REL_PREDICATE

H2_healthy =
{d:REL_PREDICATE
| dash okay € d.1 A
(r (/r (d,Val(Bool(false)),dash okay))
=g (/r (d,Val(Bool(true)),dash okay)) )r
= Truer @}

Z

J : ALPHABET - DES_PREDICATE

YV ao:ALPHABET
| o’ C dashed N dash okay € d
e (Ja:ALPHABET
| a C undashed
A a = dash (a)
o J d'= ( (=gr(a U d,okay,Val(Bool(true)))) =g
(=r(a U d,dash okay,
Val(Bool(true)))) )
Mg (ITg ((a U o)\ ALPHABET_OKAY)) )

Z

H2 : REL_PREDICATE + REL_PREDICATE

YV d:REL_PREDICATE
| dash okay € d.1
e H2 d = (d ;g (J (out_a d.1)))

Z

H2_J_healthy : P REL_PREDICATE
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H2_J_healthy = {d:REL_PREDICATE | dash okay € d.1 N H2 d = d}

Z

H3 : REL_PREDICATE — REL_PREDICATE

YV d:REL_PREDICATE; a:ALPHABET
| a € WF_Skipg
AN (d,(Ilg a)) € WF_Semig
e H3 d = (d ;g (IIg a))

Z

H3_healthy : P REL_PREDICATE

H3_healthy = {d:REL.PREDICATE | H3 d = d}

Z

H4 _healthy : P REL_PREDICATE

Hj _healthy =
{d:REL_PREDICATE |
(Va:ALPHABET | (d,Trueg a) € WF_Semig
o Trueg a ;g d = Trueg a)}

36



4 UTP Theory for the Observational Vari-
ables wazit, trace, and ref

4.1 Creating the Theory

SML

open_theory "utp—rel";

force_delete_theory "utp—wtr" handle Fail - => ();

new_theory "utp—wtr";

open_theory "utp—wtr";

set_flags[("z_type_check_only", false),(" z_use_azxioms" true),
("standard_z_paras",false),(" standard_z_terms", false)l;

4.2 Definitions

Z

\ wait : NAME

|

‘ wait € undashed

Z
| (Vb:BINDING | wait € dom b e b wait € BOOL.VAL)
‘ A (Vb:BINDING | dash wait € dom b e b (dash wait) € BOOL_VAL)

Z

‘ ALPHABET W AIT = {wait, dash wait}

WAIT : REL_.PREDICATE

Z
|
|

WAIT = =g({wait},wait,Val(Bool(true)))

Z

‘ WAIT’ : REL_PREDICATE
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‘ WAIT" = =g({dash wait},dash wait,Val(Bool(true)))

| (V0:BINDING | tr € dom b e b ir € SEQ_EVENT_VAL)
‘ A (Yb:BINDING | dash tr € dom b e b (dash tr) € SEQ_EVENT_VAL)

Z

| ALPHABET TR = {tr, dash tr}

| (V0:BINDING | ref € dom b e b ref € SET_-EVENT.VAL)
‘ A (Yb:BINDING | dash ref € dom b e b (dash ref) € SET_EVENT_VAL)

Z

\ ALPHABET_REF = {ref, dash ref}

Z

unrestW AIT, unrestW AIT' : REL_PREDICATE — B

V r:REL_PREDICATE e
unrestWAIT (r) = unrest Typed Var(r,wait, BOOL_VAL)
N unrestWAIT'(r) = unrestTypedVar(r,dash wait, BOOL_-VAL)
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Z

unrestT R, unrestT R’ : REL_PREDICATE — B

V r:REL_PREDICATE e
unrestTR(r) = unrestTypedVar(r,tr,SEQ_EVENT_VAL)
A unrestTR'(r) = unrestTyped Var(r,dash tr,SEQ_-EVENT_VAL)

Z

unrestREF, unrestREF’ : REL_PREDICATE — B

V rREL_PREDICATE e
unrestREF (r) = unrest Typed Var(r,ref SET_EVENT_VAL)
A unrestREF'(r) =
unrest TypedVar(r,dash ref SET_EVENT_VAL)

Z

‘ wait # tr A wait # ref

Z

‘ tr # wait A\ tr # ref

Z

‘ ref # tr A ref # wait

4.3 Substitution

Z

‘fun - Wy

Z

- wy: REL_PREDICATE - REL_PREDICATE

V r:REL_PREDICATE

| wait € r.1
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‘ o r wy = /gr(r,Val(Bool(false)), wait)

Z

‘fun _ Wy

Z

_wy : REL_PREDICATE - REL_PREDICATE

V r:REL_PREDICATE
| wait € r.1
o r w; = /r(r,Val(Bool(true)), wait)
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SML

open_theory "utp—okay";

force_delete_theory "utp—rea" handle Fail - => ();
new_theory "utp—rea";

open_theory "utp—rea";

new_parent "utp—wir";
set_flags[("z_type_check_only",false),(" z_use_azxioms" true),

("standard_z_paras",false),(" standard_z_terms", false)l;

4.4 Definitions
Z
\ ALPHABET_OWTR =

\ ALPHABET_OKAY U ALPHABET_WAIT U ALPHABET_TR
\ U ALPHABET_REF

Z

| ALPHABET_REA = {a:ALPHABET | ALPHABET_OWTR C a}

Z

| REA.PREDICATE = {d:REL_PREDICATE | d.1 € ALPHABET_REA}

Z

‘ okay # wait N\ okay # tr N\ wait # ref

4.4.1 Syntactic Restrictions

7

WF_Skiprepa = {a:ALPHABET_REA | a € homogeneous}
4.4.2 Reactive Constructs

Z

TrEa: WF_Skiprpa — REA_PREDICATE
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YV a:WF_Skiprga
® [Ippa a =
( (=gr(a,okay, Val(Bool(false))))
Ar (=+r(ALPHABET_OWTR,
Rel((- <gr -),Var(tr),
Var(dash tr)),
Val(Bool(true)))) )
Vg ( (=g(a,dash okay,Val(Bool(true))))
Ar (=r(a,dash tr,Var(ir)))
Ar (=r(a,dash wait,Var(wait)))
Ar (=r(a,dash ref,Var(ref))) )

4.5 Healthiness Conditions

Z

R1 : REL_PREDICATE — REL_PREDICATE

Vr:REL_PREDICATE
o Rl r = r Ap (= r(ALPHABET_OWTR,
Rel((- <g -),Var(tr),
Var(dash tr)),
Val(Bool(true))))

Z

R1_healthy : P REL_PREDICATE

R1_healthy = {r:REL_.PREDICATE | r = R1 r}

Vr:REL_.PREDICATE

V4
‘ R2 : REL_PREDICATE - REL_PREDICATE
|
‘ | ALPHABET_OWTR C r.1
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e R2 r = /R ((/R(r,Val(S€Q(<>))7tT>>’
Fung((- SeqDifr -),
Var(dash tr),Var(tr)),dash tr)

Z

R2_healthy : P REL_PREDICATE

R2_healthy = {r:REL_PREDICATE | r = R2 r}

Z

R3 : REA_PREDICATE - REA_PREDICATE

Vr:REA_PREDICATE
| .1 € WF_Skiprga
e RS r = (I rpa 7.1)
<dr (=r({wait},wait, Val(Bool(true))))
DT

Z

R3_healthy : P REA_PREDICATE

R3_healthy = {r:REA_PREDICATE | r.1 € WF_Skiprga N v = R3 r}

Z

R : REA_PREDICATE - REA_PREDICATE

Vr:REA_PREDICATE | r.1 € WF_Skiprgs ® R 7 = R1(R2(R3(r)))

Z

R_healthy : P REA_PREDICATE

R_healthy = {r:REA_PREDICATE | r.1 € WF_Skiprga N 7 = R r}

Z

REA _PROCESS = {r:REA_PREDICATE | r € R_healthy}
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5 UTP CSP Theory

5.1 Creating the Theory

SML

open_theory "utp—des";

force_delete_theory "utp—csp" handle Fail - => ();

new_theory "utp—csp";

open_theory "utp—csp";

new_parent "utp—rea";

set_flags[("z_type_check_only",false),(" z_use_azioms" true),
("standard_z_paras",false),(" standard_z_terms", false)l;

(% Setting PP to accept the refinement symbol )
val - =
ReaderWriterSupport. PrettyNames.add_new_symbols
[(["refinedby"],
Value "C",
Reader WriterSupport. PrettyNames.Simple)]
handle Fail - => ()
(x Setting PP to accept the equivalence symbol x)
val - =
ReaderWriterSupport. PrettyNames.add_new_symbols
[([" equivalentto"],
Value "=",
Reader WriterSupport. PrettyNames.Simple)]
handle Fail - => ()

5.2 Healthiness Conditions

Z

‘ unrest ALPHABET_CSP : REL_PREDICATE — B
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V r:REL_PREDICATE e
unrestALPHABET_CSP(r) <
(unrestOKAY (r) N unrest WAIT(r)
A unrestTR(r) A unrestREF(r))

Z

unrest ALPHABET _CSP’: REL_PREDICATE — B

V rREL_PREDICATE e
unrestALPHABET _CSP'(r) <
(unrestOKAY'(r) N unrest WAIT'(r)
A unrestTR'(r) A unrestREF'(r))

Z

VAR NAME = {n:NAME | n ¢ ALPHABET_OWTR A n € undashed}

Z

CSP1 : REL_PREDICATE — REL_PREDICATE

V rREL_PREDICATE e
CSP1 r =1 Vg (
(=r(ALPHABET_OWTR,okay, Val(Bool(false))))
Ar (=+r(ALPHABET_OWTR,
Rel((- <g -),Var(tr),
Var(dash tr)),
Val(Bool(true)))) )

CSP1_healthy : P REL_PREDICATE

CSP1_healthy = {r:REL_PREDICATE | r = CSP1 r}

Z
|
|
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Z

CSP2 : REL_PREDICATE - REL_PREDICATE

Vr:REL_.PREDICATE
| {dash(okay),dash(wait),dash(tr),dash(ref)} C r.1
o CSP2 r =1 ;5 J(out_a r.1)

Z

CSP2_healthy : P REL_PREDICATE

CSP2_healthy =
{r:REL_PREDICATE
| {dash(okay),dash(wait),dash(tr),dash(ref)} C r.1
N1 = CSP2 r}

Z

CSP_PROCESS = {p:REA_PROCESS | ALPHABET_OWTR C p.1
A p € CSPI _healthy
A p € CSP2_healthy}

5.3 Definitions
5.3.1 Syntactic Restrictions

Z

| WF_.CSP_PROCESS_PAIR = {p1,p2:CSP_PROCESS | p1.1= p2.1}

Z

\ WF_PREFIXING =
‘ {a:ALPHABET_RFEA; n:VAR_NAME; e:EXPRESSION
‘ | a € WF_Skipgrga N FV e C a}

5.3.2 CSP Constructs

Z

STOP : WF_Skiprga — CSP_PROCESS
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|

|

‘ i (ZIWF-SkZ'pREA [}

‘ STOP a = R(Assigng(a,(wait),(Val(Bool(true)))))

SML

val CSP_STOP_design_thm =
new_aziom (["CSP_STOP _design_thm"],
LY a:ALPHABET_REA
| a« € WF_Skiprpa

o STOP a
= R (Trueg a
Fp ((=g(a,dash tr,
Var(tr)))
Ar (=r(a,
dash wait,

Val(Bool(true))))))™);

Z

SKIP : WF_Skipppa — CSP_PROCESS

A CLIWF_SkipREA [}
SKIP a = R (3g({ref },Il gga a))

SML

val CSP_SKIP _design_thm =
new_azxiom (["CSP_SKIP_design_thm"],
LV a:ALPHABET_REA
| a« € WF_Skiprga
e SKIP a
= R(Trueg a
Fp ((=r(a, dash tr,
Var(tr)))
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| Ar (=r(a,
‘ dash wait,
‘ Val(Bool(false)))))) );

\ CHAOS : WF_Skipggs — CSP_PROCESS
|
\ V a:WF_Skiprpa ®
‘ CHAOS a = R(Trueg a)

SML

val CSP_.CHAOS _design_thm =
new_aziom (["CSP_-CHAOS _design_thm"],
bV a:ALPHABET_REA
| a € WF_Skiprga
e CHAOS a = R(Falser a Fp
Truer a)7);

Z

‘ Jun _ Mesp -

Z

- Xesp -2 WF_CSP_PROCESS_PAIR — CSP_PROCESS

Vpp: WF_CSP_PROCESS_PAIR

o pp.-1 Wesp pp.2
= COSP2((pp.-1 AR pp.2) <g STOP (pp.1).1 >g (pp.1 Vg pp.2))

SML

‘val CSP Kegp-design_thm_2 =
‘ new_aziom (["CSP_Rggp_design_thm_2"],
| 7V pl,p2:CSP_PROCESS
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| (p1,p2) € WF_CSP_PROCESS_PAIR
e pl Mesp p2
(—r (p1 05 wy) Ag —r (P2 0f wy))
Fp
( ((p1 oy wy) AR (p2 04 wy))
<Ar ((=1r(pl.1,Var(dash tr),Var(tr)))
Ar (=r (p1.1,dash wait,Val(Bool(true)))))
>r
((p1 01 wy) Ve (p2 04 wy)) )

)

Z

®: CSP_PROCESS — CSP_PROCESS

V p:CSP_PROCESS
e o p=R(pAr ((=r(ALPHABET_OWTR,dash tr, Var(tr)))
Ar (=r(ALPHABET_OWTR,dash wait,
Val(Bool(true)))))
Vi (=4 r(ALPHABET_OWTR,
Rel((- <gr -),Var(tr),
Var(dash tr)),
Val(Bool(true))))) )

Z

‘ fun do_A _

Z

do_A _: WF_PREFIXING — CSP_PROCESS

Va-n_e:WF_PREFIXING
e do.A an_e = O( ((=r(a_n_e.1,dash tr, Var(tr)))
Ar (=t+r(a-n-e.1,
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Rel((— Zr -)7
Fung(MkPair,
Val(Channel(a-n-e.2)), a-n-e.3),
Var(dash ref)),

Val(Bool(true)))))
<R
(=gr(a-n_e.1,dash wait,Val(Bool(true))))
>R
(=r(a-n_e.1,dash tr, Funs((- "r -),
Var(tr),
Fun; (MkSingleton,
Fung(MkPair,

Val(Channel(a-n_e.2)), a-n_e.3)
)))))

Z

‘ fun - —csp -

Z

_ —csp -: (WF_PREFIXING x CSP_PROCESS) —
CSP_PROCESS

Va_n_e:WF_PREFIXING
e a_n_e —csp SKIP a_n_e.1 =
CSP2((=g(a-n-e.1,dash okay, Val(Bool(true))))
Ar do_A(a_n_e))
A (Y p:CSP_PROCESS e a_n_e —¢gsp p = (a_n_e —cgp SKIP

Z

‘ fun do_C' _

Z

\ do_C _ : WF_PREFIXING — CSP_PROCESS
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Va-n_e:WF_PREFIXING
e do_C a-n_e = ((=g(a-n-e.1,dash tr, Var(tr)))

Ar (=4+r(a-n_e.1,

Rel((- &r -),

Funy(MEPair,
Val(Channel(a-n_e.2)),
a-n_e.3),

Var(dash ref)),

Val(Bool(true)))))

<R
(=gr(a-n-e.1,dash wait,Val(Bool(true))))
>r
(=r(a-n_e.1,
dash tr,
Funs((- “r -),
Var(tr),
Fun ;(MESingleton,
Funy(MEPair,
Val(Channel(a-n_e.2)),

a-n_e.3)

)))

SML

val CSP_—cgp_-design_thm =
new_aziom (["CSP_— cgp_design_thm"],
L Ya_n_e:WF_PREFIXING
e an_e —csp SKIP a_n_e.l = R( Trueg a_n_e.1
Fp do-Cl(a-n_e))7);

5.4 Further Healthiness Conditions

Z

‘ CSP3_healthy : P CSP_PROCESS
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CSP3_healthy = {r:CSP_PROCESS |
(=gr(r.1,wait, Val(Bool(false)))) =g
(r =g Ir({ref},r)) = Trueg r.1}

Z

CSP4_healthy : P CSP_PROCESS

CSP/ _healthy = {r:CSP_PROCESS |
(r,SKIP r.1) € WF_Semir A r ;g SKIP r.1 = r}

SML
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6 UTP Circus Theory

6.1 Creating the Theory

SML
open_theory "utp—csp";
force_delete_theory "utp—circus" handle Fail - => ();
new_theory "utp—circus";
open_theory "utp— circus";
set_flags[("z_type_check_only", false),(" z_use_azioms" true),
("standard-z_paras",false),(" standard -z _terms", false)l;
(% Setting PP to accept the refinement symbol )
val - =
ReaderWriterSupport. PrettyNames.add_new_symbols
[(["refinedby"],
Value "C",

Reader WriterSupport. PrettyNames.Simple))
handle Fail - => ()

6.2 Definitions

Z

‘ Z VAR NAME = {n:NAME | n ¢ ALPHABET_OWTR}

Z

‘ VAR _DECLS = {vars:seq Z_VAR_NAME; types:seq EXPRESSION
‘ | dom vars € (F _) A dom types € (F _)

‘ A #(ran vars) = #(ran types) > 0}

CIRCUS_PREDICATE = {c : REA_PREDICATE

| CIRCUS_PREDICATE : P REA_PREDICATE
|
| | unrestALPHABET_CSP(c)
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N unrestALPHABET_CSP'(c) }

Z

CIRCUS_CONDITION : P REA_PREDICATE

CIRCUS_CONDITION = {c : REA_PREDICATE
| unrestALPHABET_CSP(c)
N unrestALPHABET_CSP’(c)
N ¢ —p ALPHABET_OWTR € REL_CONDITION}

6.2.1 Syntactic Restrictions

Z

| WF_Skipc = {a:WF_Skipp | ALPHABET _OWTR C a }

Z

| WF_Guardc = {g: CIRCUS_CONDITION; a:CSP_PROCESS | g.1 = a.1}

‘ WF_ifc_ fic =
| {g:CIRCUS. CONDITION; a:CSP.PROCESS | g.1 = a.1}

Z

| WF_Semic = {al,a2:CSP_PROCESS | (al,a2) € WF_Semip }

Z

‘ WF_Varc =

‘ {n:VAR_NAME; t:SET_VAL; a:CSP_PROCESS

‘ | n € ALPHABET_OWTR N n € undashed N {n,dash(n)} C a.1}

Z

‘ WF_Assignc =

‘ {a:ALPHABET; ns:seq VAR_NAME; exps:seq EXPRESSION
‘ | (Vn:ran ns e n € a A n € undashed)
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A (Verran exps o FV(e) C a A FV(e) C undashed)
A #ns = #exps # 0
A a € homogeneous

A ALPHABET_OWTR C a}

z
W F_SpecStatementc =
{a:ALPHABET; f:F VAR_NAME; preC: CIRCUS_-CONDITION;
postC: CIRCUS_PREDICATE
| f € a A f C undashed N a € homogeneous
A preC.1 = postC.1 = a
N ALPHABET_OWTR C a}

Z

W F_Conditionc = {a:ALPHABET; g: CIRCUS_CONDITION
| a € homogeneous N\ a = g.1}

Z

WF_SchemaExpc =
{decls:VAR_DECLS; p:REL_PREDICATE
| (p.1 \ ALPHABET_OWTR) = ran (decls.1)}

Z

‘ W F_paramc =

‘ { ©:VAR_NAME; T:EXPRESSION; a:CSP_PROCESS; e:EXPRESSION
‘ |z € a.1 N FV(e) C a.1}

Z

‘ WF _valc =

‘ { ©:VAR_NAME; t.SET_VAL; a:CSP_PROCESS; e:EXPRESSION
‘ |z & FV(e) Nz € a.l1 N FV(e) C a.1}

Z

‘ WF_resc =
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‘ { ©:VAR_NAME; t:SET_VAL; a:CSP_PROCESS; y:VAR_NAME
‘ | {z,y} C a.1}

Z
WF_vresc =
{ ©:VAR_NAME; t.SET_VAL; a:CSP_PROCESS; y:VAR_NAME

|z #y A{zy} Cal}

Z

WF_PREFIXINGc =
{ a-n_e:WF_PREFIXING; A:CSP_PROCESS | a_n_e.1 = A.1 }

{a:ALPHABET_RFA; ¢:VAR_NAME; z:VAR_NAME;
p:CIRCUS_CONDITION;

‘ WF_PREFIXINGcinr =
‘ A: CSP_PROCESS | (a = A.1) N ({z,dash(z)} C a)}

6.2.2 Circus Constructs

Z

Stop : WF_Skipo — CSP_PROCESS

Va:WF_Skipc
Stop a = R(Trueg a Fp ( =g(a, dash tr,Var(tr))
/\R :R(CL,
dash wait,

Val(Bool(true))) ))

Va:WF_Skipc e

‘ Skip : WF_Skipc — CSP_PROCESS
|
‘ Skip a = R(Truer a Fp ( =gr(a, dash tr,Var(tr))
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Ar =r(a,
dash wait,
Val(Bool(false)))
A (ITg (a\ALPHABET_OWTR))))

Z

Chaos : WF_Skipc — CSP_PROCESS

Va:WF_Skipc ® Chaos a = R(Falsep a Fp Trueg a)

_sc - : WF_Semic — CSP_PROCESS

V ul_u2: WF_Semic
o ul_u2.1 ;0 ul_u2.2 = ul_u2.1 ;g ul_u2.2

_&c - : WF_Guardc — CSP_PROCESS

V ¢:CIRCUS_CONDITION; a: CSP_PROCESS
| (g,a) € WF_Guard¢
e g &¢ a=
R(
(9 =r —r (0 wy oy))
Fp

(((g Ar (a wy 04)))
Ve ( 7r g Ag =gr(a.1, dash tr, Var(tr))

o7



‘ Ar =gr(a.1,dash wait,
‘ Val(Bool(true))) ))

‘fun_@c_

- Xe -t WF_CSP_PROCESS_PAIR — CSP_PROCESS

Vaa: WF_CSP_PROCESS_PAIR
e aa.1 Mo aa.2 =

R(

(—r (aa.1 wy of) Ag —g (aa.2 wy oy))

Fp

( ((aa.1 wy 04) AR (aa.2 wy o))

g ((=+r(aa.1.1,Var(dash tr),Var(tr)))
AR
(=g (aa.1.1,dash wait, Val(Bool(true)))))

>R

((aa.1 wy o4) Vg (aa.2 wy 0y4)) )

)

Z

‘fun_ﬂc_

Z

- N¢ -: WF_CSP_PROCESS_PAIR — CSP_PROCESS

Yaa:WF_CSP_PROCESS_PAIR
e aga.1 Ng aa.2 = aa.1 Vg aa.2
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Z

‘fun_—m_

Z

- —¢ -t WF_PREFIXING: — CSP_PROCESS

YV a-a:WF_PREFIXING ¢
e a.a.l —¢ a-a.2 = R(Trueg (a-a.1).1 +p (do-C a_-a.1)
Ar (g ((a-a.1).1\NALPHABET_-OWTR))) ;¢ a-a.2

Z

‘ fun - —CSync -

Z

_ —csyne -: ((ALPHABET x VAR_NAME) x CSP_PROCESS)
— CSP_PROCESS

Ya:ALPHABET; c:VAR_NAME; A:CSP_PROCESS
o (a,c) —csyne A = (a,c,Val(Sync)) —¢ A

Z

‘ fun - —Cout -

V a_a:WF_PREFIXING ¢
e a_a.l —cou a-a.2 = a_a.l —¢ a_a.2

zZ
\ - —cout -: WF_PREFIXING . — CSP_PROCESS
\

Z
\ varc: WF_Vary — CSP_PROCESS
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V n:VAR_NAME; t:SET_VAL; a:CSP_PROCESS
| (n,t,a) € WF_Varg
e varcg (n,t,a) = varTgr(a.1,n,t) ;5 a ;g
endTgr(a.1,n,t)

Z

NonRef: (VAR_NAME x VAR_-NAME x CIRCUS_CONDITION) —
SET_EVENT_VAL

Ve:VAR_NAME; x:VAR_NAME; p:CIRCUS_CONDITION
e NonRef(c,z,p) = Set({v:VALUE

| /r(p,Val(v),z) = Truegr p.1
e Pair(Channel(c),v)})

V4
Traces: (VAR_NAME x VAR_NAME x CIRCUS_CONDITION) —
SET_SEQ_EVENT_VAL

Ve:VAR_NAME; ©:VAR_NAME; p:CIRCUS_CONDITION
e Traces(c,x,p) = Set({v:VALUE

| /r(p,Val(v),z) = Trueg p.1

o Seq((Pair(Channel(c),v)))})

Z

do_I: (ALPHABET_REA x VAR_NAME x VAR_NAME x CIRCUS_CONDITION)
— CSP_PROCESS

Va:ALPHABET_RFEA; c:VAR_NAME; ©:VAR_NAME; p:CIRCUS_CONDITION
e do_I(a,c,z,p) =
( (=gr(a,dash tr, Var(tr)))
Ar (=1r(a,
Funs((- Ng -),
Val(NonRef (¢,z,p)),
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Var(dash ref)),
Val(Set(2)))) )
<R
( =gr(a,dash wait,Val(Bool(true))) )
>R
(=+r (a,
Rel ((_ €Rr _),
Fung((- SeqDifr -),
Var(dash tr),
Var(tr)),
Val( Traces(c,z,p))

),
Val (Bool true)) )

Z

‘ fun - —cinr -

Z

_ —cink - (ALPHABET_REA x VAR_NAME x VAR_NAME x
CIRCUS_CONDITION) x
CSP_PROCESS) — CSP_PROCESS

Ya:ALPHABET_RFEA; c:VAR_NAME; ©:VAR_NAME,
p:CIRCUS_CONDITION; A:CSP_PROCESS
* (a,c,z,p) —cinr A =
varc(z,Set({v: VALUEY}),
R(
Truep A.1
Fp
do_I(a,c,x,p) Agr IIr(A.1 \ {z, dash z})
) ic
A)

61



Z

‘ fun - —Cin -

Z

_ —Gin -t (ALPHABET_REA x VAR_NAME x VAR_NAME) x CSP_PROCESS)
— CSP_PROCESS

VYa:ALPHABET_RFEA; c:VAR_NAME; ©:VAR_NAME; A:CSP_PROCESS
o (a,c,x) —cim A = (a,c,z,Truegr A.1) —cimr A

Z

MTrInter : (SEQ-EVENT_VAL x SEQ_EVENT_VAL) —
SET_SEQ_EVENT_VAL

Vsl.s2 : SEQ_EVENT_VAL e
MTriInter(s1,s2) =

Set({s:((Seq™)s1) []z ((Seq™)s2) @ Seq(s)})

Z

MTrPar : (PAIR_.SEQ_EVENT_VAL x SET_EVENT_VAL) —
SET_SEQ_EVENT_VAL

Vps:PAIR_SEQ_EVENT_VAL ; cs:SET_EVENT_VAL e
MTrPar(ps,cs) =
Set({s:((Seq™)((Pair~)ps).1)
[z ((Set™)cs) ]z
((Seq™)((Pair~)ps).2) o Seq(s)})

MTrParPred: SET_EVENT_VAL — REL_PREDICATE

V4
|
|

YV ¢s:SET_EVENT_VAL e
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MTrParPred cs =
=.r ({tr, dash tr},
Rel ((- €r -),
Funy((- SeqDif r -), Var(dash tr),
Var(tr)),
Funy(MTrPar,
Funy(MkPajir,
Funy((- SeqDifr -),
Var(one tr),
Var(tr)),
Funy((- SeqDifr -),
Var(two tr),
Var(tr))),
Val(cs))),
Val (Bool true))

Z

MSync: SET_EVENT_VAL — REL_PREDICATE

V ¢s:SET_EVENT_VAL e
MSync cs =
(=+r({one tr two tr},
Fung((- Ir -),
Var(one tr),
Val(cs)),
Fung((_ fR —)7
Var(two tr),

Val(cs))))

BranchesWaiting: REL_PREDICATE

V4
|
|

BranchesWaiting =
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=r({one wait},one wait,Val(Bool(true)))
Ve =r({two wait},two wait,Val(Bool(true)))

Z

BranchesNotW aiting: REL_PREDICATE

BranchesWaiting =
=gr({one wait},one wait,Val(Bool(false)))
Ar =r({two wait},two wait,Val(Bool(false)))

Z

MRefPar: SET_EVENT_VAL — REL_PREDICATE

Ves:SET_EVENT_VAL e
MRefPar(cs) =
—or ({dash ref},
Rel ( (- Cgr -),
Var(dash ref),
Funy( (- Ug -),
Fung((- Ng -),
Funy((- Ug -),
Var(one ref),
Var(two ref)
Val(cs)),
Funy((- \r -),
Fung((- Ng -),
Var(one ref),
Var(two ref )
),
Val(es)) ) ),

Val (Bool true))

Z

‘ MSt: (ALPHABET x ALPHABET x ALPHABET) — REL_PREDICATE
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Vnsl,ns2,st: ALPHABET e
st = @ = MSt(st,ns1,ns2) = Truer @
N st # O =
(In:st e
n € nsl = MSt(st,ns1,ns2) =
(=r({dash n,one n},
dash n,
Var(one n)))
Ar MSt(st \ {n},
nsl,ns2)
A n € ns2 = MSt(st,nsl,ns2) =
(=r({dash n,two n},
dash n,
Var(two n)))
Ar MSt(st \ {n},
nsl,ns2)
A n & nsl Uns2 = MSt(st,nsl,ns2) =
(=r({dash n, n},
dash n,
Var(n)))
Ar MSt(st \ {n},
nsl,ns2)

Z

MWtRefStPar: (SET_EVENT_VAL x ALPHABET x ALPHABET x ALPHABET)
— REL_PREDICATE

Vnsl,ns2,st: ALPHABET; c¢s:SET_EVENT_VAL e
MWtRefStPar(cs,st,ns1,ns2) =
BranchesWaiting Ng MRefPar(cs)
<gr
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(=r({dash wait},dash wait,Val(Bool(true))))
>R
BranchesNotWaiting Np MSt(st,ns1,ns2)

Z

MPar: (SET_-EVENT_VAL x ALPHABET x ALPHABET x ALPHABET) —
REL_PREDICATE

Vnsl,ns2,st: ALPHABET; c¢s:SET_EVENT_VAL e
MPar(cs,st,ns1,ns2) =
MTrParPred(cs)
Ar MSync(cs)
Ar MWtRefStPar(cs,st,ns1,ns2)

Z

DivPar: (CSP_PROCESS x CSP_PROCESS x SET_EVENT_VAL ) —
REL_PREDICATE

Val,a2:CSP_PROCESS; cs:SET_EVENT_VAL
e DivPar (al,a2,cs) =
3_gr({dash(one tr),dash(two tr)},
(al wy o) o
(=g(al.1, dash(one tr), Var(tr))))
AR
(a2 wp) i
(=g(a2.1, dash(two tr), Var(tr))))
Ar MSync(cs)

Z

| fun ~ e - e -

Z

| - [c - Je - (CSP_PROCESS x
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(ALPHABET x SET_EVENT_VAL x ALPHABET)
x CSP_PROCESS) — CSP_PROCESS

Val,a2:CSP_PROCESS; cs:SET_EVENT_VAL; nsl,ns2:ALPHABET
| (al,a2) € WF_CSP_PROCESS_PAIR
A nsl N dashed = ns2 N dashed = &
A nsl N ns2 = &
e al [¢ (nsl,cs,ns2) Jo a2 =
B(
(-r (DiwPar(al,a2,cs)) Ag —r (DivPar(a2,al,cs)))
Fp
( ( (((al wf 0y) ;¢ Ulone,out_a al.1))
Ar ((a2 wy o) ;¢ U(two,out_a a2.1)))
+r ({tr} U (al.1 \ (ALPHABET_OWTR U dashed))) )
;o (MPar(cs,al . 1\(ALPHABET_OWTR U dashed),ns1,ns2)) )
)

Z

MTrInterPred: REL_PREDICATE

MTrInterPred =
=.r ({tr, dash tr},
Rel ((- €r -),
Funy((- SeqDif g -), Var(dash tr),
Var(tr)),
Fung(MTriInter,

Funy((- SeqDifr -),
Var(one tr),
Var(tr)),

Fung((- SeqDifr -),
Var(two tr),

Var(ir)) )),
Val (Bool true))

67



Z

MRefInter: REL_.PREDICATE

MRefInter =
o ({dash ref},
Rel ( (- Cr -),
Var(dash ref),
Funy((- Ng -),
Var(one ref),
Var(two ref))),
Val (Bool true))

Z

MWTtRefStInter: (ALPHABET x ALPHABET x ALPHABET) —
REL_PREDICATE

Vnsl,ns2,st: ALPHABET e
MWtRefStInter(st,ns1,ns2) =
BranchesNotWaiting Agr MRefInter
<r
(=r({dash wait},dash wait, Val(Bool(true))))
>R
BranchesWaiting Ng MSt(st,ns1,ns2)

Z

MInter: (ALPHABET x ALPHABET x ALPHABET) — REL_PREDICATE

Vnsl,ns2,st: ALPHABET e
MInter(st,ns1,ns2) =
MTrInterPred
Ar MWtRefStInter(st,ns1,ns2)
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Z

DivInter: (CSP_PROCESS x CSP_PROCESS) — REL_PREDICATE

Val,a2:CSP_PROCESS
e Divinter (al,a2) =
3_gr({dash(one tr),dash(two tr)},
((al wr o7) 50
(=gr(al.1, dash(one tr), Var(tr))))
AR
(a2 ) o
(=g(a2.1, dash(two tr), Var(tr))))

| fun - [le - 1le -

Z

_ [l - Nle -: (CSP_PROCESS x (ALPHABET x ALPHABET)
x CSP_PROCESS) — CSP_PROCESS

Yal,a2:CSP_PROCESS; nsl,ns2:ALPHABET

| (al,a2) € WF_CSP_PROCESS_PAIR

A nsl N ns2 = &

e al [[¢ (ns1,ns2) J]c a2 =

R(

(=g (Divinter(al,a2)) Ag —g (Divinter(a2,al)))

Fp

(((((al wy 1) ;¢ Ulone,out_a al.1))
Ar (a2 wy 04);0 U(two,out_a al.1))) +pg
({tr} U (al.1 \ (ALPHABET_OWTR U dashed))))
Ar (ITp (al.1 \ ALPHABET_OWTR))) :c
(MInter((al.1 \ ALPHABET_OWTR)\dashed,ns1,ns2))
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‘fun_ \c -

Z

_ \c¢ -: (CSP_PROCESS x SET_EVENT_VAL) — CSP_PROCESS

Va:CSP_PROCESS; ¢s:SET_EVENT_VAL e
ds:VAR_NAME
| s & a.1
e a\c cs =
R( 3-r( {s},
(/r(/r((a ®r {s}), Var(s), dash ir),
Funy((- Ug -), Val(es), Var(ref)),
dash ref))
AR
(=+r({tr,dash tr,s},
Funy((- SeqDif g -),
Var(dash tr),
Var(tr)),
Funs((- \r -),
Val(Set(EVENT_VAL)),

Val(cs)))) ) ) sc Skip(a.1)

Z

CIRCUS_FUNCTION =
{f:CSP_PROCESS -+ CSP_PROCESS
| (J3a:ALPHABET o
(Yu_dom:dom f; u_ran:ran f

e a=udom.1 =u_ran.1))}

‘ puc @ CIRCUS_FUNCTION — CSP_PROCESS
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|V f: CIRCUS_FUNCTION e pc f = pug f

Z

Assigne : WF_Assigne — CSP_PROCESS

V a:ALPHABET; ns: seq VAR_NAME; exps: seq EXPRESSION
| (a,ns,exps) € WF_Assignc
o Assignc(a,ns,exps) =
R( Trueg(a)
Fp
( Assigng(a,ns,exps)
Ar (=r(a, dash tr, Var(tr)))
Ar (=gr(a,dash wait, Val(Bool(false)))) )

Z

SpecStatementc : WF_SpecStatement — CSP_PROCESS

VY a:ALPHABET; f: F VAR_NAME; preC: CIRCUS_CONDITION;
postC: CIRCUS_PREDICATE
| (a,f,preC,postC) € WF_SpecStatement ¢
e SpecStatement ¢ (a,f ,preC,postC) =
R( preC
Fp
( postC
Ar (=r(a, dash tr, Var(tr)))
Ar (=gr(a, dash wait, Val(Bool(false))))
Ar (Ig(a \ (ALPHABET_OWTR

U (f U {n:f e dash n}))))

)

)

| fun {c - }e
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{c - }c : WF_Conditionc — CSP_PROCESS

YV a:ALPHABET; g: CIRCUS_CONDITION
| (a,9) € WF_Conditionc
e {¢ (a,9) }o = SpecStatement (a,{},g,Truer a)

Z

| fun {c - e

Z

(¢ - Yo : WF_Conditionc — CSP_PROCESS

YV a:ALPHABET; g: CIRCUS_CONDITION
| (a,9) € WF_Conditionc
e (¢ (a,9) Yo = R(Trueg(a) Fp g)

Z

Typing : (VAR_DECLS x ALPHABET) - REL_PREDICATE

V decls: VAR_DECLS; a:ALPHABET
| ran (decls.1) C a
[ J
( #decls.1 = 1
A (( In:Z_VAR_NAME; e:EXPRESSION
| n = head(decls.1) N\ e = head(decls.2)
o Typing(decls,a) =
=+r (a, Rel((- €r -),
Var(n),e),
Val (Bool true)) )
)
V ( #decls.1 > 1
A (( In:Z_VAR_NAME; e:EXPRESSION
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| n = head(decls.1) N e = head(decls.2)
e Typing(decls,a) =
—+R (0’7 Rel((- €Rr -)7
Var(n),e),
Val (Bool true))
Ar  Typing((tail decls.1,
tail decls.2),

a) )

Z

SchemaFExpc: WF_SchemaFErps — CSP_PROCESS

V decls:VAR_DECLS; p:REL_PREDICATE
| (decls,p) € WF_SchemaFzp ¢
o (3f:F Z_VAR_NAME | f C undashed
A ran (decls.1 | dashed) = dash (f)
e SchemaFEzpc(decls,p) =
SpecStatement ¢ (
ran(decls.1) U ALPHABET_OWTR,
!
3_gr(ran(decls.1) \ undashed,
Typing(decls,p.1) Ag p),

Typing(decls,p.1) Ar p) )

Z

GUARDED_ACTIONS =
{conditions:seq CIRCUS_CONDITION;,
actions:seq CSP_PROCESS
| dom conditions € (F _) A dom actions € (F _)
A #(ran conditions) = #(ran actions) > 0
A (3a:ALPHABET o

(Ve:(ran conditions) e c¢.1 = a)
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A (VA:(ran actions) e A.1 = a))}

Z

TrueGuards : GUARDED_ACTIONS — REL_PREDICATE

Y gactions: GUARDED_ACTIONS
[
( #gactions.1 = 1
A (3 g:CIRCUS_CONDITION; a:CSP_PROCESS
| ¢ = head(gactions.1)
A a = head(gactions.2)
o TrueGuards(gactions) = g )
)
V ( #gactions.1 > 1
A (3 g:CIRCUS_CONDITION; a:CSP_PROCESS
| ¢ = head(gactions.1)
A a = head(gactions.2)
o TrueGuards(gactions) =
9 VR
TrueGuards(tail gactions.1,
tail gactions.2) )

Z

NonDivActions : GUARDED_ACTIONS — REL_PREDICATE

Y gactions: GUARDED_ACTIONS
[
( #gactions.1 = 1
A (3 g:CIRCUS_CONDITION; a:CSP_PROCESS
| ¢ = head(gactions. 1)
A a = head(gactions.2)
e NonDivActions(gactions) =
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9 =r (7r (a wy o)) )
)
V ( #gactions.1 > 1
A (3 g:CIRCUS_CONDITION; a:CSP_PROCESS
| ¢ = head(gactions.1)
A a = head(gactions.2)
e NonDivActions(gactions) =
(9 =r (7r (a wr 0y)))
AR
NonDivActions(tail gactions.1,
tail gactions.2) )

Z

FExecActions : GUARDED_ACTIONS — REL_PREDICATE

Y gactions: GUARDED_ACTIONS
[ J
( #gactions.1 = 1
A (3 g:CIRCUS_CONDITION; a:CSP_PROCESS
| ¢ = head(gactions.1)
A a = head(gactions.2)
e ExecActions(gactions) =
g An (0w o))
)
V ( #gactions.1 > 1
A (3 g:CIRCUS_-CONDITION; a:CSP_PROCESS
| ¢ = head(gactions.1)
A a = head(gactions.2)
o FzecActions(gactions) =
(9 Ar (0 wp 0y))
VR
EzecActions(tail gactions.1,

I0)



‘ tail gactions.2) )

Z

| fun ifc - fic

Z

tfc - fic: GUARDED_ACTIONS — CSP_PROCESS

Y gactions : GUARDED_ACTIONS
e if ¢ gactions fic =
B(
(TrueGuards(gactions) ANr NonDivActions(gactions))
Fp
EzecActions(gactions)

)

Z

‘ fun 1 fbc - —¢ - elsec - —¢ - fibc

tfbc - —c _ elsec - —¢ _ fibe:
(CIRCUS_CONDITION x CSP_PROCESS X
CIRCUS_CONDITION x CSP_PROCESS) -+
CSP_PROCESS

YV g1,92:CIRCUS_CONDITION; al,a2:CSP_PROCESS
| ({(91,92),(al,a2)) € GUARDED_ACTIONS
o ifbc gl —¢ al elseg g2 —¢ a2 fibg =
R( ( (91 Vg 92) Ar
((91 =r (7r (al wy oy)))
Ar (92 =g (=g (a2 wy 07)))) )
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Fp
( (91 Ar (=g (al wy 04)))
Vi (92 Ar (—r (a2 wf 0v))) )

)

Z

paramcg: WF_paramo — CSP_PROCESS

V 2:VAR_NAME; T:EXPRESSION:; a:CSP_PROCESS; e:EXPRESSION
| (z,T,a,e) € WF_param¢
o paramc(z,T,a,e) = /r(a,e,x)

