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00000000 (Observational Transition Systems) (6] D00 0000000000
obooobbooobooobbooobooobboobboobobooobbo
0. 00000000 (Observational Transition Systems) 0000000000000
O0O000000000CafeOBJOOOODOOOODOOODOOODOOODDOOO.
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O00.00sO04d00000000000000 00000 o(s)=0(s)ODO0O0O0OO
O0000000.00000000mit0000000000000 o0 o(init)00D0OO
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gdooddooooobbbboooooguouoooobobobooooooog.
OO0O00: SOUD0O0DD00weY DO0OD0D0O0OO0000DO00DOO
O00: SO000000000000weY OOOOO0O00 p:Y - {true, false}
Oo0ooooosSobogogpbonbO
O0O000SO000p00D0DO0ODODOODODOODDOODODOOODOODDO
gogodooboobobbbboooooooooboobbobog.
O00:Z000000000weY OOpw)00DOOOO
O0000: 0000000000weY D000 0Op(w)0D0000O0OO0O0OOteT
0000000 Hw)0DO00D0 p(t(w) 000000
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0000000 (0 21)00000000000000O0O0O0O0OOOOOOOOO.
000000000000 0000000000 balance0DOODOOODOODOOODOO
OO0 deposit OO O DOOOO0OO0 withdrawOOO. Account 00O O0O000 YOOOO
O000. 0000000000000 000DO00 Sga0000000000d.

OO0ooooopoooooon.

Spa = {balance : T — Int}

0000000000000 IO, 0000 zZ0000000 veyY O
oodogpooooooogon.
Spa 2 {Vinit € YT | balance(viny) = o}

0000700200 000000000000.
Spa = {deposit : T — Y, withdraw : ¥ — YT}



banlance

deposit,
withdraw

O 2.1: Account

2.2 000000 (CafeOBJ)

CafeOBJ O O [8][9][10)0 00 OO0 (initial algebra) 00 0 0O (hidden algebra) O O
gooooboboboobonobbobobbtboggonbbobobtbodooooouuooo
guooooooooooood

221 0OJO0bOobooobooobooobod

gboodboobobbogbuogboobobooboobbobobogboobbod
obod.bgboboobobgoboboobobobbooboboobobooboo
gbbogbboooboobboobbuooobboobboo.gbbuoooobood
obooobboobobooobbooobbooobboobobooobooobbo
gbbogobboooboobbooobb.oobbobbooobboobboon
goobogooboogo.bboooboobooobboobboobboobboon
go.

OO0D00D00000 CateOBJODODOO.

mod! NAT-NUMBERS {

[Nat]

op zero : —> Nat

op succ : Nat -> Nat

op _+_ : Nat Nat -> Nat



op _=_: Nat Nat -> Bool {comm}
vars X Y : Nat

eq zero + X =X .

eq succ(Y) + X = succ(Y + X)
eq (X = X) = true .

eq (succ(X) = zero) = false .

eq (succ(X) = succ(¥)) = X =7Y)

}

CateOBJOODOODOODOODOODODODODODOD. ODDODOOOOODOOmModd
mod!Imod*0 00 0000000000000 0000O0O000O0O0O00Omod!DO0
0. modlD0O00O0 NAT-NUMBERSOOOOOOOOOOOOOO. []OO0D0OO Nat
Oo0oooooooOoobo.ooooooboo0boooooooobooooo.oooooo
..]000000000000000000000. 000 NatOOODOOOOO. opO
OOooo0ooobooboboboD. opObOOLOO0ODOO0DMMODOOOOOO->0000
OO0000b0obDOobD. DoooboboboooobobobOobogooo. CateOBJ O
ooooooboooboooooooooboobooooooOob. boboooooog +
Oo00o0oooOooOoO0Oooooobo.0ooobo00goooooo0goobD bogoo
O.op _+_: Nat Nat > NatOODOOOOODOOOOO NatOOOODOODODOOO Nat
O00. DO00000ODOassoc: D00OO0comm : OOOOOOODOOOOOO. OO
OooooOoboo0ooo0oU0=0000000DO00DOO0ODOO0OOOO0O=00000
O0000000000000000000: op _=_: Nat Nat -> Bool {comm}. 0
OO0D0O0O0OvarO00O0OOOOODOOOOO.O0DOOOO0OODOOO0O varsdOononoOo
O0000.var(vars) 000 (ODO0O0O: O0000)0000OO0OODO. 00000000
XOYD X:NatOY:Nat OO OOODOOOOOOOooO.

CateOBJOOODOOODOOODOOODOOODOO. DODOOOODOOOtOYODOOODO
O000000oooood

eqt =t’.

googbbou.gugobodgbooboboobb.oobboooboobobod
OO000ceqUUUO. O0D00OO00OOOceql =ritCOOOO0ODO0O0l=r000,CO
BOOLOOOO. ODOOOOoOOooOOobDOooOobOo BOOLOOODOOOOOoOoooooO
gbobbooodgbbbodo. ogbbboodad:

ceqt =t’ if C .

goooo

CafeOBJO,00000000O0O00. CafeOBJOODOOODOODOO " CateOBJ>" 00O
gogooobobbbbbbbobototoutuououuoodooooooooooooon



O.select 0000000 0O0OO0OOOOOOOOOOOOO"OO0OOO0O0>"000
0). 0000000000000 000000000ODOparsed000O.000DOODO.

-- defining module! NAT-NUMBERS...... e * done.
CafeOBJ> select NAT-NUMBERS .
NAT-NUMBERS> parse O:Nat .

(0) :Nat

NAT-NUMBERS> parse X:Nat .

(X) :Nat

NAT-NUMBERS> parse succ(X)
(succ X):Nat

NAT-NUMBERS> parse X + Y:Nat .
(X + Y):Nat

NAT-NUMBERS> parse X + succ(X)
(X + (succ X)) :Nat

CafeOBJOODOODOODOODOODOODOO. DOODOOO,0Db0ODODODODO. O
gbogbodboobbuooboboobuoobboobuooboboobobuooboon
OO000000000000. DODOCafeobj00 00000000 redd00OnOOO
0. 00000000 NAT-NUMBERSOOOO redODODOODOOOO 34400000
gooo.

NAT-NUMBERS> red succ(succ(succ(zero))) + succ(succ(succ(succ(zero))))
-- reduce in NAT-NUMBERS : succ(succ(succ(zero))) +
succ (succ(succ(succ(zero))))
(succ (succ (succ (succ (succ (succ (succ (zero)))))))):Nat
(0.000 sec for parse, 4 rewrites(0.000 sec), 7 matches)

2.3 CafeOBJUUOOODOOOOOOOOOO

OO0O0O0O0O000 SO0000OD00D CateOBJODOOOOOOODOO,SO00000O
000000 DOOO Dg(k=z1,...,2my1,...,yp) 000000000 OODODODOO
0000000000 ooooooovooo Vktk=x1,...,Zm,y1,--.,y,) 00000
O0000000Y 00000000 HO «[HxOOODODOO

SO00 o004, €00 CafeOBJ OO OOOOO0O0O0O0O0O0O0ODO:

bopo: HV,, ...V, >V

Oo0o0zZ00000O0OO0OOO0OO0OOO00OO0OO0OODOOODOOOOOOOOOD. OO0
Oo0000000mit0000000000.

bop init : -> H



00 o4,...,2, €0000000000 f(xy,...,2,,) 0000000000 ODODOO
gboboboooobbobuoooobbod.

eq o(init,xy, ..., x,0 = f(x1,...,2mn) .

Sooooot,, . ,.e70OCteOBJOOOOOOOODOOOOOOO.
bopt:HV, ...V, ->H

0t¢, ,,€7000000000000000O0.
opc:HVy, ...V, ->DBool

,,,,, ., €000000000000000000.
0000000k =x1,...,2u00,...,y,) 0000000V, 000A000000
H OO CafeOBJ0O0000000000000O0O0000000000 ¢,

77777

00000 o..., 0000060 e, 00000000000000:
ceq O(t<h7'rj17 S 7xjn)7xi17 ce 7xim)
= e(to)(h?:tjl? ey Ly Ly e e Etczm)

if C—t(h,l’jl, e 7[L’jn) .

Dooboooodoooooooooodnoi,
goobooggo.
ceq t(h,xj,...0c;,) =h
if not c-t(h, x;,,...,x;,) .

oy doooooooooooodod

.....

OO000Db00O000o0oonooboOo sob CafeOBJOOODODODODOODODO.

O0000210000000000000000O000O00ODO0O0ODO SpalO CateOBJ
gbooog.

mod* ACCOUNT
protecting (INT)

*[ Account ]x

op init : -> Account

bop balance : Account -> Int

bop deposit : Account Nat -> Account
bop withdraw : Account Nat -> Account

var N : Nat



var A : Account
eq balance(deposit(A,N)) = balance(A) + N .
ceq balance(withdraw(A,N)) = balance(A) - N
if N <= balance(A)
ceq balance(withdraw(A,N)) = balance(A)
if not(N <= balance(A))

O0000 ACCOUNTOUOODOOOO NAT-NUMBERSOOODOOOO. OODOO
000000000000 0D000bODbO0bO0OO0bObOOooDbog. cafeOBJODOODOOODO
oooobobobobooooobobobobobobobobobobobobog
O. 0000000000000 000O0O0O0DO protectingl extendingd using O O O O
00000000000000000000000000000000000000. *
OOOOO Account 0000000000 S.00000000. 00 init00SEa0
OO00oO0o0ooooob0. Doboooobobobobobbop OO0 pop’OOO
ooobdbooboboooooooboboobobooboooobobobobooboog
ooobdbgoooobobobooooboobooobobobooobobobog
oooboboboboboboobooooboobobooboboboboboooboo
OoppUO0O0O0OOoogon

00 balance0 O S, 000 balance OO0 O0O0O0000O0O0O0OO0O0O.OO withdrawOd O
SpAa 000 withdraw O OO ODOOODOOOOOOO.