Z

valc: WF_valc — CSP_PROCESS

V 2:VAR_NAME; t:SET_VAL; a:CSP_PROCESS; e:EXPRESSION
| (z,t,a,e) € WF_val¢
o wvalg(z,t,ae) =

varg (z,t,Assigng(a.1,(x),(e)) ;¢ a)

Z

resc: WF_resc — CSP_PROCESS

V x:VAR_NAME; t:SET_VAL; a:CSP_PROCESS; y:VAR_NAME
| (z,t,a,y) € WF_resc
o reso(xz,t,ay) =

varc (2,t,a 3z Assigng(a.1,(y),{Var(z))))

Z

vresc: WF_vresg — CSP_PROCESS
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V 2:VAR_NAME; t:SET_VAL; a:CSP_PROCESS; y:VAR_NAME
| (z,t,a,y) € WF_vresc
o wvresg(z,t,a,y) =
vare (z,t,
Assigng(a.1,(z),(Var(y))) ;r
a SR

Assigng(a.1,(y),(Var(z))))

6.3 Healthiness Conditions

C1 : CSP_PROCESS — CSP_PROCESS

Z
|
|

Va:CSP_PROCESS e C1 a = a ;g Skip(a.1)

Z

C1l_healthy : P CSP_PROCESS

C1_healthy = {a:CSP_PROCESS | a = C1 a}

Z

C2 : CSP_PROCESS — CSP_PROCESS

Va:CSP_PROCESS e C2 a = (a [[¢ (a.1,9) ]]c Skip(a.1))

C2_healthy : P CSP_PROCESS

V4
|
|

C2_healthy = {a:CSP_PROCESS | a = C2 a}

‘ C3 : CSP_PROCESS — CSP_PROCESS
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Va:CSP_PROCESS e
C3 a = R(((—gr (a 0f wy)) ;r Trueg(a.1))
Fp
(¢ 0: wy))

Z

C3_healthy : P CSP_PROCESS

C3_healthy = {a:CSP_PROCESS | a = C3 a}

Z

CIRCUS_ACTION = {c:CSP_PROCESS | ¢ € C1_healthy
A ¢ € C2_healthy
A ¢ € C3_healthy}

SML

z_output_theory{out_file="utp— circus.th.doc",

theory="utp— circus"};

79



7 THE Z THEORY utp-z-library

7.1 Parents

cache’ / home [ consiste / marcel | proofpower | pp— examples / circus/ db/ circus
z_library

7.2 Global Variables

(- prefizz -)[X]
(Z<—>X) — 7 — X
c—2z)X] ZoX)x (Z—X)—-7Z—X

(- Iz )IX]

(Z — X)X (Z < X) <P (Z — X)
- [z - 1z )IX]

(Z - X)xPX X (Z— X)-P((Z< X)
7.3 Fixity

fun 0 rightassoc

(- =z -) -lz-1z-) -1lz -)

rel (- prefixy )
7.4 Axioms

- prefizz - [X]((- prefizy )[X] € seq X < seq X
A (Y s, t:seq X
o (s, t) € (- prefiry -)[X] & s C t))
- —z - FXJ((- =2z 2)[X] € (seq X) x (seq X) - seq X
A dom (- —z )[X] ={s, t :seq X | t prefixy s}
A (Y s, t:seq X

| t prefizy s
e dr:seq X
es=1t"r AL -z )X](st)=r)
-z - =X [1z -)[X] € (seq X) x (seq X) — P (seq X)

N (V s1, s2: seq X
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lz -1z -

= (- [lz )IX] (s1, 52) = {s2} A s2 = ()
= (- [lz -)[X] (s1, s2) = {s1}

A sl # ()

A s2 # ()

= (Fel,e2: X; U, t2: seq X
| s1 = (el) ™ tl1 N s2 = (e2) ™ tI2
o (- Iz IX] (s1, s2)
={s:seq X

| s € (- [lz IX] (81, (e2) ™ #2)
o (el) ™ s}
U {s:seq X
| s € (- []z -)[X] ((el) ™ tl1, tI2)

° (e2) 7 5})))

= IXI(C [z - 12 2)[X]
€ (seq X) x P X x (seq X) — P (seq X)
A (Y sl,s2:seq X;ces:PX
e sl =) Ns2=(
= (- [z - ]z )[X] (s1, cs, s2) = {(}
A sl # ()
A s2 = ()
= (el : X;tl :seq X
| s1 = (el) ™ tl1

o (el € cs
= (_ [z - 1z -)[X] (s1, cs, s2)
= {0}
A (el ¢ cs
(- [[Z - HZ -)[X] (‘917 s, 52)
:‘{s seq X
€ (- [z -1z )IX]
(tl1, cs, ())
e (el) ™ s}))
A sl =)
A s2 # ()
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= (Fe2: X; U2 :seq X
| s2 = (e2) ™ U2

o (e2 € c¢s
= (_ [z - 1z -)[X] (s1, cs, s2)
= {0}
A (e2 & cs
(- [z - 1z -)[X] (s1, cs, s2)
:|{5 seq X
€ (- [z -1z )IX]
((), cs, t2)
o (¢2) ™ s})
A sl # )
A 52 # ()

= (Fel,e2: X; U, t2: seq X
| s1 = (el) ™t N s2 = (e2) ™ tI2
o (el =e2 Nel €cs
= (- [[Z - ]]Z -)[X] (817 €S, 82)
zl{s D seq X
€ (- [z -1z -)X] (t1, cs, tI2)
o (el) ™ s})
A (el =e2 ANel & cs
(- [[Z - ]]Z -)[X] (817 €S, 82)
:|{s seq X
€ (- [z -1z IIX]
(tl1, cs, (e2) ™ tI2)
U (- [z - 1z DIX]
((el) ™ tl1, cs, tI2)
o (el) ™ s})
A (el #e2 Nel € cs N e2 € cs
= (- [z - 1z JIX] (s, ¢es, s2) = {(})
(el # e2 Nel € cs N e2 & cs
= (- [[Z - ]]Z -)[X] (817 €S, 82)
= {s:seq X

A
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| s
€ (- [z -1z -)X]
({el) ™ tl1, cs, tI2)
o (e2) 7 s})
A (el #e2 Nel & cs N\ el € cs
= (- [z - ]z -)[X] (s1, cs, s2)
={s:seq X
| s
(- [z - 12 -)[X]
(tl1, cs, (e2) ™ tl12)
o (el) ™ s})
A (el #e2 Nel & cs N\ e2 & cs
[z - 1z -)[X] (s1, cs, s2)

m

€ (- [z -]z )IX]
((el) ™ tl1, cs, t2)

o (e2) 7 s}
U {s: seq X
|

€ (-lz -1z IX]
(tl1, cs, (e2) ™ tI2)

e (e1) ™ s}))))
7.5 Theorems

z_head_singleton_thm

FVax:Ue head (z) =z
z_head_singleton_""_thm

FVz:U; zs: (seq _) ® head ((z) ™ xs) =z
z_tail_singleton_thm

FVaz:Ue tail (z) = ()
z_singleton_"" _app_thm

FVY 2 :U; s: (seq_);i: dom s

o« ((8) ") (1 +10) =51

83



z_tail_singleton_""_thm
FV U zs: (seq -) o tail ({x) 7 zs) = xs
zZ_€_seq_<_app-eq_-thm
-V s:(seq -); m:dom s;z: U
o (m,z) €EsES sm=c
z_ " _app_eq_thm
Vs, t: (seq )
o (Vm:domse(s ™ t)m=sm)
ANNVn:domte (s ™t)(n+#s)=tn)
z_singleton_""_€_seq;_thm
FVs:(seq_);z:Ue(x) ™ s € (seq; )
z_head_seqd_thm
=TV 2 le Shead "$"Z'()” (Cons x )77 =
z_tail_seqd_thm
F TV 2 le Ltail "$Z'()” (Cons x 1) = LT§7Z/()” 1777
zZ_—+_app_€_rel_thm
FYX: U, Y: U, f: X+ Y,z:X
| z € dom f
o (z,fx)ef
z_tfun_dom_eq_ran_eq_thm
FYx, 2y, v N f: N— N
erx = ANfrz=yANfa'=y=>y=y
z_—_dom_—_eq-=_ran_—_eq_thm
FVY a2 2y, vy N f:N— N
e = ANfax=yANfa=y=>-y=y
zo—_ran_—_eq-=_dom_—_eq_-thm
FYax, 2y, vy N f: N— N
e—y=yYANfarx=yANfi=y=>-z=12
A_A_distribution_thm
"V oz
e Pl x N=P2x N—-P3z
V(P2xAN— Pl xA- P3x)
N P3 x
AN - Pl x
AN — P2 x?
Frdzxe Pl x = QI z!
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ANTdzxe P2z = Q2 x'
ANTdze P x = Q3 x
S Tda
e (P1 z = QI z)
A (P2 z = Q2 x)
A (P3 x= Q3 z)"
z_tnocuous_ref_dash_quantification_thm
(VW ref', es : PN
o 1 refl, ref2 : PN
o ref’
= (refl U ref2) N cs U (refl N ref2 \ cs))
< true
z_—+_<_app-idem_thm
=X,
YIVf: X+ Y,2:U;a:U
|feX Y ANz edomfAze€a
e (aaf)x=fnx)
z_seq_subtype_thm
FVYS, T:U|SCTescseqS=s¢cseqT
z_prefixz_clauses_thm
-V s:(seq ) e () prefixy s
z_prefixz_id_thm
FV s:(seq-)es prefivy s
z_seqdiffz_thm
-V s1, 82 : (seq -)
| s2 prefixy si
o 51 —z s2 € (seq -)
z_seq_cases_thml
F[X](Y s : seq X
es =)V (dsl:seq X;z:Xes=3s1"(x))
z_stze_seq_cases_thm
FIX]((V s:seq X | # s=0es=))
AN(Vs:seq X;i:N
| #s=1d+ 1
e dsl :iseq X;z: X o# sl =i ANs=sl" ()
z_"_one_one_thml
FV sl t1, s2, t2 : (seq -)
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| # s2 = # 2 N sl 7 s2 =11 " t2
e sl =1t1 N s2 =12
z_"_one_one_thm?2
FV s, t,r:(seq_)es T t=s"ret=r
z. " _unit_thmbV s, t:(seq )@ s =5 "t t=)
z_seqdif fz_zero_thm
FVs:(seq_-)es—zs=)
z_seqdif fz_zero_.thml
EV sl s2: (seq -)
| s2 prefity s1 N sl —z s2 = )
e s] = s2
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8 THE Z THEORY utp-rel
8.1 Parents
utp—z—library
8.2 Global Variables
NAME P NAME

any_name NAME
ALPHABETP (P NAME)

dash NAME — NAME
one NAME <~ NAME
two NAME «— NAMFE
dashed P NAMFE

undashed P NAME

in_a P NAME «— P NAME
out_a P NAME < P NAME

homogeneousP (P NAME)
composable P NAME «— P NAME

VALUEFE P VALUE

Int Z «— VALUFE

Bool B «— VALUE

Channel NAME «— VALUE

Seq (Z <~ VALUE) < VALUE
Set P VALUE «— VALUFE

Pair VALUE x VALUE <« VALUE
Sync VALUE

INT VAL P VALUE
BOOL_VAL P VALUE
CHANNEL_ VAL P VALUE
SEQ.-VAL P VALUE
SET_V AL P VALUE
PAIR VAL P VALUE
EVENT_ VAL P VALUE
SEQ_EVENT_V AL

P VALUE
SET_EVENT_V AL
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P VALUE
SET_SEQ_EVENT_V AL

P VALUE
PAIR. SEQ_EVENT_V AL

P VALUE
UNARY_F P (VALUE < VALUE)
any_un_fun VALUE < VALUE
BINARY _F P (VALUE x VALUE < VALUFE)
any_bin_fun VALUE x VALUE < VALUFE
RELATION P (VALUE < VALUE)

any_rel VALUE < VALUE
EXPRESSION P EXPRESSION
Val VALUE < EXPRESSION
Var NAME < EXPRESSION
Fun, (VALUE <~ VALUE) x EXPRESSION < EXPRESSION
Funs (VALUE x VALUE < VALUE) x EXPRESSION x EXPRESSION
«— EXPRESSION
Rel (VALUE < VALUE) x EXPRESSION x EXPRESSION < EXPRESSIO

BINDING P (NAME < VALUE)
BINDINGS P (P (NAME < VALUE))
FV EXPRESSION «— P NAME
WF_BINDING_.EXPRESSIONRg
(NAME < VALUE) < EXPRESSION
Eval (NAME < VALUE) x EXPRESSION < VALUE
REL PREDICATE
P NAME < P (NAME <« VALUFE)
UnrestVar P NAME x P (NAME « VALUE) <« P NAME
unrestTypedV ar
(P NAME x P (NAME < VALUE)) x NAME x P VALUE < B
REL CONDITION
P NAME < P (NAME < VALUFE)
dashCond P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)
U (NAME < NAME) x P NAME < P NAME x P (NAME < VALUE)
WF_Equalsg P (P NAME x NAME x EXPRESSION)
WF_ALPHABET EXPRESSION
P (P NAME x EXPRESSION x EXPRESSION)
WF_Condr P
(P NAME x P (NAME < VALUE))
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x (P NAME x P (NAME — VALUE))
x (P NAME x P (NAME — VALUE)))

WF_Semir P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE,

W F_Skipg

P (P NAME)

WF_Assigng P (P NAME x (Z — NAME) x (Z < EXPRESSION))
WF_Substr, P (P NAME x P (NAME < VALUE)) x EXPRESSION x NAME)
WF_Varg gndr

P NAME < NAME

WF_VG/I‘TR_ EndTR

P (P NAME x NAME x VALUE)

WF_Extend_restg

P NAME x P (NAME < VALUE) < P NAME

WF_REL PREDICATE_PAIR

P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)

WPF_Glbr_rubr

(- <r-)
(- <r-)
(- €r -)
(- €r -)
(- Cr -)

MESingleton VALUE
MEPazir

(- SegDifr -)

(- "r-)
(- Ir -)
(- Ur -)
(- Nr -)
(- \r -)
Truegr

Falsen

_ER_)

P NAME « P NAME « P (NAME « VALUE)
VALUE « VALUE

VALUE < VALUE
VALUE < VALUFE
VALUE < VALUFE
VALUE < VALUE
— VALUE
VALUE x VALUE < VALUE

VALUE x VALUE < VALUFE
VALUE x VALUE < VALUFE
VALUE x VALUE < VALUE
VALUE x VALUE < VALUE
VALUE x VALUE < VALUE
VALUE x VALUE < VALUE

P NAME « P NAME x P (NAME « VALUE)
P NAME < P NAME x P (NAME « VALUE)
(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME « VALUE)
P NAME x NAME x EXPRESSION « P NAME x P (NAME < VALU
P NAME x EXPRESSION x EXPRESSION
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— P NAME x P (NAME < VALUE)

R P NAME x P (NAME « VALUE) « P NAME x P (NAME « VALUE)
(- ®r -) (P NAME x P (NAME « VALUE)) x P NAME

— P NAME x P (NAME « VALUE)
(- Ar -) (P NAME x P (NAME < VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME « VALUE)
Ve ) (P NAME x P (NAME « VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
C =r.) (P NAME x P (NAME — VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
(_©r.) (P NAME x P (NAME < VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
(- <r - PR -)

(P NAME x P (NAME « VALUE))

x (P NAME x P (NAME — VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
Csr2) (P NAME x P (NAME « VALUE))

x (P NAME x P (NAME — VALUE))

< P NAME x P (NAME « VALUE)

I P NAME < P NAME x P (NAME < VALUFE)

Assigng P NAME x (Z < NAME) x (Z < EXPRESSION)
« P NAME x P (NAME < VALUE)

(C —r-) (P NAME x P (NAME < VALUE)) x P NAME
— P NAME x P (NAME < VALUE)

3_n P NAME x (P NAME x P (NAME « VALUE))
— P NAME x P (NAME < VALUE)

V_gr P NAME x (P NAME x P (NAME « VALUE))
s P NAME x P (NAME < VALUE)

= P NAME x (P NAME x P (NAME < VALUE))
o P NAME x P (NAME < VALUE)

VR P NAME x (P NAME x P (NAME « VALUE))

— P NAME x P (NAME < VALUE)
/R (P NAME x P (NAME < VALUE)) x EXPRESSION x NAME
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— P NAME x P (NAME < VALUE)

(- intchoicer -)

(- conjp -)

(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME — VALUE))
— P NAME x P (NAME < VALUE)
(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME — VALUE))
— P NAME x P (NAME « VALUE)

varg P NAME x NAME < P NAME x P (NAME < VALUE)
endgr P NAME x NAME < P NAME x P (NAME < VALUE)
(- +r -) (P NAME x P (NAME <« VALUE)) x P NAME

— P NAME x P (NAME < VALUE)
(r - )r) P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)
(- Br ) (P NAME x P (NAME < VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
monotonic P

(P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE

Botgr P NAME < P NAME x P (NAME < VALUFE)
Topgr P NAME < P NAME x P (NAME < VALUFE)
Nr P NAME x (P NAME < P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
Ur P NAME x (P NAME < P (NAME < VALUE))

— P NAME x P (NAME < VALUE)
REL FUNCTION P

(P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE

UR (P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE

— P NAME x P (NAME < VALUE)
Vr (P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE

— P NAME x P (NAME < VALUE)
varTr P NAME x NAME x VALUE < P NAME x P (NAME < VALUE)
endT g P NAME x NAME x VALUE < P NAME x P (NAME < VALUE)
8.3 Fixity

fun 0 rightassoc

(- conjr -) (-Nr-)  (-Cr-)
(= intchoicer -) (- ©r-) (- =x -)
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AAAA,_\
|

rel (-
8.4 Axioms
any_name +
dash F
one

two -
dashed F

undashed F
m_a F
out_a F

homogeneoust-

composable

Int

Bool

Channel

Seq

Set

Paawr

Sync +

SeqDif p -)(- ©r -) (- "r-)
+r-) (- AR -) (- <9r - >g -)
—R -) (- Vg -) (- r -)

R -) -=r-)  (r-)r)

\r -) (- Ur -)

<r-)  (CSr-) (-€r-) (- €r -) (- <k -)

any-name € NAME N true
dash € NAME — NAME A true

{one, two} € NAME — NAME A ran one N ran two = &
dashed € ALPHABET A dashed = ran dash
undashed € ALPHABET
A undashed = {n : NAME | n &€ ran dash}
im_a € ALPHABET — ALPHABET
A (Y a: ALPHABET e in_a a = a N undashed)
out_a € ALPHABET — ALPHABET
A (V a: ALPHABET e out_a a = a N dashed)
homogeneous € P ALPHABET
A homogeneous
= {a: ALPHABET
| V' n : undashed @ n € a < dash n € a}
composable € P (ALPHABET x ALPHABET)
A composable
= {al, a2 : ALPHABET
| V n : undashed @ n € a2 < dash n € al}

(Sync € VALUE
A Int € Z — VALUE
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A Bool € B — VALUE
A Channel € NAME — VALUE
A Seq € seq VALUE — VALUFE
A Set € P VALUE — VALUFE
A Pair € VALUE x VALUE — VALUE)
A disjoint (ran Int,
ran Bool,
ran Channel,
ran Seq,
ran Set,
ran Pair,
{Sync})
NN W :P VALUE
| {Sync}
U (nt (Z)
U (Bool ( B )
U (Channel ( NAME )
U (Seq ( seq W)
U (Set (P W)
U Pair ( W x W ))))))
cw
e VALUE C W)
Constraint 1 -V f : UNARY_F; v : VALUE e f v € VALUFE
any_un_fun + any_un_fun € UNARY _F A true
Constraint 2+ VY f : BINARY _F; vwv : VALUE x VALUE e f vw € VALUE
any_bin_fun F any_bin_fun € BINARY _F A true
any_rel F any_rel € RELATION A true
Val
Var
Fun,
Fun,
Rel - (Val € VALUE — EXPRESSION
A Var € NAME — EXPRESSION
A Fun; € UNARY _F x EXPRESSION ~— EXPRESSION
N Fungy
€ BINARY_F x EXPRESSION x EXPRESSION — EXPRESSION
A Rel
€ RELATION x EXPRESSION x EXPRESSION
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— EXPRESSION)
A disjoint (ran Val,
ran Var,
ran Fung,
ran Fung,
ran Rel)
AN (Y W P EXPRESSION
| Val ( VALUE )
U (Var ( NAME )
U (Fun; ( UNARY_F x W)
U (Fung ( BINARY_F x W x W)
U Rel ( RELATION x W x W ))))

cCw
e EXPRESSION C W)
- FV € EXPRESSION — P NAME
A (Vv : VALUE;
n : NAME:;
expl, exp2 : EXPRESSION;
fl : UNARY _F;
2 : BINARY _F;
r: RELATION
o FV (Val v) = @
N FV (Var n) = {n}
N FV (Fun; (f1, expl)) = F
N FV (Fung (f2, expl, exp?2)
= FV expl U FV exp2
A FV (Rel (r, expl, exp2)) = FV expl U FV exp2)
F Eval € WF_BINDING_EXPRESSIONp — VALUE
A (¥ b : BINDING;
v . VALUE:
n : NAME;
expl, exp2 : EXPRESSION;
fl : UNARY _F,
2 . BINARY _F:
r : RELATION
e Fval (b, Val v) = v
A ((b, Var n) € WF_BINDING_EXPRESSION p

= FEwval (b, Var n) = b n)

FV

V expl
)

Fval
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A ((b, expl) € WF_BINDING_EXPRESSION g
= FEwval (b, Fun, (f1, expl))
= f1 (Ewal (b, expl)))
A ((b, expl) € WF_BINDING_EXPRESSION g
A (b, exp2) € WF_BINDING_EXPRESSION g
= FEwal (b, Funy (f2, expl, exp2))
= f2 (Eval (b, expl), Eval (b, exp?2)))
A ((b, expl) € WF_BINDING_EXPRESSION g
A (b, exp2) € WF_BINDING_EXPRESSION g
= FEwal (b, Rel (r, expl, exp?2))
= Bool
((Eval (b, expl), Eval (b, exp2))
€ r)))
UnrestVar +F UnrestVar € REL_PREDICATE — P NAME
A (Y u : REL_.PREDICATE
o UnrestVar u
={n: u.l
|Vb:u2;v: VALUE ¢ b & {n — v} € u.2})
unrestTypedV ar
F unrestTypedVar € REL_PREDICATE x NAME x P VALUE — B
A (Y r: REL_.PREDICATE; n : NAME; T : P VALUE
o unrestTypedVar (r, n, T)
s NMb:r2v:Tebd {n—v}er2)
REL CONDITION
= REL_.CONDITION € P REL_PREDICATE
N REL_CONDITION
= {r : REL_PREDICATE
| r.1 \ undashed C UnrestVar r}
dashCond F dashCond € REL_CONDITION — REL_PREDICATE
A (Y u : REL_.CONDITION
e dashCond u
= ({n:u.l|n € undashed o dash n} U u.1,
{b:u2
e {n : dom b N undashed
e dash n +— b n}
U {n : dash ( dom b N dashed )
e n— b (dash n)}}))
U U € (NAME — NAME) x ALPHABET - REL_PREDICATE
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AN (Y f: NAME — NAME; o : ALPHABET
| ' C dashed
e 1a: ALPHABET
| @ C undashed N o' = dash ( a )
o U(f, d)
= ({n: NAME | n € a e dash (f n)} U a,
{b : BINDING
| dom b
={n: NAME | n € a e dash (f n)} U a
A (¥ n: NAME
| n€a
o b (dash (f m)) = b n)})
_<a- - (_ <gp.) € VALUE < VALUE
AN(-<gp-)
= {s1, s2 : SEQ_VAL
| (Seq ™) s1 prefizy (Seq ~) s2}
_<m - - (_ <p .) € VALUE < VALUE
A (- <gr -)
= {s1, s2 : SEQ_VAL
| (Seq ~) sl prefixy (Seq ™) s2
A (Seq ~) s1 # (Seq ™) s2}
_€Er- - (_ € .) € VALUE < VALUE
A (- €r -)
={e: VALUE; s : SET_VAL
| e € (Set ™) s}
 Zn - - (. &r ) € VALUE < VALUE
A (- €r-)
= {e: VALUE; s : SET_VAL
e ¢ (Set ™) s}
_Cgr - (. Cgr-) € VALUE <~ VALUE
AN(-Cr )
= {s1, s2 : SET_VAL
| (Set ~) s1 C (Set ™) s2}
MESingleton = MkSingleton € VALUE — VALUE
A (Y v : VALUE e MkSingleton v = Seq (v))
MEPair F MkPair € VALUE x VALUE — VALUFE
A (VY vl, v2 : VALUE
o MkPair (v1, v2) = Pair (v1, v2))
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_ SeqDifr - + (- SeqDifp -) € VALUE x VALUE + VALUE
A (V s1, s2: VALUE
| {s1, s2} C SEQ_VAL
A (Seq ™) s2 prefizy (Seq ™) sl
e 51 SeqDifr s2
= Seq ((Seq ™) s1 —z (Seq ™) s2))
- "R - (. "gr-) € VALUE x VALUE - VALUE
A (Y s, s2: VALUE
| {s1, s2} C SEQ-VAL
o 51 g s2 = Seq ((Seq ~) s1 7 (Seq ™) s2))
IR - - (_lr.) € VALUE x VALUE + VALUE
A (Y s, st: VALUE
| s € SEQ_VAL N st € SET_VAL
o s g st =Seq ((Seq ™) s | (Set ™) st))
_Ug - - (_Ug .) € VALUE x VALUE + VALUE
A (V s1, s2: VALUE
| {s1, s2} C SET_VAL
e 51 Ugr s2 = Set ((Set ™) s1 U (Set ™) s2))
- Ng - - (. Ng -) € VALUE x VALUE - VALUE
A (Y s, s2: VALUE
| {s1, s2} C SET_VAL
e s1 Ng s2 = Set ((Set ~) s1 N (Set ™) s2))
\r - - (_\r .) € VALUE x VALUE + VALUE
A (Y s1, s2: VALUE
| {s1, s2} C SET_VAL
o 51 \p s2 = Set ((Set ~) s1 \ (Set ™) s2))
Truegr F Truer € ALPHABET — REL_PREDICATE
A (Y a: ALPHABET
e Truegr a = (a, {b : BINDING | dom b = a}))
Falser - Falseg € ALPHABET — REL_PREDICATE
A (Y a : ALPHABET e Fualsep a = (a, 9))
- =R - H (_ = _)
€ REL_PREDICATE x REL_PREDICATE — REL_PREDICATE
A (Y ul, u2 : REL_PREDICATE
o (ul.1 =u2.1 AN ul.2 =u2.2
= ul =g u2 = Truer ul.1)
A (ul.l #u2.1V ul.2 # u2.2
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=1R

R

- ®r -

_Am -

- Vr -

= ul =g u2 = Falsep ul.1))
=g € WF_Equalsp, — REL_PREDICATE
A (Y a_n_e : WF_Equalsg
e =pa.n_e
= (a_n_e.1,
{b : BINDING
| dom b = a_n_e.1
AN b a-n-e2 = Eval (b, a_n_e.3)}))
F=yr € WF_ALPHABET_EXPRESSION — REL_PREDICATE
A (Y a_e_e: WF_ALPHABET_EXPRESSION
e =, ac.e
= (a-e-e.1,
{b : BINDING
| dom b = a_e_e.1
A FEval (b, a_e_e.2)
= Ewal (b, a_e_e.3)}))
- € REL_.PREDICATE — REL_PREDICATE
A (Y u : REL_.PREDICATE
e pu= (ul, (Trueg u.1).2 \ u.2))
F (- ®r -) € REL_.PREDICATE x ALPHABET — REL_PREDICATE
A (VY u: REL_.PREDICATE; o : ALPHABET
e U Dp a
= (u.1 U a,
{b : BINDING
| u.l <9 b € ul2 Adomb=ulUa}))
(- Ar -)
€ REL_PREDICATE x REL_.PREDICATE — REL_PREDICATE
A (VY ul, u2 : REL.PREDICATE
o ul /\R u2
= (ul.1 Uul.1,
(ul ®p u2.1).2 N (u2 &g ul.1).2))
= (- Vg -)
€ REL_PREDICATE x REL.PREDICATE — REL_PREDICATE
A (Y ul, u2 : REL.PREDICATE
o ul \/R u2
= (ul.1 Uul.1,
(ul ®p u2.1).2 U (u2 ®g ul.1).2))
(- =r-)

I_
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€ REL_PREDICATE x REL_.PREDICATE — REL_PREDICATE
A (Y ul, u2 : REL.PREDICATE
o ul = u2 = g ul Vg UQ)
- <R - = ©r-)
€ REL_PREDICATE x REL_PREDICATE — REL_PREDICATE
A (Y ul, u2 : REL_PREDICATE
o ul Spu2 = (ul =5 u2) Ag u2 =pr ul)
- <r - PR -
- (_ <gp - >g .) € WF_Condg — REL.PREDICATE
A (Y ul_b_u2 . WF_Condpg
e ul_b_u2.1 g ul_b_u2.2 >g ul_b_u2.3
= (ul_-b_u2.2 Ng ul_b_u2.1)
Vg og ul_b_u2.2 Ng ul_b_u2.3)
Cim - - (_:r.) € WF_Semip — REL.PREDICATE
A (Y ul_u2 : WF_Semig
o ul_u2.1 ;g ul_u2.2
= (in-a ul_u2.1.1 U out_a ul _u2.2.1,
{b1 : ul_u2.1.2; b2 : ul_u2.2.2
| V n: dom b2
| n € undashed
e b2 n = bl (dash n)
e undashed <1 b1 U dashed <1 b2}))
IIg Il € WF_Skipr — REL_PREDICATE
A (Y a: WF_Skipg
L] HR a
= (a,
{b : BINDING
| dom b = a
ANNVn:a
| n € undashed
e bn=> (dash n))}))
Assigng - Assigng € WF_Assigng — REL_PREDICATE
A (Y aa : WF_Assigng
o # aa.2 =1
A (3 n: NAME
| n = head aa.2
o Assigng aa
= =g (aa.1, dash n, head aa.3)
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Ar IR (aa.1 \ {n, dash n}))
V # aa.2 > 1
A (3 n: NAME
| n = head aa.2
o Assigng aa
= =g (aa.1, dash n, head aa.3)
AR Assigng
(aa.1 \ {n, dash n},
tail aa.2,
tail aa.3)))
- —R - F (. —r -) € REL_.PREDICATE x ALPHABET — REL_PREDICATE
A (Y u: REL_.PREDICATE; a : ALPHABET
eu—pa=(ul\a {b:u2eadgb}))
d r Fd g € ALPHABET x REL_PREDICATE — REL_PREDICATE
A (Y a: ALPHABET; u : REL_PREDICATE
e (a,u)=u—p a)
V_r FV_r € ALPHABET x REL_PREDICATE — REL_PREDICATE
AN (Y a: ALPHABET; u : REL_.PREDICATE
oV g (a, u) = ~p (3-r (a, 7r u)))
dr Fdgr € ALPHABET x REL_PREDICATE — REL_PREDICATE
A (Y a: ALPHABET; u : REL_PREDICATE
e dr (a, u) = 3 g (a, u) ®g a)
VR Vg € ALPHABET x REL_PREDICATE — REL_PREDICATE
A (Y a: ALPHABET; u : REL_PREDICATE
® Yz (a, u) = =g (Ir (a, =g u)))
/n - /n € WF_Substy — REL.PREDICATE
A (Y u_e_n : WF_Substg
o /ru-e_n
= (u_e_n.1.1,
{b : BINDING
| dom b = u_e_n.1.1
ANb @ {u_e-n8 — Eval (b, u_e_n.2)}
€ u_e-n.1.2}))
_ tntchoicer _
- (- intchoicer _)
€ WF_REL_PREDICATE_PAIR — REL_PREDICATE
A (Y pair_u : WF_REL_PREDICATE_PAIR

e pair_u.1 intchoicer pair_u.2
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_ conjgr -

varg

endgr

_+r -

monotonic

BOtR
Topgr

Nr

Ur

= pair_u.1 Vg pair-u.2)
F (- conjgp -) € WF_REL_.PREDICATE_PAIR — REL_PREDICATE
A (Y pair_u : WF_REL_PREDICATE_PAIR
e pair_u.1 conjr pair_u.2
= pair_u.1 Ag pair_u.2)
Fovarg € WF_Varg_pnar — REL_PREDICATE
AN (Y a-n : WFE_Varg_gpar
e varg a-n = 3_g ({a-n.2}, Il a_n.1))
Fendp € WF_Varg_gnar — REL_PREDICATE
A\ (v a_n : WF_ VarR_EndR
e endp a-n = 3_p ({dash a_n.2}, Ig a-n.1))
- (. +gr -) € WF_Extend_restp, — REL.PREDICATE
A (Y u-a : WF_Extend_restg
e u_a.l +p u_a.?
=wu_a.l Ag IIg (u-a.2 U {n : u_a.2 e dash n}))
F ((g - )r) € REL_.PREDICATE — REL_PREDICATE
A (Y u : REL_.PREDICATE
® <R u >R = V_R (u], U,))
(. Egr-) € WF_REL_PREDICATE_PAIR — REL_PREDICATFE
A (Y pair_u : WF_REL_PREDICATE_PAIR
o pair_u.l Cg pair_u.2
= (g pair-u.2 =g pair_u.1 )g)
= monotonic € P (REL_.PREDICATE — REL_PREDICATE)
A monotonic
= {f : REL_.PREDICATE — REL_PREDICATE
| YV ul, u2 : REL_.PREDICATE
o (ul Cpu2) =g ful Cgrf u2 = Truegr @}
+ Botp € ALPHABET — REL_PREDICATE
A (V a: ALPHABET e Botgr a = Trueg a)
F Topr € ALPHABET — REL_PREDICATE
A (Y a: ALPHABET e Topr a = Falser a)
FNg € WF_Glbr_ruwwr — REL_PREDICATE
A (VY a-us : WF_Glbg_pwr; v : REL_.PREDICATE
o uCp Ng a-us = Truer &
S u.l = a_us. 1
AN (Y ul :aus.2 euCpul = Trueg @))
FUgp € WF_Glbr_ruwwr — REL_PREDICATE
A (VY a-us : WF_Glbg_pwr; v : REL_.PREDICATE
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MR

VR

varTgr

endT g

e Up a_us Cp u = Truep &
S u.l = a_us. 1
ANNul :aus.2 eul Cpu= Truegr &))
Fur € REL.FUNCTION — REL_PREDICATE
A (Y f: REL.FUNCTION
e da: ALPHABET
| V u_dom : dom f e a = u_dom.1
® ur f
=g
(a,
{u : REL_.PREDICATE
|la=ul NfuCgru= Truegp @}))
Fvp € REL.FUNCTION — REL_PREDICATE
A (Y f: REL.FUNCTION
e da: ALPHABET
|V u_dom : dom f e a = u_dom.1
® /p f
= Ur
(a,
{v : REL_PREDICATE
|a=ul ANuCpgfu= Truegr @}))
FovarTr € WE_VarTp_gparr — REL_PREDICATE
AN (Y an-t : WF_VarTr_gnarr
e varlp a_n_t
=Nk
(an_t.1 \ {a-n_t.2},
{v: VALUE
| v € (Set ™) a_n_t.3
e varg (a_n_t.1, a_n_t.2)
r Assignpg
(a_n_t.1,
(a-n_t.2),
(Val v))})
FendTr € WE_VarTr_gparr — REL_PREDICATE
VAN (v a_n_t : WF_ VG'TTR_EndTR
e endTp a_n_t
=Nr
(a_n_t.1 \ {dash a_n_t.2},
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{v: VALUE
| v € (Set ™) a_n_t.3
o Assignpg
(a_n_t.1, (a_n_t.2), (Val v))
‘g endp (a-n_t.1, a_n_t.2)}))
REL_Semigr_tdem_thm
VY al, a2 : ALPHABET; n1, n2 : NAME
| (a1, n1, Val (Bool false)) € WF_FEqualsg
A nl € undashed
A n2 € undashed
A (a2,
Rel ((- <g -), Var n2, Var (dash n2)),
Val (Bool true))
€ WF_ALPHABET_EXPRESSION
A a2 C al
A (=g (a1, n1, Val (Bool false))
AR =+R
(a2,
Rel
((- <r -),
Var n2,
Var (dash n2)),
Val (Bool true)),
=g (a1, n1, Val (Bool false))
AR =+R
(a2,
Rel
((- <r -),
Var n2,
Var (dash n2)),
Val (Bool true)))
€ WF_Semig
e (=g (a1, n1, Val (Bool false))
AR =+R
(a2,
Rel
(- <r-),
Var n2,
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Var (dash n2)),
Val (Bool true)))
;r =g (al, n1, Val (Bool false))
AR =+R
(a2,
Rel
((- <gr -),
Var n2,
Var (dash n2)),
Val (Bool true))
= =g (a1, n1, Val (Bool false))
AR =+R
(a2,
Rel ((- <g -), Var n2, Var (dash n2)),
Val (Bool true))
REL _<gr.>gr_Vgr-reach_thm
FY ul, u2, b1, b2 : REL_.PREDICATE
| (ul, b2, u2) € WF_Condpg
A (ul, b1 Vg b2, u2) € WF_Condg
e ul g bl >r ul <g b2 >r u2
= ul < bl Vg b2 > u2
REL _<r >gr-Agr-tnterchange_thm
FY ul, u2, u3, b1, b2 : REL_.PREDICATE
| (ul Ag u2, b1, u3 Ag u4) € WF_Condpg
A (ul, b1, u3) € WF_Condpg
A (u2, b2, uj) € WF_Condg
° (ul AR U,Q) <p bl >p ul AR u4
= (U] <p bl >p Ug) AR u2 <p b2 >p u4
REL _<g_>gr_Vgr_tnterchange_thm
-V ul, u2, ug, bl, b2 : REL.PREDICATE
| (ul Vg u2, b1, u3 Vg u4) € WF_Condpg
A (ul, b1, u3) € WF_Condg
A (u2, b2, ujy) € WF_Condg
° (UZ VR UQ) <p bl >g uld Vg u4
= (U] g bl >pg U(?) Vg u2 <p b2 >p u4
REL _<ip >gr-=gr-tnterchange_thm
EY oul, u2, u8, b1, b2 : REL_PREDICATE
| (ul =g u2, b1, u8 =x uj) € WF_Condpg
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A (ul, b1, u3) € WF_Condpg
A (u2, b2, ujy) € WF_Condg
o (ul =g u2) <g bl >r ul =g u4
= (u] g bl >pg u?) =gr u2 <p b2 >p U4
REL _<ip >gr-&gr-tnterchange_thm
FY ul, u2, u3, b1, b2 : REL_.PREDICATE
| (ul &g u2, b1, u3 < uj) € WF_Condpg
A (ul, b1, u3) € WF_Condg
A (u2, b2, uj) € WF_Condg
° (U,] =R UQ) <r bl >p ul <R u4
= (u] <p bl >pg Ug) Sp ul2 g b2 >p ud
REL _<r >gr-Semigr_interchange_thm
FY oul, u2, u, b1, b2 : REL_PREDICATE
| (ul, u2) € WF_Semig
A (u8, uj) € WF_Semig
A (ul ;g u2, b1, u3 ;5 uwj) € WF_Condpg
A (ul, b1, u3) € WF_Condpg
A (u2, b2, ujy) € WF_Condg
o (ul ;gp u2) <g bl >g ud ;g u4
= ('LLJ <r b1 >pg Uu?) iR U2 g b2 >g u
REL _ I1g_Semip_unit_thm
Y ul : REL_PREDICATE; a : ALPHABET
| a € WF_Skipp N ul.1 = a
e ul ;g lIp a =ul Nul =1Ig a ;g ul
REL Ilp_Semin_unit_.thm?2
VY ul : REL.PREDICATE; a : ALPHABET
| a € WF_Skipp A\ (Ilg a, ul) € WF_Semig
o [Ip a ;g ul = ul
REL_Semigp_<gr->r-left_dist_.thm
-V ul, u2, ug, b : REL.PREDICATE
| (ul, u3) € WF_Semip A (ul, b, u2) € WF_Condpg
° (u] <r b >pg uQ) ‘R U8
= (ul ;g u3) <gr b >g u2 ;g ul
REL <g >gr-Ngr-dist_thm
-V ul, u2, u8, b : REL.PREDICATE
| (ul, b, u2) € WF_Condg A (ul, b, u3) € WF_Condpg
e ul g b >g u?2 intchoicerp ul
= (ul <g b >g u?2) intchoicegr ul <gp b >g ul
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REL_Assigng-order_idem_thm
VY a: ALPHABET;
nl, n2, n3 : NAME;
el, e2, e8 : EXPRESSION
| (a, (n1, n2, n3), (el, e2, e3)) € WF_Assigng
o Assigng (a, (n1, n2, n3), (el, e2, e3))
= Assigng (a, (n2, n3, nl), (e2, e3, el))
REL_Assign_eval_subst_thm
-V a: ALPHABET;
n : NAME;
e : EXPRESSION;
f: VALUE - VALUE
| (a, (n), (e)) € WF_Assigng
o Assigng (a, (n), (¢))
R ASSignR (a7 <77,>, <Fun1 (f7 Var TL)>)
= Assigng (CL, <TL>, <F’LLTL] (fv €)>)
REL_Assignr_<r->gr-subst_thm
VY wul, u2, b: REL.PREDICATE;
o . ALPHABET:
n : NAME;
e : EXPRESSION
| (ul, b, u2) € WF_Condpg
A (Assigng (a, (n), (e)), ul) € WF_Semip
A (a, (n), (e)) € WF_Assigng
A (b, e, n) € WF_Substg
o Assigng (a, (n), (e)) ;p ul <gp b >g u2
= (Assigng (a, (n), (€)) ;r ul) <
/r (b, e, n) >g
Assigng, (a, {n), (€)) ir u2
REL_Ngr_Semigr_left_dist_thm
-V ul, u2, u3 : REL_.PREDICATE
| wl.1 =u2.1 A (ul, u3) € WF_Semig
o (ul intchoicer u2) ;p u3
= (ul ;g u3) intchoicer u2 ;g ul
REL_Ngr_Semigr_right_dist_thm
-V ul, u2, u3 : REL.PREDICATE
| u2.1 = u3.1 A (ul, u3) € WF_Semig
e ul ;p u2 intchoicer us
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= (ul ;g u2) intchoicer ul ;g ul
REL Ng_-<g->>gr-dist_.thm
FVYoul, u2, u8, b : REL_.PREDICATE
| ul.1 = u2.1 N (u2, b, u3) € WF_Condg
e ul intchoicer u2 <lg b >p ul