OOoooodb:.o0bob0bobo0b0mtbooboobooboono.

op init : -> Account
eq balance(init) = 0 .

Doooozooooo.
0000 withdraw OO O:0000 withdrawOOOOOOODOOOOOOOOOO.

ceq balance(withdraw(A,N)) = balance(A) - N
if N <= balance(A)
ceq balance(withdraw(A,N)) = balance(A)
if not(N <= balance(A))

N <= balance(A) 000000 withdraw OO OO0 O0O000O. O0OO0O0O0OOOOOO
gobbgoobboooobuogobbooobbo. bbooobuoooobooboboa
withdraw(AN) OO OO ObalanceD0 0000 NOO OO O balance(A) -NOOO. OO
guggoooooobbbbbuooooooooobbobbobbooo. o
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Oooooboooooooooooooooooboo. boooooboooooDoon
oooooooboooooooooobooo.oobooooooobooooboooo
Ooooooooo.oooooooooboboooooooooboooooobooooooo
Oooooboooooooogoooboooo.oobooooobbooooboooooo
OoooboooboboooooooooobobooooooooooboooooboobooOoooon.
oboooobooooobooooooboooobboooooboooooobOooo. oo
Ooooooooooooboobooooobooooobooooobooooobo.oboooo
Ooobo200000000000.

OoooooooooooboboobooooooboooooooboOoOooooooonoo
O0. 0booooobooooobooooboboob. boboooboooboooobooo
ooooobooooooboooooooboooooboOoooobooooooob.boboooo
Ooooooboooooboboo.ooooobboooooobboooobboooooboboooo
Oooooooobooobooboooooooooooobooboooooooooboooon.

Spin00000000000D0ODOOO0000000ODOD. D0b0O0DbODb0O0000 Promela
(Process Meta Language) D00 O O0O. Promela 0000000000000 0OOOO
Oooooobooooobboooo.oobboooooboooooboooooobooooooo
00000 BuchiDOOOOOOOOOODOOOODOOOOOOOOOOODOO. OO

Ooooooobooooobooooooooo.

3.1 U0ogooooogno

bbooobbogobboobobooobuooobboobbuooobooobobg
bodbodobbodgboaobobodaboobobodg. bboobooobgdaooan
obooboboooboobboobuoobboobuoo. boobboobooboob
bobodbodgboobd. bodbougobobbobodobodaboaa. odaog
gbobobooboboobobooboboboob.0obobooboboobabg
oboboobodoad.

Doboobouooooboobgbobobdobobobobobobobooobgabg
oo.

PVS(Prototype Verification System) 0 00 0000000000000 0O00O0O0O0O
Oobooobooooboooooboooobooooboooooobo. pvSOOOODOOODOO

10



gobogob.ogobbuooobobooboboboobbuoobobbooobboon
gooobobobbobbbbobobobbboboobbbbbboboooouoouooooooon
gooooobobobbbobbbbbbbbibddoodooooooooooooon
gbhoubogobodgbbuooobbuoobbooobbuooobobobobooobbon
goo

CoqUOODOOODOOODOODOODOODOODODODOODOODOn. Coq 200
gbobbogoobboobobooobbuoobooobbuooobbuoobboboon
gobob. ogogbuoooobobbbouoooobbobbbbouooobboo
OO0000b0o0oO0oboOo0oboooooboOoboobOo. Cogobooboooboono
OOoboobooboooboboooobooooboonD.ogbcCoqoooobboon
gooboogbogboboobooobuoobbuooobuognoboobbooboon
gbbobuogobbodoodgnbo

CafeOBJODOODOOOOUODODODO. DODODODOODODOOODDODODODO
gbbugob.bggbboobbuooobbuoobboooubbooobboon
OO00o0OoD. CafeOBJOOOOODODODOOOOOODODODODOODODOODOD
gbbodgbboodgb.boobbuooobbobbddtteebb0O0O0. truet
gbobobuoggobbbuooobbboogoboobuoooobobbooooooo.

3.2 0O0OOO

O0000000D0D000 CafeOBJOOODOOOD. OOD0DOODOOODOO prop :
Y - {true, false} 00 000000000000 COO020000000000000
O000000000000000000 sO000prop(s)D000O0O00OOODOODOO
ooooodgoooooooooooooooo. ooooooooogoooooo
0000000000000 000000000000. 0000000000 o0Ooog
00 CafeOBJO trued O falseO OO0 BoolOOOOOOOOOOOOOOOOOOO
ooo.

Oodooodooooooooooodooodooooooooooooooon
O0o0ooooooooooooooooooooooooooooooooboooon
Dodooodooooooooloooooodoloogooooooooon

0000000000000 00000. 000 soooooooooooooooa
ooooo.

opCy: Sit...51,, —>S
opCph: Sp...5S -> S

. Ny,

OOo0SsSOo0tobob0oo0obooob00bdOn0b00OO0DbOODODO. iD000OO
gboboboooobobboaod.
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oo eqt = Ci(dila"'dimi) .

000,0d;000008,;,000000000000000000. 000 50 Bool
OODoO0200000000000. 0000000000t =trued t=1falsed 00O
00.t01=r000000000(=1)=true0000001l=r(0000 r=1)00
goooboog.

OoOoobooooboobooobogob. tor...ort, DOODOO BoolDOODOO
gobbbbbuougooooobbobbbtunbooooobbb.ocoogon
b0+ =trueed00oog.

0000000000 DO0OO0OBoolOODODO (trueD false)DO0OOOOODOOOOOO
O0000. 000000t0 BoolOOOOODODO (t = true)or(t =false) 0000000
OO000.00000obooooogogbD,BeolDOOOOOOOOODOODOODOODO
000.i0000000i0000 ¢ = falsed ...t 4 = falsed ; = true 0000 0 0 0
BoolUODODOODOOOOOOOOOO.:O00O00O0O0DOODOOD:—10000000
gbobuogobogbbuogobboobbogobb.ogoobooobbuooboon
gbobobooogon.

3.3 Uoogoooonon

Joodogooooobbbboooog.
00 Theorem Vx, y :Nat. (x +y =y + x).

000000000000 lemmal vxO:Nat.(zero + x = x) 0 Lemma2 Vx, y :
Nat. (succ(x) + y =succ(x +y)000000.0000000000 200000
good.

e lemma Vx, :Nat.(zero + x =x) 0000000000000 0O0O.

mod LEMMA1 {
pr (NAT-NUMBERS)
-- arbitrary values
op x : —> Nat
-- lemmas
op lemmal : Nat -> Bool
—-- CafeOBJ variables
var X : Nat
-— definitions of the lemmas
eq lemmal(X) = (X + zero = X )
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goboboogobbobuoooobobboooobboboooobobbooon.

mod ISTEP1 {
pr (LEMMA1)
—-- arbitrary values
op x’ : -> Nat
-- formulas to prove in induction cases
op istepl : -> Bool
—-- Cafe0BJ variables
var X : Nat
-- definitions of the formulas

eq istepl = lemmal(x) implies lemmal(x’)

}

00x0000000000000Xx0000y000000000. O lemmal(x)
O0000D000D0000000000. Olemmal(X)ODOODOOOOODOOOOOO
DbOOobDO0O0D0isteplDO0OOO0OODODOO.

lemmal 0O OO

- 0O0D00DOO0O0OO
open LEMMAT1
red lemmal(zero) .
close

OO000Do0oDOooCateOBJO trued OO

— 0oooooooo
open ISTEP1
— aribitrary values
— assumptions
— next natural number
eq X' = suce(x) .
— check
red istepl .
close

e [0 Lemma2 Vx, y : Nat. (succ(x) + y = succ(x + y)).

gbobobooodgbobbooad.
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mod LEMMA2 {
pr (NAT-NUMBERS)
-- arbitrary values
ops x y : —> Nat

-— lemmas
op lemma2 : Nat -> Bool

—- CafeOBJ variables
vars X Y : Nat

—— definitions of the lemmas
eq lemma2(Y) = (Y + succ(x) = succ(Y + x))

}

gbobobuoogobobugoobobbuooooboooooobobbooon.

mod ISTEP2 {
pr (LEMMA2)
-- arbitrary values
op y’ : —> Nat
-- formulas to prove in induction cases
op istep2 : -> Bool

—- CafeOBJ variables
vars X Y : Nat

—- definitions of the formulas

eq istep2 = lemma2(y) implies lemma2(y’)

O00yO0OODOOOOODO0OODOO0O0OO0y0D0O0OO0y0DDOOOOOOOO. O lemma2(y’)
O000000000000000000. Olemma2(y)00000000O00O0OOO
DOOobDOoO0d0istep20000000000O0O0.

lemma2 0 00O O

— Jooooodo
open LEMMA2
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red lemma2(zero) .
close

O000D00D00O0OCateOBJO trued O O

— 0o0OoOoooooao
open ISTEP2
— aribitrary values
— assumptions
— next natural number
eqy’ = succ(y) .
— check
red istep2 .
close

O00000Olemma2(zero) 00 0000. 000000 Oeqy =suce(y) 000000
Oy 0000lemma2(y)00000000000000. 000000000 lemma2(y)
0000 lemma2(y) 0000000000, O0D0O0000C00 mOO00O0O lemma2(m)
goodoo.