(ul intchoicer u2) <lgp b >g ul intchoicer u3
REL_fixed_point_thm

Y F : REL. FUNCTION
| F' € monotonic
o F' (ug F) = pg F
REL_Vargr.com_thm
VY a: ALPHABET; nl, n2 : NAME
| (a, n1) € WF_Varg_gnar
VAN (a, n?) e WF_ VCLTR_EndR
e varg (a, nl) ;g varg (a, n2)

= varg (a, n2) ;g varg (a, nl)
REL_Endgr_com_thm

VYV a: ALPHABET; nl, n2 : NAME
‘ (CL, n]) € WF-VCM“R_EndR
AN (a, n2) e WF_ VarR_EndR
o endp (a, nl) ;g endg (a, n2)

= endg (a, n2) ;g endg (a, nl)
REL _ Vargr_ Endr_com_thm

-V a : ALPHABET: ni, n2 : NAME
‘ (a, n]) € WF-VGTR_EndR
VAN (CL, TLQ) e WF._ VarR_EndR
A nl # n2
e varg (a, nl) ;g endg (a, n2)
= endg (a, n2) ;g varg (a, nl)
REL_Varg_initial_value_thm
VY a: ALPHABET; n : NAME
| (a, (n), (Val v)) € WF_Assigng
A (a, n1) € WF_Varg_gnar
e varg (a, n)
=Nr
(

a”
{v: VALUE

e vary (a, n)
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;r Assigng (a, (n), (Val v))})
REL _ Varg <gr->gr-dist_thm
VY a: ALPHABET; n : NAME; ul, u2, b : REL_PREDICATE
‘ (a, n) € WF-VGTR_EndR
A (ul, b, u2) € WF_Condg
A (varg (a, n), ul) € WF_Semig
A (varg (a, n), u2) € WF_Semig
An &bl
e varg (a, n) ;g ul <g b >g u2
= (varg (a, n) ;g ul) <
b >g
varg (a, n) ;g u2
REL_Endgr <g->gr-dist_thm
VY a: ALPHABET; n : NAME; ul, u2, b : REL_PREDICATE
‘ ( ) € WF-VCL’I”R_EndR
A (ul, b, u2) € WF_Condpg
A (endg (a, n), ul) € WF_Semig
A (endg (a, n), u2) € WF_Semip
An &bl
e endp (CL, n) R ul <g b >p u2
= (endg (a, n) ;g ul) <p
b >gr
endp (a, n) ;g u2
REL_Varg_-Endgr_tdem_thm
FY a: ALPHABET; n : NAME
‘ (CL, Tl) € WF_Varr_gnar
e varg (a, n) ;g endg (a, n) = Iy a
REL_Endgr_ Vargr_ Assigng_idem_thm
Y a: ALPHABET; n : NAME; e : EXPRESSION
| (a, (n), (e)) € WF_Assigng AN n & FV e
e endg (a, n)
yR VAT'R (CL, n) ;R Assigng (av <n>7 <6>)
= Assigng (a, (n), (e))
REL_Assignr_-Endgr-itdem_thm
VY a: ALPHABET; n : NAME; e : EXPRESSION
| (a, (n), (e)) € WF_Assigng
o Assigng (a, (n), (e)) ;g endr (a, n)
= endg (a, n)
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REL_FExtendr_Varg_-dist_thm
VY a: ALPHABET; n : NAME; ul, u2 : REL_.PREDICATE
| (a, n) € WF_Varg_gnir
A (ul +g {n}, u2) € WF_Semig
A An, dash n} N ul.1 = &
e varg (a, n)
ir (ul +g {n}) ;g u2 ;g endg (a, n)
= ul ;g varg (a, n) ;g u2 ;g endg (a, n)
REL_Endgr_Fxtendr_dist_thm
-V a : ALPHABET: n : NAME: ul, u2 : REL_ PREDICATE
| ((1,7 n) € WF_Varg_gndr
A (ul, u2 +g {n}) € WF_Semir
A An, dash n} N u2.1 = &
e varg (a, n)
i ul ;g (u2 +gr {n}) ;r endg (a, n)
= varg (a, n) ;g ul ;g endg (a, n) ;g u2
REL_UR_HR_d’I:St_thm
-V a : ALPHABET:
us : P REL_PREDICATFE,
u: REL_PREDICATE
| (a, us) € UNIFORM _REL_PREDICATE_SET A u.l1 = a
e Ugr (a, us) intchoicer u
= Ur (a, {ul : us e ul intchoicer u})
REL_ﬂR_UR_diSt_thm
-V a: ALPHABET;
us : P REL_PREDICATFE,
u : REL_PREDICATE
| (a, us) € UNIFORM _REL_PREDICATE_SET A u.l = a
e Ng (a, us) conjr u
= Ng (a, {ul : us @ ul conjr u})
REL_Semigr_ left_univ_disj_thm
-V a: ALPHABET;
us : P REL_PREDICATE;
u: REL_PREDICATE
| (a, us) € UNIFORM _REL.PREDICATE_SET
A (Ng (a, us), u) € WF_Semig
e Ng (a, us) ;g v =Ng (a, {ul : us ® ul ;5 u})
REL_Semigr_right_univ_disj_-thm
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Y a: ALPHABET;
us : P REL_PREDICATE:;
u : REL_PREDICATE
| (a, us) € UNIFORM _REL_PREDICATE_SET
A (u, Ng (a, us)) € WF_Semig
e u ;g Nr (a, us) = Ng (a, {ul : us ® u ;5 ul})
REL Vg tdem_thm
VY a: ALPHABET; d : REL_PREDICATE
oV (a, Vg (a, u)) = Vg (a, u)
RFEL _dr_tdem_thm
YV n: ALPHABET; v : REL_PREDICATE
e J; (a, Jg (a, u)) = Jr (a, u)
REL_—r Vi deMorgans_thm
=V n: ALPHABET; v : REL_PREDICATE
® —p (VR (a, u)) = E|R (a, R u)
REL_—gr dr_deMorgans_thm
YV n: ALPHABET; v : REL_PREDICATE
® ¢ (3r (a, u)) = Vg (a, 7g u)
REL_Ngp_comm_thm
VY al, a2 : ALPHABET; v : REL_PREDICATE
| al N a2 = O
o Vi (al, Vg (a2, u)) = Vg (a2, Vg (al, u))
REL_dr_comm_thm
VY al, a2 : ALPHABET; v : REL_PREDICATE
| al N a2 =@
e dr (al, 3g (a2, u)) = 3g (a2, Ig (al, u))
REL_—gr <gp >gr-thm
VY ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
O—\R(ul <IRb>Ru2):—|Ru1 g b >pg g u2
REL <g >r-AR-r-<r->r-thm
FY ul, u2, u3, uj, b : REL_PREDICATE
| (ul, b, u2) € WF_Condg
A (u3, b, ugy) € WF_Condpg
A (ul Agp =g u3, b, ul Agp —gr uj) € WF_Condpg
° (U,] <r b >pg U?) AR TR (UA? <r b >pg U4)
= (u] AR TR U3) g b >R ul Ag g u4
REL =g <r->gr-dist_thm
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Y wul, u2, u8, b : REL_PREDICATE
| (u2, b, u3) € WF_Condpg
e ul = u2 g b > ud
= (ul =g u2) Qg b >g ul =pr ud
REL <p >r-=gr-dist_thm
Y ul, u2, u8, b : REL_PREDICATE
| (ul, b, u2) € WF_Condpg
° (UZ g b >p u,?) =g u3
= (u] =R U:?) <dp b >p u2 =g ul
REL_<rp_->p_Agr-dist_thm
Y ul, u2, u8, b : REL_PREDICATE
| (ul, b, u2) € WF_Condpg
° (UZ <rp b >pg u?) AR u3
= (UZ AR US)) g b >p u2 Np u8
REL _<rp_->p_-Vgr_-dist_.thm
FY ul, u2, u3, b : REL_.PREDICATE
| (ul, b, u2) € WF_Condg
° (UZ <dp b >p ’LL,Q) Ve u3
= (UZ VR ué’) g b >p u2 Vg ud
REL_<r_>p_know_cond_thm
Y wul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condg
e b Agpul g b>gu2 =b Ag ul
REL _<gr_>gr_-know_cond_thml
FYwul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
e p b AR ul <gp b>r u2 = —-r b Ag u2
REL <g >gr-ass_if_cond_thm
Y wul, u2,b: REL.PREDICATE
| (ul, b, u2) € WF_Condg
o ul <]RbI>RU2:(b/\RU1)<]RbDRU2
REL _<r_>gr_ass_else_cond_thm
Y wul, u2,b: REL.PREDICATE
| (ul, b, u2) € WF_Condg
e ul dp b>pu2 =ul g b >r g b Ag u2
REL_Equalsr_-Semigr_left_one_point_thm
-V a: ALPHABET;
old : NAME;
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e : EXPRESSION;
u : REL_PREDICATE
| old € undashed
A (a, dash old, e) € WF_Equalsg
A (u, e, old) € WF_Substg
A (=g (a, dash old, €), u) € WF_Semig
e =¢ (a, dash old, e) ;r u = /r (u, e, old)
REL_FEqualsg-Semigr_right_one_point_thm
-V a: ALPHABET;
old : NAME;
e : EXPRESSION;
u : REL_PREDICATE
| old € undashed
A (a, old, e) € WF_Equalsg
A (u, e, dash old) € WF_Substg
A (u, =g (a, old, e)) € WF_Semig
e u;p =p (a, old, e) = /r (u, e, dash old)

8.5 Definitions

NAME H NAME = U
ALPHABET‘VF ALPHABET =P NAME
VALUE H VALUE = U

INT VAL + INT_VAL = {n:Z e Int n}
BOOL_VAL + BOOL_VAL = {Bool true, Bool false}
CHANNEL_V AL = CHANNEL_VAL = {n : NAME e Channel n}
SEQ_ VAL + SEQ_VAL = {s: seq VALUE e Seq s}
SET_VAL F+ SET_VAL = {s:P VALUE e Set s}
PAIR VAL + PAIR_VAL = {vl, v2 : VALUE e Pair (vl, v2)}
EVENT_V AL = EVENT_VAL
= {c: CHANNEL_VAL; v : VALUE
e Pair (c, v)}

SEQ_EVENT_V AL

- SEQ-EVENT_VAL = {s : seq EVENT_VAL e Seq s}
SET_EVENT_V AL

= SET_EVENT_VAL = {s : F EVENT_VAL e Set s}
SET_SEQ_EVENT_V AL

= SET_SEQ-EVENT_VAL
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={s:F SEQ_EVENT_VAL
o Set s}
PAIR_ SEQ_EVENT_V AL
= PAIR_SEQ_EVENT_VAL
= {s1, s2 : SEQ_EVENT_VAL
e Pair (s, s2)}
UNARY_F + UNARY_F = VALUE + VALUE
BINARY _F + BINARY_F = VALUE x VALUE - VALUE
RELATION + RELATION = VALUE «— VALUE
EXPRESSION + EXPRESSION = U
BINDING + BINDING = NAME +— VALUE
BINDINGS + BINDINGS = P BINDING
WF_BINDING_EXPRESSIONg
= WF_BINDING_EXPRESSION g
= {b : BINDING; e : EXPRESSION
| FV e C dom b}
REL_PREDICATE
+ REL_PREDICATE
= {a : ALPHABET; bs : BINDINGS
|V b:bs e dom b= a}
WF_FEqualsg - WF_FEqualsg
= {a : ALPHABET; n : NAME; e : EXPRESSION
|ne€anFVeCa}
WF_ALPHABET _EXPRESSION
 WF_ALPHABET_EXPRESSION
={a: ALPHABET; el, €2 : EXPRESSION
| FV el U FV €2 C a}
WF_CO’I’LdR H WF_ C’ondR
= {ul, b, u2 : REL_PREDICATE
| 0.1 Cwul.l ANul.l =u2.1}
WF_Semir + WF_Semipg
= {ul, u2 : REL_.PREDICATE
| (ul.1, u2.1) € composable}
WF_Skipr + WF_Skipr = {a : ALPHABET | a € homogeneous}
WF_Assigng - WF_Assigng
= {a : ALPHABET;
ns : seq NAME;
exps : seq EXPRESSION
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| (V' n:ran ns e n € a A n € undashed)
A (VY e:ran exps @ FV e C a N FV e C undashed)
A (# ns = # exps
N # exps # 0)
A a € homogeneous}
WPF_Substg + WF_Substg
= {u : REL_PREDICATE; ¢ : EXPRESSION; n : NAME
| FV.e Cu.l An € ul}
WF_VG/I‘R_EndR
F WF._ Va'TR_EndR
= {a : ALPHABET; n : NAME
| a € homogeneous
A n € undashed
A {n, dash n} C a}
WF_VG,T‘TR_EndTR
F WF_ VarTR_EndTR
= {a : ALPHABET; n : NAME; T : SET_VAL
| (a, TL) e WF._ VarR_EndR}
WF_FExtend_restgp
F WF_FExtend_restg
= {u : REL_.PREDICATE; a : ALPHABET
| @ C undashed
A(aU{n:aedash n}) Nu.l =}
WF_REL_PREDICATE_PAIR
= WF_REL_PREDICATE_PAIR
= {ul, u2 : REL_.PREDICATE
| ul.1 =u2.1}
WF_Glbr_ruvr
F WF_Glbg_ruwr
= {a : ALPHABET; us : P REL_PREDICATE
| V u_us : us ® u_us.1 = a}
REL FUNCTION F REL_FUNCTION
= {f : REL_PREDICATE + REL_PREDICATE
| 3 a: ALPHABET
o Y u_dom : dom f; u_ran : ran f
o o =u-dom.1 AN u_dom.1 = u_ran.1}
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8.6 Theorems

ALPHABET_U_thm

VY al, a2 : ALPHABET e al U a2 € ALPHABET
ALPHABET _N_thm

FVY al, a2 : ALPHABET e al N a2 € ALPHABET
ALPHABET_Sub_thm

-V oal, a2 : ALPHABET e al \ a2 € ALPHABET
ALPHABET_C_thm

VY al, a2 : ALPHABET

e al C a2 =al Ua2 =a2Ual N a2 U al = a2

ALPHABET _name_thm

FV n: NAME e {n} € ALPHABET
ALPHABFET dash_thm

FV n: NAME e {dash n} € ALPHABET
ALPHABET _dash_thml

FVn: NAME e dash n € NAME
ALPHABET dash_€_dashed_thm

FV n: NAME e dash n € dashed
ALPHABET dash_&_undashed_thm

FV n: NAME e dash n & undashed
ALPHABET _dashed_V_undashed_thm

FVY n: NAME e — n € undashed = n € dashed
ALPHABET _dashed_V_undashed_thml

FY n: NAME e n € undashed = — n € dashed
ALPHABET _dashed_V_undashed_thm2

FY n: NAME e — n € dashed = n € undashed
ALPHABET _dashed_V_undashed_thm3

FY n: NAME e n € dashed = — n € undashed
ALPHABET undashed_N_dashed_o_thm

F undashed N dashed = &
ALPHABET in_a_U_out_a_thm

FY a: ALPHABET e in_a a U out_a a = a
ALPHABET in_a_N_out_a_-thm

Y a: ALPHABET e in_a a N out_a a = &
ALPHABET out_a_dist_in_a_U_out_a_eq_out_a_thm

VY al, a2 : ALPHABET

e out_a (in-a al U out_a a2) = out_a a2
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ALPHABET in_a_dist_in_a_U_out_a_eq_in_a_thm
-V al, a2 : ALPHABET
e in_a (in_a al U out_a a2) = in_a al
ALPHABET in_U_out_left_dist_thm
=V oal, a2, a3 : ALPHABET
e in_a (al U a2) U out_a a3
= in-a al U out_a a3 U (in-a a2 U out_a a3)
ALPHABET hom_=_comp_thm
=V a: ALPHABET
e o € homogeneous = (a, a) € composable
ALPHABET _comp_=_hom_thm
-V a: ALPHABET
e (a, a) € composable = a € homogeneous
ALPHABET comp_<_hom_thm
-V a: ALPHABET
e (a, a) € composable < a € homogeneous
ALPHABET _homogeneous_U_thm
-V a: ALPHABET; n : NAME
| @ € homogeneous N n € undashed
e {n, dash n} U a € homogeneous
ALPHABET _homogeneous_set_dif_thm
FY a: ALPHABET; n : NAME
| a € homogeneous N\ n € undashed
e o \ {n, dash n} € homogeneous
ALPHABET _homogeneous_dash_thm
FY a: ALPHABET; n : NAME
| @ € homogeneous N n € undashed N n € a
e dash n € a
ALPHABET comp_=>_contr_comp_thm
=V al, a2 : ALPHABET; n : NAME
| n € al AN n € undashed A (al, a2) € composable
e (al \ {n}, a2) € composable
ALPHABET _comp_-=>_contr_comp_thml
-V oal, a2 : ALPHABET; o : ALPHABET
| a N dashed = @ A (al, a2) € composable
e (al \ a, a2) € composable
ALPHABET comp_=>_contr_comp_thm?2
VY al, a2 : ALPHABET; a : ALPHABET
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| @ N undashed = @ A (al, a2) € composable
e (al, a2 \ a) € composable
ALPHABET _al_a2_a3_composable_thm
-V al, a2, a3 : ALPHABET
| (a1, a2) € composable N (a2, a3) € composable
e (in_a al U out_a a2, a3) € composable
ALPHABET al_a2_a3_composable_thm1l
FVY al, a2, a3 : ALPHABET
| (a1, a2) € composable A (a2, a3) € composable
e (al, in_a a2 U out_a a3) € composable
ALPHABET_U_composable_thm
VY al, a2, a8 : ALPHABET
| (a1, a3) € composable A (a2, a3) € composable
o (al U a2, a83) € composable
ALPHABET _U_composable_thm1
VY al, a2, a8 : ALPHABET
| (a1, a2) € composable A (al, a3) € composable
e (al, a2 U a3) € composable
ALPHABET €_set_dif_thm
-V a : ALPHABET: ni, n2 : NAME
| n1 # n2
A a € homogeneous
A {n1, n2} C undashed
A {n2, dash n2} C a
e n2 € a\ {nl, dash ni}
ALPHABET_€_set_dif_thml
FY a: ALPHABET; nl, n2 : NAME
| n1 # n2
A a € homogeneous
A {n1, n2} C undashed
A {n2, dash n2} C a
e dash n2 € a \ {nl, dash ni}
ALPHABET in_thm
Y a: ALPHABET e in_a a € ALPHABET
ALPHABET out_thm
FY a: ALPHABET e out_a a € ALPHABET
ALPHABET out_-undashed_U_dashed_thm
VY al, a2 : ALPHABET
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| al C undashed N\ a2 C dashed
e out_a (al U a2) = a2
ALPHABET in_undashed_U_dashed_thm
VY al, a2 : ALPHABET
| al C undashed N\ a2 C dashed
e in_a (al U a2) = al
ALPHABET dash_(-)-thm
VYV a: ALPHABET e dash ( a ) € ALPHABET
ALPHABET.C_U_(_)_thm
FY n: NAME; o : ALPHABET
| n € a N a C undashed
e {n, dash n} C a U dash ( a )
ALPHABET dash_(-)-C_-dashed_thm
-V a: ALPHABET | a C undashed o dash ( a ) C dashed
ALPHABET_(.)-homogeneous_thm
VY a: ALPHABET
| a C undashed
e a U dash ( a ) € homogeneous
ALPHABET €_in_a_V_out_.a-<_€_a_thm
FY a: ALPHABET; n : NAME
encin_aaVmn€ou_-aasnca
ALPHABET out_Equals_dash_(_)-thm
-V al, a2 : ALPHABET
| a2 C undashed N out_a al = dash ( a2 )
e (al, a2) € composable
BINDINGS _thm =V bs : BINDINGS; b : bs ¢ b € NAME - VALUFE
REL_—_true_eq_false_thm
F = Bool true = Bool false
REL_—_false_eq_true_thm
F = Bool false = Bool true
BINDINGS_—_Bool_false_eq_Bool_true_thm
V¥ b: BINDING
®
FEval (b, Val (Bool false))
= FEwval (b, Val (Bool true))
BINDINGS_—_Bool_true_eq_Bool_false_thm
V¥ b: BINDING

®
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Eval (b, Val (Bool true))
= Fwval (b, Val (Bool false))
BINDINGS_<_U_<_app_-thm
F VY fs, gs : BINDINGS; f : fs; g : gs; n: dom f
| n € undashed
o (undashed <1 f U dashed < g) n = f n
BINDINGS_-<-U_<_dash_app-thm
F VY fs, gs : BINDINGS; f : fs; g : gs; n : NAME
| n € undashed N dash n € dom g
o (undashed < f U dashed < g) (dash n) = g (dash n)
BINDINGS_<_idem_thm
Y a: ALPHABET; b : BINDING; n : dom b
| n € a
e(a<db)n=">n
BINDINGS_<_idem_thm
FV n: NAME; al, a2 : ALPHABET; b : BINDING
| n€dombAneal ANa2nal ={}
e (a2 <9b)n=">bn
REL_FV _Val_C_a_thm
VY a: ALPHABET; v : VALUE ¢ FV (Val v) C a
REL_FEval_Val_thm
=V b: BINDING; v : VALUE e Eval (b, Val v) = v
REL_FV _Var_thm
=Y n: NAME e FV (Var n) = {n}
REL PREDICATE € WF_BINDING_EXPRESSIONg_thm
=V b: BINDING; n : NAME
| n € dom b
e (b, Var n) € WF_BINDING_EXPRESSION g
REL_FEval_Var_thm
-V b: BINDING; n : NAME
| n € dom b
e Fval (b, Var n) = b n
REL Var.€c_ EXPRESSION _thm
FV n: NAME e Var n € EXPRESSION
REL <pr € EXPRESSION _thm
FV nl, n2 : NAME
o Rel ((- <g -), Var n1, Var n2) € EXPRESSION
REL PREDICATE thm
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FY u: REL.PREDICATE e u.1 € ALPHABET N u.2 € BINDINGS
WF_REL PREDICATE_PAIR thm
FV pair_u : WEF_REL_PREDICATE_PAIR
e pair_u.1 € REL_PREDICATE
A pair_u.2 € REL_PREDICATE
A pair_u.1.1 = pair_u.2.1
A (pair_u.2, pair_u.1) € WF_REL_PREDICATE_PAIR
REL _Ngr_com_thml
FV ul, u2 : REL_.PREDICATE
| ul.1 = u2.1
e (ul, u2) € WF_REL_PREDICATE_PAIR
WF_Glbr_Lubr_thm
FVY a_us : WF—Gle_LubR
e a_us.1 € ALPHABET N a_us.2 € P REL_PREDICATE
REL_PREDICATE _Agr_-thm
FY wul, u2 : REL_.PREDICATE
o (ul.1 Uu2.1, (ul &g u2.1).2 N (u2 ®r ul.1).2)
€ REL_PREDICATE
REL_PREDICATE _NAgr_-thml
VY ul, u2 : REL_.PREDICATE e ul Ar u2 € REL_PREDICATE
REL_PREDICATE_Vgr_thm
FVY ul, u2 : REL_.PREDICATE
o (ul.1 Uu2.1, (ul &g u2.1).2 U (u2 &g ul.1).2)
€ REL_PREDICATE
REL_PREDICATE_Vgi thml
FV ul, u2 : REL_.PREDICATE e ul Vp u2 € REL_PREDICATE
REL_ PREDICATE_Extend_unrest_thm
Y u: REL.PREDICATE; a : ALPHABET
e u ®p a € REL_PREDICATE
REL_PREDICATE_U_thm
VY ul, u2 : REL_PREDICATE
| ul.1 = u2.1
o (ul.1, ul.2 Uwu2.2) € REL_PREDICATE
REL_ PREDICATE N_thm
FV ul, u2 : REL_.PREDICATE
| ul.1 = u2.1
o (ul.1, ul.2 N u2.2) € REL_.PREDICATE
REL_ PREDICATE Truer-thm
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Y u: REL._PREDICATE
e (u.1, {b: BINDING | dom b = u.1})
€ REL_PREDICATE
REL PREDICATEFE Truer_-thml
Y a: ALPHABET e Truegp a € REL_PREDICATE
REL_PREDICATE Falser_thm
-V u : REL_PREDICATE e (u.1, {}) € REL.PREDICATE
REL_ PREDICATE Falser_-thml
FY a: ALPHABET e Fulser a € REL_PREDICATE
REL_PREDICATE _FEqualsg_thm
Y a: ALPHABET; n : NAME; e : EXPRESSION
| (a, n, e) € WF_Equalsp
e =x (a, n, ¢) € REL_PREDICATE
REL_PREDICATFE _Equals_expsr_thm
FY a: ALPHABET; el, €2 : EXPRESSION
| (a, el, e2) € WF_ALPHABET_EXPRESSION
o =z (a, el, ¢2) € REL_PREDICATE
REL PREDICATE WF_FEqualsg_thm
FY a: ALPHABET; n : NAMFE; e : EXPRESSION
| (a, n, e) € WF_Equalsg
encaANFVeCa
REL PREDICATE € WF_Equalsg_thm
Y a: ALPHABET; n : NAME; e : EXPRESSION
|n€anNFVeCa
e (a, n, e) € WF_Fqualsg
REL_PREDICATE WF_EqualsR WF_ALPHABET _EXTENSION _thm
Y a: ALPHABET; n : NAME; e : EXPRESSION
e (a, n, e) € WF_Equalsg
< (a, Var n, e) € WF_ALPHABET_EXPRESSION
REL PREDICATE _Extend_rest_.thm
Y u: REL_PREDICATE; o : ALPHABET
| (u, a) € WF_Extend_restg
e u +p a € REL_PREDICATE
REL PREDICATE € WF_ALPHABET EXPRESSION_thm
VY a: ALPHABET; el, e2 : EXPRESSION
| FV el U FV e2 C a
e (a, el, e2) € WF_ALPHABET_EXPRESSION
REL_PREDICATE e WF_ALPHABET_EXPRESSION _thml
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FY a: ALPHABET; n : NAME
| {n, dash n} C a
e (a, Var n, Var (dash n)) € WF_ALPHABET_EXPRESSION
REL PREDICATE —gr thm
=V w: REL_PREDICATE
e (u.1,{b: BINDING | dom b = u.1} \ u.2)
€ REL_PREDICATE
REL PREDICATE —gr thml
Y u: REL.PREDICATE e —p u € REL_PREDICATE
REL PREDICATE =g thm
FY ul, u2 : REL_.PREDICATE e ul =5, u2 € REL_PREDICATE
REL PREDICATE < g thm
FY ul, u2 : REL_.PREDICATE e ul <, u2 € REL_PREDICATE
REL PREDICATE WF _Condgr_thm
-V ul, u2, b : REL.PREDICATE
| (ul, b, u2) € WF_Condpg
e bl Cwul.l Nul.1 =u2.1
REL PREDICATE € WF_Condgr-thm
FY ul, u2, b: REL.PREDICATE
| 0.1 Cul.l ANul.l =u2.1
o (ul, b, u2) € WF_Condpg
REL_ PREDICATE <gr_>gr-thm
FVY ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
e ul <dp b >g u2 € REL_ PREDICATE
REL_PREDICATE _—g_alphabet_thm
-V u : REL_PREDICATE o (-5 u).1 = u.1
REL_PREDICATE _WF_Condgr-clauses_thm
FY ul, u2, b: REL_.PREDICATE
| (ul, b, u2) € WF_Condg
. (u], b, g u2) € WF_Condpg
A (ul, =g b, u2) € WF_Condpg
A (ul, =g b, “gr u2) € WF_Condpg
(—|R ul, b, u2) € WF_Condpg
(mg ul, b, 7 g u2) € WF_Condg
(mg ul, =g b, u2) € WF_Condg
(_‘R U,Z R b, R UQ) S WF_COTLdR
REL_PREDICATE_WF_C’ondR_sym_thm

A
A
A
A
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=V ul, u2, b: REL_PREDICATE
| (ul, b, u2) € WF_Condpg
o (u2, b, ul) € WF_Condg
REL PREDICATE _Semigr_thm
-V ul, u2 : REL_PREDICATE
| (ul, u2) € WF_Semip
e ul ;p u2 € REL_PREDICATE
REL_ PREDICATE WF_Semir-thm
VY ul, u2 : REL_PREDICATE
| (ul, u2) € WF_Semip
o (ul.1, u2.1) € composable
REL_PREDICATE € WF_Semir-thm
VY ul, u2 : REL_.PREDICATE
| (ul.1, u2.1) € composable
o (ul, u2) € WF_Semig
REL_ PREDICATE Ilg_thm
-V a: ALPHABET
| a € WF_Skipg
e [Ir a € REL_PREDICATE
REL PREDICATE WF_Skipr thm
-V a: ALPHABET | a € WF_Skipr ® a € homogeneous
REL_PREDICATE € WF_Skipr-thm
VY a: ALPHABET | a € homogeneous ® a € WF _Skipg
REL_PREDICATE _WF_Assigng_thm
Y a: ALPHABET; ns : seq NAME; exps : seq EXPRESSION
| (a, ns, exps) € WF_Assigng
e (VYn:ran ns e n € a A n € undashed)
A (VY e:ran exps @ FV e C a N FV e C undashed)
A (# ns = # exps
N # exps # 0)
A a € homogeneous
REL_PREDICATE Contractr_-thm
=V u: REL_.PREDICATE; a : ALPHABET
e u —p a € REL_PREDICATE
REL PREDICATE 3_Subgr_thm
VY a: ALPHABET; u : REL_PREDICATE
e 3 (a, u) € REL_PREDICATE
REL PREDICATE 3gr_thm
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FV a: ALPHABET; u : REL_PREDICATE
o 3x (a, u) € REL.PREDICATE
REL_PREDICATE Truegr_alphabet_thm
-V a: ALPHABET e (Trueg a).1 = a
REL_PREDICATE _Falsegr_alphabet_thm
-V a: ALPHABET e (Falser a).1 = a
REL PREDICATE N_Subgr_thm
Y a: ALPHABET; u : REL_.PREDICATE
eV g (a, u) € REL_PREDICATE
REL PREDICATE Vi thm
VY a: ALPHABET; u : REL_PREDICATE
o Vr (a, u) € REL.PREDICATE
REL PREDICATE_Substr_thm
Y u: REL_PREDICATE; e : EXPRESSION; n : NAME
| (u, e, n) € WF_Substg
e /r (u, e, n) € REL_.PREDICATE
REL PREDICATE_WF_Substr_thm
VY u: REL_PREDICATE; e¢ : EXPRESSION; n : NAME
| (u, e, n) € WF_Substg
e ['VeCulANAneul
REL_PREDICATE € WF_Substgr-thm
Y u: REL_PREDICATE; e : EXPRESSION; n : NAME
| FV e Cu.l A n € u.l
o (u, e, n) € WF_Substg
REL_PREDICATE_(g)r.thm
-V u: REL_PREDICATE e (n u )i € REL.PREDICATE
REL PREDICATE Cgr thm
FV pair-u : WF_REL_PREDICATE_PAIR
e pair_u.l Cg pair_u.2 € REL_.PREDICATE
REL PREDICATE Varg.thm
FV a: ALPHABET; n : NAME
| ((1,7 n) € WF_Varg_gndr
e varg (a, n) € REL_.PREDICATE
REL PREDICATE WF _Varg-Endg_-thm
FY a: ALPHABET; n : NAME
‘ (CL, TL) € WF_VCLTR_EndR
e o € homogeneous A n € undashed N {n, dash n} C a
REL PREDICATE WF _Varg - Endgr WF_Skipr-thm
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FY a: ALPHABET; n : NAME
| (a, n) € WF_Varg_gnir
o o € WF_Skipg
REL_PREDICATE_Endgr_thm
FY a: ALPHABET; n : NAME
| (a, n) € WF_Varg_gnir
e endg (a, n) € REL_PREDICATE
REL_ PREDICATE Nir_-thm
F VY pair_u : WF_REL_PREDICATE_PAIR
e pair_u.1 intchoiceg pair_u.2 € REL_PREDICATE
REL_ PREDICATE Botr thm
VY a: ALPHABET e Botr a € REL_PREDICATE
REL_ PREDICATE Topgr-thm
FY a: ALPHABET e Topr a € REL_PREDICATE
REL_PREDICATE_Ngr_-thm
FY a-us : WE_Glbr_rusr ® Nr a-us € REL_PREDICATE
REL PREDICATE _Ur-thm
FVY a_us : WF_Glbg_rur ® U a-us € REL_PREDICATE
REL_PREDICATE_FExtend_unrest_alphabet_thm
YV w: REL_PREDICATE; a : ALPHABET
o (u®r a)l =u.lUa
REL_ PREDICATE _Agr_alphabet_thm
FVY ul, u2 : REL.PREDICATE
| ul.1 = u2.1
o (ul A u2).1 = ul.1
REL_PREDICATE _Ng_alphabet_thml
FY ul, u2 : REL_.PREDICATE
o (ul Npu2).l =ul.1 U u2.1
REL_PREDICATE_Vg_alphabet_thm
VY ul, u2 : REL_PREDICATE
| ul.1 = u2.1
o (ul Vg u2).1 = ul.1
REL_ PREDICATE_Vg_alphabet_thm1
VY ul, u2 : REL_PREDICATE
o (ul Vg u2).1 = ul.1 U u2.1
REL_PREDICATE _Equalsgr_alphabet_thm
Y a: ALPHABET; n : NAME; e : EXPRESSION
| (a, n, e) € WF_Equalsg
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e (=x (a, n, €)1 =a
REL_ PREDICATE_Equals_expsgr-alphabet_thm
VY a: ALPHABET; el, e2 : EXPRESSION
| (a, el, e2) € WF_ALPHABET_EXPRESSION
o (=.p (a, el,e2)).1 =a
REL_ PREDICATE =g _alphabet_thm
VY ul, u2 : REL_PREDICATE
o (ul =5 u2).1 =ul.1 Uu2.l
REL PREDICATFE < gr_alphabet_thm
VY ul, u2 : REL_PREDICATE
o (ul & u2).1 =ul.l U u2.1
REL PREDICATE Ilg alphabet_thm
-V a: ALPHABET | a € WF_Skipr ® (Ilg a).1 = a
REL_PREDICATE <gr_r>gr_-alphabet_thm
FY ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
o (ul A b>pu2).l =ul.l
REL PREDICATE_Semigr_alphabet_thm
VY ul, u2 : REL_PREDICATE
| (ul, u2) € WF_Semig
o (ul ;p u2).1 =in_a ul.1 U out_a u2.1
REL_ PREDICATE _Varg_alphabet_thm
FY a: ALPHABET; n : NAME
‘ (CI,, n) € WF-VCL?“R_EndR
e (varg (a, n)).1 = a \ {n}
REL_PREDICATE_Endg_alphabet_thm
FY a: ALPHABET; n : NAME
| (a, n) € WF_Varg_gnir
e (endg (a, n)).1 = a \ {dash n}
REL_PREDICATE Contractr_alphabet_thm
Y a: ALPHABET; u : REL_.PREDICATE
e (u—pa)l =ul\a
REL PREDICATE_3_Subgr_alphabet_thm
VY a: ALPHABET; u : REL_.PREDICATE
e (3_r (a, u)).l =u.l\ a
REL_PREDICATE _dgi_alphabet_thm
Y a: ALPHABET; u : REL_PREDICATE
e (3g (a, u)).1 =u.l1 Ua
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REL_ PREDICATE_V_Subgr_alphabet_thm
Y a: ALPHABET; u : REL_PREDICATE
o (V_p (a,u).l =u.l\ a
REL_PREDICATE Vgi_alphabet_thm
-V a: ALPHABET; u : REL_PREDICATE
o (Vg (a, u)).l =ulUa
REL PREDICATE_Substgr_alphabet_thm
Y u: REL_PREDICATE; e : EXPRESSION; n : NAME
| (u, e, n) € WF_Substg
e (/r (u, e, n)).1 = u.l
REL_PREDICATE_(gr-)r-alphabet_thm
FV uw: REL_.PREDICATE e (p u )p.1 = &
REL PREDICATE Ng-alphabet_thm
FV pair_u : WF_REL_PREDICATE_PAIR
e (pair_u.1 intchoiceg pair_u.2).1 = pair_u.1.1
REL PREDICATE_LCg_alphabet_thm
FV pair_u : WF_REL_PREDICATE_PAIR
o (pair_u.1 Cg pair-u.2).1 = &
REL_PREDICATE_Botgr_alphabet_thm
-V a: ALPHABET e (Botg a).1 = a
REL_PREDICATE Topgr-alphabet_thm
-V a: ALPHABET e (Topgr a).1 = a
REL_—g Truer_-thm
-V a: ALPHABET e —p (Trueg a) = Fualsep a
REL_—gr Falseg_-thm
=V a: ALPHABET e —p (Falser a) = Trueg a
REL _Truegr_Falser_-thm
Y a: ALPHABET e Trueg a # Falsep a
REL_Equalsir_FEqualsr_exps_thm
VY a: ALPHABET; n : NAME; e : EXPRESSION
| (a, n, e) € WF_Equalsg
e = (a, n, e) = =1 (a, Var n, e)
REL_FExtend unrest_tdem_thm
FY u: REL._PREDICATE e u &r u.l1 = u
REL_Extend unrest_idem_thml
YV w: REL_PREDICATE; a : ALPHABET
oy Prp u.l Ua=1u®gra
REL_Extend unrest_idem_thm?2
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VY w: REL_.PREDICATE; a : ALPHABET

| a C u.1
e U Dp a=1u
REL_FExtend_unrest_tdem_thm3

-V u : REL.PREDICATE e u & {} = u

REL_Ngr_FExtend_unrest_contraction_thm

FY ul, u2 : REL_.PREDICATE; al, a2 : ALPHABET

| al = ul.1V al = u2.1

o (ul ANg u2) ®r al U a2 = (ul Ng u2) g a2

REL_Vgr_ FExtend_unrest_contraction_thm

Y wul, u2 : REL.PREDICATE; al, a2 : ALPHABET

| al = ul.1V al = u2.1

o (ul Vgp u2) ®r al U a2 = (ul Vi u2) ®&r a2

REL_ANAg_tdem_thm

Y wu: REL.PREDICATE @ u Ap u = u
REL_Vg_tdem_thm

Y u: REL.PREDICATE @ u Vp u = u
REL_Nr_com_thm

VY ul, u2 : REL_PREDICATE e ul Ar u2

REL_NVgr_com_thm

FVY ul, u2 : REL.PREDICATE e ul Vg u2

REL_Ngr_subst_thm
FYwul, u2, u8 : REL_.PREDICATE
| ul = u2
o ul Ap u8 = u2 AN u8
REL_Vg_subst_thm
Y upl, u2, u8 : REL_.PREDICATE
| ul = u2
o ul Vp u8 = u2 Vg u8
BINDINGS_<_itdemp_thm
VY oal, a2 : ALPHABET; b : BINDING
eal < (al Ua2)<b=ual <b
Aal <(a2Ual)<ab=al <b
BINDINGS_-<-itdemp_thml
VY b: BINDING e dom b <1 b =15
REL_FExtend_unrest_N_distr_thm
FY ul, u2, u8 : REL_.PREDICATE

u2 A ul

u2 Vg ul

o ((ul.1 Uu2.1, (ul &g u2.1).2 N (u2 &g ul.1).2)
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®r u3.1).2
= (ul ®r u2.1 Uwu3.1).2 N (u2 &g ul.1 U us.1).2
REL_FExtend_unrest_U_distr_thm
FYoul, u2, u8 : REL_.PREDICATE
o ((ul.1 Uu2.1, (ul ®g u2.1).2 U (u2 ®g ul.1).2)
®pr u3.1).2
= (ul ®&r u2.1 Uwul.1).2 U (u2 &g ul.1 U us.1).2
REL_FExtend_unrest_comm_thm
Y wu: REL._PREDICATE; al, a2 : ALPHABET
e u Pral Ua2 =u Pg a2 U al
REL_Contractgr_comb_thm
VY al, a2 : ALPHABET:; u : REL_.PREDICATE
o (u—pal) —gp a2 =u—p al U a2
REL_Contractr_-U_idem_thm
FVY al, a2 : ALPHABET; u : REL_PREDICATE
eu —pal Ua2 =u —p a2 U al
REL_NAgr_assoc_.thm
FY ul, u2, u8 : REL_PREDICATE
o (ul Agp u2) Agr u8 = ul Ag u2 Ag u3
REL_Ag_Truer_thm
FVY ul, u2 : REL_.PREDICATE; o : ALPHABET
| a =ul.1 Nul.l =u2.1
o ul = Truegp a N u2 = Trueg a
< ul Ap u2 = Trueg a
RFEL_Vgr_assoc_.thm
FY ul, u2, u8 : REL_.PREDICATE
o (ul Vg u2) Vg u8 = ul Vg u2 Vg u3
REL_Nr_Vgr-abs_thm
FY ul, u2 : REL_.PREDICATE
| ul.1 = u2.1
e ul ANp ul Vg u2 = ul
REL_Nr_Vgr-abs_thml
FY wul, u2 : REL_.PREDICATE
| u2.1 C ul.1
o ul Ngp ul Vp u2 = ul
REL_NVgr_ NAgr_abs_.thm
FY wul, u2 : REL_.PREDICATE
| ul.1 = u2.1

129



o ul Vg ul N u2 = ul
REL_NVgr Agr-abs_thml
Y ul, u2 : REL_.PREDICATE
| u2.1 C ul.1
o ul \/RUJ /\RU,Q:UJ
REL_/\R_\/R_d’I:St_thm
FY ul, u2, u8 : REL_.PREDICATE
o ul Agp u2 Vg u3 = (ul Agp u2) Vg ul Ag u3
REL_\/R_/\R_dist_thm
FY ul, u2, u8 : REL_.PREDICATE
e ul Vp u2 Agp u8 = (ul Vg u2) Ag ul Vg ul
REL _Truer_Agr-td_thm
VY u: REL.PREDICATE e u A Truegr u.1 = u
REL _Truegp_NAgr_td_thml
FY a: ALPHABET; uw : REL_PREDICATE
| a C u.l
o u A Truegr a = u
REL _Truer_Vg_-zero_thm
Y u: REL.PREDICATE e u Vg Truegr u.1 = Truer u.l
RFEL _Truer_Vgr_zero_thml
-V a: ALPHABET; u : REL_PREDICATE
| u.l Ca
o u Vp Truer a = Truep a
RFEL _Truer_Vgr_-zero_thm?2
FY a: ALPHABET; u : REL_PREDICATE
e u Vg Truegp a = Trueg (a U u.1)
REL_Falser_Ar-zero_thm
FY w: REL_.PREDICATE e u Ap Falsep u.1 = Falsep u.1
RFEL_Falser_Ngr_zero_-thml
FY a: ALPHABET; u : REL_PREDICATE
| u.l Ca
o u Ap Fulsep a = Falsep a
REL_Falser_Ar_zero_thm?2
FY a: ALPHABET; uw : REL_.PREDICATFE
e u Ag Fualser a = Falseg (a U u.1)
RFEL_Falser_Vgr_td_thm
FY wu: REL_.PREDICATE e u Vi Falsep u.1 = u
RFEL_Falser_ Vi -td_thml
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FY a: ALPHABET; uw : REL_PREDICATE
| a C u.1
e u Vp Fualsep a = u
REL_=gr_vacuous_thm
Y wu: REL._PREDICATE; a : ALPHABET
| u.l Ca
e Fulser a =g u = Trueg a
REL u_NAr-—gr-u_Eq_Falser_thm
Y wu: REL.PREDICATE e u ANgp —gp u = Fualser u.1
REL_/\R_VR__!R_CLbS_thm
FY wul, u2 : REL_.PREDICATE
o ul ANp g ul Vg u2 = ul Np u2
REL u Vr-—ru_Eq.-Truer_thm
Y wu: REL.PREDICATE e u Vg =g u = Trueg u.1
REL_—g double_negation_thm
-V u: REL_.PREDICATE @ = (- u) = u
REL_—r Ar-deMorgan_thm
FY wul, u2 : REL_.PREDICATE
® —p (UZ /\R u?) = TR ul \/R R u2
REL_—-r Vgr_-deMorgan_thm
FY wul, u2 : REL_.PREDICATE
® —p (U,] \/R u?) = TR ul /\R R u2
REL u =g u < _Truer thm
FY u: REL.PREDICATE e uw =, u = Truer u.1
REL =g =g thm
FY ul, u2, u8 : REL_.PREDICATE
o ul =g u2 = ud = (ul Ag u2) =g u3
REL _= g trans_thm
Y ul, u2, u8 : REL_.PREDICATE; a : ALPHABET
|la=wul.1 Nul.l =u2.1 Nu2.1 =u3.1
° ((u] =R UQ) Ag 42 =g ué’) =g ul =g ud
= Truep a
REL _modus_ponens_thm
FY wul, u2 : REL_.PREDICATE:; a : ALPHABET
| a=wul.1 Nul.l =u2.l
o ul =p u2 = Trueg a N ul = Truegr a
= u2 = Truegr a
REL u i u < Truer thm
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FY u: REL_.PREDICATE e uw <5 u = Truep u.l
REL &g Eq-thm
FV ul, u2 : REL_.PREDICATE; a : ALPHABET
| a=wul.1 ANul.l=u2.1
o (ul Ap u2) Vg —gr ul Ag —g u2 = Trueg a
S ul = u2
REL &g Eq-thml
FY wul, u2 : REL_.PREDICATE:; a : ALPHABET
| a =wul.1 ANul.l=u2.1
o ul <p u2 = Trueg a & ul = u2
REL _<g >gr-subst_thm
Y ul, u2, condl, cond?2 : REL_.PREDICATE
| condl = cond?2
o ul <p condl > u2 = ul < cond? >p u?
RFEL_<r_>p_-tdem_thm
FY u, b: REL.PREDICATE
| (u, b, u) € WF_Condpg
e u <pb>pru=u
REL _<r_>r_symm_thm
FY ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
e ul Ap b>pr u2 = u2 <z g b >p ul
REL _<p >gr-assoc_.thm
FVY ul, u2, u3, b1, b2 : REL_.PREDICATE
| (ul <g b1 >g u2, b2, u3) € WF_Condg
A (ul, bl Ag b2, u2 < b2 > ul) € WF_Condg
A (ul, b1, u2) € WF_Condpg
° (UZ <g bl >pg U,Q) <r b2 >g ul
= ul <p bl Ap b2 >p u2 < b2 >p us
REL _<rp_>p_dist_thm
FV ul, u2, u3, b1, b2 : REL_.PREDICATE
| (u2, b2, u3) € WF_Condg
A (ul, b1, u2) € WF_Condpg
A (ul, b1, u3) € WF_Condg
e ul g bl >p u2 < b2 > us
= (ul <r b1 >R u2) g b2 >p ul <g bl >g ul
REL _<g >gr-unit_thm
FV ul, u2 : REL_.PREDICATE; a : ALPHABET
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| (ul, Truegr a, u2) € WF_Condpg
e ul <p Truer a >r u2 = u2 <y Falser a >p ul
REL_<gr_>pr_unreach_thm
VY ul, u2, u3, bl : REL_PREDICATE
| (u2, b1, u3) € WF_Condg
A (ul, b1, u3) € WF_Condg
e ul <p bl > u2 <g bl >r u8 = ul g bl > ud
REL 1lg_step-thm
Y a: ALPHABET; n : NAME
| n € undashed
A a € WF_Skipg
A (a, n, Var n) € WF_Fqualsg
e =3 (a, dash n, Var n) Ag Il (a \ {n, dash n})
= HR a
REL_Assigng_unchanged_not_metioned_thm
FY a: ALPHABET; n1, n2 : NAME; e : EXPRESSION
| (a, (n1, n2), (e, Var n2)) € WF_Assigng
A nl # n2
o Assigng (a, (nl), (e))
= Assigng (a, (n1, n2), (e, Var n2))
REL_Semigr_assoc_.thm
FY ul, u2, u8 : REL_.PREDICATE
| (ul, u2) € WF_Semip A (u2, u3) € WF_Semig
o ul ;g u2 ;g ul = (ul ;g u2) ;g ul
UTP_Semir_Vgr.left_dist_thm
FY ul, u2, u8 : REL_.PREDICATE
| ul.1 =u2.1 ANu2.1 =u8.1 N u3.1 € homogeneous
o (ul Vg u2) ;g u3 = (ul ;g u3) Vg u2 ;g ul
REL_Semir_Vg_-left_dist_thml
VY ul, u2, u8 : REL_.PREDICATE
| ul.1 =u2.1 AN (ul, u3) € WF_Semig
o (ul Vg u2) ;g u3 = (ul ;g u8) Vg ul ;g ul
REL_Semigr Vg-right_dist_thm
VY ul, u2, u8 : REL_.PREDICATE
| ul.1 =u2.1 Nu2.1 = u8.1 N u3.1 € homogeneous
o ul ;p u2 Vg u8 = (ul ;g u2) Vg ul ;5 ul
REL_Semir Vgi-right_dist_thml
FYul, u2, u8 : REL_.PREDICATE
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| u2.1 = u3.1 N (ul, u2) € WF_Semir
o ul ;g u2 Vg ul = (ul ;g u2) Vg ul ;g ul
REL _Contractr_Semigr_expansion_thm
FY a: ALPHABET; ul, u2 : REL_.PREDICATE
| a N dashed = @ A (ul, u2) € WF_Semig
o (ul —p a);r u2 = (ul ;g u2) —g a
REL_Semir Contractr_expansion_thm
VY a: ALPHABET; ul, u2 : REL_PREDICATE
| a N undashed = @ A (ul, u2) € WF_Semig
e ul ;pu2 —p a = (ul ;g u2) —g a
REL_3_Subr_Semir_expansion_thm
Y a: ALPHABET; ul, u2 : REL_.PREDICATE
| a N dashed = & A (ul, u2) € WF_Semig
e 3y (a, ul) ;g u2 =3 g (a, ul ;g u2)
REL_Semir_3_Subgr_expansion_thm
-V a: ALPHABET; ul, u2 : REL_PREDICATE
| @ N undashed = @ A (ul, u2) € WF_Semig
e ul ;g g (a, u2) = 3_g (a, ul ;g u?2)
REL_3_Subp_comb_thm
FVYoal, a2 : ALPHABET; u : REL_.PREDICATE
e d p (al,3_g (a2, u)) =3 (al U a2, u)
REL_3_Subgr_Vg_dist_.thm
FY wul, u2 : REL_.PREDICATE; a : ALPHABET
| a =wul.1 ANul.l=u2.l
e d x (a, ul) Vg 3_g (a, u2)
= ELR (CL, ul Vg U,Q)
REL_N_Subr_Agr_dist_.thm
Y wul, u2 : REL_.PREDICATE; a : ALPHABET
| a =wul.1 ANul.l =u2.l
oV _p (a, ul) Ag V_g (a, u2)
=V_g (a, ul Ng u2)
RELN_Subr_Truer_thm

-V a: ALPHABET e ¥_pg (a, Trueg a) = Truegr @

REL.N_Subr - u_Eq_-Truer_thm
YV w: REL.PREDICATE
oV r (u.l,u) = Truep & < u = Trueg u.l1
REL _ (r-)r-Truegr_-thm
VY a: ALPHABET e (p Trueg a Yp = Truegp &
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REL_(r-)r-Eq-Truegr-thm
VY u: REL_PREDICATE
o (pu)r = Truer @ < u = Trueg u.1
RFEL._ (R_<:>R_)R_thm
FV ul, u2 : REL_.PREDICATE
| ul.1 = u2.1
o (pul ©pu2 )p = Truegp @ < ul = u2
REL_(r-)r-Agr-dist_thm
VY ul, u2 : REL_PREDICATE
| ul.1 = u2.1
0<Ru1 >R/\R <RUQ>R:<RU] /\RU,2>R
REL_(r-)r-=rgr-dist_thm
VY ul, u2 : REL_PREDICATE
| ul.1 = u2.1
° <R ul =g u2 >R =R <R ul >R =R <R ul >R
= Truep &
REL_Substr_tdem_thm
VY u: REL_PREDICATE; n1, n2 : NAME
| (u, Var n2, n1) € WF_Substg
A (u, Var n1, n2) € WF_Substg
A n2 € UnrestVar u
e /r (/r (u, Var n2, n1), Var n1, n2) = u
REL _Truegr_Subst_itdem_thm
VY a: ALPHABET; e : EXPRESSION; n : NAME
| (Trueg a, e, n) € WF_Substg
e /g (Trueg a, e, n) = Trueg a
REL_Ng_com_thm
FV pair_u : WF_REL_PREDICATE_PAIR
e pair_u.l intchoiceg pair_u.2
= pair_u.2 intchoicer pair_u.1
RFEL _Ngr_assoc_.thm
Y ul, u2, u8 : REL_PREDICATE
| (ul, u2) € WF_REL_PREDICATE_PAIR
A (u2, u3) € WF_REL_PREDICATE_PAIR
o ul intchoicer u2 intchoicep ud
= (ul intchoicer u2) intchoicep u3
REL_Ng_tdem_thm
FY u: REL_.PREDICATE e u intchoicer u = u
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REL_Ng_dist_thm
FYul, u2, u8 : REL_.PREDICATE
| (ul, u2) € WF_REL_PREDICATE_PAIR
A (u2, u3) € WF_REL_PREDICATE_PAIR
e ul intchoicer u2 intchoicerp u3
= (ul intchoicer u2)
intchoiceg ul intchoicer ud
REL varg_-Semig_thm
VY a: ALPHABET; n : NAME; v : REL_PREDICATE
| (a, n) € WF_Varg_gpar N a = u.1
e varg (a, n) ;g u = 3_p ({n}, u)
REL_Semir_endgr_thm
VY a: ALPHABET; n : NAME; uw : REL_PREDICATE
| (a, n) € WF_Varg_gpar N a = u.1
e u ;g endg (a, n) = 3I_g ({dash n}, u)
RFEL _vargr_composable_tdem_thm
Y a: ALPHABET; n : NAMFE; v : REL_PREDICATE
| (a, n) € WF_Varr_guar N (lIg a, u) € WF_Semig
o (varg (a, n), u) € WF_Semig
REL_endr_composable_tdem_thm
-V a: ALPHABET; n : NAMFE; v : REL_PREDICATE
| (a, n) € WF_Varg_gpar N (u, IIg a) € WF_Semig
o (u, endg (a, n)) € WF_Semipg
REL _vargp_-endgr_thm
VY a: ALPHABET; n : NAME; v : REL_PREDICATE
‘ (CL, Tl) € WF_Varr_gnar N\ o = u.l
e varg (a, n) ;g u ;g endg (a, n)
=3 r ({n, dash n}, u)
RFEL_Botgp_element_thm
YV a: ALPHABET; u : REL_PREDICATE
| a = u.1
o Botr a Cpr u = Trueg &
REL Topgr-element_thm
FY a: ALPHABET; u : REL_PREDICATE
| a = u.1
e uCpr Topr a = Truer O
REL _C g reflex_thm
Y u: REL_.PREDICATE e uw Cr v = Truep @
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REL_[p anti_symmetry_thm
FY wul, u2 : REL_.PREDICATE
| ul.1 = u2.1
o ul =u2 < (ul Cg u?2) Agp u2 Cg ul = Truegr @
REL_LC g transitivity_thm
FY ul, u2, u8 : REL_.PREDICATE
| ul.1 = u2.1 N u2.1 = u3.1
o (ul Cr u2) Ag u2 Cgr ul) = ul Cg ud
= Truep &
REL_PREDICATE _Ngr-alphabet_thm
VY oaus: WF_Glbr_rur ® (Mg a-us).1 = a_us.1
REL PREDICATE _Nr-9_alphabet_thm
-V a: ALPHABET e (Ng (a,{})).-1 = a
REL_PREDICATE _Ugr_alphabet_thm
VY oaus: WF_Glbr_ruwr ® (Ur a-us).1 = a_us.1
REL_PREDICATE _|Ur-D_alphabet_thm
-V a: ALPHABET o (Ug (a, {})).1 = a
REL _lower_bound_thm
FY a: ALPHABET;
us : P REL_PREDICATE;
u : REL_PREDICATE
| (a, us) € WF_Glbr_puwr N u € us
e Nr (a, us) Cr u = Trueg @
REL_greatest_lower_bound_thm
FY a: ALPHABET;
us : P REL_PREDICATFE,
u : REL_PREDICATE
| u.1 = a
N (CL, ’US) € WF—Gle_LubR
ANV ul :us e@ulpul = Trueg @)
e u g Ng(a, us) = Truep &
REL _ Nr-9_thm
VY a: ALPHABET e g (a, {}) = Topr a
REL_Ur-@_thm
-V a: ALPHABET e Uy (a, {}) = Botg a
REL _ weakest_fixed_point_thm
Y F : REL.FUNCTION; Y : REL_.PREDICATE
| Y edom FANF Y Cp Y = Truep &
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o up FCrp Y = Truegr @
VALUE_EVENT_V AL _thm
= EVENT_VAL C VALUE
VALUE_SEQ_EVENT_VAL_thm
FYov:SEQ_EVENT_VAL e v € SEQ_VAL
REL ®&. € _ BINDING_thm
VY b: BINDING; n : NAME; v : VALUE
e b ® {nw— v} € BINDING
REL_<_€_BINDING_thm
VY b: BINDING; a : ALPHABET e a < b € BINDING
REL_&_dom_thm
Y b: BINDING; nl, n2 : NAME; v : VALUFE
| n1 € dom b
e nl € dom (b @ {n2 — v})
REL_<_dom_thm
V¥ b: BINDING; a : ALPHABET; n : NAME
| n€dombAnca
en € dom (a < b)
REL_FV _Val_thm
FVYov: VALUE o FV (Val v) = {}
REL_FV _Rel_thm
Y r: RELATION; el, e2 : EXPRESSION
o 'V (Rel (r, el, e2)) = FV el U FV e2
REL_PREDICATE WF_ALPHABET_EXPRESSION _thm
Y a: ALPHABET; el, e2 : EXPRESSION
| (a, el, e2) € WF_ALPHABET_EXPRESSION
o ['V.el UFV e2 Ca
REL_FEval_Rel_thm
Y b : BINDING; r : RELATION; el, e2 : EXPRESSION
| (b, e1) € WF_BINDING_EXPRESSION g
A (b, e2) € WF_BINDING_EXPRESSION g
e Fval (b, Rel (r, el, €2))
= Bool ((Eval (b, el), Eval (b, €2)) € 1)
REL_FEval_Fun,_thm
FY b : BINDING; f : BINARY _F'; el, e2 : EXPRESSION
| (b, e1) € WF_BINDING_EXPRESSION g
A (b, e2) € WF_BINDING_EXPRESSION g
o Fval (b, Funy (f, el, €2))
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= f (Ewal (b, el), Eval (b, €2))
REL_Fun, € VALUE_thm
-V f : BINARY_F; b : BINDING: ni, n2 : NAME
| n1 € dom b A n2 € dom b
o f (bnt,bn2) e VALUE
REL_&_Fval_thm
Y b: BINDING; nl1, n2 : NAME; v : VALUFE
| n1 € dom b A nl # n2
e Fval (b, Var n1) = Eval (b & {n2 — v}, Var nl)
REL_<_FEval_thm
VY b: BINDING; n : NAME; a : ALPHABET
| n€ dom b Ane€a
e Fval (a < b, Var n) = b n
REL_&@_app_-thm
-V b : BINDING: nl, n2 : NAME
| n2 € dom b N n2 # nil
ebn2=(bd {nl— v} n2
REL_&_app-thml
-V b : BINDING: n1, n2 : NAME: v : VALUE
| n2 € dom b N\ n2 # nl
ebn2=(bd {nl — v} n2
REL _&®_®d_com_thm
VY b: BINDING; n1, n2 : NAME; vi, v2 : VALUFE
| n1 # n2
b @ {nl — vi} ®{n2— v2}
=b® {n2 — v2} & {nl — vi}
REL_<_@_assoc_thm
Y a: ALPHABET; b : BINDING; n : NAME; v : VALUFE
| n€a
ead(bd{n—v})=a<bd {n— v}
REL_FV_Funs_thm
VY f: BINARY _F; el, e2 : EXPRESSION
o F'V (Funy (f, el, e2)) = FV el U FV €2
REL _Funy, € EXPRESSION _thm
-V ni, n2 : NAME; { : BINARY _F
e Funy (f, Var ni, Var n2) € EXPRESSION
REL _Fun, € EXPRESSION _thml
FVel, e2: EXPRESSION; f : BINARY _F
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o Funy (f, el, e2) € EXPRESSION
REL _SeqDifr- € _ EXPRESSION _thm
- nl, n2 : NAME
e Funy ((- SeqDifg ), Var n1, Var n2)
€ EXPRESSION
ALPHABET n_#_dash_n_thm
=V n: NAME | n € undashed o n # dash n
ALPHABET nl_#_dash_-n2_thm
- nl, n2 : NAME
| n1 # n2 A nl € undashed N n2 € undashed
e nl # dash n2 A dash n2 # nl
ALPHABET dash_nl_#_dash_n2_thm
-V nl, n2 : NAME
| n1 # n2 A nl € undashed N n2 € undashed
e dash nl # dash n2 A dash n2 # dash nl
REL_BOOL_true.€ _VALUE_thm
F Bool true € VALUE
REL_BOOL_false.€e VALUFE _thm
- Bool false € VALUE
REL Val € EXPRESSION _thm
FYwv: VALUE e Val v € EXPRESSION
BINDINGS_<gr-thm
VY b: BINDING; a : ALPHABET e a <1 b € BINDING
REL PREDICATE_WF_Substgr_Agr_-dist_thm
FY ul, u2 : REL_PREDICATE; e : EXPRESSION; n : NAME
| (ul, e, n) € WF_Substg A (u2, e, n) € WF_Substg
o (ul Ag u2, e, n) € WF_Substg
REL PREDICATE W F_Substr Vg _dist_thm
VY ul, u2 : REL_PREDICATE; e¢ : EXPRESSION; n : NAME
| (ul, e, n) € WF_Substg A (u2, e, n) € WF_Substg
o (u] VR U;Q, €, Tl) S WF-SUbStR
REL_ PREDICATE_WF_Substg_<r->gr-dist_thm
FY ul, u2, b: REL.PREDICATE; e : EXPRESSION; n : NAME
| (ul, e, n) € WF_Substg
A (u2, e, n) € WF_Substg
A (ul, b, u2) € WF_Condg
o (ul <p b >g u2, e, n) € WF_Substg
REL PREDICATE W F_Substr_—gr_dist_thm
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VY u: REL_PREDICATE; e : EXPRESSION; n : NAME
| (u, e, n) € WF_Substg
o (—gp u, e, n) € WF_Substg
REL _<g_Truer_>gr_app_thm
=V ul, u2 : REL_.PREDICATE; a : ALPHABET
| (ul, Trueg a, u2) € WF_Condpg
o ul g Trueg a >g u2 = ul
REL _<gr-Falser->r-app-thm
VY ul, u2: REL_.PREDICATE; o : ALPHABET
| (ul, Falser a, u2) € WF_Condpg
e ul g Fulser a >r u2 = u2
REL_Substr_NAgr_dist_thm
VY wul, u2: REL.PREDICATE; v : VALUE; n : NAME
| (ul, Val v, n) € WF_Substg
A (u2, Val v, n) € WF_Substg
o /g (ul Ag u2, Val v, n)
= /r (ul, Val v, n) Ag /g (u2, Val v, n)
REL_Substr_NAgr_dist_thml
VY ul, u2 : REL_PREDICATE;
f: BINARY _F:
nl, n2, n8 : NAME
| (ul, Fung (f, Var n1, Var n2), n8) € WF_Substg
A (u2, Pung (f, Var n1, Var n2), n3)
€ WF_Substg
o /g (ul Ag u2, Fung (f, Var nl, Var n2), n3)
= /r (ul, Funy (f, Var n1, Var n2), n3)
Ar [r (U2, Funy (f, Var nl, Var n2), n3)
REL_Substr_—gr_dist_thm
VY u: REL_PREDICATE; v : VALUE; n : NAME
| (u, Val v, n) € WF_Substg
e /g (mr u, Val v, n) = =g (/g (u, Val v, n))
REL_NVgr Agr-repl_thm
VY ul, u2 : REL_PREDICATE
o ul \/R u2 = R (_‘R ul /\R R u2)
REL_Nr_Vg_repl_thm
VY ul, u2 : REL_PREDICATE
o ul AN u2 = —p (_‘R ul Vgp —g UQ)
REL_Substr_Vgr_dist_thm
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FVY ul, u2 : REL_.PREDICATE; v : VALUE; n : NAME
| (ul, Val v, n) € WF_Substg
A (u2, Val v, n) € WF_Substg
o /g (ul Vg u2, Val v, n)
= /r (ul, Val v, n) Vg /g (u2, Val v, n)
REL_Substr_=r_dist_thm
FVY ul, u2 : REL_.PREDICATE; v : VALUE; n : NAME
| (ul, Val v, n) € WF_Substg
A (u2, Val v, n) € WF_Substg
o /p (ul =g u2, Val v, n)
= /g (ul, Val v, n) =g /g (u2, Val v, n)
REL_Substr <lg->gr-dist_thm
FY ul, u2, b: REL.PREDICATE; v : VALUE; n : NAME
| (b, Val v, n) € WF_Substg
A (ul, b, u2) € WF_Condg
o /r (ul <p br>gu2, Val v, n)
= /r (ul, Val v, n) <pg
/r (b, Val v, n) >pg
/r (u2, Val v, n)
REL_Substg_id_thm
FY a: ALPHABET; ni1, n2 : NAME; oldv, newv : VALUFE
| (a, n1, Val oldv) € WF_Equalsg
ANn2 € a
A nl # n2
e /r (=g (a, n1, Val oldv), Val newv, n2)
= =g (a, n1, Val oldv)
REL_Substr_td_thm?2
Y a: ALPHABET;
nl, n2, n3 : NAMFE,
r . RELATION:
vl, v2 : VALUE
| (a, Rel (r, Var n1, Var n2), Val v1)
€ WF_ALPHABET_EXPRESSION
A nl # nd
A n2 # nd
And € a
° /g
(=+r (a, Rel (r, Var n1, Var n2), Val v1),
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Val v2,
n3)
= =,g (a, Rel (r, Var n1, Var n2), Val vl)
REL_Substg_com_thml
=Y r: REL._PREDICATE; n1, n2 : NAMFE; v, v2 : VALUE
| (r, Val v1, n1) € WF_Substg A n2 € r.1 N n2 # nl
o /p (/g (r, Val v, n1), Val v2, n2)
= /g (/r (r, Val v2, n2), Val v1, nl)
REL_Substg_com_thm
Y r: REL.PREDICATE;
nl, n2, n3, nj : NAMFE;
f: BINARY _F;
v: VALUFE
| (r, Fung (f, Var n1, Var n2), n3) € WF_Substg
Ang €r.l
A ng # nl
A ng # nl
A n4 # nd
° /R
(/r (r, Fung (f, Var ni, Var n2), n3),
Val v,
n4)
= /R
(/r (r, Val v, n4),
Fung (f, Var ni, Var n2),
n3)
REL_Substr_app_-thm
Y a: ALPHABET; n : NAME; oldv, newv : VALUE
| (a, n, Val oldv) € WF_Fqualsg
e /g (=g (a, n, Val oldv), Val newv, n)
= =, (a, Val newv, Val oldv)
REL_ PREDICATE _decompose_thm
-V w: REL.PREDICATE o v = (u.1, u.2)
REL_Substr_id_thml
FY r: REL.PREDICATE; n : NAME; v : VALUE; T : P VALUFE
| (r, Val v, n) € WF_Substg
A unrestTypedVar (r, n, T)
A (Y b: BINDING | n € dombebneT)
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o /g (r, Val v, n) =r

REL_FEqualsgr_ Agr-alphabet_ext_-thm

Y a: ALPHABET;
n : NAME;
v: VALUFE,
r : REL_PREDICATE
| (a, n, Val v) € WF_FEqualsg N\ a C r.1
e = (a, n, Val v) Ag 7
== (r.1, n, Val v) Ag 7

REL_Equalsr_Vgr_alphabet_ext_thm
-V a: ALPHABET;
n : NAME:
v : VALUE;
r : REL_PREDICATE
| (a, n, Val v) € WF_FEqualsg N a C r.1
e = (a, n, Val v) Vg r
== (r.1, n, Val v) Vg r
REL_FEqualsg_exps_thm
Y a: ALPHABET; e : EXPRESSION
| (a, e, ) € WF_ALPHABET_EXPRESSION

e =, (a, e €)= Trueg a

REL_Equalsy_exps_thml
FV a: ALPHABET; vl, v2 : VALUE
| (a, Val v1, Val v2) € WF_ALPHABET_EXPRESSION

A vl # v2
o =, (a, Val vi, Val v2) = Falser a

REL_Substr_app_-thml
Y a: ALPHABET;
r: RELATION:;
nl, n2 : NAME;
vl, v2 : VALUE
| (a, Rel (r, Var n1, Var n2), Val vl)
€ WF_ALPHABET_EXPRESSION

A nl # n2
° /R
(=1r (a, Rel (r, Var n1, Var n2), Val v1),
Val v2,
nl)
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= =,p (a, Rel (r, Val v2, Var n2), Val vl)
REL_Substr_-app-thm?2
Y a: ALPHABET;
r : RELATION:
f : BINARY _F,
nl, n2, n8 : NAME;
vl, v2 : VALUFE
|nl €eaAn2ecaAndeca
° /R
(=1r (a, Rel (r, Val v1, Var ni), Val v2),
Funy (f, Var n2, Var n3),
nl)
+R
a,
Rel (r, Val v1, Funy (f, Var n2, Var n3)),
Val v2)
REL_Bool_equivalence_thm
FV b1, b2 : B e Bool bl = Bool b2 < bl < b2
REL_—gr FEqualsgr_true_thm
FY a: ALPHABET; n : NAME
| (a, n, Val (Bool true)) € WF_Equalsg
A (Vb : BINDING | n € dom b e b n € BOOL_VAL)
e ¢ (=g (a, n, Val (Bool true)))
= =g (a, n, Val (Bool false))
REL_Substg_—gr_dist_.thml
Y u: REL_PREDICATE; f : BINARY _F; n1, n2, n3 : NAME
| (u, Fung (f, Var n1, Var n2), n3) € WF_Substg
o /p (g u, Funy (f, Var n1, Var n2), n3)
= =g (/r (u, Fung (f, Var n1, Var n2), n3))
REL_Substr_Vgr_-dist_.thml
=V ul, u2 : REL_PREDICATE;
f: BINARY _F:
nl, n2, n8 : NAME
| (ul, Fung (f, Var n1, Var n2), n8) € WF_Substg
A (u2, Pung (f, Var n1, Var n2), n3)
€ WF_Substg
e /g (ul Vg u2, Fung (f, Var nl, Var n2), n3)
= /r (ul, Funy (f, Var n1, Var n2), n3)
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Vr /r (u2, Fung (f, Var n1, Var n2), n3)
REL_Substr_td_thm3
VY a: ALPHABET;
nl, n2, n8, nj : NAME;
oldv : VALUF;
f : BINARY _F
| (a, n1, Val oldv) € WF_Equalsg
An2 € a
A nd € a
AN n4 € a
A nl # n2
o /r
(=r (a, n1, Val oldv),
Fung (f, Var n3, Var nj),
n2)
= =g (a, n1, Val oldv)
ALPHABET _seqd_double_size_thm
VYV nl, n2 : NAME e # (nl, n2) = 2
ALPHABET _seqd_singleton_size_thm
FV nl : NAME e # (nl) = 1
ALPHABET _seqd_double_head_thm
FV nl, n2 : NAME e head (nl1, n2) = nl
ALPHABET _seqd_double_tail_thm
=V nl, n2 : NAME e tail (n1, n2) = (n2)
EXPRESSION _seqd_double_size_thm
-V el, e2 : EXPRESSION o # (el, e2) = 2
EXPRESSION _seqd_singleton_size_thm
-V el : EXPRESSION o # (el) = 1
EXPRESSION _seqd_double_head_thm
-V el, e2 : EXPRESSION e head (el, e2) = el
EXPRESSION _seqd_double_tail_thm
-V el, e2 : EXPRESSION e tail (el, e2) = (e2)
REL _<r_>gr-tdem_thml
Y P, Q, b: REL. PREDICATE
| (P, b, Q) € WF_Condg
e PApb>pr P<drbi>r Q=P <z bi>p Q
REL_=gr_Agr_distribution_thm
FYa,b,c d, e, f: REL PREDICATE
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| a.1 = c.1

Acl Cb.1
Ab.l=4d.1
ANd1l=e.l
ANel=f.1

.((CL/\R b) =pr ¢ AR d) AR (a/\R 6) =r cAgf
:(a/\Rb\/RG):>RC/\R(b:>Rd)/\R€:>Rf
REL_PREDICATE _WF_Skipr_thm?2
FY a: WFE_Skipr ¢ a € ALPHABET N a € homogeneous
REL UnrestTypedVar_Truer_-thm
FY a: ALPHABET; n : NAME; T : P VALUFE
| n€a
o unrestTypedVar (Truer a, n, T) < true
REL _UnrestTypedVar_Agr_thm
VY ul, u2 : REL_.PREDICATE; n : NAME; T : P VALUE
e unrestTypedVar (ul, n, T)
N unrestTypedVar (u2, n, T)
= unrestTypedVar (ul Ar u2, n, T)
REL_—|R_\/R_/\R_abs_thm
FV P, Q: REL_.PREDICATE
e g PVr PAR Q=g P Vg Q
REL _=gr _abs_thm
VY P, Q, R: REL.PREDICATE
O(P/\R Q):>RP/\RR:(P/\R Q)=>RR
REL _Nr_ <gr_->r-dist_.thm
HY u, ul, u2, b : REL_PREDICATE
| (ul, b, u2) € WF_Condpg
e u Ngp ul <lgp b >g u2
= (u Ag ul) <g b >g u Ag u2
REL _UnrestTypedV ar_Equalsr_Var_thm
FV nl, n2, n8: NAME; T : P VALUE; a : ALPHABET
| (a, n2, Var n3) € WF_FEqualsg
A (Y b : BINDING | n1 € dom b ebnl € T)
A nl # n2
A nl # nd
Anl € a
e unrestTypedVar (=g (a, n2, Var n3), n1, T)
REL_&_Fval_thml
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V¥ b: BINDING; n : NAME; vl, v2 : VALUE
e Fwal (b, Val v1) = Fval (b & {n — 02}, Val vl)
REL _UnrestTypedV ar_FEqualsgr_Val_thm
FV ni, n2 : NAMFE,
T :P VALUF,
a : ALPHABET;
val : VALUFE
| (a, n2, Val val) € WF_Equalsg
A (Y b: BINDING | nl € dom b e bni € T)
A nl # n2
Anl € a
o unrestTypedVar (=g (a, n2, Val val), n1, T)
REL_Substr_id_thm4
=Y r: REL.PREDICATE;
nl, n2, n3 : NAME;
f : BINARY _F;
T :P VALUE
| (r, Fung (f, Var ni, Var n2), n3) € WF_Substg
A unrestTypedVar (r, n3, T)
A (V b : BINDING | n3 € dom b e b n3 € T)
o /p (r, Funy (f, Var n1, Var n2), n3) = r
REL_Substr_app-thm3
FY a: ALPHABET; n1, n2 : NAME; v : VALUE
| (a, n1, Var n2) € WF_FEqualsg N nl # n2
e /r (=g (a, n1, Var n2), Val v, n2)
= =g (a, n1, Val v)
ALPHABET dash_-n_#_n_thm
=V n: NAME | n € undashed o dash n # n
REL_Substr_app_thm4
FVY a: ALPHABET;
f : BINARY _F;
nl, n2, n8 : NAME;
v: VALUFE
|nl €eaAn2ecaAndeca
° /R
(=g (a, n1, Val v),
Funy (f, Var n2, Var n3),
nl)
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= =,z (a, Puny (f, Var n2, Var n3), Val v)
REL _inv_Seq_-thm
FV s: seq VALUE o (Seq ™) (Seq s) = s
REL_SeqDifr_thm
-V sl,s2: VALUE
| {s1, s2} C SEQ_VAL
N (Seq ™) s2 prefizy (Seq ™) sl
o s1 SeqDifr s2 € SEQ_VAL
REL_Prefixz_clauses_thm
FV s:seq VALUE o () prefizy s
REL_Prefixz_-SeqDifr-thm
VYV s1,s2: VALUE
| {s1, s2} C SEQ-VAL
A (Seq ™) s2 prefizy (Seq ™) sl
* (Seq ™) (Seq ()
prefizy (Seq ~) (s1 SeqDifr s2)
REL_<_FEval_thml
VY b: BINDING; o : ALPHABET; v : VALUE
e Fval (a < b, Val v) = v
REL_<_Fval_thm?2
-V b: BINDING;
a: ALPHABET:;
r: RELATION;
nl, n2 : NAME
| n1 € dom b Anl € a ANn2 € dombAn2€a
e Fval (a < b, Rel (r, Var n1, Var n2))
= Bool ((Eval (b, Var nl), Eval (b, Var n2)) € r)
REL_Prefixz_itd_thm
FV s:seq VALUE o s prefixy s
REL_Prefixz_id_thml
-V s: VALUE
| s € SEQ_VAL
o (Seq ~) s prefiry (Seq ~) s
REL_Seqz-i1d_thml
FV s1, 82 :seq VALUE o Seq s1 = Seq s2 < sl = s2
REL_Seqz_inv_id_thm
VY vl, v2 : VALUE
| vI € ran Seq N\ v2 € ran Seq
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o (Seq ™) vl = (Seq ™) v2 & vl = V2
REL_FEqualsg_Agr-alphabet_ext_thml

VY a: ALPHABET; ni1, n2 : NAME; r : REL_PREDICATE

| (a, n1, Var n2) € WF_FEqualsg N a C r.1
=g (a, n1, Var n2) Ag r
= =g (r.1, n1, Var n2) Ag r
REL _<gr_>gr_-tdem_thm?2
VY ul, u2 : REL_PREDICATE
| ul.1 = u2.1
o (ul Ag u2) <r ul >p ul Vg u2 = u2
ALPHABET _homogeneous_set_dif_thm?2
VY al, a2 : ALPHABET
| al € homogeneous A a2 € homogeneous
e al \ a2 € homogeneous
ALPHABET _homogeneous_U_thml
VY al, a2 : ALPHABET
| al € homogeneous N a2 € homogeneous
e al U a2 € homogeneous
REL_Equals_exps_r_Agr_alphabet_ext_thm
VY a: ALPHABET,
nl, n2 : NAMFE;
rel - RELATION;
v : VALUFE,
r : REL_PREDICATE
| (a, Rel (rel, Var n1, Var n2), Val v)
€ WF_ALPHABET_EXPRESSION
NaCr.l
o =.p (a, Rel (rel, Var n1, Var n2), Val v) Ag r
= =,g (1.1, Rel (rel, Var n1, Var n2), Val v)
AR T
REL_FEquals_exps_r_Vgr_alphabet_ext_thm
VY a: ALPHABET;
nl, n2 : NAME;
rel : RELATION;
v : VALUF,
r : REL_PREDICATE
| (a, Rel (rel, Var n1, Var n2), Val v)
€ WF_ALPHABET_EXPRESSION
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NaCr.l
e =.p (a, Rel (rel, Var n1, Var n2), Val v) Vg r
= =,g (.1, Rel (rel, Var n1, Var n2), Val v)
Ve T
REL_&®_tdem_thm
VY b: BINDING; n : NAME; v : VALUE
| n€ dombANbn=nwv
ebd{n—uov}t=0>
REL_Substg_Agr_-tdem_thm
VY r: REL_.PREDICATE; n : NAME; v : VALUE
| ner.l
o /i (r, Val v, n) Ag =g (1.1, n, Val v)
=71 Ag =g (r.1, n, Val v)
REL_Nr_=gr_stmpl_thm
Y wul, u2 : REL_.PREDICATE
o ul ANp ul =g u2 = ul N u2
REL _Nr_=gr_stmpl_thml
Y wul, u2 : REL_.PREDICATE
| ul.1 C u2.1
o u2 Ngp ul =g u2 = u2
REL Vg Ap-=gr-stmpl_thm
VY ul, u2 : REL_PREDICATE
| ul.1 C u2.1
o (ul Vg u2) Agp ul =g u2 = u
RFEL._ (R_:>R_)R_thm
VY wul, u2: REL_.PREDICATE
| ul.1 = u2.1
o (rul =g u2 )p = Truegp @
& ul =5 u2 = Truep ul.1
BINDINGS _empty_dom_thm
= {b: BINDING | dom b = {}} = {{}}
REL _<gr >gr-cases_thm
Y ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condg
e ul g b >p u2
:(b/\RU])QRbDR_'Rb/\RUQ
REL UnrestT'ypedV ar_Falser_thm
FY a: ALPHABET; n : NAME; T : P VALUFE
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| n€a
o unrestTypedVar (Falser a, n, T) < true
VALUE_SEQ_EVENT_ VAL thml
F SEQ_EVENT_VAL C VALUE
VALUE_SEQ_VAL_thm
FVs: SEQ_VAL e (Seq ™) s € seq VALUE
REL _inv_Seq_-thml
FVs: SEQ-VAL e Seq ((Seq ™) s) = s
VALUE_SEQ_V AL_thm1l
FVs:seq VALUE o Seq s € SEQ_VAL
VALUE_Prefix_thm
F(-<r-)
= {s1, s2 : seq VALUE
| s1 prefixy s2
o (Seq s, Seq s2)}
ALPHABET_C_thml
FV al, a2 : ALPHABET | al C a2 AN = 22 € a2 & = 12 € al
ALPHABET_#_thm
VY al, a2 : ALPHABET
eal #a2 =al Na2 =D ANal Na2 =3 = al # a2
BINDINGS_U_thm
-V b1, b2 : BINDING
| dom b1 < b2 = dom b2 < bl
e b1 U b2 € BINDING
BINDINGS_U_thml
=V b1, b2 : BINDING
| dom b1 N dom b2 = {}
e b1 U b2 € BINDING
BINDINGS_dom_U_thm
FV b1, b2 : BINDING; n : NAME
en € dom (b1 Ub2) < nedomblVne dom b2
BINDINGS_dom_U_thml
FV b1, b2 : BINDING; n : NAME
e dom (b1 U b2) = dom b1 U dom b2
BINDINGS_dom_U_thm?2
=V b1, b2 : BINDING e dom (b1 U b2) = dom b1 U dom b2
BINDINGS_<-U_com_thm
-V f, g : BINDING
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e undashed < f U dashed < g
= dashed < g U undashed < f
BINDINGS_<_U_<_app_-thm?2
FVY f : BINDING; g : BINDING; n : dom f
| n € undashed
o (undashed <1 f U dashed < g) n = f n
BINDINGS_<_-U_<_app-thm3
FVY f: BINDING; g : BINDING; n : dom f
| n € dashed
e (dashed < f U undashed < g) n = f n
REL_<_dom_thml
VY b: BINDING; a : ALPHABET; n : NAME
| n € dom (a < b) A n € a
en &€ dom b
REL_<_dom_thm2
=V b : BINDING; a : ALPHABET e dom (a < b) = a N dom b
REL_<_dom_thm3
Y b: BINDING; a : ALPHABET; n : NAME
| ne€dombAN—-né€a
®
n € dom (a < b)
REL_<_idem_thm
'V b: BINDING; a : ALPHABET @ a < a <1 b=a<b
REL_<p_ trans_thm
FYa, b c: SEQ_-VALe a <pbANb<pc=a<pc
BINDINGS_<_tdem_thm3
FY a: ALPHABET; b : BINDING @ a < a < b=a<b
BINDINGS_-dom_<_thm
Y a: ALPHABET; b : BINDING; n : NAME
| ne€aAAnedom(a<b)
en &€ domb
REL_= g NAgr_distr_thm
VY a, b, ¢c: REL. PREDICATE
e (a =pb)Ara=rc=a=rbAgc
ALPHABET _homogeneous_dash_thml
Y a: ALPHABET; n : NAME
| a € homogeneous N\ n € undashed N dash n € a
en Ea
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REL_FEval_Fun,_thm
-V b: BINDING; f : UNARY _F; el : EXPRESSION
| (b, e1) € WF_BINDING_EXPRESSION g
e Fwal (b, Fun; (f, el)) = f (Eval (b, el))
REL_FV_Fun,_thm
FY f: UNARY_F; el : EXPRESSION
o F'V (Fun, (f, el)) = FV el
REL PREDICATE VarTgr thm
FY a:ALPHABET; n : NAME; T : SET_VAL
| (a, n, T) € WF_VarT p_gnarr
o varTy (a, n, T) € REL._PREDICATE
REL PREDICATE_EndTgr-thm
FV a: ALPHABET; n : NAME; T : SET_VAL
‘ (a, n, T) € WF_VarTgr_gparr
o endTy (a, n, T) € REL_PREDICATE
ALPHABET comp_=>_contr_comp_thms3
FY a: ALPHABET; n : NAME
| n € a A n € undashed N (a, a) € composable
e (a, a U (a\ {n, dash n})) € composable
REL_PREDICATE Varg.Semir_Assignrg_thm
FY a: ALPHABET; n : NAME; v : VALUE; T : SET_VAL
| @ € homogeneous N n € undashed A {n, dash n} C a
e varg (a, n) ;g Assigng (a, (n), (Val v))
€ REL_PREDICATE
REL_PREDICATE Varg.Semir_Assigng_thm2
FY a: ALPHABET; n : NAME; v : VALUE; T : SET_VAL
| @ € homogeneous
A n € undashed
A {n, dash n} C a
ANv e (Set™) T
e varg (a, n) ;g Assigng (a, (n), (Val v))
€ REL_PREDICATE
REL PREDICATE Varg Semigr Assignr-thm3
FY a: ALPHABET; n : NAME; T : SET_VAL
| @ € homogeneous N n € undashed N {n, dash n} C a
o {v: VALUE
| v e (Set™) T
e varg (a, n) ;g Assigng (a, (n), (Val v))}
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C REL_PREDICATE