00002000000000 Theorem Vx,y :Nat. (x +y=y+x).00000.

e Theorem Vx, y :Nat. (x +y =y + x).
dobooooooooooooa.

mod THEOREM {
pr (NAT-NUMBERS + LEMMA)
-— arbitrary values
ops x y : —> Nat
—— theorems
op theorem : Nat Nat -> Bool
-— Cafe(OBJ variables
vars X Y : Nat
-— definitions of the theorems
eq theorem(X,Y) = (X +Y =Y + X )

gbbbuoogobbobuooobbbuoooobobobuoooobbbooaon.
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mod ISTEP3 {
pr (THEOREM)
-- arbitrary values
op y’ : —> Nat
-- formulas to prove in induction cases
op istep3 : -> Bool
—-- Cafe(0BJ variables
vars X Y : Nat
-- definitions of the formulas
eq istep3 = theorem(x,y) implies theorem(x,y’)

}

OO0 yOOODOOOODOOOOOy ODOOOyOoOoOoooDOooO. O theo-
rem(x,y ) D0 000000000000 0O00O0O. O theorem(x,y) DO0DDO0OOO
gboboooobbbdistep3 0D oooonoon.

Theorem O O OO

— googogooo
open THEOREM
red lemmal(x) implies theorem(x,zero) .
close

OO000D0O0DO0O0CateOBJO trued OO

— 0o0O0oOobooooo
open ISTEP3 + LEMMA2
— aribitrary values
— assumptions
— next natural number
eqy’ = succ(y) .
— check
red istepd .
close

OO00O000oooog CateOBJOODODOODODODODODODOD. DODOO
gboogoobbodbboobogobuobuooboooboooboobboobn
OO000D0O0 CateOBJOODODODODODODOODOOOODOODOODODOOOODOOD
gooo.
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40 OQooodood

gbobbbbuoogoogobbbbbouoooooboboboboboooog. obb
gboboboogobbobuooobobobboogoboobooa.

4.1 0O0OO

Doboobobogobooobbooobboobboobobooobbooobbd
gbobo.buoggboboogogbobouoogbbbuoo.gbobboooobbooon
oboboobobooboboboooobobuobooboboboo.oobobg
gbbogbbooboboodboobbuooobboobbooobobo.obboon
oboooboboboooobboboboboobobobobooobobbobo
gbobobooogbobobooogbboboooobobooogobn.

Doooobobbobobobobobuobooboboooobouobobobg
gbobogob.bggbboobbuooobbuoobbooobbooobbboon
oboboobobobobobobbooboboobob.oboobobobooo
gboogobuogbbooboobbuooboboboobbuoobobbooboon
googobodboboooobooboboobobobobooboooboobobon
gbobogoboguogbobuogobbuoobobbodobbogboooboooboon
gooboooobob.oogooboboboooobbbooooobobooono.o

000000000 3|00000000000000000000000000o0a0.
go2000000000000000b0O0DbO000oooobbbboooOoon.
gbooboogdgbboobbuobbooobboobboo.bboobbuoobobood
goobooogn

prpOb00D00ODLOODODOODODODOODODLODOOOODOODODLODOO
gooboobbogobooobbobbuoobbooobboobbuoo.oboon
obobobooboboobobo iboboboobo.boboooIboobooobog
ooooboobooboo. obooboobuooboboo Ibooboobooboo
obobooobooboIiIbobobooboobooobooobooboon.

ppOC000OD00OD0OODOO0OOODODODOODLDODODLDOOODOODODODOO
O00. TCP/IPO0O0OOOODOOOOOOOOOOOO0OODOOOOOOOOOOO
Oo0o0. 0o RpPO00O0O0OOOOOIPOOOUODOODOODOOODODODOOOOLDO
gbobbooogbbbuoooobbboooobboboooobn.
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RPOOODO TCP/IPOOOODODOODOOOOOO (overlay) DOOOOOOOOO
oboobob.obooboboboo repo0oboboboboboboobOonDg
OO00D0bO0bO00oooobOod I2PTunnel 00D O0OODOO. OO I2PTunnel 0 00
oooolpO00ooobOoboooowwwoooo IRCOODODODOOooooooog
ooOoboIpO0bOO0OOOOODOOODOObDOODbDOOD

4.2 JukeBox

O000o0o0ooooooooooooooon JukeBox OO OO . JukeBox O 0O O
00000 (0D4.1)000. JukeBox 000000000 ODODODOOO. O0O0ONnOOO
000 JukeBox OOOODOOJukeBox OO0 ODOODOOnO0O00ODOOOODODOOO
O000. 00000000000 0000 PDAODOOOOOOOO. ODODOOOOOO
Alice0 00 BobOOO. DODODOODODDOOO JukeBoxODODOOOOOOO. ODODO
JukeBox 000000000000 DOODODOODOO. Aliee ODDOODO jazzOOODOO.
BobOOOOO rockO00O0OOO.

playMusic playMusic

startJB(m,Alice)

startJB(n,Bob)
rock\ playMusic m playMusic

O 4.1: JukeBox
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s boutdbobbotdboboodd
Juoooudood

00000000 JukeBoxOOOOOODOODOODDOODOOODOODOOODOO (principle
of confusion) 00 000000000000 0. O000000OODOOOOOOOO.

5.1 OUOOOOoOooo

goobooboboboboobboobodoooooobbobobbtbddooouoooooo
goddoooogtd. ggooooobboooboobooooooooooooooada
goddoooooooboobbbbbb.bobbboboboouuuduuooua
guoodooooobobbbbbooooooooooobn.

000000000 XO0OO0OO0O0OOoOO0ODOOO sig(X)000o00 state(X)DOOOOO
O start(X) C state(X) D00 00000 trans(X) C state(X) x sig(X) x state(X) O O
O00.00000000000000000300000000000000 in(z)Dut(z)
Ont(X)OODO (0000000000 00000).00000000000000000
0000000000000, X000 (s,a,8) € trans(X) 0 ,s 5y ¢ 000000
O0a000000000000s—xs0000. 00 ~0000 —0O0000000
googg.

000 a€sig(X)000 sl € states(X) 0O O000s =y s 000000,

e 200000000 ODODODODOSwxs O

e a00D000000DODOODOD 1,520 states(X) D00 00 O swys; ——x

SQWXS/ 0

D000 0000s00 start(X)Ja= 51 —x 5] —x ... x5, 0000 0a00
00000000000000000000000 a00000000. X00000Oo
000000000 traces(X) DO OO

0000JukeBox 0000000000000 0O0ODO. DO0O0OODODODO.
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ooooooo: {startjb(X,n)|Xe{Alice,Bob},neNat }U{playjazz,playmusic,playrock};

O00000000:|in(JB) = ¢;

O00000000: | {startjb(X,n)|Xe{Alice,Bob},neNat }U{playjazz,playmusic,playrock };

OOooooooDooo: | ¢;

O00000000: | {startjb(X,n)|Xe{Alice,Bob},neNat }U{playjazz,playmusic,playrock };

Oo0ooog: {(start,0)};
oooO: {(pc,quarter)|pce{start,jazz,rock,stop },quartereNat };
oo000: {((start,0),startjb(Alice,n),(jazz,n))|[neNat,n##0}

U{((jazz,n),playmusic, (jazz,n-1))[neNat,n>1}
U{((jazz,1),playjazz,(stop,0)) }
U{((start,0),startjb(Bob,n)(rock,n))[nen#£0}
U{((

((

U{ jazza1)7plana’ZZ7(StOp70))}

jazz,n),playmusic,(jazz,n-1))|n€Nat,n>1}

5.2 OOOOOONO

00000 (principle of confusion) 0 000000000000 O0O.

Oo:

000000000000 A0O0O0O0 (DOO0OO)0DO0D0DO0DU0DODUOOOoODOODOO
gudooobooobbbboooooooouoboobbbbooooa.

O

ADODODOODOODODOODOO0O abeOO

So——>81—— 89— 83— S——ss—— DA DO DO OO

ooooboooobbbuooo BOUobboooooobobooo

So—s)—sh—ss—sy—se— 0 BO O OO0

goooooooooobobon

0000o00O00o0O0O000oooO0o0o0Ooo0o0O0 (boboo0)0DoooOo (Doooo
0)000000000o00o0000o0oooooOOo0d0. Do0oooooooooooo
goooooooooon.

000000000 anonymu(X) OODO:

000000000 XOO0O0OOOO0oooooooo AoDoOoOo. (D00 A’A”DOA
O0A# A 000,A’0A’00000000). A’0000000000000O0O0O.
000000000 anonyma(X) DOOOOODOOODO.

states(anonymy (X)) = states(X)
start(anonym (X)) = start(X)
in(anonyma (X)) = in(X)
out(anonym (X)) = out(X)
int(anonym (X)) = int(X)
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trans(anonyma (X)) = {(s1, a, $2)|(s1,a, s2) € trans(X) Na ¢ Uaca A’}
U{(s1,a, s2)|(s1,d,82) O trans(X) N A’
cANd e ANae A}

anonym(X) 00OOOO0OO0DO0O00OO0OO0O0OOOOOOO
00 someonec A/ (00O A0 A)DDOOO

someone

/
* anonyma(X) S

OO0O0D0000 everyoned A’O000O

everyone ’
anonym 4 (X) S

goadd
goooodgooon:
000000000 XO00O000000000000 AOO0O0OOtrans(anonyma(X)) =
trans(X) 0O OOXO AOODDODOOOOOOOOOOOO

00 JukeBOX 0 0 O O O startjb(nd Alice) 0 0 O O startjb(nd Bob) D00 00 0 O
0000000000000 D0000JukeBoxOOOODOOODOOODOOODODO A=
{{startJB(n, Alice), startjb(n, Bob)} | n € {1,2,...}}00000.

anonym(JukeBox) O (O 5.1)0 JukeBox OO OO OO OO Oanonyma(JukeBox) O
0000 startjb(n, Alice).playmusic.playrock O trace(JukeBox) O O 00O OO O Otrans(

anonym(JukeBoz)) # trans(JukeBox) 00D D0DO0O0O00O0O. OO00O0O OO JukeBox
guoooooboobbobog.