ALPHABET _dash_n_N_undashed_thm
=V n: NAME e {dash n} N undashed = &

REL_PREDICATE_€_WF_Assignr_thm
Y a: ALPHABET; n : NAME; v : VALUE
| n € a AN n € undashed N\ a € homogeneous

e (a, (n), (Val v)) € WF_Assigng

REL PREDICATE_Assigng-thm
Y a: ALPHABET; n : NAME; v : VALUE

| (a, (n), (Val v)) € WF_Assigng
A n € undashed
A {n, dash n} C a

A a € homogeneous
o Assigng (a, (n), (Val v)) € REL_PREDICATE

REL PREDICATE_Assigng_alphabet_thm?2
-V a: ALPHABET; n : NAME; v : VALUE

| (a, (n), (Val v)) € WF_Assigng
A n € undashed
A {n, dash n} C a
A a € homogeneous
o (Assigng (a, (n), (Val v))).1 = a
REL_ PREDICATE _Assigng_-Semir_Endg_thm
: VALUE; T : SET_VAL

FY a: ALPHABET; n : NAME; v :
| @ € homogeneous N n € undashed N {n, dash n} C a

o Assigng (a, (n), (Val v)) ;g endg (a, n)
€ REL_PREDICATE

REL PREDICATE _Assigng_Semir_Endg thm?2
FY a: ALPHABET; n : NAME; v : VALUE; T : SET_VAL

| @ € homogeneous
A n € undashed
A {n, dash n} C a
ANv e (Set ™) T

o Assigng (a, (n), (Val v)) ;g endg (a, n)

€ REL_PREDICATE

REL_PREDICATE _Assigng_.Semirp_Endgr_thm3
FY a: ALPHABET; n : NAME; T : SET_VAL

| @ € homogeneous N n € undashed N {n, dash n} C a
o {v: VALUE
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| v e (Set™) T
o Assigng (a, (n), (Val v)) ;g endg (a, n)}
C REL_PREDICATE
REL_PREDICATE_VarTgr_alphabet_thm
Y a: ALPHABET; n : NAME; T : SET_VAL
| (a, n, T) € WF_VarTgr_gnarr
e (varTg (a, n, T)).1 = a \ {n}
REL_ PREDICATE_EndT r_alphabet_thm
FY a: ALPHABET; n : NAME; T : SET_VAL
| (a, n, T) € WF_VarT p_gnarr
e (endTgr (a, n, T)).1 = a \ {dash n}
REL & _&_-thm VY b: BINDING; n : NAME; vl, v2 : VALUE
ebd{n—uvl}d{n—v2} =08 {n— v2}
REL _UnrestTypedVar_Vgr_thm
VY wul, u2 : REL_.PREDICATE; n : NAME; T : P VALUE
e unrestTypedVar (ul, n, T)
N unrestTypedVar (u2, n, T)
= unrestTypedVar (ul Vg u2, n, T)
REL _UnrestVar_Contractgr_dist_thm
VY a: ALPHABET; P : REL_PREDICATE
o UnrestVar P\ a C UnrestVar (P —g a)
REL CONDITION _Contractg_-thm
Y a: ALPHABET; P : REL_.CONDITION
e P —pa€ REL_CONDITION
REL_<gr_>gr-cases_thml
FY wul, u2, b: REL. PREDICATE
| (ul, b, u2) € WF_Condpg
e ul Ap br>r u2 =ul <z b > g b A u2
REL _<gr_>gr_-cases_thm?2
FY wul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
o ul QRbDRUQZ(b/\Ru])QRbDRUQ
ALPHABET nl_#_dash_n2_thml
VY ni, n2 : NAME
| n1 # n2 A nl € undashed N n2 € undashed
e n2 # dash nl A dash n1 # n2
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9 THE Z THEORY utp-okay
9.1 Parents
utp—rel

9.2 Global Variables

okay NAME
ALPHABET OKAY
P NAME
unrestOKAY P NAME x P (NAME < VALUE) < B
unrestOKAY’ P NAME x P (NAME < VALUE) < B
OKAY P NAME x P (NAME < VALUE)
OKAY' P NAME x P (NAME < VALUE)
 oy) P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
(_ o) P NAME x P (NAME « VALUE) < P NAME x P (NAME < VALUE
9.3 Fixity

fun 0 rightassoc

(- o7) (- o0)

9.4 Axioms

okay F okay € NAME N okay € undashed
Constraint 1+ (V b : BINDING | okay € dom b e b okay € BOOL_VAL)
A (Y b : BINDING
| dash okay € dom b
e b (dash okay) € BOOL_VAL)
unrestOKAY
unrestOKAY’ F {unrestOKAY , unrestOKAY'} C REL_PREDICATE —
A (Y r: REL_.PREDICATE
(unrestOKAY r
< unrestTypedVar (r, okay, BOOL_VAL))
A (unrestOKAY' r
< unrestTypedVar (r, dash okay, BOOL_VAL)))
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OKAY

OKAY'’

_O'f

F OKAY € REL_PREDICATE
N OKAY = =i (ALPHABET_OKAY , okay, Val (Bool true))
F OKAY' € REL_PREDICATE
AN OKAY'
= =p (ALPHABET_OKAY , dash okay, Val (Bool true))
- (- of) € REL_.PREDICATE - REL_PREDICATE
A (Y d : REL_.PREDICATE
| dash okay € d.1
o dos=/r(d, Val (Bool false), dash okay))
(- 04) € REL_.PREDICATE — REL_PREDICATE
A (Y d : REL_.PREDICATE
| dash okay € d.1
o d o, = /r (d, Val (Bool true), dash okay))

9.5 Definitions

ALPHABET OKAY

= ALPHABET_OKAY = {okay, dash okay}

9.6 Theorems

OKAY_C_NAME_thm

F {okay, dash okay} C NAME

OKAY _values_thm

VY b: BINDING
| okay € dom b
e b okay = Bool true V b okay = Bool false

OKAY _DASH _alues_thm

VY b: BINDING
| dash okay € dom b
e b (dash okay) = Bool true
V b (dash okay) = Bool false

OKAY _clauses_thm

=V b: BINDING
| {okay, dash okay} C dom b
e (= b okay = Bool true = b okay = Bool false)
A (= b okay = Bool false = b okay = Bool true)
A (=
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b (dash okay) = Bool true
= b (dash okay) = Bool false)
A (=
b (dash okay) = Bool false
= b (dash okay) = Bool true)
A (b okay = Bool true = — b okay = Bool false)
A (b okay = Bool false = — b okay = Bool true)
A (b (dash okay) = Bool true
-
b (dash okay) = Bool false)
A (b (dash okay) = Bool false
= -
b (dash okay) = Bool true)
OKAY _Equals_true_thm
FY a: ALPHABET; n : NAME
| ALPHABET_OKAY C a AN n € ALPHABET_OKAY
e =3 (a, n, Val (Bool true))
= =g (=g (a, n, Val (Bool false)))
OKAY _Equals_false_.thm
FY a: ALPHABET; n : NAME
| ALPHABET_OKAY C a AN n € ALPHABET_OKAY
e =3 (a, n, Val (Bool false))
= =g (=g (a, n, Val (Bool true)))
OKAY _okay_ W F_FEqualsrg_thm
= ({okay}, okay, Val (Bool false)) € WF_Equalsg
OKAY ALPHABET OKAY _thm
= ALPHABET_OKAY € ALPHABET
OKAY okay W F_Equalsg-thml
VY a: ALPHABET
| {okay, dash okay} C a
e (a, dash okay, Var okay) € WF_Equalsg
OKAY okay W F_Equalsg_thm?2
Y a: ALPHABET; v : VALUE
| {okay, dash okay} C a
e (a, okay, Val v) € WF_Equalsg
A (a, dash okay, Val v) € WF_Equalsg
OKAY _OKAY _alphabet_thm
= OKAY .1 = {okay, dash okay}
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OKAY OKAY _DASH _alphabet_thm
= OKAY'.1 = {okay, dash okay}
OKAY _okay_dash_converge_Agr_distr_thm
FVYorl, r2 : REL_.PREDICATE
| dash okay € r1.1 A dash okay € r2.1
o (r1 ANg 1r2) oy = (rl o) Ag 172 0y
OKAY _okay_dash_converge_V g_distr_thm
FYril, r2 . REL_PREDICATE
| dash okay € r1.1 A dash okay € r2.1
e (r1 Vg r2) o, = (rl o) Vg 12 0y
OK AY _okay_dash_converge_=>gr_distr_thm
FV rl, r2 : REL_PREDICATE
| dash okay € r1.1 N dash okay € r2.1
o (rl =g r2) oy = (rl o,) =g r2 oy
OKAY _okay_dash_converge_—g_distr_thm
=V r: REL_PREDICATE
| dash okay € r.1
e g7 o, =g (roy
OK AY _okay_dash_diverge_Agr_distr_thm
FYrl, r2 : REL_.PREDICATE
| dash okay € r1.1 A dash okay € r2.1
o (11 Ngpr2)os = (rl of) Ng 72 0y
OKAY _okay_dash_diverge_V r_distr_thm
FVorl, r2 . REL_PREDICATE
| dash okay € r1.1 A dash okay € r2.1
o (r1 Vg r2) oy = (11 05) Vg 172 0y
OK AY _okay_dash_diverge_=gr_distr_thm
FV rl, r2 : REL_PREDICATE
| dash okay € r1.1 A dash okay € r2.1
o (1l = 12)0r = (rl op) =g r2 oy
OKAY _okay_dash_diverge_—g_distr_thm
FY r: REL.PREDICATE
| dash okay € r.1
® g 1T 0y = g (1 0y)
OKAY _OKAY _def_-€ WF_Equalsgr_thm
= (ALPHABET_OKAY , okay, Val (Bool true)) € WF_FEqualsg
OKAY not OKAY _def_-€ WF_Equalsr_-thm
= (ALPHABET_OKAY, okay, Val (Bool false)) € WF_Equalsg
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OKAY OKAY € REL PREDICATE thm
F OKAY € REL_PREDICATE
OKAY _okay_dash_converge_is_. REL_PREDICATE_thm
Y r: REL.PREDICATE
| dash okay € r.1
e r 0, € REL_ PREDICATE
OKAY _okay_dash_diverge_ is. REL_ PREDICATE _thm
FV r: REL.PREDICATE
| dash okay € r.1
e r 0y € REL_PREDICATE
OKAY _okay_dash_converge_alphabet_thm
FV r: REL.PREDICATE
| dash okay € r.1
o (roy).l=r1
OK AY _okay_dash_diverge_alphabet_thm
Y r: REL.PREDICATE
| dash okay € r.1
o (rop)l =r.1
OKAY _okay_dash_converge_subst_thm
Y r: REL.PREDICATE
| dash okay € r.1
e v Agp =g (r.1, dash okay, Val (Bool true))
= (r o¢)
Ar =g (7.1, dash okay, Val (Bool true))
OK AY _okay_dash_diverge_subst_thm
Y r: REL.PREDICATE
| dash okay € r.1
o r Ag =g (r.1, dash okay, Val (Bool false))
= (r oy)
Ar =g (7.1, dash okay, Val (Bool false))
OKAY _okay_dash_diverge_subst_thml
FYV r: REL.PREDICATE
| dash okay € r.1
o r Agp g (=g (7.1, dash okay, Val (Bool true)))
= (r oy)
AR TR
(=g (r.1, dash okay, Val (Bool true)))
OK AY _okay_dist_over_<gr_-r>r_-dist_thm
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FY ul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condpg
o OKAY Ap ul <p b >p u2
= (OKAY NRr 'U,Z) <dp b >p OKAY Agp u?2
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10 THE Z THEORY utp-des
10.1 Parents

utp—okay
10.2 Global Variables

ALPHABET_DES P (P NAME)
DES_PREDICATE
P NAME < P (NAME < VALUE)
WF_DES_PREDICATE_PAIR
P NAME x P (NAME < VALUE) « P NAME x P (NAME < VALUE
WF_DESIGN_PAIR
(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUE))
— (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME « VALUE))
WF_Assignp P (P NAME x (Z « NAME) x (Z < EXPRESSION))
WF_Skipp P (P NAME)
DES_FUNCTION P
(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME « VALUE))
— P NAME x P (NAME « VALUE))
(- Fp2) (P NAME x P (NAME « VALUE))
x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
DESIGN P NAME « P (NAME < VALUE)

o P NAME « P NAME x P (NAME « VALUE)
Assignp P NAME x (Z < NAME) x (Z < EXPRESSION)
— P NAME x P (NAME — VALUE)
Topp P NAME < P NAME x P (NAME « VALUE)
Botp P NAME < P NAME x P (NAME « VALUE)
H1 P NAME x P (NAME < VALUE) «» P NAME x P (NAME < VALUE

H1_healthy P NAME « P (NAME < VALUE)

H2_healthy P NAME « P (NAME < VALUE)

J P NAME — P NAME x P (NAME « VALUE)

H?2 P NAME x P (NAME « VALUE) < P NAME x P (NAME « VALUE
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H?2_J_healthyP NAME « P (NAME < VALUE)
H3 P NAME x P (NAME « VALUE) < P NAME x P (NAME « VALUE
H3_healthy P NAME « P (NAME < VALUE)
H4_healthy P NAME « P (NAME < VALUE)

10.3 Fixity

fun 0 rightassoc
(- Fp -)

10.4 Axioms

_Fp - F(.Fp-) € WF_DES_PREDICATE_PAIR — REL_PREDICATE
A (Y d: WF_DES_PREDICATE_PAIR
e d.lFpd.2
= (=g (d.1.1, okay, Val (Bool true)) Ag d.1)
=p =g (d.1.1, dash okay, Val (Bool true))

Ar d.2)
Ip - Ilp € WF_Skipp — REL_PREDICATE
AN (Y a: WF_Skipp @ IIp a = Trueg a bp Ilg a)
Assignp - Assignp € WF_Assignp — REL_PREDICATE

A (Y aa : WF_Assignp
o Assignp aa = Truer aa.1 Fp Assigng aa)
Topp F Topp € ALPHABET_DES — DES_PREDICATE
A (Y a: ALPHABET_DES
e Topp a = =g (a, okay, Val (Bool false)))

Botp - Botp € ALPHABET_DES — DES_PREDICATE
A (VY a: ALPHABET_DES e Botp a = Trueg a)
H1 = H1 € REL_.PREDICATE — REL_PREDICATE
A (Y d : REL_.PREDICATE
o H1 d

= =g ({okay}, okay, Val (Bool true)) =g d)
H1_healthy + HI1_healthy € P REL_PREDICATE
N HI1_healthy = {d : REL_.PREDICATE | HI d = d}
H?2_healthy + H2_healthy € P REL_PREDICATE
AN H2_healthy
= {d : REL_.PREDICATE
| dash okay € d.1
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A (r
/r (d, Val (Bool false), dash okay)
==r /R
(d7
Val (Bool true),
dash okay) )r
= Truer @}
J +J € ALPHABET -+ DES_PREDICATE
A (VY o : ALPHABET
| o' C dashed A dash okay € o
e da: ALPHABET
| @ C undashed N\ o' = dash ( a )
o Jd
= (=g (a U d, okay, Val (Bool true))
=R =R
(a U d,
dash okay,
Val (Bool true)))
Ar g (a U d \ ALPHABET.OKAY))
H?2 = H2 € REL_.PREDICATE + REL_PREDICATE
A (Y d : REL_.PREDICATE
| dash okay € d.1
e H2 d = d ;g J (out-a d.1))
H2_J_healthyt H2_J_healthy € P REL_PREDICATE
AN H2_J_healthy
= {d : REL_.PREDICATE
| dash okay € d.1 N H2 d = d}
H3 = H3 € REL_.PREDICATE — REL_PREDICATE
A (Y d : REL_.PREDICATE; a : ALPHABET
| « € WF_Skipr A (d, Il a) € WF_Semig
OHgd:d;RHRCL)
H3_healthy + H3_healthy € P REL_PREDICATE
A H3_healthy = {d : REL_PREDICATE | H3 d = d}
H4_healthy + Hj_healthy € P REL.PREDICATE
AN Hj _healthy
= {d : REL_PREDICATE
|V a : ALPHABET
| (d, Trueg a) € WF_Semig
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e Truer a ;g d = Truep a}
DES _refinement_thm
VYV di, d2 : WF_DES_PREDICATE_PAIR
| (d1, d2) € WF_DESIGN_PAIR
e dl.1Fpdl.2 Cgr d2.1 Fp d2.2
= <R (d]] AR d,?,?) =R d1.2 >R
AR <R d1.1 =R d2.1 >R
DES_Assignp_eval_subst_thm
FY a: ALPHABET_DES,
n : NAME;
e : EXPRESSION;
f: VALUE + VALUE
| (a, (n), (e)) € WF_Assignp
o Assignp (a, (n), (e))
R ASSignD (CL, <Tl>, <Fun1 (f7 Var n>>)
= Assignp (CL, <n>7 <Fun1 (f? 6)>)
DES_Assignp_<gr->gr-subst_thm
VYV di, d2, b: REL_PREDICATE,
a : ALPHABET_DES,
n : NAME;
e : EXPRESSION
| (d1, b, d2) € WF_Condp
A (Assignp (a, (n), (e)), d1) € WF_Semip
A (a, (n), (e)) € WF_Assignp
A (b, e, n) € WF_Substp
o Assignp (a, (n), (€)) ;g d1 <g b >g d2
= (Assignp (a, (n), (€)) ;r d1) <g
/r (b, e, n) >g
Assignp (a, (n), (¢)) in d2
DES Ilp_left_unit_thm
-V a: ALPHABET_DES; d : WF_DES_PREDICATE_PAIR
| a € WF_Skipp AN (IIp a, d1) € WF_Semip
[ HD a R d.1 I_D d.2 =d.1 l_D d.2
DES _<r_>r-designs_thm
FVYdi, d2 : WF_DES_PREDICATE_PAIR; b : REL_PREDICATE
| (d1, b, d2) € WF_Condp
o (d1.1Fp d1.2) <p b g d2.1 Fp d2.2
= (dl.1 <gr b>gr d2.1)Fp d1.2 Qg b >g d2.2
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DES_Semigr_designs_-thm
FV di, d2 : WF_DES_PREDICATE_PAIR
| (d1.1, d2.1) € WF_Semip
o (d1.1 Fp d1.2) ;5 d2.1 Fp d2.2
= (_‘R <_‘R di1.1 'R T’I’U{ER dQJJ)
/\R R (dlg R R d,?]))
DES weakest_fixed_point_designs_thm
FY F, G: DES_.FUNCTION;,
fd : DES_PREDICATE — DES_PREDICATE;
pair_d : WF_DES_PREDICATE_PAIR,;
d, Q : DES_PREDICATE;
fr, fq, P : DES_PREDICATE — DES_PREDICATE
e fd (pair_d.1 Fp pair_d.2)
= F pair_d Fp G pair_d
Afpd=F (d, pair_d.2)

NP d=vgfp
ANfgd=Pd=pG(Pd d
N Q= up fq

ANprfd=P@QFp @Q
DES _algebraic_H1_thm
FV d: REL.PREDICATE; a : ALPHABET
| a € WF_Skipg AN (IlIp a, d) € WF_Semig
e d € HI_healthy
& Trueg a ;5 d = Trueg a N Ilp a ;g d = d
DES_Semigr_designs_thml
FV di, d2 : WF_DES_PREDICATE_PAIR
| (d1.1, d2.1) € WF_Semip N d1.1.1 N dashed = @
o (dl.1Fp dl.2) ;g d2.1 Fp d2.2
= (d]] /\R R (dlg ‘R 'R d?]))
Fp dl.2 ;g d2.2
DES _—g _design_thm
FV d: WF_DES_PREDICATE_PAIR
® —p (d] l_D d?)
= = (d.1.1, okay, Val (Bool true))
Ag d.1
Ar =g (d.1.1, okay, Val (Bool true))
=pr g d.2

167



DES _design_contradiction_thm
VY d: DES_.PREDICATE e d tFp —r d = d bp Falseg d.1
DES TIp_H1 TIg_ thm
=Y a: WF_Skipp e IIp a = HI (Ilg a)
DES _post_H1_thm
FV d: WF_DES_PREDICATE_PAIR
DES post_—r_H1_thm
FY d: WF_DES_PREDICATE_PAIR
edltp-grd2=4d1tp-g (Hl d.2)
DES_H2 J_thm - H2_healthy = H2_J_healthy
DES_H2 H1_com_thm
VY d: REL_PREDICATE
| dash okay € d.1
e H1 (H2 d) = H2 (H1 d)
DES_J_Semig_tdem_thm
FYad : ALPHABET
| o' C dashed N dash okay € a’
e Jd g Jad =Jd
DES _Designs_H1_H2_thm
FV d: REL_PREDICATE
e d € DESIGN < d € HI_healthy N H2_healthy

10.5 Definitions

ALPHABET_DES - ALPHABET_DES = {a : ALPHABET | ALPHABET_(
DES_PREDICATE
- DES_PREDICATE
= {u : REL_PREDICATE
| u.1 € ALPHABET_DES}
WF_DES_PREDICATE_PAIR
- WF_DES_PREDICATE_PAIR
— {d1, d2 : DES_PREDICATE
| d1.1 = d2.1}
WF_DESIGN_PAIR
- WF_DESIGN_PAIR
— {d1, d2 : WF_DES_PREDICATE_PAIR
| d1.1.1 = d2.1.1}
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WF_Assignp - WF_Assignp
= {aa : WF_Assigng
| aa.1 € ALPHABET_DES}
WF_Skipp + WF_Skipp = {a : ALPHABET_DES | a € WF_Skipr}
DES FUNCTION += DES_FUNCTION
= {f : WF_DES_PREDICATE_PAIR -+ DES_PREDICATE
| 3 a: ALPHABET
o Y pair : dom f; u_ran : ran f
e o = pair.1.1 A pair.1.1 = u_ran.1}
DESIGN = DESIGN = ran (_ Fp )

10.6 Theorems

ALPHABET_DES_thm
Y a: ALPHABET_DES e a € ALPHABET
DES_PREDICATE _thm
FV d: DES_PREDICATE
e d € REL_PREDICATE
A {okay, dash okay} C d.1
AN d.1 € ALPHABET_DES
WF_DES_PREDICATE_PAIR_thm
F Y pair_d : WF_DES_PREDICATE_PAIR
e pair_d.1 € DES_PREDICATE
A pair_d.2 € DES_PREDICATE
A pair_d.1.1 = pair_d.2.1
A (pair_d.2, pair_d.1) € WF_DES_PREDICATE_PAIR
DES okay_-dash_okay - C_ALPHABET _DES_thm
-V a: ALPHABET_DES e {okay, dash okay} C a
DES_ PREDICATE +p_thm
Y d: WF_DES_PREDICATE_PAIR
e d.1+p d.2 € DES_PREDICATE
DES_H1_thmt ¥V d : REL_.PREDICATE e HI d € REL_PREDICATE
DES_J_thm VY da : ALPHABET
| o' C dashed N dash okay € da’
e J d € DES_PREDICATE
DES_+p_alphabet_thm
-V d: WF_DES_PREDICATE_PAIR e (d.1 Fp d.2).1 = d.1.1
DES_H1_alphabet_thm
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-V d: REL.PREDICATE e (HI d).1 = d.1 U {okay}
DES_J_alphabet_thm
FYad : ALPHABET
| ' C dashed A dash okay € o
e Ja: ALPHABET
e a C undashed
A a = dash ( a)
A(Jd)l =aUd
DES_Semigr_J_comp_thm
=V d: DES_PREDICATE
o (d.1, (J (out_a d.1)).1) € composable
DES_Semigr_-J_comp_thml
VY d: REL_PREDICATE
| dash okay € d.1
o (d.1,(J (out_a d.1)).1) € composable
DES_Semir_J_alphabet_thm
-V d : DES_PREDICATE e (d ;g J (out_a d.1)).1 = d.1
DES_Semigr_J_alphabet_thml
-V d: REL._PREDICATE
| dash okay € d.1
e (d ;g J (out_a d.1)).1 = d.1
DES_H2 thmt- VY d : REL._PREDICATE
| dash okay € d.1
e H2 d € REL_PREDICATE
DES_H?2_alphabet_thm
-V d: REL.PREDICATE
| dash okay € d.1
e (H2 d).1 = d.1
DES_J_Semigr J_€_comp_thm
FY a : ALPHABET
| ' C dashed A dash okay € o
o ((J a).1, (J a').1) € composable
DESIGNS Truer_-Semig_left_zero_thm
FY d: WF_DES_PREDICATE_PAIR; a : ALPHABET_DES
| (Truegr a, d.1 Fp d.2) € WF_Semig
e Truer a ;g d.1 Fp d.2
= Truegr (a U out_a d.1.1)
DES_H1_idem_thm
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-V d: REL.PREDICATE e HI (H! d) = HI d
DES_H2 idem_thm
VY d: REL_PREDICATE
| dash okay € d.1
e H2 (H2 d) = H2 d
ALPHABET DES thml
FYa: ALPHABET_DES ¢ ALPHABET_OKAY C a
DES PREDICATE _Agr-thm
FVY di, d2 : DES_PREDICATE e d1 Ar d2 € DES_PREDICATE
DES_ PREDICATE_Vg_ thm
FV dl, d2 : DES_PREDICATE e dl Vg d2 € DES_PREDICATE
DES PREDICATE =g thm
FV di, d2 : DES_PREDICATE e dl = d2 € DES_PREDICATE
DES_ PREDICATE_—gr_thm
VYV d: DES_.PREDICATE e -y d € DES_PREDICATE
DES OKAY € DES PREDICATE thm
= OKAY € DES_PREDICATE
DES OKAY _DASH € DES PREDICATE thm
F OKAY' € DES_PREDICATE
DES_PREDICATE okay_dash_converge_thm
YV d: DES_.PREDICATE e d 0, € DES_PREDICATE
DES PREDICATE okay_-dash_diverge_thm
-V d: DES_PREDICATE e d 0 € DES_PREDICATE
DES _design_thm
FY P, Q: DES_.PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e Ptp @Q = (OKAY Ap P) =g OKAY' Ag @
DES _OKAY _converge_thm
F OKAY o, = OKAY
DES_OKAY _diverge_thm
= OKAY oy = OKAY
DES OKAY _DASH _converge_thm
F OKAY' 0, = Truegr ALPHABET_OKAY
DES OKAY _DASH _diverge_-thm
= OKAY' oy = Falser ALPHABET_OKAY
DES _okay_dash_converge_Agr_distr_thm
-V di, d2 : DES_PREDICATE
o (d1I Ng d2) o, = (d1 o4) Ng d2 o,
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DES _okay-dash_diverge_Agr-distr_thm
FV di, d2 : DES_PREDICATE
® (d] /\R d?) Or = (d] Uf) /\R d2 Of
DES _okay_dash_converge_V r_distr_thm
FV di, d2 : DES_PREDICATE
e (d1 Vg d2) o, = (dI o4) Vg d2 oy
DES _okay-dash_diverge_V gr_-distr_thm
-V dil, d2 : DES_PREDICATE
° (d] VR d2> of = (d] Uf) Vg d2 of
DES _okay_dash_converge_—gr_distr_thm
-V d : DES_PREDICATE e -y d 0, = —g (d 0y)
DES _okay-dash_diverge_—g-distr_thm
-V d: DES_PREDICATE e —p d o; = =g (d oy)
DES _okay_dash_converge_=-gr_distr_thm
-V dl, d2 : DES_PREDICATE
o (d1 =5 d2) o, = (dl o4) =5 d2 oy
DES _okay-dash_diverge_-=>gr_distr_thm
FV di, d2 : DES_PREDICATE
° (d] =R d?) oy = (d] Jf) =g d2 gf
DES _okay_dash_converge_id_thm
=V d: DES_PREDICATE
| unrestTypedVar (d, dash okay, BOOL_VAL)
edo,=d
DES _okay_dash_diverge_id_thm
-V d: DES_PREDICATE
| unrestTypedVar (d, dash okay, BOOL_VAL)
[} d O'f == d
DES _design_converge_thm
FY P, Q: DES_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
A unrestTypedVar (P, dash okay, BOOL_VAL)
A unrestTypedVar (Q, dash okay, BOOL_VAL)
.(P"D Q)O’t:(OKAY/\RP):RQ
DES _design_diverge_thm
FY P, Q : DES_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
A unrestTypedVar (P, dash okay, BOOL_VAL)
A unrestTypedVar (Q, dash okay, BOOL_VAL)
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® (P l_D Q) 0f = TR (OKAY /\R P)
DES _conjgr-designs_thm
FY dil, d2 : WF_DES_PREDICATE_PAIR
| (d1, d2) € WF_DESIGN_PAIR
e (d1.1 Fp d1.2) conjr d2.1 Fp d2.2
= (d1.1 Vg d2.1)
DES _design_alphabet_thm
FY P, Q : DES_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e (Ptp Q).1 = P.1
DES post_condition OK AY _intro_-thm
FVY P, Q: REL.PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e Ptp Q@ =P Fp OKAY AR Q
DES intchoicer_designs_thm
FV di, d2 : WF_DES_PREDICATE_PAIR
| (d1, d2) € WF_DESIGN_PAIR
e (d1.1 Fp d1.2) intchoicegr d2.1 Fp d2.2
= (d1.1 N\g d2.1) Fp d1.2 Vg d2.2
DES_false_pre_thm
VY a: ALPHABET; u : DES_PREDICATE
| (Falseg a, u) € WF_DES_PREDICATE_PAIR
o fulsep a Fp u = Truep a
DES_H1_healthy_thm
-V d: DES_PREDICATE | d € HI_healthy ¢ d = H1 d
DES_H2 healthy_thm
=V d: DES_PREDICATE
| d € H2_healthy
° <R (d O'f) =g d o; >R = Truep &
A dash okay € d.1
DES_H2 healthy_-okay_-dash_options_Vg_thm
=V d: DES_PREDICATE
| d € H2_healthy
o (doy) Vg dop=do,
DES_H?2_healthy_okay_dash_options_Agr_thm
=V d: DES_PREDICATE
| d € H2_healthy
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O(dO't)/\RdO'f:dO'f
DES pre_post_rewrite_thm
VY d: DES_PREDICATE
| d € H1_healthy N d € H2_healthy
Od:ﬁR(dO'f)}_DdO't
DES_H1 H2_is_healthy_thm
=V d: DES_PREDICATE
e H1 (H2 d) € Hi_healthy N H1 (H2 d) € H2_healthy
DES_PREDICATE _Design_thm
FVY P, Q: DES_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e PFp QQ € DES_PREDICATE
DES_H1_healthy_-thml
FY P, Q: DES_.PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e PFp @ € HI_healthy
DES okay-€ WF_Equalsg_thm
VY a: ALPHABET_DES
e (a, okay, Val (Bool true)) € WF_Equalsg
DES _dash_okay_-€ _WF_Equalsr_thm
VY a: ALPHABET_DES
e (a, dash okay, Val (Bool true)) € WF_Equalsg
DES _pre_condition_ OK AY _intro_-thm
FY P, Q: DES_.PREDICATE
| P.1 = Q.1
e Ptp @ = (OKAY Ap P)Fp Q
DES _okay-dash_converge_Agr_distr_thml
FV di, d2 : REL_.PREDICATE
| dash okay € d1.1 A dash okay € d2.1
e (dI Ngr d2) o, = (d1 o04) Ng d2 oy
DES okay_-dash_converge_=-g_distr_thml
FV di, d2 : REL_.PREDICATE
| dash okay € d1.1 N dash okay € d2.1
o (dl =R d2) o, = (dl o4) =5 d2 o,
DES _design_diverge_thml
FY P, Q : DES_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
® (P l_D Q) 0f = TR (OKAY /\R P O'f)
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11 THE Z THEORY utp-wtr

11.1 Parents

utp—rel

11.2 Global Variables

wait NAME
ALPHABET_W AIT
P NAME
WAIT P NAME
WAIT' P NAME
tr NAME
ALPHABET_.-TR
ref NAME

ALPHABET_REF
unrestW AIT P NAME
unrestW AIT’
unrestT R
unrestT R’
unrestREF
unrest REF’
(- wy)

(- we)
11.3 Fixity

P NAME
P NAME
P NAME
P NAME
P NAME
P NAME

fun 0 rightassoc

(- wr) (- wy)

X X X X X X

P (NAME < VALUE)
P (NAME < VALUE)

P NAME

P NAME
P (NAME < VALUE) < B
P NAME x P (NAME < VALUE) < B
NAME < VALUE) < B
NAME < VALUE
NAME « VALUE

(

( ) < B
( ) < B
(NAME < VALUE) < B
( )
( )

YRR ~NN
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11.4 Axioms

waztt F wait € NAME A wait € undashed
Constraint 1+ (V b : BINDING | wait € dom b e b wait € BOOL_VAL)
A (Y b : BINDING
| dash wait € dom b
e b (dash wait) € BOOL_VAL)

WAIT = WAIT € REL_.PREDICATE

N WAIT = =g ({wait}, wait, Val (Bool true))
WAIT' = WAIT' € REL_PREDICATE

N WAIT'

= =g ({dash wait}, dash wait, Val (Bool true))
tr € NAME A tr € undashed
(V b : BINDING
| tr € dom b
e b tr € SEQ_.EVENT_VAL)
A (¥ b : BINDING
| dash tr € dom b
e b (dash tr) € SEQ_EVENT_VAL)
ref Fref € NAME N ref € undashed
Constraint 3+ (V b : BINDING | ref € dom b e b ref € SET_EVENT_VAL)
A (¥ b : BINDING
| dash ref € dom b
e b (dash ref) € SET_EVENT_VAL)

tr F
Constraint 2 +

unrestW AIT
unrestW AIT’ F {unrestWAIT, unrestWAIT'} C REL_PREDICATE — B
A (Y r: REL_.PREDICATE
o (unrestWAIT r
< unrestTypedVar (r, wait, BOOL_VAL))
A (unrest WAIT' r

< unrestTypedVar (r, dash wait, BOOL_VAL)))

unrestT'R

unrestT’R’  + {unrestTR, unrestTR'} C REL_.PREDICATE — B
A (Y r: REL_.PREDICATE
o (unrestTR r
< unrestTypedVar (r, tr, SEQ_EVENT_VAL))
A (unrestTR' r
& unrest Typed Var
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(r, dash tr, SEQ_EVENT_VAL)))
unrestREF
unrestREF’ + {unrestREF, unrestREF'y C REL_PREDICATE — B
A (Y r: REL_.PREDICATE
o (unrestREF r
< unrestTypedVar (r, ref, SET_EVENT_VAL))
A (unrestREF' r
< unrest Typed Var
(r, dash ref, SET_EVENT_VAL)))
Constraint 4 - wait # tr \ wait # ref
Constraint 5 - tr # wait N\ tr # ref
Constraint 6 - ref # tr A ref # wait
- wy - (- wy) € REL_.PREDICATE - REL_PREDICATE
A (Y r: REL_.PREDICATE
| wait € r.1
o r wy = /g (r, Val (Bool false), wait))
- wy - (- w¢) € REL_.PREDICATE + REL_PREDICATE
A (Y r: REL_.PREDICATE
| wait € r.1
o rwy = /g (r, Val (Bool true), wait))

11.5 Definitions

ALPHABET W AIT

= ALPHABET_WAIT = {wait, dash wait}
ALPHABET TR = ALPHABET_TR = {tr, dash tr}
ALPHABET_REF = ALPHABET_REF = {ref, dash ref}

11.6 Theorems

WTR. C_NAME _thm
F {tr, dash tr, wait, dash wait, ref, dash ref} C NAME
WTR_wait_values_thm
=V b: BINDING
| wait € dom b
e b wait = Bool true V b wait = Bool false
WTR wait_dash_values_thm
VYV b: BINDING
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| dash wait € dom b
e b (dash wait) = Bool true
V b (dash wait) = Bool false
WTR_wait_clauses_thm
-V b: BINDING
| {wait, dash wait} C dom b
o (= b wait = Bool true = b wait = Bool false)
A (= b wait = Bool false = b wait = Bool true)
A (=
b (dash wait) = Bool true
= b (dash wait) = Bool false)
A (—
b (dash wait) = Bool false
= b (dash wait) = Bool true)
A (b wait = Bool true = = b wait = Bool false)
A (b wait = Bool false = — b wait = Bool true)
A (b (dash wait) = Bool true
= -
b (dash wait) = Bool false)
A (b (dash wait) = Bool false
= -
b (dash wait) = Bool true)
WTR wait-Equals_true_-thm
FY a: ALPHABET; n : NAME
| ALPHABET _WAIT C a AN n € ALPHABET_WAIT
e =3 (a, n, Val (Bool true))
= - (=g (a, n, Val (Bool false)))
WTR wait_Equals_false_-thm
FVY a: ALPHABET; n : NAME
| ALPHABET _WAIT C a AN n € ALPHABET_WAIT
e =3 (a, n, Val (Bool false))
= —g (=g (a, n, Val (Bool true)))
WTR_tr_dash_tr WF_ALPHABET _EXPRESSION _thm
= ({tr, dash tr}, Var tr, Var (dash tr))
€ WF_ALPHABET_EXPRESSION
WTR_tr_<g_dash_tr.e WF_ALPHABET_EXPRESSION _thm
VY a: ALPHABET
| ALPHABET_TR C a
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e (a,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))

€ WF_ALPHABET_EXPRESSION
WTR_tr_dash_tr_<g_thm
=tk
(ALPHABET_TR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REL_PREDICATE
WTR tr_dash_tr_<g_thml
VY a: ALPHABET
| ALPHABET_TR C a
® =+r
(a,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REL_PREDICATE
WTR ALPHABET TR thm
= ALPHABET_TR € ALPHABET
WTR_ALPHABET W AIT _thm
= ALPHABET_WAIT € ALPHABET
WTR_ALPHABET_REF_thm
= ALPHABET_REF € ALPHABET
WTR wait. W F_Equalsg_thm
F ({wait}, wait, Val (Bool true)) € WF_Equalsg
A ({wait}, wait, Val (Bool false)) € WF_Equalsg
WTR wait-WF_Equalsg-thml
Y a: ALPHABET
| {wait, dash wait} C a
e (a, dash wait, Var wait) € WF_Equalsg
WTR_tr WF_Equalsg_thml
VY a: ALPHABET
| {tr, dash tr} C a
e (a, dash tr, Var tr) € WF_Equalsg
WTR_ref WF_Equalsg_thml
VY a: ALPHABET
| {ref, dash ref} C a

179



e (a, dash ref, Var ref) € WF_FEqualsg
WTR tr_prefix_dash_tr_thm
VY b: BINDING
| tr € dom b
A dash tr € dom b
A b tr <g b (dash tr)
o b ir <p b (dash tr)
& Seq () <g b (dash tr) SeqDifr b tr
WTR_W AIT wait_ false_thm
= WAIT wy; = Falsep {wait}
WTR-W AIT wait_true_thm
= WAIT w; = Trueg {wait}
WTR_<gp->gr-thm
-V r1, 12, b - REL.PREDICATE
| (r1, b, r2) € WF_Condgr N wait € b.1
o wait € (r] Qg b >y 12).1
WTR_wait_true_Agr_distr_thm
FY rl, r2 : REL_.PREDICATE
| wait € r1.1 N\ wait € 2.1
o (r1 ANg12) wy = (11 wy) Ag 12 wy
WTR wait_false_Agr_distr_thm
FV ri, r2 : REL.PREDICATE
| wait € r1.1 N wait € 2.1
o (11 N r2) wy = (11 wy) Ag 12 wy
WTR_wait_true_V r_distr_thm
=V rl, r2 : REL_PREDICATE
| wait € r1.1 N wait € 2.1
o (r1 VR 12) wy = (11 wy) Vg 72 wy
WTR_wait_false_Vgr_distr_thm
FYrl, r2 : REL_PREDICATE
| wait € r1.1 N wait € r2.1
o (11 Vg r2) wy = (11 wy) Vg 12 wy
WTR_wait_true_=-r_distr_thm
FY rl, r2 : REL_.PREDICATE
| wait € r1.1 N\ wait € r2.1
o (rl =5 r2) w, = (rl wy) =g r2 w,
WTR wait_false =g _distr_thm
FV ril, r2 : REL_.PREDICATE
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| wait € r1.1 N wait € 2.1
o (1] =5 12) wy = (rl wy) =5 r2 wy
WTR_wait_true_—gr_distr_thm
FY r: REL.PREDICATE
| wait € r.1
oﬁRrwt:—'R(rwt)
WTR wait_false_—gr_distr_thm
FV r: REL.PREDICATE
| wait € r.1
® TR T Wy = TR (’I”u)f>
WTR wait_true_<g_>gr_-distr_thm
FYrl, r2, b: REL._ PREDICATE
| (r1, b, r2) € WF_Condgr N wait € b.1
° (T’] g b >p 7'2) Wi
= (rl wy) <g b w; >p r2 wy
WTR wait_false_<lg_>gr-distr_thm
FYrl, r2, b: REL_PREDICATE
| (r1, b, r2) € WF_Condgr N wait € b.1
° (T‘] g b >p 7'2) Wy
= (rl wy) <p b wy > 12 wy
WTR_tr_€_ran_Seq_thm
=V b : BINDING | tr € dom b e b tr € ran Seq
WTR dash_tr_€_ran_Seq_-thm
VY b: BINDING
| dash tr € dom b
e b (dash tr) € ran Seq
WTR_dash_tr_equals_tr_thm
VYV b: BINDING
| tr € dom b
A dash tr € dom b
A b tr <g b (dash tr)
e b (dash tr) = b tr
< b (dash tr) SeqDifr b tr = Seq ()
WTR wait_false_.is REL_ PREDICATE _thm
Y r: REL.PREDICATE
| wait € r.1
o rwy € REL_PREDICATE
WTR wait_true_is. REL_ PREDICATE thm
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Y r: REL_.PREDICATE
| wait € r.1
e r w; € REL_PREDICATE
WTR_wait_true_alphabet_thm
=V r: REL_PREDICATE | wait € r.1 o (r wy).1 = 1.1
WTR wait-false_alphabet_thm
=V r: REL_PREDICATE | wait € r.1 o (r wy).1 = r.1
WTR_wait_true_subst_thm
VY r: REL_PREDICATE
| wait € r.1
o r Ag =g (r.1, wait, Val (Bool true))
= (r wi) Ag =g (r.1, wait, Val (Bool true))
WTR wazt-false_subst_thm
FV r: REL_PREDICATE
| wait € r.1
o r Agp =g (r.1, wait, Val (Bool false))
= (r wy) Ag =g (r.1, wait, Val (Bool false))
WTR wait-false_subst_thml
FV r: REL_PREDICATE
| wait € r.1
o r Ag —g (=g (7.1, wait, Val (Bool true)))
= (r wy)
Ar —r (=g (7.1, wait, Val (Bool true)))
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12 THE Z THEORY utp-rea
12.1 Parents
utp—wtr utp—okay

12.2 Global Variables

ALPHABET _OWTR

P NAME
ALPHABET_REA P (P NAME)
REA_PREDICATE

P NAME < P (NAME < VALUE)
W F_Skiprga P (P NAME)

Hrpa P NAME < P NAME x P (NAME « VALUE)

R1 P NAME x P (NAME « VALUE) « P NAME x P (NAME « VALUE)
R1_healthy P NAME « P (NAME < VALUE)

R2 P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
R2_healthy P NAME < P (NAME < VALUE)

R3 P NAME x P (NAME < VALUE) < P NAME x P (NAME « VALUE)
R3_healthy P NAME < P (NAME < VALUE)

R P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
R_healthy P NAME « P (NAME < VALUE)

REA_PROCESS P NAME < P (NAME < VALUE)

12.3 Axioms

Constraint 1 & okay # wait N\ okay # tr A wait # ref
HREA H HREA € WF_S]CZPREA — REA_PREDICATE
A\ (v a . WF_S/{I’ZPREA
® [Ippa a
= (=g (a, okay, Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel
((- <r -),
Var tr,
Var (dash tr)),

183



R1

R1_healthy

R2

R2_healthy

R3

Val (Bool true)))

Ve =g (a, dash okay, Val (Bool true))

Ar =r (a, dash tr, Var tr)
Ar =g (a, dash wait, Var wait)
Ar =g (a, dash ref, Var ref))

+ R1 € REL_.PREDICATE — REL_PREDICATE

A (Y r:

REL_PREDICATE

AR =4R

(ALPHABET.OWTR,
Rel
((- <r -),
Var tr,
Var (dash tr)),
Val (Bool true)))

- R1_healthy € P REL_PREDICATE
A R1_healthy = {r : REL_.PREDICATE | r = RI1 r}
= R2 € REL_PREDICATE - REL_PREDICATE

A (YT

REL_PREDICATE

| ALPHABET_OWTR C r.1

e R2 r

(/R (n Val (Seq <>)a tT’),

Fun,
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr))

- R2_healthy € P REL_PREDICATE
A R2_healthy = {r : REL_.PREDICATE | r = R2 r}
- R3 € REA_PREDICATE - REA_PREDICATE

A (Y r:
| r.1 €
e R3r

REA_PREDICATE
WE_ Skip REA

:HRE'A r.1 <R

r)

r ({wait}, wait, Val (Bool true)) >g
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R3_healthy + RS3_healthy € P REA_PREDICATE
A R3_healthy
= {r : REA_PREDICATE
| r.1 € WF_Skiprga N 7 = R3 1}
R H R € REA_PREDICATE + REA_PREDICATE
A (Y r: REA_PREDICATE
| 7.1 € WF_Skiprga
e Rr=RI1 (R2 (R3 1))
R_healthy F R_healthy € P REA_PREDICATE
A R_healthy
= {r : REA_PREDICATE
| r.1 € WF_Skipgrga N 7 = R r}
REA_H1 wait_-dash_okay_-thm
Y r: REA_PREDICATE; b1, b2 : BOOL_VAL
° /g
(/r (H1 7, Val b1, dash okay),
Val b2,
dash wait)
= Hl1
/r
(/r (r, Val b1, dash okay),
Val b2,
dash wait))
REA_HREA_HR_thm
FYa: ALPHABET_REA
‘ a € WF_Skipgrga
® lIrpa a
= (=g (a, okay, Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel
((- <r ),
Var tr,
Var (dash tr)),
Val (Bool true)))
VR HR a
REA Tlggpa <gr->r-thm
FVYa: ALPHABET_REA
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| a € WF-SkipREA
® [Irpa a
= HR a <R
=r (a, okay, Val (Bool true)) >r
—+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
RFEA _okay_Ilgga_thm
Y a: ALPHABET_RFEA
| a € WF-SkipREA
o =5 (a, okay, Val (Bool true)) Ar IIrga a
= = (a, okay, Val (Bool true)) Ag Il a
RFEA _okay_llgga_unit_thm
FY a: ALPHABET_REA; r : REA_PREDICATE
| a € WF_Skipgrga N (HREA a, T) e WF_Semig
o (=3 (a, okay, Val (Bool true)) A Il gpa a)
R T
= =g (a, okay, Val (Bool true)) Ag r
REA_ TIgrpa_-H2 _healthy_thm
VY a: ALPHABET_REA
| a € WF-SkipREA
o [Irpa a € H2 healty
REA_TIgga_R1_healthy_thm
Y a: ALPHABET_RFEA
‘ a € WF-SkipREA
o [Irpa a € RI_healthy
REA_HREA_Rl_Hl_thm
FVY a: ALPHABET_REA
‘ a € WF_SkipREA
[ HREA a = Hi (RJ (HREA (l))
REA_R1_H2_com_thm
VY r: REL.PREDICATE
| dash okay € r.1
e H2 (R1 r) = R1 (H2 r)
REA_HREA_R]__Hl_HR_thm
Y a: ALPHABET_REA
| a € WF_S]{JZ]DREA
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® HREA a = R1 (H] (HR CL))
RFEA_closure_<lg_->>r-R1_thm
FVorl, r2 : REL.PREDICATE; b : REL_PREDICATE
| (r1, b, r2) € WF_Condgr A {rl, r2} C RI1_healthy
e RI (’f’] <]RbI>RT2):T1 <p b >pg 12
RFEA_closure_Semir_R1_thm
Y rl, r2 : REL_.PREDICATE
| (r1, r2) € WF_Semir N {r1, r2} C R1_healthy
e RI (rl ;g12) =11 ;512
REA_Rl_/\R_ﬁR_R]__thm
FY i, r2 : REL_.PREDICATE
o R1 rl Ng =g (R1 12) = R1 (r1 ANg —g 12)
REA_R1 _wait_-thm
VY r: REL_PREDICATE; b : BOOL_VAL
| wait € r.1
o /r (R1 r, Val b, wait)
= R1 (/g (r, Val b, wait))
REA_R1_dash_okay_-thm
VY r: REL_PREDICATE; b : BOOL_VAL
| dash okay € r.1
o /p (R1 r, Val b, dash okay)
= R1 (/g (r, Val b, dash okay))
REA_R2_idem_thm
VY r: REL_PREDICATE
| ALPHABET_OWTR C r.1
e R2 (R2 r)=R2r
REA_R2_H1_com_thm
Y r: REA_PREDICATE
| ALPHABET_OWTR C r.1
e HI (R2 r) = R2 (HI r)
REA_R2_H2_com_thm
Y r: REL_.PREDICATE
| {dash okay} U ALPHABET_OWTR C r.1
e H2 (R2 r) = R2 (H2 r)
RFEA_closure_Ar_-R2_thm
FV ri, r2 : REL.PREDICATE
| ALPHABET_OWTR C r1.1 U r2.1
A A{r1, r2} C R2_healthy
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o R2 (rl Ng12) =11 N 72
RFEA _closure_.Vgr_R2_thm
FVorl, r2 . REL_.PREDICATE
| ALPHABET_OWTR C r1.1 U r2.1
A Arl, r2} C R2_healthy
o R2 (rl Vg 1r2) =11 Vg 12
RFEA _closure_<lg_->>r-R2_thm
-V rl, 72, b : REL.PREDICATE
| ALPHABET_OWTR C r1.1
A (rl, b, r2) € WF_Condpg
A Arl, r2, b} C R2_healthy
0R2(7‘1 <]RbDR7”2)=’/’1 <p b>pg 12
REA _closure_Semir_R2_thm
FVorl, r2 : REL_.PREDICATE
| tr € r1.1
A dash tr € r2.1
A (rl, r2) € WF_Semig
A {rl, r2} C R2_healthy
e R2 (rl ;g 12) =711 ;512
REA_R3_H2_com_thm
VYV r: REL_PREDICATE
| dash okay € r.1 N r.1 € WF_Skiprpa
e H2 (R3 r) = R3 (H2 r)
REA_R3_R1_H1_quasi_.com_thm
FVY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e R3 (R1 (HI r)) = R1 (HI (R3 1))
REA_R3_—_okay_wait_thm
YV r: REA_PREDICATE
| r € R3_healthy
e =3 (r.1, okay, Val (Bool false))
Ar =g (r.1, wait, Val (Bool true)) Ar R3 r
= =p (1.1, okay, Val (Bool false))
Agr =g (7.1, wait, Val (Bool true))
AR =+R
(r.1,
Rel

((- <gr -),



Var tr,
Var (dash tr)),
Val (Bool true))
RFEA_closure_Ar_-R3_thm
=V rl, r2 : REA_PREDICATE
| {r1, 12} C R3_healthy
o R3 (rl Ng12) =11 N 2
RFEA_closure_.Vr_R3_thm
FV ri, r2 : REA_PREDICATE
| {r1, 2} C R3_healthy
e R3 (rl Vg 12) =11 Vg 12
RFEA _closure_<lg_->>r-R3_thm
FV rl, r2 : REA_PREDICATE; b : REL_PREDICATE
| (r1, b, r2) € WF_Condg N {rl, r2} C R3_healthy
e R3 (rl g b>pr2) =71l g b>gr2
REA_closure_Semir_R3_thm
FV rl, r2 : REA_PREDICATE
| (r1, r2) € WF_Semipg
A Arl, r2} C R3_healthy
A 12 € RI1_healthy
o R3 (rl ;g 12) =11 ;5 72
REA_R3_wait_true_thm
FV r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e /g (R3 r, Val (Bool true), wait)
= /r (IIgga r.1, Val (Bool true), wait)
REA_R3 wait_false_-thm
FV r: REA_PREDICATE
‘ r.1 € WF-S]C’Z}?REA
e /g (R3 r, Val (Bool false), wait)
= /r (r, Val (Bool false), wait)
REA_R3_dash_okay_thm
FV r: REA_PREDICATE; b : BOOL_VAL
| r.1 € WF_SkipREA
e /g (R3 r, Val b, dash okay)
= /r (Igga r.1, Val b, dash okay) <g
=g (r.1, wait, Val (Bool true)) >pg
/r (r, Val b, dash okay)
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REA _tr_<g_dash_tr_Semigr_zero_thm
FV p: REA_PROCESS
| p.1 € homogeneous
~+R
(p.1,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
iR P
= T+R
(p-1,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_—_okay_-tr_<g-dash_tr_Semigr_zero_thm
=V p: REA_PROCESS
| p.1 € homogeneous
e (=g (p.1, okay, Val (Bool false))
AR =+R
(p-1,
Rel
((- <r -),
Var tr,
Var (dash tr)),
Val (Bool true)))
‘R P
= =g (p.1, okay, Val (Bool false))
AR =+R
(p-1,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA Ilgga_-Semig_rea_-thm
-V p: REA_PROCESS
| p.1 € WF_Skiprga
® Ipga p-1 irp
=P <R
=g (p.1, okay, Val (Bool true)) >g
~—+R
(p-1,
Rel ((- <g -), Var tr, Var (dash tr)),
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Val (Bool true))
RFEA _closure_Ar_-R_thm
FV ri, r2 : REA_PREDICATE
| {r1, r2} C R_healthy
e R(rl Ng12) =1l Ag 12
RFEA _closure_Vg_R_thm
Y rl, r2 : REA_PREDICATE
| {r1, r2} C R_healthy
e R (rl Vg 12) =11 Vg 12
REA_closure_<lg_.>rp-R_thm
Y1, r2 : REA_PREDICATE; b : REL_PREDICATE
| (r1, b, r2) € WF_Condgr A {r1, r2, b} C R_healthy
OR(T’] QRbDRTg):TZ <dp b >R 12
RFEA_closure_Semigp_R_thm
FV ri, r2 : REA_PREDICATE
| (r1, r2) € WF_Semig N {r1, r2} C R_healthy
o R (rl ;gr2)=rl ;g2
REA_R dash_okay-thm
VY r: REA_PREDICATE; b : BOOL_VAL
‘ r.1 € WF_SkipREA
o /g (R r, Val b, dash okay)
= /r (IIgga r.1, Val b, dash okay) <g
=g (r.1, wait, Val (Bool true)) >pg
R1 (R2 (/g (r, Val b, dash okay)))

12.4 Definitions

ALPHABET OWTR
H ALPHABET_OWTR
= ALPHABET_OKAY U ALPHABET_WAIT U ALPHABET_TR
U ALPHABET_REF
ALPHABFET _RFEA - ALPHABET_REA = {a : ALPHABET | ALPHABET _(
REA_ PREDICATE
+ REA_PREDICATE
= {d : REL_PREDICATE
| d.1 € ALPHABET_REA}
WPF_Skiprpa = WF_Skiprga = {a : ALPHABET_REA | a € homogeneous}
REA_PROCESS = REA_PROCESS = {r : REA_PREDICATE | r € R_hea
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12.5 Theorems

ALPHABET _REA_thm
FY a: ALPHABET_RFEA e a € ALPHABET
ALPHABET REA_thml
FV a: ALPHABET_REA
e ALPHABET_TR C a
N ALPHABET_OKAY C a
N ALPHABET_WAIT C a
N ALPHABET_REF C a
ALPHABET REA_thm?2
Y a: ALPHABET_REA ¢ ALPHABET_OWTR C a
REA_PREDICATE thm
=Y r: REA_PREDICATE
e r € REL_PREDICATE
A {okay,
dash okay,
tr,
dash tr,
wait,
dash wait,
ref,
dash ref}
Cr.1
AN r.l1 € ALPHABET_RFEA
REA _PROCESS _thm
FVY r: REA_PROCESS e r € REA_PREDICATE
REA tr <gp.dash_tr-. e WF_ALPHABET EXPRESSION _thm
-V a: ALPHABET_RFEA

e (a,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))

€ WF_ALPHABET_EXPRESSION
REA_ALPHABET OWTR_thm
= ALPHABET_OWTR € ALPHABET_REA
REA_PREDICATE_ALPHABET _OWTR_thm
FY r: REA_PREDICATE ¢ ALPHABET_OWTR C r.1
REA tr_dash_tr_<g thm
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=tk
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REL_PREDICATE
REA tr_dash_tr_<g_thml
VY a: ALPHABET
| ALPHABET_OWTR C a
® =+r
(a,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REL_PREDICATE
REA _ tr_dash_tr <gr € WF_ALPHABET EXPRESSION _thm
-V a: ALPHABET
| ALPHABET_OWTR C a
e (a,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ WF_ALPHABET_EXPRESSION
REA_R1 thmt VY r : REL.PREDICATE e R1 r € REL_.PREDICATE
REA_R1_alphabet_thml
REA_R1_alphabet_thm
=V r: REL_PREDICATE e (R1 r).1 = r.1 U ALPHABET_OWTR
REA_R1 thml FY r: REA_PREDICATE e R1 r € REA_PREDICATE
REA_R2 thmt VY r : REL. PREDICATE
| ALPHABET_OWTR C r.1
e R2 r € REL_PREDICATE
REA_R2_alphabet_thm
=V r: REL.PREDICATE
| ALPHABET_OWTR C r.1
e (R2 1)1l =r.1
REA_R2 thml FV r: REA_PREDICATE e R2 r € REA_PREDICATE
REA_HREA_thm
-V a: ALPHABET_REA
‘ a € WF_SkipREA
® [Ippa a € REA_PREDICATE
RFEA_Tlgrga_alphabet_thm
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FV a: ALPHABET_REA
| « € WF_Skipggpa
° (HREA a)] = a
REA_R3 thmtVY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e R3 r € REA_PREDICATE
REA_R3_alphabet_thm
VY r: REA_PREDICATE
‘ r.l1 € WF_S/fipREA
e (R3 1)l =r.1
REA R thm VY r: REA_PREDICATE
| 7.1 € WF_Skiprga
e R r € REA_PREDICATE
REA_R_alphabet_thm
FVY r: REA_PREDICATE
| r.1 € WF_SkipREA
o (Rr)l =r.1
RFEA _reactive.vars-C_NAME_thm
- {okay,
dash okay,
tr,
dash tr,
wait,
dash wait,
ref?
dash ref}
C NAME
REA _reactive_vars.C_ALPHABET REA_thm
FV a: ALPHABET_REA
o {okay,
dash okay,
tr,
dash tr,
wait,
dash wazt,
ref,
dash ref}
Coa
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REA_R1_idem_thm
-V r: REL_PREDICATE e R1 (R1 r) = RI r
REA_Rl. def € REA_PREDICATE thm
=4k
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REA_PREDICATE
REA_R2 def_€ WF_Substg_thml
FY r: REA_PREDICATE
o (r, Val (Seq (), tr) € WF_Substg
REA_R2 def_alphabet_thml
VY r: REA_PREDICATE
e (/g (r, Val (Seq ()), tr)).1 = r.1
REA_R2 def_-€ WF_Substg_thm
=V r: REA_PREDICATE
hd (/R (7‘, Val (Seq <>>7 t?”),
Fung ((- SeqDifr ), Var (dash tr), Var tr),
dash tr)
€ WF_Substg
REA_R2_def_alphabet_thm
FV r: REA_PREDICATE

e (/r
(/i (r, Val (Seq (), tr),
Fun,
((- SeqDif g -),

Var (dash tr),
Var tr),

dash tr)).1

=r.l

REA_R2 def € REL_PREDICATE thml
Y r: REA_PREDICATE
e /g (r, Val (Seq ()), tr) € REL_.PREDICATE
REA _R2 def € _ REL_PREDICATE thm
FV r: REA_PREDICATE
° /g
(/R (Ta Val (Seq <>)7 t’l“),

Funy
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((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
€ REL_PREDICATE
REA_R2 def € REA_PREDICATE thml
Y r: REA_PREDICATE
o /r (r, Val (Seq ()), tr) € REA_PREDICATE
REA _R2 def € REA PREDICATE thm
FV r: REA_PREDICATE
° /g
(/R (Tv Val (Seq <>>7 t?“),
Fung
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
€ REA_PREDICATE
REA_R1_def_alphabet_thm
F (=+r
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))).1
= ALPHABET_OWTR
REA PREDICATE _Agr_thm
-V rl, r2 : REA_PREDICATE e r1 Np 12 € REA_PREDICATE
REA_PREDICATE_Agr-thml
FVY rl . REL.PREDICATE; r2 : REA_PREDICATE
e rl Ap 12 € REA_PREDICATE
REA PREDICATE _NAgr-thm2
=V r1 : REA_PREDICATE; r2 : REL_.PREDICATE
e ] Np 12 € REA_PREDICATE
REA_PREDICATE Vg thm
FV ril, r2 : REA_PREDICATE e r1 Vg 12 € REA_PREDICATE
REA PREDICATE_Vgr thml
FV ri : REL_PREDICATE; r2 : REA_PREDICATE
el Vp 12 € REA_PREDICATE
REA_ PREDICATE_V g thm?2
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FV r1 : REA_PREDICATE; r2 : REL_PREDICATE
e ] Vg 12 € REA_PREDICATE
REA PREDICATE =g thm
FY rl, r2 : REA_PREDICATE e rl = r2 € REA_PREDICATE
REA PREDICATE =g thml
FV rl : REL_PREDICATE; r2 : REA_PREDICATE
el =p r2 € REA_PREDICATE
REA_ PREDICATE =g thm2
V¥ rl : REA_PREDICATE; r2 : REL_PREDICATE
o rl =xp 12 € REA_PREDICATE
REA_ PREDICATE_—gr-thm
FY r: REA_PREDICATE e - r € REA_PREDICATE
REA_R2_AgR-dist_thm
FYrl, r2 : REA_PREDICATE
e R2 (r1 Ng 12) = R2 r1 Ap R2 r2
REA_tr_prefix_dash_tr_thm
- =ir
(ALPHABET_OWTR,
Rel
(- <r -),
Val (Seq (),
Funy
((- SeqDifr -),
Var (dash tr),
Var tr)),
Val (Bool true))
AR =+R
(ALPHABET-OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
= T+R
(ALPHABET.OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R2_R1_def_unit_thm
H R1

(:+R
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(ALPHABET_OWTR,
Rel
(- <r-),
Var tr,
Var (dash tr)),
Val (Bool true))))
= R1 (Trueg ALPHABET_OWTR)
REA_R1_extends_over_Agr_-thm
FY ril, r2 : REL_.PREDICATE
e R1 r1 Ng 72 = R1 (rl Ng r2)
REA_R1_Agr_dist_thm
FV ri, r2 : REL_.PREDICATE
e R1 r1 A\g R1 2 = R1 (rl Ng 72)
REA_R1_Vg_dist_.thm
FV rl, r2 : REL_.PREDICATE
e RI1 r1 Vg R1 2 = R1 (r1 Vg r2)
REA_R1_R2 com_thm
=V r: REA_PREDICATE e R1 (R2 r) = R1 (R2 (R1 1))
REA_R3_idem_thm
FY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e R3 (R31)=R3r
REA_R1_alphabet W F_Skiprga-thm
FV r: REA_PREDICATE
‘ r.1 € WF_SkipREA
° (RJ 7’)1 S WF_SkipREA
REA_R2_alphabet W F_Skiprgpa_thm
FV r: REA_PREDICATE
‘ r.1 € WF_SkipREA
° (RQ 7“)1 € WF_Skiprga
REA_R3 def_ € WF_Condgr_thm
FV r: REA_PREDICATE
| 7.1 € WF_Skiprga
o (IIrga 1.1,
=r ({wait}, wait, Val (Bool true)),
r)
€ WF_Condg
RFEA_R3 def_-€ WF_Condgr-thm1l

198



FV r: REA_PREDICATE
| 7.1 € WF_Skiprga
o (IIgga 7.1, =g (r.1, wait, Val (Bool true)), r)
€ WF_Condg
RFEA _dash_tr_Equals_tr_€_ W F_FEqualsg_thm
FVYa: ALPHABET_REA
e (a, dash tr, Var tr) € WF_Equalsg
RFEA_dash_tr_equals_tr_thml
FYa: ALPHABET_REA
e =3 (a, dash tr, Var tr)
AR =41R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
= =g (a, dash tr, Var tr)
REA TIgga_R1_healthy_thm
FVa: ALPHABET_REA
| a € WF_Skipgga
o [Irpa a € R1_healthy
REA_R3_R1_com_thm
-V r: REA_PREDICATE
| r.1 € WF-SkipREA
e R1 (R3 1) =R3 (RI 1)
REA_R3 rewrite_thm
FVY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e R3r
= Illppa 7.1 <p
=g (r.1, wait, Val (Bool true)) >g
r
REA _R3 def_cond.€_ REA_PREDICATE thml
FVY a: ALPHABET_RFEA; v : VALUE
o =5 (a, wait, Val v) € REA_PREDICATE
REA_R2_Vg_dist_thm
FVoril, r2 : REA_PREDICATE
o R2 (rl Vg 12) = R2 r1 Vg R2 r2
REA_R2_—pg_dist_.thm
-V r : REA_PREDICATE e R2 (- 1) = - (R2 r)
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REA_R2 <gr >gr-dist_thm
FY i, r2, b: REA_PREDICATFE
| (r1, b, r2) € WF_Condpg
o R2 (T’Z QRbDRTQ):RQT’] <dp R2 b >p R2 r2
REA_FEqualsgr € REA_PREDICATE thm
FY a: ALPHABET_RFEA; v : VALUE; n : NAME
| n€a
e =3 (a, n, Val v) € REA_PREDICATE
REA_FEqualsgr € REA_PREDICATE thml
FY a: ALPHABET_RFEA; nl, n2 : NAME
| nl € aAn2€a
e =g (a, n1, Var n2) € REA_PREDICATE
REA_R2_FEqualsg-unit_thm
FYwv: VALUE; a : ALPHABET_REA; n : NAME
| n # tr A n # dash tr A n € a
e R2 (=g (a, n, Val v)) = =g (a, n, Val v)
REA_R1 _<gr >gr-dist_thm
FY wul, u2, b: REL.PREDICATE
| (ul, b, u2) € WF_Condg
o RI (ul Qg b >g u2) =PRI ul Qg b >g R1 u2
RFEA_R2_FEqualsg_unit_thml
FY a: ALPHABET_RFEA; n1, n2 : NAME
| n1 # tr
A nl # dash tr
A n2 # tr
A n2 # dash tr
Anl € a
AN n2 € a
e R2 (=g (a, n1, Var n2)) = =g (a, n1, Var n2)
REA_PREDICATE dash_tr_Equals_tr_thm
Y a: ALPHABET_REA
e = (a, dash tr, Var tr) € REA_PREDICATE
REA _dash_tr_Equals_tr_alphabet_thm
VY a: ALPHABET_REA e (=g (a, dash tr, Var tr)).1 = a
RFEA _dash_tr_equals_tr_thm
FY a: ALPHABET_REA
® =+R

(a,
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Funy
((- SeqDifr -),
Var (dash tr),
Var tr),
Val (Seq ()))
AR =4R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
= =g (a, dash tr, Var tr)
REA_R2_dash_tr_Equals_tr_unit_thm
FV a: ALPHABET_REA
e R1 (R2 (=g (a, dash tr, Var tr)))
= =g (a, dash tr, Var tr)
REA_R1_dash_tr_FEquals_tr_unit_thm
Y a: ALPHABET_REA
o R1 (=g (a, dash tr, Var tr))
= =g (a, dash tr, Var tr)
REA_R2 _dash_wait_unit_thm
FYov: VALUE; a : ALPHABET_RFEA
o R2 (=g (a, dash wait, Val v))
= =g (a, dash wait, Val v)
REA _wazit_false_id_thm
Y r: REA_PREDICATE
| unrestTypedVar (r, wait, BOOL_VAL)
e T Wy =T
REA _wait_true_id_thm
FV r: REA_PREDICATE
| unrestTypedVar (r, wait, BOOL_VAL)
e rw, =T
REA_FEquals_wait_false_thm
- =r (ALPHABET_OWTR, okay, Val (Bool false))
= =p (ALPHABET_OWTR, okay, Val (Bool false)) wy
RFEA_FEquals_wait_false_thml
- =g (ALPHABET_OWTR, okay, Val (Bool true))
= =p (ALPHABET_OWTR, okay, Val (Bool true)) wy
REA_FEquals_wait_true_thm
- =r (ALPHABET_OWTR, okay, Val (Bool false))
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= =g (ALPHABET_OWTR, okay, Val (Bool false)) w;
REA_FEquals_wait_true_thml
F =r (ALPHABET_OWTR, okay, Val (Bool true))
= =r (ALPHABET_OWTR, okay, Val (Bool true)) w;
REA_R2 Ilgga_tdem_thm
FV a: ALPHABET_REA
| « € WF_Skipggpa
o RI (RQ (HREA a)) = RI (HREA a,)
REA_R3_R2_com_thm
FY r: REA_PREDICATE
| r.1 € WF-SkipREA
e R1 (R2 (R3 r)) = R1 (R3 (R2 1))
REA_R_idem_thm
FV r: REA_PREDICATE
‘ r.1 € WF_S/f’ipREA
eR(Rr)=Rr
REA PREDICATE wait_.c_ ALPHABET thm
FV r: REA_PREDICATE e wait € r.1
REA PREDICATE okay.-dash.€c_ ALPHABET thm
VY r: REA_PREDICATE e dash okay € r.1
REA PREDICATE wait_true_-thm
VY r: REA_PREDICATE e r w; € REA_PREDICATE
REA_ PREDICATE wait_false_-thm
=V r: REA_PREDICATE e r w; € REA_PREDICATE
REA_PREDICATE okay_dash_converge_thm
YV r: REA_PREDICATE e r 0, € REA_PREDICATE
REA PREDICATE okay_-dash_diverge_thm
=V r: REA_PREDICATE e r 0; € REA_PREDICATE
REA_PREDICATE wait_true_alphabet_thm
=V r: REA_PREDICATE e (r w;).1 = r.1
REA_PREDICATE wazit_false_alphabet_thm
=V r: REA_PREDICATE e (1 wy).1 = r.1
REA PREDICATE okay_-dash_converge_alphabet_thm
VY r: REA_PREDICATE e (r 04).1 = r.1
REA_PREDICATE okay_dash_diverge_alphabet_thm
=V r: REA_PREDICATE e (1 04).1 = 1.1
REA Rl def € REL_ PREDICATE thm

F=ir

202



(ALPHABET.OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REL_PREDICATE
REA_R1_def _wasit_false_id_thm
=tk
(ALPHABET-OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true)) wy
= T+R
(ALPHABET.OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R1_def_wait_true_id_thm
=4k
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true)) wy
= T+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R1_def_okay_-dash_diverge_id_thm
F=4r
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true)) oy
T+R
(ALPHABET _OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R1_def_okay-dash_converge_id_thm
- =ir
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true)) o,

R
(ALPHABET_OWTR,
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Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R2_def_wasit_false_.com_thm
FV r: REA_PREDICATE
° /g
(/R <T7 Val (Seq <>)7 tT),
Fun,
(- SeqDifx -).
Var (dash tr),
Var tr),
dash tr) wy
= /g
(/r (r wp, Val (Seq (), tr),
Funs
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
REA_R2_def_wait_true_.com_thm
FV r: REA_PREDICATE
° /g
(/i (r, Val (Seq (), tr),
Fun,
((_ SeqDifx ).
Var (dash tr),
Var tr),
dash tr) w,
= /g
(/r (1 wi, Val (Seq (), tr),
Funs
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
REA_R2_def_okay_dash_diverge_com_thm
=Y r: REA_PREDICATE
° /g
(/r (r, Val (Seq (), tr),
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Funy
((- SeqDifr -),
Var (dash tr),
Var tr),
dash tr) oy
= /r
(/n (r o5, Val (Seq (), tr),
Funy
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
REA_R2 def_okay-dash_converge_com_thm
=Y r: REA_PREDICATE
° /g
(/R (7", Val (Seq <>)7 tT),
Funy
((- SeqDifr -),
Var (dash tr),
Var tr),
dash tr) o,
= /r
(/r (r oy, Val (Seq (), tr),
Funy
((- SeqDif g -),
Var (dash tr),
Var tr),
dash tr)
REA_R1_wasit_false_.com_thm
=V r: REA_PREDICATE e R1 1 wy
REA_R1 _wasit_true_.com_thm

= R1 (r wy)

Y r: REA_PREDICATE e R1 r w; =

REA_R1_okay_dash_diverge_com_thm
=V r: REA_PREDICATE e R1 r oy
REA_R1_okay_dash_converge_com_thm

R1 (r wy)

R1 (7“ (Tf)

FV r: REA_PREDICATE e R1 r 0y =

REA_R2 wazit_false_.com_thm

R1 (r oy)

=V r: REA_PREDICATE e R2 r wy
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REA_R2 wait_true_.com_thm
=V r: REA_PREDICATE e R2 r w; = R2 (1 w;)
REA_R2_okay_dash_diverge_com_thm
=V r: REA_PREDICATE e R2 r o; = R2 (r oy)
REA_R2_okay_dash_converge_com_thm
VY r: REA_PREDICATE e R2 r o, = R2 (r oy)
REA_Rl . def € WF_ALPHABET_ EXPRESSION _thm
+ (ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ WF_ALPHABET_EXPRESSION
REA_R2 OKAY _def_ext_unit_-thm
FVwv: VALUE
e R2 (=g (ALPHABET_OWTR, okay, Val v))
= =r (ALPHABET_OWTR, okay, Val v)
REA_R2_ OKAY _def_ext_unit_thml
FYwv: VALUE; a : ALPHABET_RFEA
e R2 (=g (a, okay, Val v)) = =g (a, okay, Val v)
RFEA_closure_Ar_-R1_thm
=V ri, r2 : REL.PREDICATE
| {r1, 12} C RI1_healthy
o R1 (rl Ngr2) =11 Ng 72
REA _closure_.Vr_R1_thm
VYV ri, r2 : REL._.PREDICATE
| {r1, r2} C R1_healthy
e RI (rl Vg 12) =11 Vg 12
REA_PREDICATE Truer_thm

FY a: ALPHABET_RFEA e Truegr a € REA_PREDICATE

REA_PREDICATE_Equalsr_thm

FV a: ALPHABET_REA; n : NAME; e : EXPRESSION

| (a, n, e) € WF_Equalsg
e =3 (a, n, e) € REA_PREDICATE
REA wait_.€ WF_FEqualsg_thm
FVY a: ALPHABET_REA
e (a, wait, Val (Bool true)) € WF_FEqualsg
REA _not_wait_e_WF_FEqualsg_thm
FV a: ALPHABET_REA
o (a, wait, Val (Bool false)) € WF_Equalsg
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RFEA _wait_dash_€ W F_Equalsr_thm
FVa: ALPHABET_REA
e (a, dash wait, Val (Bool true)) € WF_Equalsg
REA_not_wait_dash_€_WF_Equalsr_thm
VYV a: ALPHABET_REA
e (a, dash wait, Val (Bool false)) € WF_Equalsg
REA_R2 Truegr_-unit_thm
VY a: ALPHABET_REA e R2 (Truer a) = Trueg a
REA_R2 =g _dist_thm
FVorl, r2 : REA_PREDICATE
e R2 (rl =5 r2) = R2 rl = R2 12
REA_ ALPHABET OWTR_homogeneous_-thm
H ALPHABET_OWTR € homogeneous
REA PREDICATFE _Falser_thm
FY a: ALPHABET_REA e Fualser a € REA_PREDICATE
REA_PROCESS_thml
FV r: REA_PROCESS e r € REA_PREDICATE A r € R_healthy
RFEA_R_healthy_thm
FY r: REA_PREDICATE
| 7 € R_healthy N r.1 € WF_Skiprpa
er=Rr
REA PREDICATE € WF_Skiprga-thm
FVa: ALPHABET_REA
| @ € homogeneous
e C WF_SkipREA
REA_R_healthy_is_.R1_healthy_thm
VYV r: REA_PROCESS | r € R_healthy ® v € R1_healthy
REA_R1_healthy_thm
FVY r: REA_PROCESS e r = RI1 r
REA_R_healthy_Rl1_zero_thm
VYV r: REA_PROCESS
o7
VR =+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))

207



Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_R_R1_idem_thm
FVY r: REA_PREDICATE
‘ r.1 € WF-SkipREA
e R(RI r)=Rr
REA _okay_dash_diverge_wait_false_com_thm
FY r: REA_PREDICATE e (7“ Uf) Wy = (7“ Wf) gf
RFEA_okay_dash_converge_wait_false_.com_thm
=V r: REA_PREDICATE e (r o) wy = (r wy) 0y
REA WF_Skiprpa-U_dist_thm
VY oal, a2 : WF_Skiprga ® al U a2 € WF_Skiprga
RFEA _Tlgrga-alphabet_V g _dist_thml
FY rl, r2 : REA_PREDICATE
‘ ri.1 € WF_Skz'pREA
ANr2.1 e WF-SkipREA
ANrl.l =1r2.1
[ ] HREA (’f’] \/R 7’2)1 = HREA rl.1 \/R HREA r2.1
REA_R3 Vg dist_.thml
FY rl, r2 : REA_PREDICATE
‘ rl.1 € WF_S/{}ipREA
ANr2.1 e WF-SkipREA
ANrl.l =1r2.1
e R3 (r1 Vg r2) = R3 r1 Vg R3 12
REA_R_healthy_Vr_dist_thml
FYorl, r2 : REA_PREDICATE
| r1 € R_healthy N\ 12 € R_healthy N r1.1 = r2.1
e 1l Vp r2 € R_healthy
REA_PROCESS_ Vg thml
FVorl, r2 . REA_PROCESS
| r1.1 = r2.1
el Vg r2 € REA_PROCESS
REA_ PREDICATE_Semigr-thm
FY Al, A2 : REA_PREDICATE
| (A1, A2) € WF_Semip
o Al ;r A2 € REA_PREDICATE
REA_R_healthy_is_.R3_healthy_thm
=V r: REA_PROCESS | r € R_healthy e r € R3_healthy
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REA_R3_healthy_thm
FV r: REA_PROCESS e r = RS r
REA_R1_Vg_dist_thml
FY rl, r2 : REA_PREDICATE
‘ rl.1 € WF_Skz'pREA
A r2.1 € WF_Skiprga
ANr2.1 =rl.1
e Rr1 Vg R12 =R (rl Vg r2)
REA_Semigr_ts_R_healthy_thml
FV rl, r2 : REA_PROCESS
| (r1, r2) € WF_Semig N r1.1 = r2.1
o vl ;g 12 € R_healthy
REA_PROCESS_Semigr-thml
FVorl, r2 . REA_PROCESS
| (r1, r2) € WF_Semir N r1.1 = r2.1
e rl ;g 72 € REA_PROCESS
REA_R1_R2 is_healthy_thm
=V r: REA_PROCESS | r € R_healthy @ R1 (R2 r) =r
RFEA_closure_.Semig_.R_thml
VY orl, r2 . REA_PROCESS
| (r1, r2) € WF_Semip
ANrl.l =1r2.1
A rl € R_healthy
A 12 € R_healthy
e R (rl ;gr2)=rl ;512
REA_ PREDICATE thml
Y r: REA_PREDICATE
e r € REL_PREDICATE
N ALPHABET_OWTR C r.1
A r.1 € ALPHABET_REA
RFEA _dash_wait_.€ W F_FEqualsg_thm
Y a: ALPHABET_REA
e (a, dash wait, Val (Bool true)) € WF_Equalsg
REA_PREDICATE _FEqualsg-dash_wait_thm
FY a: ALPHABET_REA
=g (a, dash wait, Val (Bool true))
€ REA_PREDICATE
REA okay_-€ W F_Equalsgr-thm
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FV a: ALPHABET_REA
e (a, okay, Val (Bool true)) € WF_Equalsg
REA not_okay_-€ WF_Equalsg_thm
FV a: ALPHABET_REA
e (a, okay, Val (Bool false)) € WF_Equalsg
REA UnrestTypedVar_wait_false_thm
VY r: REA_PREDICATE
o unrestTypedVar (r wy, wait, BOOL_VAL)
REA_UnrestTypedV ar_wait_true_thm
FY r: REA_PREDICATE
o unrestTypedVar (r w;, wait, BOOL_VAL)
REA UnrestTypedV ar_okay_-dash_converge_thm
VY r: REA_PREDICATE
o unrestTypedVar (r oy, dash okay, BOOL_VAL)
REA _UnrestTypedV ar_okay_dash_diverge_thm
FV r: REA_PREDICATE
o unrestTypedVar (r of, dash okay, BOOL_VAL)
REA_R3_NAgr_dist_thml
FVY rl, r2 : REA_PREDICATE
‘ rl.1 € WF_SkipREA
ANr2.1 e WF_S/{IipREA
ANrl.l =1r2.1
e R3 (rl ANg12) = R3 rl Ag R3 r2
REA_R_healthy_Agr_dist_thml
FY rl, r2 : REA_PREDICATE
| r1 € R_healthy N\ 12 € R_healthy N r1.1 = r2.1
o 1l Ar 12 € R_healthy
REA_PROCESS_NAgr-thml
VY orl, r2 . REA_PROCESS
| r1.1 = r2.1
e rl Ag r2 € REA_PROCESS
REA_FEquals_wait_false_thm?2
- =g (ALPHABET_OWTR, dash okay, Val (Bool true))
= =R
(ALPHABET_OWTR,
dash okay,
Val (Bool true)) wy
REA_R1 wait_false_-thm
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-V u: REA_PROCESS @ Rl u wy = R1 (u wy)
REA_R1 wait_false_-thml
-V u: REA_PREDICATE e R1 uw wy = R1 (u wy)
RFEA _dash_okay_diverge_id_thm
Y r: REA_PREDICATE
| unrestTypedVar (r, dash okay, BOOL_VAL)
e roy=r
RFEA_dash_okay_converge_id_thm
FVY r: REA_PREDICATE
| unrestTypedVar (r, dash okay, BOOL_VAL)
er o, =7
REA _okay_dash_diverge_idem_thm
=Y r: REA_PREDICATE e (r 0f) 0y = 1 0y
RFEA_okay_dash_converge_idem_thm
=V r: REA_PREDICATE e (1 o) 0, = 1 0y
REA _wait_false_itdem_thm
FV r: REA_PREDICATE e (r wy) wy = 1 wy
REA _wait_true_tdem_thm
VYV r: REA_PREDICATE e (r wy) w;, = 1 w;
R_healthy_thm
FV r: REA_PROCESS e r € R_healthy
REA_R not_wait_thm
FV r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e Rrwy=RI (R2 1) ws
REA_R1 def_€_R1 _healthy_thm
- R1
(=+r
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true)))