O 5.1: anonymA(JukeBox)

0000 JukeBox OO (O 5.2) 00 OplayJazz O playRock DO 0000000000
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0 OJukeBox = JukeBox\{playJazz, playRock}y 00000 0000000000000
0 playJazz0 playRock 00000000000 D0O0. OO0 Otrans(anonymA(JukeBox
)) = trans(JukeBor) 00O D00 JukeBox 000D D DDOO000OO0. 0O00O00OOO
0000 playJazz O playRock OO0 D OO0 0O0OO0O0OOOO JukeBoxODODOODODO.

playMusic

playMusic @

startJB(m,Alice)

startB(n,Bob)
rock pIayMusicm pIayMus!E rock

O 5.2: JukeBox
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el ULOLOUOUOUOOLODUOUOOLOOOONO
Juoooudn

bboobobooboboobbobobobobobobobbobbobobobbobbobobo
OOoobooobboooooobobooobobooobooobo0o.oobogg JukeBox
obobooboobgooboooo.

6.1 U0OUOODLOOOOOUOOOOLOOOUOoOobObLDoobLoOun
[]

0000000000000 0000000000OO0O0O0D0oooO (0De)ODOOOO
O00. 0o00dooooooooooooodoooooooooogoyoooodao
0. 000000 oooooooooooooooooooooo. odoo
oooooddooooooooogooooooood. oooooooooooao
gddoodoooooouooodoobooooooooooooooooooon.

Odooooodoooodooooooooioooooooooogoooogno
godoooooooooouooo. oooooooooooooooooooon
oodooodooodooooooodooogoooooonon.

00000000000 SO0000 (oZo7)ooooooooooooooooo
0o:

O.00000:000 ocOO000000YODOOODOODOOOOODOOOO o:
Y -DOUOO.OO0Oooooooooooo.d

000020000 wke 000000000200000 s0000000 (u1 = us
yooooooooooo:

up =5 up iff 0 o€ O €. o(uy) = o(uy)

00000(w) =o(u) 0000’ ='00 o ©0000000000000000.

Z:0000000:ZeyYOOAO.

7:0000000000:.000000000D0DL0O07.00000000000000
0000,

O0¢te70000000c—t:Y - {true, false}00000000. sODO0O0O0O00OO
Ooo0ooooooooooooooooooooooooooooooooooogo
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AN A—b=br BHER L AT A

RIEDHEL ARAEZE T

(%ﬂtﬁ%&i&%ﬁﬂ{

ETRENTOND) MR EE DL

%)J,ﬂ;ﬁﬂk,éo)%é\/>< CHIY

T a DR L
AN

ERORE — e

0 e61: 000gdpooboogobobuoooobobbooon

00000, 0000000OC0O000U0ooDOoOoO00UOoDooOoOO0U0U0 (boboogooo
O000). 0000000o0o0000ooo0o0oooooooooo;0o000oooo
O000000ooQo.s0000o0000ooooo0UoooooOg (sbog)o
Oodo.0dbooodostgdooouoooooooooooodd uw,ue...0ong.
O00: 00vwOOOOOO o0 0oO0Z 00000
O00:00004¢00,1,..00000u41 =st(u;) 0000000¢te7 000000
O000:07€e70000wu,4,=st(w;)000400,1,..00000000.
OTSOOO0DO00 wdwOO0OO00¢t,. ,, (1) = «’000000 teT 0 kO Di(k =
1oy, Ty Y1s---,Y,) 0000000 D,O00O000007,, 4(u)=v0u—] 0O
O0.re; 000 v—7/0000. 0000000000 0DO0ODOODO0OODOODOO
O0sO00000.00 ~0000 —0O000000000000. 7€e7;,00000s0
Os0000000000000u—;«/000.00000000000000000
O00uw/ 000.

O0: 00000oooooo $=(0,Z7,7)oooooooooooooooooo
Oo000. (1) 000w eZ00O00OO0OO0OOOO0OOOO. 2000 w,W'O0Y OODOOO
uv—I W 00007€e700000000«0000000COC00000JO000C
OOooOoDbOo. SObo0o0o0oobo0ob0ob0oU0ob0U0RsObUObOODODO.
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O00: 0000000000 S=(0,Z7,7)0000000000000000O0OO0O0O.
(1)000 w0 Z0000000. (2000000 «00000000 last(a) —7 o
O0000e¢ —] </ 0000000. OD0OO0O0OC0 last000D00CO0OOOOOO.
(Dlast(ug) = ug (2)last(a —Lu)=w,. 000 «0000000.

0000000:00000000000 8 =(0,Z,7)0000 up —7 u —7
un — .. 0000000000000 00OO00O0O0O0O0O0OO0O0ODO0O0ODOO
O (rom...7n—1...)00000000000000O0.000000ODOO SOOOOOOO
00 trace(S)00O0O.

00000000 anonyma(S) = (Oanonyma(s)s Zanonyma(s)s Zanonyma(s)) 0 0 O :

00000000 S=(0,Z07)oo000oo0oooo0o0ooo00 ADODOO. (DoOo
AVA,..O0AO0O A% A,..0000AD0A"0000O0DOOO). A0DDOOOCDOOO
0000000. 00000000 OTSs, =< O0s,,Ts,,Ts, >0 00000000,

Ounonyma(s) = Os

Lanonyma(s) = Ls

Tanonyma(s) = {u —, u'|u — W e TgANT ¢ Upeqa A} U{u —, u’u—ﬂ% u e

TsNA' e ANT e ANT € A}

goooooooon:

00000000 S=(0,Z,7)00000000000000 AODO A,A,...cA
OO0 Az A,..0000AD0A0000000O0)00000 trans(anonymu(S)) =
trans(S) 0 00 O anonyma(S) = (Oanonyma(s) Lanonyma($) Manonyma(s)) 0 AOD D OO0
gooooooood

6.2 JukeBoxUOOOODO

OO00bDO00nogn JukeBoxODODODOOOODOOOOOODODOODO. ODOO,0000
HEN

label = {start,jazz,rock,stop} JukeBox O O OO
DDDDDDNat={O,1,2,...} gogooogoooodg
000000 Pid = {ALICE, BOB} sfslsfsls
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000000000000 ukeBoe00000000000 (Ouresor: Zrurenors Tyurenos)
O0000. JukeBoxOOOOOOOOOOOOOOO.
O0o0oo0ooooooooon.
O jukeBoz = {pc : ¥ — Label, quarter : T — Nat}

JukeBox OO OOODO JukeBox OOOOOO labelOO0DOO0O. OOOOOOOOO
Ooo0oooooooooo. oo zZ0oo0o0ooboovwoyOoOoooooooo
ooo.

T rukeBor = {Vinit € T | pc(vinit) = startA

quarter(Vi) = 0}

O00070030000000000000O0000D. D000DOO0O0ODDOOO0
00000000 weYOODODOOOOOODDODOOOODW ey Oooa.
TrukeBor = T5e0e O Thyurens, Where,
TEJukeBow 2 {Start']Bn:Nat,p:Pid T — T,
playMusic: T — T}
Tiron 2 {playJazz : T — T, playRock : T — T}
TEJukeBoz = {StaTtJBn:Nat,p:Pid T — T}

° startJ Bp.natppia : T — T

O000000Ope(v ) =start and quarter(v ) =0000. 0O00000Ov OO0
O00JukeBox O pcO start 0 quarter 0 00D 00O 0O0O0ODO0OOO. O0OO0OO
gobbooboooobboooobbboooobnboo. ogubbbooon
00000000000 pe(v ') = (if X = ALICE then jazz else rock), quarter(v 7)
=X00O0O.00Ooooooooboooobobooooooooo.

OO000O0startjbO0 OO0 O0O00O0O0O0O0OODOO.

c- startjb(U,X,v ) = (pc(v ) = start and quarter(v ) = 0)
pc(startjb(U,X,v ) = (if U = ALICE then jazz else rock)
if c-startjb(U,X,v )
quarter(startjb(U,X,v )) = X if c-startjb(U,X,v )
startjb(U,X,v ) =V if 0 c-startjb(U,X,v )

26



o playMusic: T — 7T

00000 (pe(v ) = jazz or pe(v ) = rock) and quarter(v ) > succ(0) 00O .
OO000JukeBoxrOODO jazzO OO rockDOOOOOOOODOOODOOOODODOO
goobobooooo. ggoobobobooooobobbboooooboboobobooo
00000.0000000000000000000000 pe(v *) = (if pe(v )
= jazz then jazz else rock)0 quarter(v ’) = quarter (v )-succ(0) D00 0. 0000
gboboooobbooooooboobod.

D000 playmusic0 00000000 0OOOO.

c- playmusic(v ) = (pc(v ) = jazz or pc(v ) = rock)
and quarter(v ) > succ(0)
pc(playmusic(v ))=(if pc(v ) = jazz then jazz else rock)
if c-playmusic (v )
quarter (playmusic (v )) = quarter (v ) - succ(0)
if c-playmusic(v )
playmusic (v ) =v  if 0 c-playmusic(v )

o playJazz: T — 7T

00000 pe(v ) = jazz and quarter(v ) = succ(0)000. O000jazz 00O
OO0bDO0o0b0O0JukeBox DO DOOOODODOO0OOODOOOOODOO.O0OOODOO
gbobobobuoggoobobooogobobboog. bugooooboobooa
00000000000 pe(v’) =stoplquarter(v ') =n000. 0000000
gboboboogobboogoon.

OO000D0 playjazzOOODOOODOOOOOOO.

c- playjazz(v ) = pc(v ) = jazz and quarter(v ) = succ(0)
pc(playjazz (v )) = stop if c-playjazz (v )
quarter(playjazz(v )) =n if c-playjazz (v )
playjazz(v ) =v  if O c-playjazz(v )

e playrock: T — T

00000 pe(v ) =rock and quarter(v ) = succ(0) 00 0. 00O Orock 0O
O0O00000JukeBOX OODOUOODOOODOODDOOODOOODOO. OODOO
guooouobbbbooooooobbbboooooo. ggooobbobbd
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000000000000 pe(v’) =stop ,quarter(v ') =n000. 000000
gbobobuoooobobuoooobn.

OO0000 playrockDODOOOODOOOOODOO.

c- playrock(v ) = pc(v ) = rock and quarter(v ) = succ(0)
pc(playrock (v )) = stop if c-playrock (v )
quarter (playrock(v )) =n if c-playrock (v )
playrock(v ) =v  if [ c-playrock(v )

OOoDo0oDO,JukeBoxOOOOOOO.

6.3 CafeOBJUOUOOODODOO

O00D00000D00D0000 JukeBoxO CateOBJOUODOODO. ODDODOODOOO
OO000O000O0000DO00DO0b0bO00DO MYNATOLABELOUSEROOOO
JukeBOX ODOODODOOODOODODOODOO JukeBox O 40000000O0DODO.
0000000 19ooooooooooooobobo Agoo.

6.3.1 UUOOOOoog

ODOO00O0MYNATOOOODOOOODOOODOOOOODO.OOOODO LABELOOO
OOoo0oobooobooobooobboOo.0bboo0 USERODOObOOooboooooo
gbobooan.

6.3.2 UUOOOOO

OO0 JukeBOX OOODOOODOOOODOO JukeBoxOODOOO. OOODODDOO
ooooog.

U
U bop pc : State -> Label
bop quarter : State -> Nat

gboobogoobbobogod.

OO op init : -> State
00O eq pc(init) = start .
eq quarter(init) = 0 .
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gboobboogooboogobobboogobobboooobbobooon.

bop startjb : User Nat State -> State
bop playmusic : State -> State
bop playjazz : State -> State
bop playrock : State -> State

startjb D0 OO0 O0O00OOCO0ODOOOODOO
eq c-startjb(U, X, S) = pc(S) = start and quarter(S) = 0 .
startjb 0 00 O00O0OO0OOOOODO.

ceq pc(startjb(U, X, S)) = (if U = ALICE then jazz else rock fi)
if c-startjb(ALICE, X, S)

ceq quarter(startjb(U, X, S)) = X if c-startjb(U, X, S)

ceq startjb(U, X, S) =S if not c-startjb(U, X, S)

playmusic 0 0 00000000 OOOOOO

eq c-playmusic(S) = (pc(S) = jazz or pc(S) = rock)
and quarter(S) > succ(0)

playmusic0000000O0O0ODOODOO.
ceq pc(playmusic(S)) = (if pc(S) = jazz then jazz else rock fi)

if c-playmusic(S)
ceq quarter(playmusic(S)) = quarter(S) - succ(0)
if c-playmusic(S)
ceq playmusic(S) = S if not c-playmusic(S)

playjazz0 00000000000 OOOO.

eq c-playjazz(S) = pc(S) = jazz and quarter(S) = succ(0)
playjazz U OO OOOOOOOOOO.

ceq pc(playjazz(S)) = stop if c-playjazz(S)
ceq quarter(playjazz(S)) = 0 if c-playjazz(S)
ceq playjazz(S) = S if not c-playjazz(S)

playrock OO OO OO0OO0OOODOODOODOO.
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eq c-playrock(S) = pc(S) = rock and quarter(S) = succ(0)
playrock U DO DDOOOOOOOOONO.

ceq pc(playrock(S)) = stop if c-playrock(S)
ceq quarter(playrock(S)) = 0 if c-playrock(S)
ceq playrock(S) = S if not c-playrock(S)
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07t O

7.1 0JU0ooooogod

000000000000 orsooooooooooooooooonooon. oa
Oo0doo0ooooooooooooooooooooono 20000000,

HRERE

O00000000O0TSSO000000000O0000 A(DODO AA”DOAOOA
# AV 0000A'0A"00D0Q00O0DODO)0000. O0O0ODDOO0O0OO0O0O0O0OOasy :
R.R, — BoolO AODDODOO SOOOOOOOOOOOOOOOOO.

1.000 u € I00000asa(ug,up) 00000

2.000 ug,up, ) € ReOOOD0 Dasa(ug,u)) 00 uy ——, u, 000000 A’ € A
0000teA’000,0000¢ eA 0000000 b€ R,000000 asa(us,wl)
00w >, uw0OO; 0000A e ADOODteA’'000:(a)te Tz 000000
Wy € R,ODO0D0D00asa(us,wy) 00 g =, u, 000. (bt € ;000000 T €T,
0000000 w, € R, 00000 0asa(ug, ) 00 uy ——, u, 000. 00 20 (O
7.1)000.

HRERE

00000000 O0TSSO000000D00O0000 A(DDODDO AA”DOAOOA
# AV000,AD0A00000000)0000. Spongmas 00 SO0000000
0000000 as, 0000O0O0O0O0SOADDOOOOOOOOOOOO.

O 0: Sanonymacs)y 0 0000 0traces(anonyma(S) 2 traces(S) 000000 asy :
Ranonyma(s)Rs — Bool O anonym(S) 00 SOO000O000O00 0000000000
000000, 0000 Ogmongmas) = Os 000 Tunongmas) = Is 00 0.

0000000 00000000000000 1000asa(ug,up)0000O0O0ODOO
000 t € Tponymacsy(=Is) 00000, 00000000000000000000
gdooooouoooouoooon.

00 0asa(uy,u) 000 uy ~, u, 0000000 w1, us € Oanongm(s) 1 € O 0 0
O0¢t0000. Omonyma(s) =O0s 00, u,u, € Oc000. 000000 A 0DAOOOO
teA’000000a.

00 A’cAD0000 teA’00000anonymx(S)00000000O000O0O0OO ODOO
0000000000 200000 w,€0,000000asa(u, ) 00 uy ——y up 0
O0.000000teA’00000000DO0DO00000000O00OOOODODOO0O0O000O0
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> (21) b —ts
a5, (ul' ull) i as, (uy uy”) i i as, (uy, uy”)
u,’ Ll,t__'>s qu'
(21)H2 ATACELTOAZRHIE,
(2.2)‘ FRTOU DA LThH SRy, H
EtET 5.
e : sle
as, (uy uy’)} I as, (22) FRTOADABLT,t O az
U1' # uz' ﬁ)li
o QP
e tEs"fz ”1ﬁts”z
a%, (ul' ul,): : as, (”2' uz’) as, (ul, U1I) i i as, (UZI uz')
Uf:t u,’ bl'_/—> Lllzl
@UOTewz & TZMLTHIRE || || (DOTIOLF, 525K,
sy EET 5. e 5.

U7 0000000000000

0o,

D000A €eADDDDt¢A'0000¢te T, 000000000000 00000
00000000 200000 uw,e0,000000asa(ug,uy) 00 up —,u, 000
teT; 000000000000 0000000000000 200000 w,€0,00
000 Oasa(ug,uy) 00 ug ——,up, 000,

7.2 OJUOooon

Oo0Ooo0,CateOBJOOODODOOODOOODOOOOODODDOODODO. OO0DOODOO
000000000000 000000000000000. 00000000 CateOBJ
oo obboboooouoooddoououuouoooo.ga
goodooooobbobbbooooooduoo,goooouooo.

OO0 CafeOBJOOOODOODOOODOODODOODODODOODODOODOODDODODODOODOO
O00D00r00o0o0. JekeBOXOODOODOODOO: startjbALICEO O startjpBOBO O
playmusicO0 0000000 : playjazzO playrock D0 OO0 000000 OOOOOOOO
goooooooo.
asA(s0s’) 0 < (quarter(s) = quarter(s’) O ((pc(s) = pe(s’)) O (pe(s) = jazz O pe(s’)=rock)
O (pe(s)=rock O pc(s’)=jazz)))

00000r0000000000000000000000000. 0000000
01000000000, 000 sO start(JukeBOX) D000 D asA(s20s'2) 0000
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.0bbdoggob20b0000obobo. g
gboboooobbboood.

mod ASIM {
pr (JUKEBOX)
ops sl s1’ s2 s2’ : -> State
vars M N : State
op asA : State State -> Bool
eq asA(M,N) = (quarter(M) = quarter(N) and

(pcM) = pc(N) or (pc(M) = jazz and pc(N) = rock)

or (pc(M)

rock and pc(N) = jazz)))

OO0 sAOD0ODOO0O0OOOODOOOODODODOOD.DODODOODOODODDODOOD
gbgbuogbogbboobuoobboobuoobbooboobboobuoobobon
gboboboogobbobogoobobooo.obbbuoooobo

{[1-init],
[1-startjb_[ALICE,n]]*, [1-startjb_[BOB,n]]*, [1-playmusic]*,
[1-playjazz]*, [1-playrock] *}
implies[asA]*

000000000. 000060000 10000000 bs000000)0000O
gb.eboodbbbuoodbbbuoooobbbuoodobbbuooobobbooon
O0000000.0000000000000000000000000000 [asA]*O
gbboodgbbugbobtbo.gobboobbuoobbooobboobbuoobood
goobobooooo.

mod STEP {

pr (ASIM)

op stepA : -> Bool

eq stepA = asA(sl,s1’) implies asA(s2,s2’)

}

O00s10s1’000000000000 202000 s1,s1’00000000. O asA(s20
s2)000000000000000000. D asA(slOs1)000000ODOOOOOO
OO000D0OD0stepADDODOODODOOODO. OOOODOODOODO BOOO.
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7.2.1 0O0OUO
gboooogn

0000 (nit) D0O0DO00O00O0OOOOOOO.

open ASIM .
red asA(init,init)

close .