=+R
(ALPHABET.OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
REA_PREDICATE <r >gr-thm
VY ul, u2, b: REA_PREDICATE
| (ul, b, u2) € WF_Condpg
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e ul <p b >r u2 € REA_PREDICATE

REA_ PREDICATE _thm?2

FV r: REA_PREDICATE e r €¢ REL_PREDICATE
REA wait. ¢_ REA_PREDICATE _thm

VY r: REA_PREDICATE e wait € r.1
REA _dash_okay-€_REA_ PREDICATE thm

Y r: REA_PREDICATE e dash okay € r.1
REA_—gr wait_false_.com_thm

=V r: REA_PREDICATE e —p r wy = g (r wy)
REA_—grp wait_true_.com_thm

VY r: REA_PREDICATE e —p 1 w; = —g (T wy)
RFEA_—g dash_okay_false_.com_thm

=V r: REA_PREDICATE e -y 1 oy = =g (r oy)
REA_—g_dash_okay_true_com_thm

=V r: REA_PREDICATE e =g r 0, = =g (r 0y)
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13 THE Z THEORY utp-csp
13.1 Parents
utp—rea utp—des

13.2 Global Variables

unrest ALPHABET_CSP

P NAME x P (NAME < VALUE) < B
unrest ALPHABET_CSP’

P NAME x P (NAME < VALUE) < B
VAR_NAMFEP NAME
CSP1 P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)
CSP1_healthy P NAME < P (NAME <« VALUFE)
CSP2 P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)
CSP2_healthy P NAME < P (NAME <« VALUE)
CSP_PROCESS P NAME < P (NAME <« VALUE)
WF_CSP_PROCESS_PAIR

P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE)

WF_PREFIXING P (P NAME x NAME x EXPRESSION)
STOP P NAME < P NAME x P (NAME « VALUE)
SKIP P NAME < P NAME x P (NAME « VALUE)
CHAOS P NAME < P NAME x P (NAME « VALUE)

(. Resp -) (P NAME x P (NAME < VALUE))

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME « VALUE)
P P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
(do_A ) P NAME x NAME x EXPRESSION « P NAME x P (NAME < VALU
(. »csp -) (P NAME x NAME x EXPRESSION)

x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME « VALUE)
(do_C ) P NAME x NAME x EXPRESSION « P NAME x P (NAME < VALU
CSP3_healthy P NAME « P (NAME < VALUE)
CSP4_healthy P NAME < P (NAME < VALUE)
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13.3 Fixity

fun 0 rightassoc
(do-A ) (do-C_) (- ®esp o) (- —csp -)

13.4 Axioms

unrestALPHABET_CSP
F unrestALPHABET _CSP € REL_PREDICATE — B
A (Y r: REL_.PREDICATE
o unrestALPHABET_CSP r
& unrestOKAY r
A unrest WAIT r
N unrestTR r
A unrestREF 1)
unrest ALPHABET_CSP’
F unrestALPHABET _CSP' € REL_PREDICATE — B
A (Y r: REL_.PREDICATE
e unrestALPHABET_CSP’ r
& unrestOKAY' r
A unrest WAIT' r
A unrestTR' r
N unrestREF' 1)
CSP1 + CSP1 € REL_PREDICATE — REL_PREDICATE
A (Y r: REL_.PREDICATE
e CUSPI1 r
=r
VR =R
(ALPHABET_OWTR,
okay,
Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel
((— SR —)7
Var tr,
Var (dash tr)),
Val (Bool true)))
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CSP1_healthy = CSP1_healthy € P REL_PREDICATE
N CSP1_healthy = {r : REL_.PREDICATE | r = CSP1 r}
CSpP2 F CSP2 € REL_PREDICATE - REL_PREDICATE
A (Y r: REL_.PREDICATE
| {dash okay, dash wait, dash tr, dash ref} C r.1
o CSP2 r =1 ;g J (out_a r.1))
CSP2_healthy = CSP2_healthy € P REL_PREDICATE
A CSP2_healthy
= {r : REL_PREDICATE
| {dash okay, dash wait, dash tr, dash ref}
Cr.1
A r = CSP2 r}
STOP = STOP € WF_Skiprpa — CSP_PROCESS
A (v a . WF_SkipREA
e STOP a
= R (Assigng (a, (wait), (Val (Bool true)))))
CSP_STOP _design_thm
FV a: ALPHABET_REA
‘ a € WF_SkipREA
e STOP a
=R
(Truer a
Fp =g (a, dash tr, Var tr)
AR =R
(a, dash wait, Val (Bool true)))
SKIP - SKIP € WF_Skiprpa — CSP_PROCESS
A (Y a: WFE_Skipprga
e SKIP a = R (3 ({ref}, I rpa a)))
CSP_SKIP _design_thm
-V a: ALPHABET_REA
‘ a € WF-SkipREA
o SKIP a
=R
(Truer a
Fp =g (a, dash tr, Var tr)
AR =R
(a, dash wait, Val (Bool false)))
CHAOS = CHAOS € WF_Skiprpa — CSP_PROCESS
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AN (Y a: WFE_Skiprga © CHAOS a = R (Trueg a))
CSP_CHAOS _design_thm
-V a: ALPHABET_REA
‘ a € WF_SkipREA
e CHAOS a = R (Falseg a Fp Trueg a)
- Mesp - F (- Wegp =) € WF_CSP_PROCESS_PAIR — CSP_PROCESS
A (VY pp : WF_CSP_PROCESS_PAIR

e pp.1 Mesp pp.2
= (CSP2

((pp-1 AR pp.2) <
STOP pp.1.1 >g

pp-1 Vg pp.2))
CSP Kgsp-design_thm_2
=V pl, p2 . CSP_PROCESS
| (p1, p2) € WF_CSP_PROCESS_PAIR
e pl Mesp p2
=R
((—r ((p1 o) wf) Ar =g (P2 0f) wy))
Fp (((p1 01) wy) Ar (P2 04) wy) <
=.r (p1.1, Var (dash tr), Var tr)
AR =R
(pl.1,
dash wait,

Val (Bool true)) >g
((p! 04) wy) Vi (p2 04) wy)

P @ € CSP_.PROCESS — CSP_PROCESS
A (Y p: CSP_PROCESS
e O p
=R
(p
Ar (=r
(ALPHABET_OWTR,
dash tr,
Var tr)
AR =R
(ALPHABET_OWTR,
dash wait,

Val (Bool true)))
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VR =4R
(ALPHABET_OWTR,
Rel
((- <R -)7
Var tr,
Var (dash tr)),
Val (Bool true))))
do_A _ - (do_A _) € WF_PREFIXING — CSP_PROCESS
A (Y a_n_e : WF_PREFIXING
o do_A a_n_e

=9
((=r (a-n-e.1, dash tr, Var tr)
AR =+R
(a_n_e.1,

Rel

((- €r -),

Fungy
(MkPair,
Val
(Channel
a-n-e.2),
a-n-e.3),

Var (dash ref)),
Val (Bool true))) <g
=R
(a_n_e.1,
dash wait,
Val (Bool true)) >g
=R
(a_n_e.1,
dash tr,
Fungy
((- Tr -),
Var tr,
Fun,
(MkSingleton,
Funo
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(MEkPair,
Val
(Channel

a-n-e.3))))))
- —cspP - (- —esp -)
€ WF_PREFIXING x CSP_PROCESS — CSP_PROCESS
A (VY a-n_e : WF_PREFIXING
e a_n_e —csp SKIP a_n_e.1

= CSP2
(=r

a_n_e.2),

(a_n_e.1,
dash okay,
Val (Bool true))
AR do_A a_n_e)
A (Y p: CSP_PROCESS
® a-n-e —gsp p
= (a-n-e —cgp SKIP a_n_e.1) ;g p))
do C _ F (do-C _) € WF_PREFIXING — CSP_PROCESS
A (Y a_n_e : WF_PREFIXING
e do_C a_n_e
= (=g (a_n_e.1, dash tr, Var tr)
AR =+R
(a_n_e.1,
Rel

((- €r -),
Funy
(MkPair,
Val (Channel a_n_e.2),
an_e.8),
Var (dash ref)),
Val (Bool true))) <p
=R
(a_n_e.1,
dash wait,
Val (Bool true)) >g
=R
(a_n_e.1,
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dash tr,
Funy
(- & -),
Var tr,
Fun;
(MkSingleton,
Fun,
(MEkPair,
Val
(Channel
a-n_e.2),

a-n-e.3)))))
CSP_—cgp_-design_thm
FY a-n_e: WF_PREFIXING
e an_e —csp SKIP a_n_e.1
= R (Trueg a_n_e.1 Fp do_C a_n_e)
CSP3_healthy = CSP3_healthy € P CSP_PROCESS
A CSP3_healthy
= {r : CSP_PROCESS
| =g (7.1, wait, Val (Bool false))
=g r =g 3Ir ({ref}, 1)
= Trueg 7.1}
CSP4_healthy = CSP/_healthy € P CSP_PROCESS
A CSP/ _healthy
= {r : CSP_PROCESS
| (r, SKIP r.1) € WF_Semig
A1 g SKIP r.1 =1}
CSP_CSP2_healthy_Design_thm
FV P, Q: REA_PREDICATE
| (P tFp Q).1 € homogeneous
A (P, Q) € WF_DES_PREDICATE_PAIR
e R (PFp Q) € CSP2_healthy
CSP _rea_des_ CSP1_thm
FVY d: WF_DES_PREDICATE_PAIR
e R (d.1Fp d.2)= CSPl (R (d.1Fp d.2))
CSP_closure_Ar.CSP1_thm
FY rl, r2 : REL_PREDICATE
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| {r1, 12} C CSPI1_healthy
e CSP1 (r1 Agpr2) =11 A 12
CSP_closure_.Vr_.CSP1_thm
FVYrl, r2 : REL_.PREDICATE
| {r1, 2} C CSPI1_healthy
e CSP1 (r1 Vg 12) =11 Vg 12
CSP_closure_<ig->r . CSP1_thm
-V r1, 12, b - REL.PREDICATE
| (r1, b, r2) € WF_Condgr A {r1, r2} C CSPI1_healthy
e (CSP1 (’1”1 <r b >pg 7’2) =1l g b >R 12
CSP_closure_Semigr_ CSP1_thm
FY rl, r2 : REL_.PREDICATE
| (r1, r2) € WF_Semir N {rl, r2} C CSPI1_healthy
e CSP1 (r1 ;g r2) =11 ;5 12
CSP_CSP1_wait_dash_okay_thm
FY r: REL.PREDICATE; b1, b2 : BOOL_VAL
| {wai, dash okay} C r.1
o /r
(/r (CSP1 r, Val b1, wait),
Val b2,
dash okay)
= (CSP1
(/r
(/r (r, Val b1, wait),
Val b2,
dash okay))
CSP_des_post ANr_.CSP1_thm
Y d, rl, r2 : REL_.PREDICATE
| (d, r1 Ng r2) € WF_DES_PREDICATE_PAIR
A A{rl, r2} C RI1_healthy
OdI_DT’J AR CSP1 T’QICZ'_DTJ /\RTQ
CSP_des_post_ANr-—r-.CSP1_thm
FYd, rl, r2 : REL_.PREDICATE
| (d, 11 Ap =g 12) € WF_DES_PREDICATE_PAIR
A Arl, r2} C RI1_healthy_def
o I_D rl AR TR (CSP] 7”2) =d }_D rl AR TR r2
CSP_des_post_<ig.>r CSP1_thm
Y d, rl, r2, rb : REL_.PREDICATE
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| (r1, rb, r2) € WF_Condg
A (d, r1 <g CSP1 1b >g 12)
€ WF_DES_PREDICATE_PAIR
A Arl, rb, r2} C R1_healthy
edbtprl g CSP1 rb >p 12
=dbtprl <grbr>pgrr2
CSP_CSP2_Rl1_com_thm
Y r: REL.PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e CSP2 (R1 r) = R1 (CSP2 r)
CSP_CSP2_R2 com_thm
Y r: REL.PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
N ALPHABET_OWTR C r.1
e CSP2 (R2 r) = R2 (CSP2 r)
CSP_CSP2_R3_com_thm
FY r: REA_PREDICATE
| 7.1 € WF_Skiprga
e CSP2 (R3 r) = R3 (CSP2 r)
CSP_CSP2_H1l_com_thm
=V r: REL_.PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e CSP2 (H1 r) = H1 (CSP2 r)
CSP_CSP2_H2 com_thm
Y r: REL.PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e CSP2 (H2 r) = H2 (CSP2 r)
CSP_CSP2_.CSPl_com_thm
Y r: REL.PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e CSP2 (CSP1 r) = CSP1 (CSP2 r)
CSP_CSP2_AN_closure_thm
FVYrl, r2 : REL_.PREDICATE
| {dash okay, dash tr, dash wait, dash ref}
Cri.l1 Ur2.1
A A{r1, r2} C CSP2_healthy
o rl ANg r2 Cr CSP2 (r1 Ng 12) = Truer @
CSP_CSP2_V_closure_thm
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FV ri, r2 : REL.PREDICATE
| {dash okay, dash tr, dash wait, dash ref}
Cri.l1 Ur2.1
A Arl, r2} C CSP2_healthy
o CSP2 (r1 Vg 12) =11 Vg 12
CSP_closure_<ig_.>r CSP2_thm
FV i, r2,b: REL_PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C ri.1
A (rl, b, r2) € WF_Condpg
A A{rl, r2} C CSP2_healthy
e OUSP2 (’I"] <r b >pg 7"2) =1l g b >R 12
CSP_llgga-Semig left_unit_thm
VY a: ALPHABET; r : REL_.PREDICATE
‘ a € WF_SkipREA_def A (HREA a, 7”) € WF_Semip
® [lppar a ;g7 =71
CSP_CSP2_dash_okay_thm
FV r: REL_PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e /g (CSP2 r, Val (Bool true), dash okay)
= /r (r, Val (Bool true), dash okay)
Vg /r (r, Val (Bool false), dash okay)
CSP_CSP2_not_-dash_okay_-thm
VY r: REL_PREDICATE
| {dash okay, dash tr, dash wait, dash ref} C r.1
e /g (CSP2 r, Val (Bool false), dash okay)
= /r (r, Val (Bool false), dash okay)
CSP_CSP3_healthy_-thm
-V r: CSP_PROCESS
e r € CSP3_healthy < Ilrga 7.1 ;g 7 =1
CSP_SKIP_CSP3_thm
-V a: WF_Skiprga © CSP3 (SKIP a) = SKIP a
CSP_CSP3_idem_thm
=V r: CSP_.PROCESS e CSP3 (CSP3 r) = CSP3 r
CSP_closure.Vr_ CSP3_thm
FY rl, r2 : REL_PREDICATE
| {r1, 2} C CSP3_healthy
e CSP3 (r1 Vg r2) =1l Vg 12
CSP _closure_<ig.>r CSP3_thm
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FVorl, r2,b: REL_PREDICATE
| (r1, b, r2) € WF_Condpg
A Arl, r2} C CSP3_healthy
A ref & b.1
e CSP3 (rl < b>r12) =11 g b >g 12
CSP_closure_Semigr_ CSP3_thm
FV ril, r2 : REL_.PREDICATE
| (r1, r2) € WF_Semir N {rl, r2} C CSP3_healthy
e CSP3 (r1 ;g r2) =11 ;5 12
CSP_SKIP_CSP4_thm
=V a: WF_Skiprga © CSP4 (SKIP a) = SKIP a
CSP_STOP_CSP4_thm
-V a: WF_Skiprga © CSP/ (STOP a) = STOP a
CSP_.CHAOS_CSP4_thm
=V a: WF_Skiprpa © CSP4 (CHAOS a) = CHAOS a
CSP_closure.Nr_.CSP4_thm
FV ril, r2 : REL_.PREDICATE
| {r1, r2} C CSP/j_healthy
e OSP4 (r1 Vg r2) =11 Vg 12
CSP_closure_<gp_.>r.CSP4_thm
=V rl, r2, b: REL.PREDICATE
| (r1, b, r2) € WF_Condgr A {r1, r2} C CSP/_healthy
o CSP4 (’f’] <p b >p 7“2) =7r]l <p b>p r2
CSP_closure_.Semir_.CSP4_thm
FY rl, r2 : REL_PREDICATE
| (r1, r2) € WF_Semig N {r1, r2} C CSP/_healthy
e OSP4 (r1 ;g r2) =1l ;5 12
CSP_designs_thm
-V p: CSP_PROCESS
*p
=R
(/r
(/r (p, Val (Bool false), dash okay),
Val (Bool false),
wait)
Fp /R
(/r (p, Val (Bool true), dash okay),
Val (Bool false),
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wait))
CSP_STOP_dash_okay_true_thm
FVa: WF-S]C’Z]?REA
° /g
(/r (STOP a, Val (Bool true), dash okay),
Val (Bool false),
wait)
= CSP1
(=r (a, dash tr, Var tr)
Ar =r (a, dash wait, Val (Bool true)))
CSP_STOP _not_dash_okay_true_thm
- /R
(/r (STOP a, Val (Bool false), dash okay),
Val (Bool false),
wait)
= CSP1 (—g (=g (a, okay, Val (Bool false))))
CSP_STOP_Semigr_left_zero_-thm
-V p: CSP_PROCESS
| p.1 = ALPHABET_OWTR
e STOP p.1 ;g p = STOP p.1
CSP_.CHAOS _Semigr_ left_zero_.thm
=V p: CSP_PROCESS
| p.1 = ALPHABET_OWTR
e CHAOS p.1 ;g p = CHAOS p.1
CSP _Kggp_-diverge_thm
=V pl, p2 : CSP_PROCESS
| p1.1 = p2.1 A p2.1 = ALPHABET_-OWTR
o /r
(/r
(p1 Hesp p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait)
= (/r
(/r (p1, Val (Bool false), dash okay),
Val (Bool false),

wait)
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VR /R
(/r (p2, Val (Bool false), dash okay),
Val (Bool false),
wait)) <g
=g (p1.1, okay, Val (Bool true)) g
/R
(/r (p1, Val (Bool false), dash okay),
Val (Bool false),
wait)
AR /R
(/r
(r2,
Val (Bool false),
dash okay),
Val (Bool false),
wait)
CSP_Kggp_precondition_thm
-V pl, p2, p8 : CSP_.PROCESS
| p1.1 = p2.1 AN p2.1 = p3.1 A p3.1 = ALPHABET_OWTR

® Tp
(/R
(/r
(p1 Resp p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait))
l_D p3

(/r
(/r
(p1,
Val (Bool false),
dash okay),
Val (Bool false),
wait)
Vk /R

(/r
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(p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait))
}_D p3
CSP _Kesp-converge_thm
=V pl, p2 . CSP_.PROCESS
| p1.1 = p2.1 A p2.1 = ALPHABET_OWTR
° /g
(/r
(p1 Hesp p2,
Val (Bool false),
dash okay),
Val (Bool true),
wait)
= ((p1 Ng p2) <&
STOP pl.1 >p
/R
(/R
(p1 Vg p2,
Val (Bool true),
dash okay),
Val (Bool false),
wait))
VR (p] AR p?) <gp
STOP pl.1 >pg
/R
(/r
(p1 Vg p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait)
CSP _Kgsp_-design_lemma_thm
-V pl, p2 : CSP_PROCESS
| p1.1 = p2.1 A p2.1 = ALPHABET_-OWTR

® p
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(/r
(/r
(p1 Resp p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait))
Fp /R
(/r
(p1 Wesp p2,
Val (Bool true),
dash okay),
Val (Bool false),
wait)

(/r
(/r
(p1,
Val (Bool false),
dash okay),
Val (Bool false),
wait))
AR TR
(/r
(/r
(p2,
Val (Bool false),
dash okay),
Val (Bool false),
wait)))
Fp /R
(/r (p1, Val (Bool true), dash okay),
Val (Bool false),
wait)
AR /R
(/r
(p2,
Val (Bool true),
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dash okay),
Val (Bool false),
wait) <p
=.r (p1.1, Var (dash tr), Var tr)
AR =R
(pl.1,
dash wait,
Val (Bool true)) >pg
/r

(/r
(p1,
Val (Bool true),
dash okay),
Val (Bool false),
wait)
VR /R
(/r
(r2,
Val (Bool true),
dash okay),
Val (Bool false),

wait)
13.5 Definitions

VAR NAMEF VAR_-NAME
={n: NAME
| n ¢ ALPHABET_OWTR N n € undashed}
CSP_PROCESS = CSP_PROCESS
= {p : REA_PROCESS
| ALPHABET_OWTR C p.1
A p € CSPI1_healthy
A p € CSP2_healthy}
WF_CSP_.PROCESS_PAIR
= WF_CSP_PROCESS_PAIR
= {pl1, p2 : CSP_PROCESS
| p1.1 = p2.1}
WF_PREFIXING = WF_PREFIXING
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={a : ALPHABET_REA; n : VAR_NAME; e : EXPRESSION
| a € WF_Skipgrga N FV e C a}

13.6 Theorems

CSP_CSP1_thm Y r: REL_PREDICATE e CSP1 r € REL_PREDICAT,.
CSP_CSP1l_alphabet_thm
VY r: REL_.PREDICATE
e (CSP1 r).1 =r.1 UALPHABET_OWTR
CSP_CSP1_idem_thm
=V r: REL_PREDICATE e CSP1 (CSP1 r) = CSPI r
CSP_REA PREDICATE € DES_PREDICATE thm
VY r: REA_PREDICATE e r € DES_PREDICATE
CSP_CSP2_H2 thm
VY r: REL_PREDICATE
| {dash okay, dash wait, dash tr, dash ref} C r.1
e CSP2 r=H2r
CSP_CSP2_idem_thm
VY r: REL_PREDICATE
| {dash okay, dash wait, dash tr, dash ref} C r.1
e CSP2 (CSP2 r) = CSP2 r
CSP_R_design_not_wait_thm
FV r: REA_PREDICATE
‘ r.1 € WF_SkipREA
e Rrwy=RI (R2 (r wy))
CSP_R_ design. € REA PREDICATE thm
FV P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e PFp Q € REA_PREDICATE
CSP_design_wait_false_dist_thm
FY P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S’CZ]DREA
O(PI—D Q)wf:(ow) l_D wa
CSP_design_wait_true_dist_thm
Y P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S]CZ])REA
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e (Ptp Q) wy = (P wy) Fp Q wy
CSP_design_wazit_false_id_thm
-V P, Q : REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 e WF-SkipREA
N unrestTypedVar (P, wait, BOOL_VAL)
A unrestTyped Var (Q, wait, BOOL_VAL)
.(Pl_D Q)Wf:pl_DQ
CSP_design_wait_true_itd_thm
Y P, Q : REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S’CZ]DREA
A unrestTypedVar (P, wait, BOOL_VAL)
A unrestTyped Var (Q, wait, BOOL_VAL)
O(Pl_D Q)wt:PI—DQ
CSP_CSP1_using OKAY _thm
FV r: REL.PREDICATE
e CSPI r
=r
Vg -r OKAY
AR =+R
(ALPHABET-OWTR,
Rel
((— SR —)7
Var tr,
Var (dash tr)),
Val (Bool true))
CSP_CSPl1.using. OKAY € REA_PREDICATE thm
F —r OKAY
AR =+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
€ REA_PREDICATE
CSP_R2_OKAY _Ag_r_dist_thm
=V r: REA_PREDICATE e R2 (OKAY Ar 1) = OKAY Ag R2 r
CSP_R_design_not_wait_converge_thm
VY P, Q: REA_PREDICATE
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| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF_S]{Z]QREA
A unrestTypedVar (P, dash okay, BOOL_VAL)
A unrestTypedVar (Q, dash okay, BOOL_VAL)
A unrestTypedVar (P, wait, BOOL_VAL)
A unrestTypedVar (Q, wait, BOOL_VAL)
o (R(PlFp Q) wyr) oy
= CSP1 (R1 (R2 (P =R Q)))
CSP_R_design_not_wait_diverge_thm
VY P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S’CZ]DREA
A unrestTypedVar (P, dash okay, BOOL_VAL)
A unrestTypedVar (Q, dash okay, BOOL_VAL)
A unrestTypedVar (P, wait, BOOL_VAL)
A unrestTypedVar (Q, wait, BOOL_VAL)
° (R (Pbtp Q) wy) oy
= R1 (—g (OKAY AR R2 P))
CSP_CSP1_idem_thml
-V r: REL_PREDICATE e CSP1 (CSP1 r) = CSP1 r
CSP_CSP1_Rl1_com_thm
-V r : REL.PREDICATE o CSP1 (R1 r) = R1 (CSP1 r)
CSP_CSP1_REA_PREDICATE _thm
Y r: REA_PREDICATE e CSP1 r € REA_PREDICATE
CSP_CSP1_R3_com_thm
FY r: REA_PREDICATE
| r.1 € WF_SkipREA
e CSP1 (R3 r) = R3 (CSPI1 r)
CSP_PROCESS_€_REA_PREDICATE _thm
VY c: CSP_PROCESS e ¢ € REA_PREDICATE
CSP_PROCESS_thm
VY c¢: CSP_PROCESS
e ¢ € REA_PROCESS
N ALPHABET_OWTR C c.1
A ¢ € CSP1_healthy
A ¢ € CSP2_healthy
CSP_R_design_alphabet_thm
Y P, Q : REA_PREDICATE
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| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF_S]{Z]QREA
e (R(PFp @Q)).1 =P.1
CSP_.CSP1.CSP_PROCESS_thm
Y c: CSP_.PROCESS o CSP1 ¢ = ¢
CSP_OKAY _Ar.CSP1_abs_thm
FV r: REL_PREDICATE
| ALPHABET_OWTR C r.1
o OKAY AR CSP1 r = OKAY ANp T
CSP_CSP1_okay_dash_diverge_com_thm
-V r: REA_PREDICATE e CSP1 (r o5) = CSP1 r oy
CSP_CSP1_okay-dash_converge_com_thm
=V r: REA_PREDICATE e CSP1 (r 0,) = CSP1 r o,
CSP_CSP1_wait_false_com_thm
=V r: REA_PREDICATE e CSP1 (r wy) = CSPI1 1 wy
CSP_CSP1 wait_true_.com_thm
VYV r: REA_PREDICATE e CSP1 (r w;) = CSPI1 r wy
CSP_CSP1l_ext_alphabet_thm
FVY r: REA_PREDICATE
e CSP1 r
=r
Vg =g (r.1, okay, Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel
((- <r -),
Var tr,
Var (dash tr)),
Val (Bool true))
CSP_.UnrestALPHABFET_CSP_Truegr_-thm
FV a: ALPHABET_REA
| ALPHABET_OWTR C a
o unrestALPHABET_CSP (Trueg a)
CSP_UnrestALPHABET_CSP_Falser_thm
FVY a: ALPHABET_REA
| ALPHABET_OWTR C a
o unrestALPHABET _CSP (Falseg a)
CSP_Unrest ALPHABET_CSP_dash_Truer_thm
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FVYa: ALPHABET_REA
| ALPHABET_OWTR C a
o unrestALPHABET _CSP' (Trueg a)
CSP_.UnrestALPHABFET_CSP_dash_Falser_thm
VY a: ALPHABET_REA
| ALPHABET_OWTR C a
o unrestALPHABET_CSP' (Falser a)
CSP_CSP1_healthy_-thm
VY c: CSP_.PROCESS e ¢ = CSP1 ¢
CSP_CSP2_healthy_thm
-V c: CSP_.PROCESS o ¢ = CSP2 ¢
CSP_CSP1_R1_H1_thm
FV c: CSP_.PROCESS o CSP1 ¢ = R1 (HI ¢)
CSP_CSP2_thm FV c: CSP_PROCESS e CSP2 ¢ € CSP_PROCESS
CSP_REA_PREDICATE_H2_thm
VYV r: REA_PREDICATE e H2 r € REA_PREDICATE
CSP_REA_PREDICATE_H1_thm
FV r: REA_PREDICATE e Hl r € REA_PREDICATE
CSP_REA PREDICATE H2 € WF_Skiprepa-thm
FVY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
o (H2 r).1 € WF_Skiprpa
CSP_REA_PREDICATE_H1. € WF_Skiprga-thm
FY r: REA_PREDICATE
‘ r.1 € WF_SkipREA
° (H] ’/’)1 S WF-SkipREA
CSP_PROCESS _reactive_design_thm
=V c: CSP_.PROCESS
| ¢.1 € homogeneous
e ¢ = R (v (¢ wp) o7) o (¢ wp) 00)
CSP_CSP1_Vg_dist_.thm
Y rl, r2 : REA_PROCESS
e CSP1 (r1 Vg r2) = CSP1 r1 Vg CSP1 r2
CSP_CSP1_healthy_ Vg dist_thm
FVorl, r2 . REA_PROCESS
| r1 € CSP1_healthy N r2 € CSPI1_healthy
o rl Vg r2 € CSPI1_healthy
CSP_CSP2_Vg_dist_.thml
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Y orl, r2 : REA_PROCESS
| 2.1 = rl.1
e CSP2 (r1 Vg r2) = CSP2 r1 Vg CSP2 r2
CSP_CSP2_healthy_Vgr_dist_.thml
-V ri, r2 : REA_PROCESS
| r1 € CSP2_healthy
A r2 € CSP2_healthy
ANrl.l =1r2.1
o rl Vg r2 € CSP2_healthy
CSP_PROCESS Vg thm
Y A1, A2 : CSP_PROCESS
| A1.1 = A2.1
o Al Vp A2 € CSP_PROCESS
CSP_empty F VAR NAME_thm
- {} € F VAR_NAME
CSP_REA_PREDICATE _Design_thm
VY P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e PFp ) € REA_PREDICATE
CSP_REA_PREDICATE_R_Design_thm
FV P, Q: REA_PREDICATE
| (P Fp Q).1 € homogeneous
A (P, Q) € WF_DES_PREDICATE_PAIR
e R (PFp Q) € REA_PREDICATE
CSP_R_healthy_Design_thm
FV P, Q: REA_PREDICATE
| (P Fp Q).1 € homogeneous
N (P, Q) € WF_DES_PREDICATE_PAIR
e R (P Fp Q) € R_healthy
CSP_REA_PROCESS_Design_thm
FV P, Q: REA_PREDICATE
| (P Fp Q).1 € homogeneous
N (P, Q) € WF_DES_PREDICATE_PAIR
e R (PFp Q) € REA_PROCESS
CSP_REL_PREDICATE _Design_thm
-V P, Q : REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
e PFp Q € REL._PREDICATE
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CSP_reactive_design_Vgr_thm
FV pl, ql, p2, q2 : REA_PREDICATE

| (p1, q1) € WF_DES_PREDICATE_PAIR
A (p2, q2) € WF_DES_PREDICATE_PAIR

A p2.1 =pl.1
Ag2.1 = ql.1
N p]] € WF_SkZpREA
e R (pl Fpql) Vi R (p2 Fp ¢2)
= R ((p1 Ar p2) Fp q1 Vg ¢2)
CSP_CSP1_R1_H1_thm?2
=V r: REA_PREDICATE e R1 (H1 r) = R1 (CSP1 r)
CSP_R2_.CSP1.def_id-thm
- RI1
(~p OKAY
AR =+R
(ALPHABET _OWTR,
Rel
((- <r -),
Var tr,
Var (dash tr)),
Val (Bool true)))
= R1
(R2
(g OKAY
AR =+R
(ALPHABET_OWTR,
Rel
((— SR —)7
Var tr,
Var (dash tr)),

Val (Bool true))))

CSP_CSP1_R2_com_thm
FVYr: REA_PREDICATE

e R1 (R2 (CSPI1 r)) = R1 (CSP1 (R2 r))

CSP_.CSP1_R1_H1 thml
FV r: REA_PREDICATE
| r € RI_healthy
e R1 (H! r) = CSP1 r
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CSP_CSP1_healthy_Design_thm
FV P, Q: REA_PREDICATE
| (P Fp Q).1 € homogeneous
A (P, Q) € WF_DES_PREDICATE_PAIR
e R (PFp Q) € CSP1_healthy
CSP_.CSP_PROCESS_Design_thm
FV P, Q: REA_PREDICATE
| (P Fp Q).1 € homogeneous
A (P, Q) € WF_DES_PREDICATE_PAIR
e R (PFp Q) € CSP_.PROCESS
CSP_.CSP_PROCESS_c_homogeneous_thm
VY A: CSP_PROCESS e A.1 € homogeneous
CSP_closure_Semir_ CSP1_thm
=V rl, r2 : REA_PREDICATE
| r2.1 = rl.1
A (rl, r2) € WF_Semig
A A{r1, r2} C CSP1_healthy
e CSP1 (11 ;g r2) =11 ;5 12
CSP_closure_Semir . CSP2_thm
=V ri, r2 : REA_.PREDICATE
| {dash okay, dash tr, dash wait, dash ref}
C out_a r2.1
A (rl, r2) € WF_Semig
A Arl, r2} C CSP2_healthy
e CSP2 (r1 ;g r2) =1l ;5 12
CSP_REA PREDICATE do.C_thm
VY n: VAR_NAME; e : EXPRESSION; a : WF_Skiprga
| (a, n, ) € WF_PREFIXING
e do_C (a, n, e) € REA_PREDICATE
CSP_REA_PREDICATE do_C_alphabet_thm
FY n: VAR_.NAME; e : EXPRESSION; a : WF_Skiprga
| (a, n, ) € WF_PREFIXING
o (do-C (a, n,e)).1 =a
CSP_PROCESS_Semigr-thm
-V A1, A2 : CSP_PROCESS
| (A1, A2) € WF_Semip N Al.1 = A2.1
o Al ;5 A2 € CSP_PROCESS
CSP_R _design_R1_thm
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FV P, Q: REA_PREDICATE
| @ € RI1_healthy
e R(PFp R1 Q) =R (PtFp Q)
CSP_design_wait_false_id_thml
VY P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S]CZ]DREA
O(PI—D Q)wf:(ow)l—D wa
CSP_design_okay_dash_converge_id_thm
Y P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF-S’CZ]DREA
° (P Fp Q) Oy = (OKAY Agr P O't) =R Q O
CSP_okay_dash_diverge_thm
=V u: REA_PROCESS @ Rl uw o = R1 (u oy)
CSP_R _okay_dash_diverge_thm
VYV u: REA_PROCESS @ R u oy = R1 (R2 u) oy
CSP_R wasit_false_.thm
VYV u: REA_PROCESS @ R uwy = R1 (R2 u) wy
CSP_R_design_not_wait_converge_thml
FVY P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 € WF_S]{ZPREA
® (R (P l_D Q) Wf) O¢
= CSP1
(BRI (R2 (P wy) o) =r (Q wy) 00))
CSP_R_design_not_wait_diverge_thml
FV P, Q: REA_PREDICATE
| (P, Q) € WF_DES_PREDICATE_PAIR
N P.1 e WF_SkipREA
« (R (Ptp Q) wy) o
= RI (_‘R (OKAY /\R R2 ((P wf) O'f)))
CSP_R2 Condition_thm
VY g: REA_PREDICATE
| unrestALPHABET_CSP g A unrestALPHABET_CSP' g
e 2 9=y
CSP_R1.—~r OKAY _is_.CSP1_thm
= R1 (-r OKAY)
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= =g (ALPHABET_OWTR, okay, Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
CSP_not_wait_false_not_okay_dash_=r_okay_dash_thm
-V A: CSP_.PROCESS
o ((Awy) o) =r (Awy) op = Trueg A.1
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14 THE Z THEORY utp-circus
14.1 Parents

utp—csp
14.2 Global Variables

Z_VAR.NAME P NAME
VAR_DECLS (Z <~ NAME) < Z < EXPRESSION
CIRCUS_PREDICATE
P NAME < P (NAME < VALUE)
CIRCUS.CONDITION
P NAME < P (NAME <« VALUE)
WF_Skipc P (P NAME)
WF_Guardc P NAME x P (NAME <« VALUE) < P NAME x P (NAME « VALUE,
WPF_ifc_sic P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUEFE]
WF_Semic P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUEFE)
WF_Varc P (NAME x VALUE x (P NAME x P (NAME < VALUE)))
WF_Assignc P (P NAME x (Z < NAME) x (Z < EXPRESSION))
W F_SpecStatementc
P
(P
NAME
x P
NAME
x (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUFE)))
W F_Conditionc
P NAME < P NAME x P (NAME < VALUFE)
WF_SchemaFExpc
(Z <~ NAMFE) x (Z < EXPRESSION)
— P NAME x P (NAME < VALUE)
WF_paramc P
(NAME
x EXPRESSION
x (P NAME x P (NAME < VALUE))
x EXPRESSION)
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W F _valc P
(NAME
x VALUE
x (P NAME x P (NAME « VALUE))
x EXPRESSION)
WPF_resc P (NAME x VALUE x (P NAME x P (NAME « VALUE)) x NAME)
WF_vresc P (NAME x VALUE x (P NAME x P (NAME < VALUE)) x NAME)
WF_PREFIXINGc
P NAME x NAME x EXPRESSION < P NAME x P (NAME < VALU
WF_PREFIXINGc;nr
P
(P
NAME
x NAME
x NAME
x (P NAME x P (NAME « VALUE))
x (P NAME x P (NAME « VALUE)))
Stop P NAME < P NAME x P (NAME < VALUE)
Skip P NAME < P NAME x P (NAME < VALUFE)
Chaos P NAME « P NAME x P (NAME « VALUE)
(e 2) (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME « VALUE))
< P NAME x P (NAME « VALUE)
 &c .) (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME « VALUE))
o P NAME x P (NAME < VALUE)
( Ko ) (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
C Ne -) (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME « VALUE))
< P NAME x P (NAME « VALUE)
C =) (P NAME x NAME x EXPRESSION)
x (P NAME x P (NAME « VALUE))
o P NAME x P (NAME < VALUE)
(- —csync -)
(P NAME x NAME) x (P NAME x P (NAME « VALUE))
< P NAME x P (NAME « VALUE)
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(- >cout -) (P NAME x NAME x EXPRESSION)
x (P NAME x P (NAME — VALUE))
— P NAME x P (NAME « VALUE)
varc NAME x VALUE x (P NAME x P (NAME < VALUE))

— P NAME x P (NAME « VALUE)

NonRef NAME x NAME x (P NAME x P (NAME « VALUE)) < VALUE
Traces NAME x NAME x (P NAME x P (NAME « VALUE)) < VALUE
do_I P NAME x NAME x NAME x (P NAME x P (NAME « VALUE))

— P NAME x P (NAME < VALUE)
(- —cinr -) (P NAME x NAME x NAME x (P NAME x P (NAME < VALUE)))
x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
(- —=cin -) (P NAME x NAME x NAME) x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
MTrInter VALUE x VALUE < VALUFE
MTrPar VALUE x VALUE < VALUE
MTrParPred VALUE < P NAME x P (NAME < VALUE)
M Sync VALUE <~ P NAME x P (NAME < VALUE)
BranchesW aiting
P NAME x P (NAME < VALUE)
BranchesNotW aiting
P NAME x P (NAME < VALUE)
MRefPar VALUE < P NAME x P (NAME < VALUE)

MSt P NAME x P NAME x P NAME < P NAME x P (NAME « VALUE)
MWtRefStPar VALUE x P NAME x P NAME x P NAME
— P NAME x P (NAME « VALUE)
M Par VALUE x P NAME x P NAME x P NAME
— P NAME x P (NAME < VALUE)
DivPar (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUE))
x VALUE

— P NAME x P (NAME < VALUE)
(- [e - Ie -)
(P NAME x P (NAME « VALUE))
x (P NAME x VALUE x P NAME)
x (P NAME x P (NAME — VALUE))
— P NAME x P (NAME < VALUE)
MTrInter Pred P NAME x P (NAME < VALUE)
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MRefInter P NAME x P (NAME <« VALUE)

MWtRefStInter

P NAME x P NAME x P NAME < P NAME x P (NAME < VALUFE)
M Inter P NAME x P NAME x P NAME < P NAME x P (NAME < VALUFE)
DiviInter (P NAME x P (NAME <« VALUE))

x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
(- [l - 1le -)
(P NAME x P (NAME < VALUE))
x (P NAME x P NAME)
x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUE)
(- \c -) (P NAME x P (NAME < VALUE)) x VALUE
— P NAME x P (NAME < VALUE)
CIRCUS_FUNCTION
P
(P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
we (P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
— P NAME x P (NAME < VALUE)
Assignc P NAME x (Z < NAME) x (Z < EXPRESSION)
— P NAME x P (NAME < VALUE)
SpecStatementc
P
NAME
x P
NAME
x (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUFE))
— P NAME x P (NAME < VALUE)
H{c - }o) P NAME x (P NAME x P (NAME < VALUE))
— P NAME x P (NAME < VALUFE)

(e - e) P NAME x (P NAME x P (NAME « VALUE))
— P NAME x P (NAME < VALUE)
Typing ((Z <> NAME) x (Z < EXPRESSION)) x P NAME

— P NAME x P (NAME « VALUE)

SchemaFEzxpc (Z <~ NAME) x (Z < EXPRESSION))
x (P NAME x P (NAME < VALUE))
« P NAME x P (NAME « VALUE)
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GUARDED_ACTIONS
(Z — P NAME x P (NAME « VALUE))
— Z < P NAME x P (NAME < VALUE)
TrueGuards (Z < P NAME x P (NAME < VALUFE))
X (Z <~ P NAME x P (NAME < VALUFE))
— P NAME x P (NAME < VALUE)
NonDivActions
(Z <> P NAME x P (NAME « VALUE))
x (Z < P NAME x P (NAME < VALUE))
« P NAME x P (NAME < VALUE)
ExecActions (Z < P NAME x P (NAME « VALUFE))
x (Z < P NAME x P (NAME < VALUE))
— P NAME x P (NAME « VALUE)
(ifc - fic)
(Z < P NAME x P (NAME « VALUE))
x (Z < P NAME x P (NAME < VALUE))
P NAME x P (NAME < VALUE)
(tfbc - —c - elsec - —¢ - fibc)
(P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUE))
x (P NAME x P (NAME < VALUFE))
x (P NAME x P (NAME « VALUE))
« P NAME x P (NAME < VALUE)
paramc NAME
x EXPRESSION
x (P NAME x P (NAME < VALUFE))
x EXPRESSION
— P NAME x P (NAME < VALUE)

(
valc NAME x VALUE x (P NAME x P (NAME < VALUE)) x EXPRESSIC
— P NAME x P (NAME « VALUE)
resc NAME x VALUE x (P NAME x P (NAME « VALUE)) x NAME
— P NAME x P (NAME < VALUE)
vresc NAME x VALUE x (P NAME x P (NAME « VALUE)) x NAME
— P NAME x P (NAME « VALUE)
C1 P NAME x P (NAME < VALUE) < P NAME x P (NAME < VALUE
C1.healthy P NAME < P (NAME < VALUE)
C2 P NAME x P (NAME « VALUE) < P NAME x P (NAME « VALUE

C2_healthy P NAME < P (NAME < VALUE)

243



C3 P NAME x P (NAME « VALUE) < P NAME x P (NAME « VALUE
C3_healthy P NAME « P (NAME < VALUE)
CIRCUS_ACTION

P NAME < P (NAME < VALUE)

14.3 Fixity

fun 0 rightassoc
(ifbc - —c¢ - elsec - —¢ - fibe)

14.4 Axioms

CIRCUS_PREDICATE
= CIRCUS_PREDICATE € P REA_PREDICATE
A CIRCUS_PREDICATE
= {c¢: REA_PREDICATE
| unrestALPHABET_CSP ¢ N unrestALPHABET_CSP' ¢}
CIRCUS_CONDITION
= CIRCUS_-CONDITION € P REA_PREDICATE
A CIRCUS_CONDITION
= {c¢: REA_PREDICATE
| unrestALPHABET_CSP ¢
N unrestALPHABET _CSP' ¢

244



Stop

Skip

Chaos

A ¢ —p ALPHABET_OWTR € REL_CONDITION}
- Stop € WF_Skipo — CSP_PROCESS

A (Y a: WF_Skipc
e Stop a
=R
(Truer a
Fp =g (a, dash tr, Var tr)
AR =R
(a,
dash wazt,

Val (Bool true))))
- Skip € WF_Skipe — CSP_PROCESS
N (Y a: WF_Skipc
e Skip a
=R
(Trueg a
Fp =g (a, dash tr, Var tr)
AR =R
(CL,
dash wazt,
Val (Bool false))
Ar I (a \ ALPHABET.OWTR)))
F Chaos € WF_Skipe — CSP_PROCESS
A (Y a: WF_Skipc
e Chaos a = R (Fualseg a Fp Trueg a))
F (. ;e -) € WF_Semic — CSP_PROCESS
A (Y ul_u2 : WF_Semic
o ul _u2.1 ;0 ul_-u2.2 = ul_u2.1 ;g ul_u2.2)
(. &¢ o) € WF_Guarde — CSP_PROCESS
A (Y g : CIRCUS_CONDITION; a : CSP_PROCESS
| (9, a) € WF_Guard¢
e g &coa
=R
(9 =r -~ (0 w5) o)
Fp (9 Ar (a wy) 0y)
VR 7R ¢
Ar =g (a.1, dash tr, Var tr)
AR =R
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(a.1,
dash wait,
Val (Bool true))))
- Xe - F (- Xe o) € WF_CSP_PROCESS_PAIR — CSP_PROCESS
A (Y aa : WF_CSP_PROCESS_PAIR
e aa.1 K¢ aa.2
=R
((=r ((aa.1 wy) oy)
Ar ~r ((aa.2 wy) oy))
Fp (((aa.1 wy) oy)
Ar (aa.2 wy) o) <p
~+R
(aa.1.1,
Var (dash tr),
Var tr)
AR =R
(aa.1.1,
dash wait,
Val (Bool true)) >g
((aa.1 wy) oy)
Ve (aa.2 wy) oy))
- Ne - (- Ng -) € WF_CSP_PROCESS_PAIR — CSP_PROCESS
A (VY aa : WF_CSP_PROCESS_PAIR
e aa.l Ng aa.2 = aa.1 Vg aa.2)
_ - (_ —¢ .) € WF_PREFIXING ¢ — CSP_PROCESS
A (Y a_a : WF_PREFIXING ¢
ea.al —¢ a_a.2
=R
(Trueg a-a.1.1
Fp (do-C a_a.1)
Ag IIg
(a_a.1.1 \ ALPHABET_OWTR))
o a-a.2)
- —CSync - (- —csyne -)
€ (ALPHABET x VAR_NAME) x CSP_PROCESS
— CSP_PROCESS
A (Y a: ALPHABET; ¢ : VAR_NAME; A : CSP_PROCESS
e (a, ¢) —csyne A = (a, ¢, Val Sync) —¢ A)
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_ —Cout - F (- —couw -) € WF_PREFIXING: — CSP_PROCESS
A (VY a-a : WF_PREFIXING ¢
® a_a.l =gy 0-0.2 = a_a.1 —¢ a_a.2)
varc Fovarg € WE_Varg — CSP_PROCESS
A (Y n: VAR_NAME; t : SET_VAL; a : CSP_PROCESS
| (n, t, a) € WF_Varg
e varg (n, t, a)
= varTg (a.1, n, t)
r a ;g endTg (a.1, n, t))
NonRef - NonRef
€ VAR_NAME x VAR_NAME x CIRCUS_CONDITION
— SET_EVENT_VAL
A (Y ¢: VAR.NAME;
¢ : VAR_NAME:
p : CIRCUS_CONDITION
e NonRef (c, z, p)
= Set
{v: VALUE
| /r (p, Val v, z) = Trueg p.1
e Pair (Channel ¢, v)})
Traces = Traces
€ VAR_NAME x VAR_NAME x CIRCUS_CONDITION
— SET_SEQ_EVENT_VAL
A (V ¢: VAR_NAME;
¢ : VAR_NAME:
p : CIRCUS_CONDITION
e Traces (c, x, p)
= Set
{v: VALUE
| /r (p, Val v, z) = Trueg p.1
e Seq (Pair (Channel ¢, v))})
do_T1 F do_I
€ ALPHABET_REA
x VAR_NAME
x VAR_NAME
x CIRCUS_CONDITION
— CSP_PROCESS
A (Y a: ALPHABET_REA;
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. VAR_NAME;
. VAR_NAME:
: CIRCUS_CONDITION
oI (a, ¢, z, p)
(=g (a, dash tr, Var tr)
AR =+R
(a,
Funy
((— mR —)7
Val (NonRef (c, z, p)),
Var (dash ref)),
Val (Set @))) <g
=g (a, dash wait, Val (Bool true)) >g
~+R
(a,
Rel
((- €r -),
Funs
( SeaDif ).
Var (dash tr),
Var tr),
Val (Traces (c, z, p))),
Val (Bool true)))

e &8 o

- —CinR - F (- —cing -)
€ (ALPHABET_REA
x VAR_NAME
x VAR_NAME
x CIRCUS_CONDITION)
x CSP_PROCESS
— CSP_PROCESS
YV a: ALPHABET_RFA;
c: VAR_NAME;
z: VAR_NAME,
p : CIRCUS_CONDITION;
A : CSP_PROCESS
* (av ¢, T, p) 7 CinR A
= varc

(z,
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- —Cin -

MTrInter

MTrPar

MTrParPred

Set {v : VALUE},
R
(Truep A.1
Fp do_I (a, ¢, z, p)
Agr IR
(A.1 \ {z, dash z}))
o A))
- (— — Cin —)
€ (ALPHABET_REA x VAR_NAME x VAR_NAME)
x CSP_PROCESS
— CSP_PROCESS
A (Y a: ALPHABET_REA;
¢ : VAR_NAME;
¢ : VAR_NAME:
A CSP_PROCESS
e (a, ¢, z) —om A
= (a, ¢, z, Trueg A.1) —cimr A)
= MTrInter
€ SEQ_EVENT_VAL x SEQ_EVENT_VAL
— SET_SEQ_EVENT_VAL
A (Y st,s2: SEQ_-EVENT_VAL
o MTrinter (s1, s2)
= Set
{s: (Seq ~) s1 ]z (Seq ™) s2
e Seq s})
= MTrPar
€ PAIR_.SEQ_EVENT_VAL x SET_EVENT_VAL
— SET_SEQ_EVENT_VAL

A (Y ps : PAIR_.SEQ_EVENT_VAL; ¢s : SET_EVENT_VAL
e MTrPar (ps, cs)

= Set
{s
: (Seq ™) ((Pair ~) ps).1 [z
(Set ™) ¢s |z
(Seq ~) ((Pair ~) ps).2
e Seq s})

= MTrParPred € SET_EVENT_VAL — REL_PREDICAT
N (VY cs: SET_EVENT_VAL
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o MTrParPred cs

= THR
({tr, dash tr},
Rel
((- €r -),
Fung
((- SeqDifr -),
Var (dash tr),
Var tr),
Fung
(MTrPar,
Funy
(MkPair,
Funo
((- SeqDif g -),
Var (one tr),
Var tr),
Fu’ﬂg
(. SeaDif ).
Var (two tr),
Var tr)),
Val cs)),
Val (Bool true)))
M Sync F MSync € SET_EVENT_VAL — REL_PREDICATE
A (Y es: SET_EVENT_VAL
e MSync cs
= =+R

({one tr, two tr},
Fung ((- [r -), Var (one tr), Val cs),
Fung ((- g -), Var (two tr), Val cs)))
BranchesW aiting
+ BranchesWaiting € REL_PREDICATE
A BranchesWaiting
= =g ({one wait}, one wait, Val (Bool true))
VR =R
({two wait}, two wait, Val (Bool true))
BranchesNotW aiting
- BranchesNotWaiting € REL_PREDICATE
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A BranchesWaiting

= =px ({one wait}, one wait, Val (Bool false))

AR =R
({two wait}, two wait, Val (Bool false))
MRefPar + MRefPar € SET_EVENT_VAL — REL_PREDICATE

A (Y es: SET_EVENT_VAL

e MRefPar cs

= THR

({dash ref},
Rel

((— gR —>7
Var (dash ref),
Funy
((- Ur -)7
Fung
((- Nr -),
Funy
((- Ur —)7
Var (one ref),
Var (two ref)),
Val cs),
Funy
((C\n ),
Funo
(- N& -),
Var (one ref),
Var (two ref)),
Val cs))),
Val (Bool true)))
M St = MSt € ALPHABET x ALPHABET x ALPHABET — REL_PREDICA
A (V¥ nsl, ns2, st : ALPHABET
® st =0
= MSt (st, nsl, ns2) = Truegr D A st # &
= (dn:st
e n € nsl
= MSt (st, nsl, ns2)
= =R
({dash n, one n},
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dash n,
Var (one n))
Ar MSt (st \ {n}, nsi, ns2)
A n € ns2
= MSt (st, nsl, ns2)
= =R
({dash n, two n},
dash n,
Var (two n))
Ar MSt (st \ {n}, nsl, ns2)
An & nsl U ns2
= MSt (st, nsl, ns2)
= =px ({dash n, n}, dash n, Var n)
Ar MSt (st \ {n}, nsi, ns2)))
MWtRefStPar F MWtRefStPar
€ SET_EVENT_VAL x ALPHABET x ALPHABET x ALPHABFE
— REL_PREDICATE
A (VY nsi, ns2, st : ALPHABET; c¢s : SET_EVENT_VAL
o MWtRefStPar (cs, st, nsl, ns2)
= BranchesWaiting
Ar MRefPar cs <pg
=R
({dash wait},
dash wasit,
Val (Bool true)) >g
BranchesNot Waiting
Ar MSt (st, ns1, ns2))
M Par F MPar
€ SET_EVENT_VAL x ALPHABET x ALPHABET x ALPHABF
— REL_PREDICATE
A (Y nsl, ns2, st : ALPHABET; ¢s : SET_EVENT_VAL
e MPar (cs, st, nsl, ns2)
= MTrParPred cs
Ar MSync cs
Ar MW?tRefStPar (cs, st, nsl, ns2))
DivPar F DivPar
€ CSP_PROCESS x CSP_PROCESS x SET_EVENT_VAL
— REL_PREDICATE
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A (Y al, a2 : CSP_PROCESS; ¢s : SET_EVENT_VAL
e DivPar (al, a2, cs)
— 3,
({dash (one tr), dash (two tr)},

(((al wy) oy)
;C =R
(al.1, dash (one tr), Var tr))
Ar ((a2 wy)
'C =R
(a2.1,
dash (two tr),
Var tr))
Ar MSync cs))
e -le -
F(le-Te-)
€ CSP_PROCESS
x (ALPHABET x SET_EVENT_VAL x ALPHABET)
x CSP_PROCESS
— CSP_PROCESS
A (Y al, a2 : CSP_PROCESS,
cs : SET_EVENT_VAL;
nsl, ns2 : ALPHABET
| (a1, a2) € WF_CSP_PROCESS_PAIR
A (ns1 N dashed = ns2 N dashed
A ns2 N dashed = &)
A nsl Nns2 =
e al [¢ (nsl, cs, ns2) ¢ a2
=R
(=g (DiwPar (al, a2, cs))
Ar —r (DiwPar (a2, al, cs)))
Fo (a1 wy) 1)
;o U (one, out_a al.1))
Ar (a2 wp) o)
;0 U (two, out-a a2.1))
+nr {tT’}
U (al.1
\ (ALPHABET_OWTR
U dashed)))
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ic MPar
(cs,
al.1
\ (ALPHABET_OWTR
U dashed),
nsl,
ns2)))
MTrInterPred F MTrinterPred € REL_PREDICATE
A MTrInterPred
= TR
({tr, dash tr},
Rel
((- €r -),
Funo
((- SeqDif g -),
Var (dash tr),
Var tr),
Funy
(MTrinter,
Fun,
((- SeqDif g -),
Var (one tr),
Var tr),
Funo
((- SquZfR -)7
Var (two tr),
Var tr))),
Val (Bool true))
M RefInter I+ MRefInter € REL_PREDICATE
A MRefInter
= TR

({dash ref},
Rel

((- Cr -),
Var (dash ref),
Fung

((- Mr -)7
Var (one ref),
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Var (two ref))),
Val (Bool true))
MWtRefStInter
= MWtRefStInter
€ ALPHABET x ALPHABET x ALPHABET — REL_PREDICATI
A (V¥ nsl, ns2, st : ALPHABET
o MWtRefStinter (st, nsl, ns2)
= BranchesNotWaiting
Ar MRefInter <1g
=R
({dash wait},
dash wait,
Val (Bool true)) g
BranchesWaiting Ngp MSt (st, nsi, ns2))
M Inter = Mlinter
€ ALPHABET x ALPHABET x ALPHABET — REL_PREDICATI
A (V¥ nsl, ns2, st : ALPHABET
o MInter (st, nsl, ns2)
= MTriInterPred
Ar MWtRefStInter (st, nsi, ns2))
DivInter F Divinter € CSP_PROCESS x CSP_PROCESS — REL_PREDICATE
A (Y al, a2 : CSP_PROCESS
e DivInter (al, a2)
— 3,
({dash (one tr), dash (two tr)},

(((al wy) oy)
;¢ =R
(al.1, dash (one tr), Var tr))
Ar (a2 wy)
'C =R
(a2.1,
dash (two tr),
Var tr)))
- [lc - 1le -
= (- [l - Tle -)
€ CSP_PROCESS
« (ALPHABET x ALPHABET)
x CSP_PROCESS
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— CSP_PROCESS
A (Y al, a2 : CSP_PROCESS; nsl, ns2 : ALPHABET
| (a1, a2) € WF_CSP_PROCESS_PAIR A nsl N ns2 = &
e al [[c (nsi, ns2) |]c a2
=R
(=g (DwvInter (al, a2))
Ar —r (Divinter (a2, al)))
Fo ((((((al wy) o)
;o U (one, out_a al.1))
An (02 wy) o0)
;o U (two, out_a al.1))
+r {tr}
U (al.1
\ (ALPHABET_OWTR
U dashed)))
Ag g (al.1 \ ALPHABET_OWTR))
io Minter
(al.1 \ ALPHABET_OWTR \ dashed,
nsl,
ns2)))
- (- \¢ -) € CSP_PROCESS x SET_EVENT_VAL — CSP_PROCESS
A (Y a: CSP_.PROCESS; c¢s : SET_EVENT_VAL
Js: VAR_NAME
| s & a.l
e a\c cs
=R

(3-r
({s},
/R
(/r
(a ®r {s},
Var s,
dash tr),
Fun,
(- Ur -),
Val cs,
Var ref),
dash ref)
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AR =+R
({tr, dash tr, s},
Funo
((- SquZfR —)7
Var (dash tr),

Var tr),
Fun,
((- \R -)7
Val
(Set
EVENT_VAL),
Val ¢s))))
o Skip a.1)
ne F e € CIRCUS_FUNCTION — CSP_PROCESS
A (Y f: CIRCUS_.FUNCTION e pc f = pgr f)
Assignc - Assigne € WF_Assigne — CSP_PROCESS

A (Y a: ALPHABET;
ns : seq VAR_NAME;
exps : seq EXPRESSION
| (a, ns, exps) € WF_Assignc
e Assignc (a, ns, exps)
=R
(Truer a
Fp Assigng (a, ns, exps)
Ar =r (a, dash tr, Var tr)
AR =R
(a,
dash wait,
Val (Bool false))))
SpecStatementc
F SpecStatement o € WFE_SpecStatement — CSP_PROCESS
A (Y a: ALPHABET;
f:F VAR_NAME;
preC . CIRCUS_CONDITION;
postC . CIRCUS_PREDICATE
| (a, f, preC, postC) € WF_SpecStatement ¢
e SpecStatementc (a, f, preC, postC)
=R
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(preC

Fp postC
Ar =g (a, dash tr, Var tr)
AR =R
(a,
dash wazt,
Val (Bool false))
Agr IR
(a
\ (ALPHABET_.OWTR
U (f
U{n:f
e dash
)
{c - }c F ({c¢ - }o) € WF_Conditionc — CSP_PROCESS

A (Y a: ALPHABET; g : CIRCUS_CONDITION
| (a, g) € WF_Conditionc
e {c (0, 9) }c
= SpecStatementc (a, {}, g, Trueg a))
(¢ - e F (¢ - Yo) € WF_Conditionc — CSP_PROCESS
A (Y a: ALPHABET; g : CIRCUS_-CONDITION
| (a, g) € WF_Conditionc
e (¢ (a,9) )c = R (Trueg a Fp g))
Typing - Typing € VAR_DECLS x ALPHABET —+ REL.PREDICATE
A (V decls : VAR_DECLS; a : ALPHABET
| ran decls.1 C a
o +# decls.1 = 1
AN (3 n:Z_VAR_NAME; e : EXPRESSION
| n = head decls.1 N\ e = head decls.2
e Typing (decls, a)
= T+R
(a,
Rel ((- €g -), Var n, e),
Val (Bool true)))
V # decls.1 > 1
AN (3 n:Z_VAR_NAME; e : EXPRESSION
| n = head decls.1 N e = head decls.2
e Typing (decls, a)

258



(a,
Rel ((- €g -), Var n, e),
Val (Bool true))
Ar Typing
((tail decls.1, tail decls.2),
@)
SchemaFExpc - SchemaFxpo € WF_SchemaFxpo — CSP_PROCESS
A (Y decls : VAR_DECLS; p : REL_.PREDICATE
| (decls, p) € WF_SchemaEzpc
e df:F Z_VAR_NAME
| f C undashed
A ran (decls.1 | dashed) = dash ( f )
e SchemaExpc (decls, p)
= SpecStatement ¢
(ran decls.1 U ALPHABET _OWTR,
s
3-r
(ran decls.1 \ undashed,
Typing (decls, p.1) Agr p),
Typing (decls, p.1) Ag p))
TrueGuards + TrueGuards € GUARDED_ACTIONS — REL_PREDICATE
A (V gactions : GUARDED_ACTIONS
e # gactions.1 = 1
A (3 g : CIRCUS_CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
o TrueGuards gactions = g)
V # gactions.1 > 1
A (3 g : CIRCUS_.CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
o TrueGuards gactions
=49
Vr TrueGuards
(tail gactions.1,
tail gactions.2)))
NonDivActions
= NonDivActions € GUARDED_ACTIONS — REL_PREDICATE
A (¥ gactions : GUARDED_ACTIONS
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e # gactions.1 = 1
A (3 g: CIRCUS_.CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
e NonDivActions gactions
=g =r ~r ((a wy) 0y))
V # gactions.1 > 1
A (3 g : CIRCUS_.CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
e NonDivActions gactions
= (9 =r ~r ((a wy) oy))
Ar NonDivActions
(tail gactions.1,
tail gactions.2)))
ExecActions + EzecActions € GUARDED_ACTIONS — REL_PREDICATE
A (Y gactions : GUARDED_ACTIONS
e # gactions.1 = 1
A (3 g : CIRCUS_.CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
o EzecActions gactions = g Ar (a wy) oy)
V # gactions.1 > 1
A (3 g : CIRCUS_.CONDITION; a : CSP_PROCESS
| ¢ = head gactions.1 N a = head gactions.2
e FExecActions gactions
= (9 Ar (a wy) 0y)
Vg ErecActions
(tail gactions.1,
tail gactions.2)))
ifc - fic F (ifc - fic) € GUARDED_ACTIONS — CSP_PROCESS
A (Y gactions : GUARDED_ACTIONS
e if ¢ gactions fig
=R
((TrueGuards gactions
Ar NonDivActions gactions)
Fp EzecActions gactions))
1fbc - —c - elsec - —¢c - fibc
= (ifbe - ¢ - elsec - ¢ - fibe)
€ CIRCUS_CONDITION
x CSP_PROCESS
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paramc

valc

Tesc

vresc

x CIRCUS_CONDITION
x CSP_PROCESS
+ CSP_PROCESS
A (¥ g1, g2 : CIRCUS.CONDITION;
al, a2 : CSP_PROCESS
| ((g1, ¢2), (al, a2)) € GUARDED_ACTIONS
o ifbc gl —¢ al elsec g2 —¢ a2 fibe
=R
(((g1 Vr 92)
Ar (91 =g —r ((al wy) oy))
Ar 92 =g —r ((a2 wy) o))
Fp (91 Ar =g ((al wy) o))
Ve g2 Ar ~r ((a2 wy) 04)))
F parame € WFE_paramec — CSP_PROCESS
A (V z: VAR_NAME;
T . EXPRESSION:
a : CSP_PROCESS:;
e : EXPRESSION
| (z, T, a, e) € WF_param¢
e param¢ (z, T, a, €) = /g (a, e, 7))
Fvaleg € WF_valc — CSP_PROCESS
A (V z: VAR_NAME;
t: SET_VAL:
a : CSP_PROCESS,;
e : EXPRESSION
| (z, t, a, e) € WF_val¢
e valg (z, t, a, e)
= varcg (z, t, Assigng (a.1, (x), (€)) ;¢ a))
Fresc € WE_resoc — CSP_PROCESS
A (V z: VAR_NAME;
t: SET_VAL;
a : CSP_PROCESS:;
y: VAR_NAME
| (z, t, a, y) € WF_resc
o reso (z, t, a, y)
= varg
(z, t, a ;g Assigng (a.1, (y), (Var z))))
Fouresg € WF_vresg — CSP_PROCESS
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A (V z: VAR_NAME;
t: SET_VAL;
a : CSP_PROCESS,
y - VAR_NAME
| (z, t, a, y) € WF_vresc
o vresg (z, t, a, y)
= varg
(=,
t’
Assigng (a.1, (z), (Var y))
iR @
ir Assignpg
(a.1, (y), (Var z))))
C1 F C1 € CSP_.PROCESS — CSP_PROCESS
A (Y a: CSP_.PROCESS o C1 a = a ;g Skip a.1)
C1_healthy + Cl_healthy € P CSP_.PROCESS
A C1_healthy = {a : CSP_PROCESS | a = C1 a}
C2 - C2 € CSP_PROCESS — CSP_PROCESS
A (Y a : CSP_PROCESS
e C2 a=allc (a1, @) ]]c Skip a.1)
C2_healthy + C2_healthy € P CSP_PROCESS
A C2_healthy = {a : CSP_PROCESS | a = C2 a}
C3 - C3 € CSP_PROCESS — CSP_PROCESS
A (VY a : CSP_PROCESS
e (3 a
=R
((=r ((a 0f) wy) s Trueg a.1)
Fo (0 00) W)
C3_healthy + C3_healthy € P CSP_PROCESS
A C3_healthy = {a : CSP_PROCESS | a = C3 a}

14.5 Definitions

Z_ VAR NAME = Z_VAR_NAME = {n : NAME | n ¢ ALPHABET_OW’
VAR_DECLS = VAR_DECLS
= {wars : seq Z_VAR_NAME; types : seq EXPRESSION
| dom wars € (F )
A dom types € (F )

262



N # (ran vars) = # (ran types)
A # (ran types) > 0}
WF_Skipc + WF_Skipc = {a: WF_Skipp | ALPHABET_OWTR C a}
WF_Guardc = WEF_Guard ¢
= {g : CIRCUS_-CONDITION; a : CSP_PROCESS
| g.1 = a.1}
WF_ifc_sic © WF_ifc_fc
= {g : CIRCUS_-CONDITION; a : CSP_PROCESS
| .1 = a.1}
WFEF_Semic + WF_Semic
= {al, a2 : CSP_PROCESS
| (al, a2) € WF_Semig}
WF_Varc = WF_Varc
={n: VAR_NAME; t : SET_VAL; a : CSP_PROCESS
| n & ALPHABET_OWTR
A n € undashed
A {n, dash n} C a.1}
W F_Assignc - WF_Assigne
= {a : ALPHABET;
ns : seq VAR_NAME;
exps : seq EXPRESSION
| (V' n:ran ns e n € a A n € undashed)
A (VY e:ran exps @ FV e C a N FV e C undashed)
A (# ns = # exps
N # exps # 0)
A a € homogeneous
N ALPHABET_OWTR C a}
W F_SpecStatementc
= WF_SpecStatement o
= {a : ALPHABET;
f:F VAR_NAME;
preC : CIRCUS_CONDITION;
postC : CIRCUS_PREDICATE
| fCa
A f C undashed
A a € homogeneous
A (preC.1 = postC.1
A postC.1 = a)



N ALPHABET_OWTR C a}
W F_Conditionc
F WFE_Conditionc
= {a : ALPHABET; g : CIRCUS_CONDITION
| @ € homogeneous N a = g.1}
WPF_SchemaEzxpc
F WF_SchemaFEzp ¢
= {decls : VAR_DECLS; p : REL_.PREDICATFE
| p.1 \ ALPHABET_OWTR = ran decls.1}
WF _paramc = WF_paramc
= {z : VAR_NAME;
T : EXPRESSION;,
a: CSP_PROCESS,
e : EXPRESSION
| z € a.l NFV e C a.l}
WF_’UCLlC + WF_UCLZC
= {z : VAR_NAME;
t: SET_VAL;
a: CSP_PROCESS,
e : EXPRESSION
|z ¢ FV e ANz € al NFVeCal}
WF_resc F WF_resg
= {z : VAR_NAME;
t: SET_VAL,
a: CSP_PROCESS,
y: VAR_NAME
| {z, y} C a.1}
W F_vresc = WF_vresc
= {z : VAR_NAME;
t: SET_VAL,
a: CSP_PROCESS,
y : VAR_NAME
|z #y ANz, y} € al}
WF_PREFIXINGc
= WF_PREFIXING ¢
= {a-n_e : WF_PREFIXING; A : CSP_PROCESS
| an_e.l = A.1}
WF_PREFIXINGcinr
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= WF_PREFIXING cing
= {a : ALPHABET_REA;
. VAR.NAME:
. VAR.NAME:;
: CIRCUS_CONDITION;
: CSP_PROCESS
| a = A.1 A {z, dash z} C a}
CIRCUS_FUNCTION
= CIRCUS_FUNCTION
= {f : CSP_PROCESS - CSP_PROCESS
|3 a: ALPHABET
oV u_dom : dom f; u_ran : ran f
o o =u-dom.1 N u_dom.1 = u_ran.1}
GUARDED_ACTIONS
= GUARDED_ACTIONS
= {conditions : seq CIRCUS_CONDITION;
actions : seq CSP_PROCESS
| dom conditions € (F _)
A dom actions € (F _)
A (# (ran conditions) = # (ran actions)
A # (ran actions) > 0)
A (3 a: ALPHABET
o (V ¢ : ran conditions e c¢.1 = a)
A (Y A ran actions @ A.1 = a))}

a8 O

CIRCUS_ACTION
= CIRCUS_-ACTION
= {c: CSP_PROCESS
| ¢ € C1_healthy
A ¢ € C2_healthy
A ¢ € C3_healthy}

14.6 Theorems

C_ALPHABET _WF_Skipc-thm

-V a: WF_Skipg @ a € WF_Skips A a € ALPHABET_REA
C_PREDICATE_Stopc-thm

FY a: WF_Skipc e Stop a € CSP_PROCESS
CIRCUS_ACTION_€_CSP_PROCESS_thm
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FV a: CIRCUS_ACTION e a € CSP_PROCESS
C_PREDICATE_Stopc-alphabet_thm
=V a: WF_Skipc e (Stop a).1 = a
C_Stopc_diverge_not_wait_thm
Y a: WF_Skipc
o (Stop a wy) oy
= =g (a, okay, Val (Bool false))
AR =+R
(ALPHABET_OWTR,
Rel ((- <g -), Var tr, Var (dash tr)),
Val (Bool true))
C_Stopc-converge_not_wait_thm
FY a: WF_Skipc
o (Stop a wy) oy
= CSP1
(=r (ALPHABET_OWTR, dash tr, Var tr)
Ar =g (a, dash wait, Val (Bool true)))
C_true_guard_thml
Y a: WF_Skipg; A: CSP_PROCESS
| (Truer a, A) € WF_Guardc
e Truep a &c A = A
C_true_guard_thm
FYa: WF_Skipc; A: CIRCUS_ACTION
| (Truegr a, A) € WF_Guardc
o Truep a &c A=A
C_false_guard_thml
FYa: WFE_Skipc; A: CSP_PROCESS
| (Falser a, A) € WF_Guardc:
e Fulsep a &c A = Stop a
C_false_guard_thm
FYa: WF_Skipc; A: CIRCUS_ACTION
| (Falseg a, A) € WF_Guardc
e Fulsep a &c A = Stop a
C_assumption_unit_thm
-V a: WF_Skipc @ {¢ (a, Trueg a) }¢ = Skip a
C_assumption_zero_thm
VY a: WF_Skipc e {c (a, Falsep a) }¢ = Chaos a

C_Nc_idem_thmi
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Y A: CSP_.PROCESS e ANg A=A
C_Nc_idem_thm
FV A: CIRCUS_ACTION e ANg A=A
C_Ng-com_thml
HV A1, A2 : CSP_PROCESS
| (A1, A2) € WF_CSP_PROCESS_PAIR
e Al Ng A2 = A2 Ng Al
C_Ngc_-com_thm
FY A1, A2 : CIRCUS_ACTION
| (A1, A2) € WF_CSP_PROCESS_PAIR
e Al Ng A2 = A2 N¢g Al
C_CIRCUS_ACTION_€_REL_PREDICATE thm
FVY A: CIRCUS_ACTION e A € REL_PREDICATE
C_ALPHABET OWTR_C_CIRCUS_ACTION _thm

FY A: CIRCUS_ACTION e ALPHABET_OWTR C A.1

C_Kc_com_thml
HY A1, A2 : CSP_PROCESS
| (A1, A2) € WF_CSP_PROCESS_PAIR
e Al Ko A2 = A2 Ky Al
C_Ke_com_thm
Y A1, A2 : CIRCUS_ACTION
| (A1, A2) € WF_CSP_PROCESS_PAIR
e Al K A2 = A2 Ky Al
c.N C_refinement_thml
FY A1, A2 . CSP_PROCESS
| (A1, A2) € WF_CSP_PROCESS_PAIR
[ (AI ﬂC AQ) ER Al = TTU@R %)
c.nN C_refinement_thm
FY A1, A2 : CIRCUS_ACTION
| (A1, A2) € WF_CSP_PROCESS_PAIR
[ (AJ Ngo AQ) ER Al = TT"U,GR %]
C_Stopc_KRe_unit_thml
Y a: ALPHABET; A : CSP_PROCESS
| a € WF_Skipc N a = A.1
o Stop a g A=A
C_Stopc_Ke_unit_thm
FYa: ALPHABET; A : CIRCUS_ACTION
| a € WF_Skipc N a = A.1
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o Stop a Ko A=A
C_Xcg_tdem_thm
VY A: CSP_.PROCESS ¢ AXgs A=A
C_Chaos_alphabet_thm
-V a: ALPHABET | a € WF_Skipc o (Chaos a).1 = a
C_Guard_. € CSP_PROCESS_thm
VY g: CIRCUS_.CONDITION; A : CSP_PROCESS
| (9, A) € WF_Guardc
e g & A € CSP_PROCESS
C_Guardc-Nc_dist_thm
VY g: CIRCUS_.CONDITION; A1, A2 : CSP_PROCESS
| (9, A1) € WF_Guarde N (g, A2) € WF_Guardc
o g &¢ Al ﬂOAQZ(g&CA])ﬂCg&CAQ
C_Guard_-Nc_elim_thm
VY g: CIRCUS_.CONDITION; A1, A2 : CSP_PROCESS
| (A1, A2) € WF_CSP_PROCESS_PAIR
A (g, A1) € WF_Guardc
o (g &c Al Ng A2) Cg g &¢ Al = Truegr @
C_Semic_-Nc_ieft_dist_thm
FVY A1, A2, A3 : CSP_PROCESS
| A1.1 = A2.1 N A2.1 = A3.1 N (A1, A2) € WF_Semic
o Al e A2 ﬂc A3 = (A] O A,Q) ﬂc Al e A3
C_Semic-Nc_ieft_dist_thmi
FV A1, A2, A8 : CIRCUS_ACTION
| A1.1 = A2.1 N A2.1 = A3.1 N (A1, A2) € WF_Semic
o Al e A2 ﬂc A3 = (A] e A,Q) ﬂc Al e A3
C_—c-Nc_dist_thm
Y a: ALPHABET;
n: VAR_NAME:
¢ : EXPRESSION:
Al, A2 . CSP_PROCESS
| A1.1 = A2.1 A ((a, n, ), A1) € WF_PREFIXING ¢
o (a,n,e) —c Al Ng A2
= ((a, n, ) =¢ A1) N¢ (a, n, e) —¢ A2
C—_)C'Sync—mc_dist_thm
-V a: ALPHABET: n : VAR_NAME: A1, A2 : CSP_PROCESS
| A1.1 = A2.1
ANa=Al.1
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N a € WF-SkipREA
N FV (Val Sync) C a
o (a, n) —csyne A1 Ng A2
= ((a, n) =csyne A1) Ne (a, n) —=csyne A2
C_—cout-Nc_dist_thm
-V a: ALPHABET;
n: VAR_NAME,
¢ : EXPRESSION:
Al, A2 : CSP_PROCESS
| A1.1 = A2.1 A ((a, n, e), A1) € WF_PREFIXING ¢
e (a,n, ) oo Al Ng A2
= ((a, n, €) —=couwt A1) No (a, n, €) —cour A2
C_REA_PREDICATE do_I_thm
FVY a: ALPHABET_REA,;
c, z : VAR_NAMF,
p : CIRCUS_CONDITION
o do_I (a, ¢, 7, p) € REA_PREDICATE
C_REA PREDICATE do-I_alphabet_-thm
FY a: ALPHABET_RFEA;
c, x : VAR_NAMF,
p : CIRCUS_CONDITION
e (do_I (a, c, z,p)).1 =a
C_CSP_PROCESS_Varc_-thm
VY n: VAR_NAME; t : SET_VAL; a : CSP_PROCESS
| (n, t, a) € WF_Varc
e varg (n, t, a) € CSP_PROCESS
C_.CSP_PROCESS_Varc_alphabet_thm
VY n: VAR_NAME; t : SET_VAL; a : CSP_PROCESS
| (n, t, a) € WF_Varc
e (varc¢ (m, t, a)).1
=in-a (a.1 \ {n}) U out_a (a.1 \ {dash n})
C_CSP_PROCESS_PrefixInRc_thm
FVY a: ALPHABET_REA,
¢ : VAR_NAME:
¢ : VAR.NAME:;
p : CIRCUS_CONDITION;
A : CSP_PROCESS
| (a, ¢, z, p, A) € WF_PREFIXING cinr
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e (a, ¢, z, p) —cimr A € CSP_PROCESS
C_CSP_PROCESS_PrefixInRc_alphabet_thm

-V a: ALPHABET_RFEA,
¢ : VAR_NAME:
z: VAR_NAME;
p - CIRCUS_CONDITION:
A . CSP_PROCESS
| (a, ¢, z, p, A) € WF_PREFIXING cing
o ((a, ¢, 2, p) —cinn A).1
=in_-a (A.1 \ {z}) U out_a (A.1 \ {dash z})

C_—cinr-Nc_dist_thm

YV a: ALPHABET_REA,
¢, z : VAR_NAMEF,
p : CIRCUS_CONDITION;

Al, A2 : CSP_PROCESS
| A1.1 = A2.1

A (a, ¢, z, p, A1) € WF_PREFIXING cinr
e (a, ¢, z, p) —wcimr Al N A2
= ((CL, c, T, p) — CinR AZ)

Ne (CL? ¢, T, p) 7 CinR A2
C_—cin-Ne_dist_thm

VY a: ALPHABET_RFEA,
¢, z: VAR_NAMEF,
A1, A2 . CSP_PROCESS
| {z, dash z} C a N A1.1 = A2.1 N Al.1 = a
e (a, ¢, z) —cm Al N A2
= ((a, ¢, ) —cm A1) N¢ (a, ¢, ) —cm A2
C_Guard_not_wait_diverge_thm

VY g: CIRCUS_.CONDITION; A : CSP_PROCESS
| (9, A) € WF_Guardc
e (9 &¢ A) wy) oy = CSPI (g Ar (A wy) oy)
C_Guardc-not_wait_converge_thm
VY g: CIRCUS.CONDITION; A : CSP_PROCESS
| (9, A) € WF_Guardc
* ((9 & A) wy) oy
= (CSP1
(R1

((9 Ar (A wy) o1)
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VR 7R g
Ar =g (A.1, dash tr, Var tr)
AR =R
(A.1,
dash wazt,
Val (Bool true))))
C_Guard_alphabet_thm
FVY g : CIRCUS_.CONDITION; A : CSP_PROCESS
| (9, A) € WF_Guardc
° (g &C A)] =A.1
C_Guardc_expansion_thm
FV g1, g2 : CIRCUS_.CONDITION; A : CSP_PROCESS
| (91 Vg g2, A) € WF_Guardc N g1.1 = g2.1
° (g] Vg 92) &C A= (g] &C A) @C 92 &C’ A
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ALPHABET _dash- ¢ _undashed_thm ....... ... ... ... ... ... .. .. 115
ALPHABET _dash_thml ...... ... .. i 115
ALPHABET dash_thim ...... ... i 115
ALPHABET_DES . . . e 163
ALPHABET _DES . . i 168
ALPHABET_DES . . . e 32
ALPHABET _DES_thml ... .. e 171
ALPHABET_DES_thm . ... e 169
ALPHABET _hom_ = _comp_thm ........... .. ... 116
ALPHABET _homogeneous_ U _thml ........ ... . . . i, 150
ALPHABET _homogeneous_ U _thim .......... ... 0., 116
ALPHABET _homogeneous_dash_thml....... ... ... ... ... ... ....... 153
ALPHABET _homogeneous_dash_thm........ ... ... ... .. .. 116
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ALPHABET _homogeneous_set_dif _thm ........... ... ... ... 116

ALPHABET _homogeneous_set_dif _thm2 ......... ... ... .. .. ..... 150
ALPHABET Gin_a_ N _out_a_thm ........ .. i 115
ALPHABET in_a_ U _out_a_thm ......... ... .. 115
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ALPHABET Gin_U _out_left_dist_thm ........ .. ... .. .. . .. i ... 116
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ALPHABET_ € _set_dif thim ........oo i 117
ALPHABET in_thm . ... e et 117
ALPHABET _in_undashed_ U _dashed_thm ............ ... ... ... ..... 118
ALPHABET _(-)-homogeneous_thm .................................. 118
ALPHABET nl_# _dash_-n2_thml....... .. .. . . .. . .. 156
ALPHABET nl_=# _dash-n2_thm.... ... ... . . ... .. .. 140
ALPHABET name_thm ......... e 115
ALPHABET n_# _dash-n_thm...... ... .. .. .. 140
ALPHABET _ % _thim ... e e e 152
ALPHABET_OKAY . . e 157
ALPHABET _OKAY . . e 158
ALPHABET_OKAY . . e 30
ALPHABET out_a_dist_in_a- U _out_a_eq_out_a_thm .................. 115
ALPHABET _out_Equals_dash_(_)-thm ............... ... ... ....... 118
ALPHABET out_thm . ... ... e e 117
ALPHABET _out_undashed_ U _dashed_thm ........................... 117
ALPHABET_OWTR .. e 183
ALPHABET_OWTR .. e 191
ALPHABET _OWTR .. e e 41
ALPHABET_REA. ... e e 183
ALPHABET _REA. ... . e 191
ALPHABET _REA. ... e s 41
ALPHABET_REA_thm1 ... .. e 192
ALPHABET _REA_thm ... .o e 192
ALPHABET_REA_Thm2 .. ... e 192
ALPHABET_REF .. e 175
ALPHABET_REF . . e 177
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