0000 startjb0 [ALICEOn)| 00000000

0000 startjb 0 [ALICEOn| 00000000 (0 72)0000000. 00 a=
startjb O [ALICEOn] 0 0 O Ostartjb O [ALICEOn] 000000000000000O
000000000000000a = startjb O [ALICEOn] 0 a” = startjb 0 [BOBO n]
0000000000000000000.

S2

: T =startjb_[ALICE,n] @

startjb_[ALICE,n] s,
startjb_[BOB,n]

0 7.2 0000 startjb O [ALICEO n]

0000 = startjb[ALICEOn] 00 0000000000000000000000
0000000000000000000000000. CafefOBJOOOOODOOOtrue
00 false 0000 Bool OO0 OOO0OOO0ODtrued 00,

000000000000 estartjp000000000000000 Boold 2000
(bplObp2) 00 00000000000000000 30 (=bplObplAbp20bplA-bp2)
ooooo.
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bpl £ pc(s1’) = startd
bp2 £ quarter(si’) = 0.
300000
e —bpl
open STEP .

-- arbitrary values
op n : —-> Nat
-- assumptions
-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) =0 .

eq s2 = startjb(ALICE,n,sl)

-—- case anaysis

eq (pc(sl’) = start) = false .
-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

e bplAbp2

open STEP .

-- arbitrary values
op n : —-> Nat

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,s1)
-—- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

—-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .
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e bplA—bp2

open STEP .

—-- arbitrary values

opn : —-> Nat .

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,s1)

-- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

0000000000000 040000000000000DO0(1)00O0DDODOOOO
00D0(2)0000000000(3)00000000M@000000000 (2)00
0000000000000 0. 000000 -bplOOO(1)Oopn: —>Nat.OO
0. (2)0 asA(sl,s1’) 00 0. (3) O eq 82’ = startjb(ALICE,n,s1’) .000. (4) 0000
00000 asA(s2,s2’)0 asA(sl,sl) 000000000000 OODOOOO. OO0OO
000000 -bpl OOOODODDODOOOOODOO.

a” = startjb O [BOBn]0 00000000 =startjb O [ALICEn| 000000000
00 estartjp 000 00000000000 300000 (=bpl,bplAbp20 bplA-bp2)
gooooooo.

300000

e —bpl

[J open STEP .

-- arbitrary values

opn : —-> Nat .

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
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eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,s1)

-- case anaysis

eq (pc(s1’) = start) = false .
-— check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

e bplAbp2

open STEP .

—-- arbitrary values
opn : —> Nat

-— assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) =0 .

eq s2 = startjb(ALICE,n,sl)
—-- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

-— check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

e bplA—bp2

open STEP .

—-- arbitrary values
opn : —> Nat

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .
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eq s2 = startjb(ALICE,n,s1)

—-- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
-- check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

0000 startjb 0 [BOBOn)|OOOOOOOO

0000 startjp 0 [BOBOn] 00000000 (0 7.3)0000000. startjb[BOBO
n|000000000000000000000000000000a’ = startjb 0 [BOBO
n|0 a” = startjb 0 [ALICEOn] 0 000000000000000000. 00004
= startjb|BOBOn|0000000000000000000000000000000
000000000000000000. CafeOBJOOOO00000 truedd falsed O
00 BoolDOOODODOO0O0O0O0O¢trued 0.

: T =startjb_[BOB,n] @

© - , O

startjb_[ALICE,n] s,
startjb_[BOB,n]

s,

0 7.3: 0000 startjb O [BOB,n]

OO0D0000000000 estartjb0 OO0 O0O00O0O0O0O0OODOO BoolO 2000
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(bpl,bp2) DO O OCOOOOODODOOODODOOOOO 30 (=bpl,bplAbp2,bplA—bp2) 0
oooo.

bpl £ pc(s1’) = start,

bp2 £ quarter(si’) = 0.

Juooood
[ ) —|bp

open STEP .
-- arbitrary values
opn : -> Nat .
-- assumptions
-- eq c-startjb(BOB,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)

-—- case anaysis

eq (pc(s1’) = start) = false .
-— check if there exists s2’
eq s2’ = startjb(BOB,n,sl1’)
red stepA

close .

e bplAbp2

open STEP .

-- arbitrary values

opn : —-> Nat .

-- assumptions

-- eq c-startjb(BOB,n,s1) = true .
eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)

—-— case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

-- check if there exists s2’
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eq s2’ = startjb(BOB,n,sl’)
red stepA
close .

e bplA—bp2

open STEP .

-- arbitrary values

opn : —-> Nat .

-- assumptions

-- eq c-startjb(BOB,n,s1) = true .
eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)

—-- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
—-- check if there exists s2’

eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

a” = startjpb O [ALICEOn| 00000000 Oa = startjpb O [BOBOn] O OO O
O000000eestartjp 0000000000 OCODODO 300000 (=bplObplAbp20
bplA=bp2) 000 ODOOD.

Junoon:

[ ) —|bp

open STEP .

-- arbitrary values

opn : —-> Nat .

-- assumptions

-- eq c-startjb(BOB,n,sl) = true .
eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)

-—- case anaysis
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eq (pc(s1’) = start) = false .
-— check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

e bplAbp2

open STEP .

—-- arbitrary values
opn : —> Nat

-— assumptions

-- eq c-startjb(BOB,n,s1) = true .
eq pc(sl) = start .
eq quarter(sl) =0 .

eq s2 = startjb(BOB,n,sl)

—-- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

-— check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

e bplA—bp2

open STEP .

—-- arbitrary values
opn : —> Nat

-— assumptions

-- eq c-startjb(BOB,n,s1) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(B0OB,n,s1)

—-- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
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—-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

0000 playmusic 00000000

0000 playmusic0 0000000 (0D 74)0000000. a=playmusicO0O00O0O
playmusic 00 000000000000 DOO0OOOOOO0O0ODOO ADOODOOOO
O0b0O0ooooooooboooodsroboooooon playmusicd 00O 2700
Oob.b0o0boooboooboobobooobooobooboooboobooboboogon
O000. CateOBJOOODODOOOOtrueO O falseJ 000 BoolUOOOOOOOOO
O0true0 .

: T = playmusic @

playmusic

O 7.4: 0000 playmusic

000000000000 c-playmusic0 0 0000000000000 Boolld 3000
00000D0000000000000 50 (=bplAbp2,-bpl Abp2A=bp30-bpl Abp2Abp30
bplA=bp30 bplAbp3) DO O OO.

bpl £ pc(s1’) = jazz,

bp2 £ pc(s1’) = rock,

bp3 £ quarter(s1’) = quarter(si).
500000:
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e —bplA—bp2

open STEP .
-— arbitrary values
-- assumptions
-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .
eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)
-- case anaysis
false .

eq (pc(sl’) = jazz)
eq (pc(s1l’) = rock)

false .
-- check if there exists s2’
eq s2’ = playmusic(sl’)
red stepA

close .

e —bplAbp2A—bp3

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

—-- case anaysis

eq (pc(sl’) = jazz) = false .

eq pc(sl’) = rock .

eq (quarter(sl’) = quarter(sl)) = false .
-- check if there exists s2’

eq s2’ = playmusic(sl’)

red stepA

close .
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e —bplAbp2Abp3

open STEP .

eq

arbitrary values
assumptions

eq c-playmusic(sl) = true .
eq (pc(sl) = jazz or pc(sl) = rock) = true .
pc(sl) = jazz .

(quarter(sl) > succ(0)) = true .

s2 = playmusic(sl)

case anaysis

(pc(s1l’) = jazz) = false .
pc(s1l’) = rock .
quarter(sl’) = quarter(sl)
check if there exists s2’

s2’ = playmusic(sl’)

red stepA

close .

e bplA—bp3

open STEP .

eq

arbitrary values
assumptions

eq c-playmusic(sl) = true .
eq (pc(sl) = jazz or pc(sl) = rock) = true .
pc(sl) = jazz .

(quarter(s1) > succ(0)) = true .

s2 = playmusic(sl)

case anaysis

pc(sl’) = jazz .

(quarter(sl’) = quarter(sl)) = false .
check if there exists s2’

s2’ = playmusic(sl’)

red stepA

close .

e bplAbp3
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open STEP .

-- arbitrary values

-— assumptions

-- eq c-playmusic(sl) = true .

-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

-—- case anaysis

eq pc(sl’) = jazz .

eq quarter(sl’) = quarter(sl)
-- check if there exists s2’
eq s2’ = playmusic(sl’)

red stepA

close .

0000 playjazzO0OOOOOOO

0000 playjazz 000D OO00OD0 (O 750000000, a=playjazzO0 OO0
playjazz 0 0000000 DODOOOODOOOO0OOOOOOOODODOOOOs1’O000O0
O00000D00 000 s2200000.

O000Oa0O=playjazzO OO OOOODODOOOOODOOOOOOOOOODOOOO
O0000000O00D0O0D0D0O0OD0D0O0ODDO. CateOBJOODODOOD Otrued O false O
OO0 BoolOOOOODODOOOOODOtrueddOd.

000000000000 cplayjazz DD 0000000 DOOOODODO BoolD 300
0000000000000 0ooooog 50 (bplAbp20 bplA=bp20 =bplA—bp20
—bplAbp2A
—bp30 =bplAbp2Abp3) D0 OO O.

bpl £ pc(s1’) = jazzO
bp2 £ quarter(s1’) = 10
bp3 £ pc(s1’) = rock.
500000:
e bplAbp2

open STEP .
-— arbitrary values

-- assumptions
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: T = playjazz @

s, playjazz s,
playrock

0 7.5: 0000 playjazz

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .
eq quarter(sl) = succ(0)

eq s2 = playjazz(sl)

-— case anaysis

eq pc(sl’) = jazz .

eq quarter(sl’) = succ(0)

—-- check if there exists s2’
eq s2’ = playjazz(sl’)

red stepA

close .

e bplA—bp2

open STEP .

-— arbitrary values

-- assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .

eq quarter(sl) = succ(0)

46



eq s2 = playjazz(sl)
—-- case anaysis

eq pc(sl’) = jazz .
eq (quarter(sl’) = succ(0)) = false .
-- check if there exists s2’
eq s2’ = playjazz(sl’)

red stepA

close .

e —bplA—bp2

open STEP .

-- arbitrary values

-— assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .

eq quarter(sl) = succ(0)

eq s2 = playjazz(sl)

—-- case anaysis

eq (pc(sl’) = jazz) = false .
eq (quarter(sl’) = succ(0)) = false .
-— check if there exists s2’
eq s2’ = playjazz(sl’)

red stepA

close .

e —bplAbp2A—bp3

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .

eq quarter(sl) = succ(0)

eq s2 = playjazz(sl)

-—- case anaysis

eq (pc(sl’) = jazz) = false .
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eq quarter(sl’) = succ(0)

eq (pc(sl’) = rock) = false .
-- check if there exists s2’
eq s2’ = playjazz(sl’)

red stepA

close .

e —bplAbp2Abp3

open STEP .

-- arbitrary values

-— assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .

eq quarter(sl) = succ(0)

eq s2 = playjazz(sl)

—-- case anaysis

eq (pc(sl’) = jazz) = false .
eq quarter(sl’) = succ(0)

eq pc(sl’) = rock .

-- check if there exists s2’
eq s2’ = playrock(sl’)

red stepA

close .

0000 playrock 00000000

0000 playrock 00000000 (0 7.6)0000000. a= playrock 0000
playrock OO0 OO 0OO000O0O0OODOODOOO0OOOODOODODOOOOOODOOs1’O00O0nO
00000000000 s2?00000.

O000Oa0O=playrockOOOO0OOO0DOODODODOOODODOOOODODOOOODOOOO
O00000000000000000000. CafeOBJOOOODOOOOtrued O false
O000 BoolOOOODODOOOODOODOtrueddOd.

000000000000 cplayrock 0000000 OO0OOO0OO0OOO BoolO 300
0000000000000 0000000 50 (bplAbp20 bplA—=bp20 =bplA—=bp20
=bplAbp2A
—bp30 =bplAbp2Abp3) D0 OO O.
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@ T = playrock @

s, playjazz s,
playrock

O 7.6: 00O 0OO playrock

bpl £ pc(s1’) = rock,
bp2 £ quarter(s1’) = 1,
bp3 £ pc(sl’) = jazz.
500000:
e bplAbp2

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playrock(sl) = true .
eq pc(sl) = rock .

eq quarter(sl) = succ(0)

eq s2 = playrock(sl)

-— case anaysis

eq pc(sl’) = rock .

eq quarter(sl’) = succ(0)

-- check if there exists s2’
eq s2’ = playrock(sl’)

red stepA

close .
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e bplA—bp2

open STEP .

eq

arbitrary values
assumptions

eq c-playjazz(sl) = true .
pc(sl) = rock .

quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis
pc(s1l’) = rock .
(quarter(s1l’) = succ(0)) = false .
check if there exists s2’

s2’ = playrock(sl’)

red stepA

close .

e —bplA—-bp2

open STEP .

eq
eq

eq
eq
€q

eq

arbitrary values
assumptions

eq c-playrock(sl) = true .
pc(sl) = rock .
quarter(sl) = succ(0)

s2 = playrock(sl)

case anaysis

(pc(s1’) = rock) = false .
(quarter(sl’) = succ(0)) = false .
check if there exists s2’

s2’ = playrock(sl’)

red stepA

close .

e —bplAbp2A—bp3

open STEP .
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eq

arbitrary values
assumptions

eq c-playrock(sl) = true .

pc(sl) = rock .
quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis

(pc(s1’) = rock) = false .

quarter(sl’) = succ(0)

(pc(s1’) = jazz) = false .

check if there exists s2’
s2’ = playrock(sl’)

red stepA

close .

e —bplAbp2Abp3

open STEP .

eq

arbitrary values
assumptions

eq c-playrock(sl) = true .

pc(sl) = rock .
quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis

(pc(s1’) = rock) = false .

quarter(sl’) = succ(0)
pc(sl’) = jazz .

check if there exists s2’
s2’ = playrock(sl’)

red stepA

close .
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1 OA JukeBOXO O[O

mod! MYNAT {
[ Nat ]
op O : —-> Nat
op succ : Nat -> Nat
op _=_ : Nat Nat -> Bool { comm }
op _+_ : Nat Nat -> Nat
op _—_ : Nat Nat -> Nat

op _<_ : Nat Nat -> Bool
op _>_ : Nat Nat -> Bool
op _<=_ : Nat Nat -> Bool
op _>=_ : Nat Nat -> Bool

vars X X1 X’ X1’ : Nat

eq 0 + X = X.
eq succ(X) + X1 = succ(X + X1)

eq X - 0= X.
eq 0O -X= 0.
eq succ(X) - succ(X1) = X - X1

eq (X =X) = true .
eq (0 = succ(X)) = false .
eq (succ(X1) = succ(X)) = (X1 = X)

eq (X < X) = false .

eq (0 < succ(X)) = true .

eq (succ(X) < 0) = false .

eq (succ(X1) < succ(X)) = (X1 < X)

eq (X > X) = false .
eq (0 > succ(X)) = false .
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eq (succ(X) > 0) = true .
eq (succ(X1) > succ(X)) = (X1 > X)

eq (X <= X) = true .

eq (0 <= succ(X)) = true .

eq (succ(X) <= 0) = false .

eq (succ(X1) <= succ(X)) = (X1 <= X)

eq (X >=X) = true .

eq (0 >= succ(X)) = false .

eq (succ(X) >= 0) = true .

eq (succ(X1) >= succ(X)) = (X1 >= X)

mod! LABEL {
[Labell
ops start jazz rock stop : —-> Label
op _=_ : Label Label -> Bool { comm }

var L : Label
eq (L =1L) = true .

eq (start = jazz) = false .
eq (start = rock) = false .
eq (start = stop) = false .
eq (jazz = rock) = false .
eq (jazz = stop) = false .
eq (rock = stop) = false .
}
mod! USER {
[User]
ops ALICE BOB : -> User
op _=_ : User User -> Bool { comm }

var U : User
eq (U=1U) = true .
eq (ALICE = BOB) = false .

mod* JUKEBOX {
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pr (MYNAT + LABEL + USER)

x[ State ]x*

op 1init : -> State -- initial state .
bop pc : State -> Label -- observation .
bop quarter : State -> Nat —-— observation .
bop startjb : User Nat State -> State -— action .

bop playmusic : State -> State -- action .

bop playjazz : State -> State -— action .

bop playrock : State -> State -- action .

var X : Nat
var U : User
var S : State

eq pc(init) = start .
eq quarter(init) = 0 .

-- for startjb(ALICE, X, S) and for startjb(BOB, X, S)
op c-startjb : User Nat State -> Bool
eq c-startjb(U, X, S) = pc(S) = start and quarter(S) = 0 .
ceq pc(startjb(U, X, S)) = (if U = ALICE then jazz else rock fi)
if c-startjb(ALICE, X, S)
ceq quarter(startjb(U, X, S)) = X if c-startjb(U, X, S)
ceq startjb(U, X, S) =S if not c-startjb(U, X, S)

-- for playmusic(S)
op c-playmusic : State —-> Bool
eq c-playmusic(S) = (pc(S) = jazz or pc(S) = rock) and quarter(S) > succ(0)
ceq pc(playmusic(S)) = (if pc(S) = jazz then jazz else rock fi)
if c-playmusic(S)
ceq quarter(playmusic(S)) = quarter(S) - succ(0) if c-playmusic(S)
ceq playmusic(S) = S if not c-playmusic(S)

-- for playjazz(S)
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op c-playjazz : State -> Bool

eq c-playjazz(S) = pc(S) = jazz and quarter(S)
ceq pc(playjazz(S))

ceq quarter(playjazz(S))

stop if
0 if
ceq playjazz(S) = S if

-- for playrock(S)
op c-playrock : State -> Bool

eq c-playrock(S) = pc(S) = rock and quarter(S)

ceq pc(playrock(S)) = stop if
ceq quarter(playrock(S)) = 0 if
ceq playrock(S) = S if
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= succ(0)
c-playjazz(S)
c-playjazz(S)

not c-playjazz(S)

= succ(0)
c-playrock(S)
c-playrock(S)

not c-playrock(S)



O OB 0000000000000

mod ASIM {
pr (JUKEBOX)
ops sl s1’ s2 82’ : -> QState
vars M N : State
op asA : State State -> Bool
eq asA(M,N) = (quarter(M) = quarter(N) and
(pcM) = pc(N) or (pc(M) = jazz and pc(N)
or (pc(M) = rock and pc(N)

rock)
jazz)))

mod STEP {
pr (ASIM)
op stepA : -> Bool
eq stepA = asA(sl,s1’) implies asA(s2,s2’)

}
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0 ocC oo

-=> Jooduoobin: startjb_ALICE,_, startjb_BOB,_,playmusic,
-—> gb0o0dbod: playjazz, playrock

--> I) 0 Initial state condition
open ASIM .

red asA(init,init)

close .

-=> [J) Step condition

--=> 1. a = startjb_[ALICE,n]

-—> Since a is an actor action, we need to check the two actions:
-—> startjb_[ALICE,n] and startjb_[BOB,n].
--> 1.1 a’ = startjb_[ALICE,n]

open STEP .

-— arbitrary values

opn : —> Nat

—-— assumptions

-- eq c-startjb(ALICE,n,sl) = true .

eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,sl)

-— case anaysis

eq (pc(sl’) = start) = false .
—-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

open STEP .
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-- arbitrary values
opn : —-> Nat
-— assumptions
-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,sl)
—-- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

-— check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

open STEP .

-—- arbitrary values
opn : -> Nat .

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,s1)

-—- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
—-- check if there exists s2’

eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

--> 1.2 a’ = startjb_[B0B,n]
open STEP .

-- arbitrary values

op n : —-> Nat

-- assumptions



-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,sl)

-- case anaysis

eq (pc(s1’) = start) = false .
-— check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

open STEP .

-—- arbitrary values
op n : —-> Nat

-- assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,sl)
-—- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = succ(0)

-- check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

open STEP .

-— arbitrary values
opn : —> Nat

—-— assumptions

-- eq c-startjb(ALICE,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(ALICE,n,sl)



—-- case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
-- check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

--> 2. a = startjb_[BOB,n]

-—=> Since a is an actor action, we need to check the two actions:
-—> startjb_[ALICE,n] and startjb_[BOB,n].
--> a’ = startjb_[B0B,n]

open STEP .

-- arbitrary values

opn : —> Nat

-— assumptions

-- eq c-startjb(BOB,n,s1) = true .

eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(B0OB,n,sl)

-- case anaysis

eq (pc(sl’) = start) = false .
-- check if there exists s2’
eq s2’ = startjb(BOB,n,sl’)
red stepA

close .

open STEP .

-— arbitrary values

opn : —> Nat

—-— assumptions

-- eq c-startjb(BOB,n,sl) = true .
eq pc(sl) = start .

eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)
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eq
eq

eq

case anaysis

pc(sl’) = start .
quarter(sl’) = 0 .

check if there exists s2’
s2’ = startjb(B0OB,n,s1’)

red stepA

close .

open STEP .

op

eq

arbitrary values
n : -> Nat

assumptions

eq c-startjb(BOB,n,sl) = true .

pc(sl) = start .
quarter(sl) = 0 .

s2 = startjb(BOB,n,sl)

case anaysis

pc(sl’) = start .
(quarter(sl’) = 0) = false .
check if there exists s2’
s2’ = startjb(B0B,n,s1’)

red stepA

close .

-—>

2.2 a’ = startjb_[ALICE,n]

open STEP .

op

arbitrary values
n : —-> Nat

assumptions

eq c-startjb(BOB,n,sl) = true .

pc(sl) = start .
quarter(sl) = 0 .

s2 = startjb(BOB,n,sl)
case anaysis
(pc(s1’) = start) = false .
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—-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

open STEP .

-- arbitrary values
opn : —-> Nat

-— assumptions

-- eq c-startjb(BOB,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,s1)

—-- case anaysis

eq pc(sl’) = start .

eq quarter(sl’) = 0 .

-— check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .

open STEP .

-- arbitrary values
op n : —-> Nat

-- assumptions

-- eq c-startjb(BOB,n,sl) = true .
eq pc(sl) = start .
eq quarter(sl) = 0 .

eq s2 = startjb(BOB,n,sl)

-— case anaysis

eq pc(sl’) = start .

eq (quarter(sl’) = 0) = false .
-- check if there exists s2’
eq s2’ = startjb(ALICE,n,s1’)
red stepA

close .



--> 3. a = playmusic

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)
—-- case anaysis

eq (pc(sl’) = jazz) = false .
eq (pc(sl?)

—— check if there exists s2’

rock) = false .
eq s2’ = playmusic(sl’)

red stepA

close .

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

-— case anaysis

eq (pc(sl’) = jazz) = false .

eq pc(sl’) = rock .

eq (quarter(sl’) = quarter(sl)) = false .
-- check if there exists s2’

eq s2’ = playmusic(sl’)

red stepA

close .
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open STEP .

-- arbitrary values

-— assumptions

-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

-—- case anaysis

eq (pc(sl’) = jazz) = false .
eq pc(sl’) = rock .

eq quarter(sl’) = quarter(sl)
-— check if there exists s2’
eq s2’ = playmusic(sl’)

red stepA

close .

open STEP .

-- arbitrary values

-— assumptions

-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

-— case anaysis

eq pc(sl’) = jazz .

eq (quarter(sl’) = quarter(sl)) = false .
-- check if there exists s2’

eq s2’ = playmusic(sl’)

red stepA

close .

open STEP .

-— arbitrary values

-- assumptions
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-- eq c-playmusic(sl) = true .
-- eq (pc(sl) = jazz or pc(sl) = rock) = true .
eq pc(sl) = jazz .

eq (quarter(sl) > succ(0)) = true .

eq s2 = playmusic(sl)

—-- case anaysis

eq pc(sl’) = jazz .

eq quarter(sl’) = quarter(sl)
-— check if there exists s2’
eq s2’ = playmusic(sl’)

red stepA

close .

-=> 4. a = playjazz

open STEP .

-- arbitrary values

-- assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = jazz .

eq quarter(sl) = succ(0)

eq s2 = playjazz(sl)

-— case anaysis

eq pc(sl’) = jazz .

eq quarter(sl’) = succ(0)

—-- check if there exists s2’
eq s2’ = playjazz(sl’)

red stepA

close .

open STEP .
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eq

arbitrary values
assumptions

eq c-playjazz(sl) = true .

pc(sl) = jazz .
quarter(sl) = succ(0)

s2 = playjazz(sl)
case anaysis
pc(sl’) = jazz .

(quarter(sl’) = succ(0)) = false .

check if there exists s2’
s2’ = playjazz(sl’)

red stepA

close .

open STEP .

eq
eq

eq
eq
eq

eq

arbitrary values
assumptions

eq c-playjazz(sl) = true .

pc(sl) = jazz .
quarter(sl) = succ(0)

s2 = playjazz(sl)
case anaysis

(pc(sl’) = jazz) = false .

(quarter(sl’) = succ(0)) = false .

check if there exists s2’
s2’ = playjazz(sl’)

red stepA

close .

open STEP .

eq
eq

arbitrary values
assumptions

eq c-playjazz(sl) = true .

pc(sl) = jazz .
quarter(sl) = succ(0)
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eq
eq
eq
eq

eq

s2 = playjazz(sl)

case anaysis

(pc(s1’) = jazz) = false .
quarter(sl’) = succ(0)
(pc(s1’) = rock) = false .
check if there exists s2’
s2’ = playrock(sl’)

red stepA

close .

open STEP .

eq
eq

eq
eq
eq
eq

eq

arbitrary values
assumptions

eq c-playjazz(sl) = true .
pc(sl) = jazz .
quarter(sl) = succ(0)

s2 = playjazz(sl)

case anaysis

(pc(s1’) = jazz) = false
quarter(sl’) = succ(0)
pc(sl’) = rock .

check if there exists s2’
s2’ = playjazz(sl’)

red stepA

close .

-->

5. a = playrock

open STEP .

eq
eq

eq

arbitrary values
assumptions

eq c-playrock(sl) = true .
pc(sl) = rock .
quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis
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eq pc(sl’) = rock .

eq quarter(sl’) = succ(0)

-- check if there exists s2’
eq s2’ = playrock(sl’)

red stepA

close .

open STEP .

-- arbitrary values

—-— assumptions

-- eq c-playjazz(sl) = true .
eq pc(sl) = rock .

eq quarter(sl) = succ(0)

eq s2 = playrock(sl)
—-- case anaysis

eq pc(sl’) = rock .
eq (quarter(sl’) = succ(0)) = false .
-— check if there exists s2’
eq s2’ = playrock(sl’)

red stepA

close .

open STEP .

-—- arbitrary values

—-— assumptions

-- eq c-playrock(sl) = true .
eq pc(sl) = rock .

eq quarter(sl) = succ(0)

eq s2 = playrock(sl)

-— case anaysis

eq (pc(sl’) = rock) = false .
eq (quarter(sl’) = succ(0)) = false .
-- check if there exists s2’
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eq s2’ = playrock(sl’)

red stepA

close .

open STEP .

eq
eq

eq
eq
eq
eq

eq

arbitrary values
assumptions
eq c-playrock(sl) = true .
pc(sl) = rock .
quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis
(pc(s1’) = rock) = false .
quarter(sl’) = succ(0)
(pc(s1l’) = jazz) = false .
check if there exists s2’
s2’ = playrock(sl’)

red stepA

close .

open STEP .

arbitrary values
assumptions

eq c-playrock(sl) = true .
pc(sl) = rock .

quarter(sl) = succ(0)

s2 = playrock(sl)
case anaysis
(pc(s1’) = rock) = false .
quarter(sl’) = succ(0)
pc(sl’) = jazz .

check if there exists s2’

s2’ = playrock(sl’)



red stepA
close .
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