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goggoobobouoobolooobobbbdogoogboboobboobobn
000000 ATSEOOOOODOOOOOODOOOOOOoOOOOPt/vO0O
oo pPOOODOODvODO0OD00OO0O0¢tODODOODOODODODOOOODLOOn
godgooboobbouobobbobbboobooobooooooobob
goboobobogbobbobouogoubbooooooon
gobobobodgb 40000000

oooOd 1
P =P {PIT{Q} Q=@ conseq
{(PYT{Q"}
oood 2
{PITH{Q} {Q}To{R} oncat
{P}Tl,TQ{R}
ooogd 3
{PIT{Q} {PIT{Q} choice
oood 4
m iterati
(P (P} T

4.4 0OO0O0O0OOO

OO0 ATLOOOO0OO0OO031000O0r>00000000000000DO
oooornobobobo0obo0os1gogobboobbooooo TsEgoboogo
gbonooboobooobooobobbuoboboboooboobooobo
oo, ooder>000b00b000O0OOODOODODLOOOODODOO
O000->00000000000000000000020 {true}To{n >0}
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OO0000 A-TSE

HRN

O 00 N O Ot == W N

e e e e e
Tt = W NN = O

{n > 0}?inc{n > 0}

{n>0n:=n+1{n>1}

{n>1Ha{n > 1}

{n > 1}?dec{n > 1}

{n>1n:=n—-1{n >0}

{n > 0}e{n > 0}

{0>0}n :=0{n >0}

{n > 0}%inc;n :=n+1;la{n > 1}

{n > 0}?inc;n :=n+1;la{n > 0}

{n > 0}7inc;n :=n+ 1;la; ?dec;n :==n — 1{n > 0}

{n > 0}(?inc;n :=n+ 1;la; ?dec;n :==n — 1) x {n > 0}
{n > 0}%inc;n :=n+1;la+e{n >0}

{n > 0}(?inc;n :=n+ 1;la; ?dec;n :=n — 1)*; (Zinc;n :=n+ 1;la+e){n > 0}
{true}n := 0{n > 0}

{true}n = 0; (?inc;n :=n+ 1;!a; ?dec;n :=n — 1)*; (Tinc;n == n+ 1;la + ){n > 0}

1,2,3,concat
8, conseq
4.5,9, concat
10, iteration
6,9, choice
11,12, concat
7, conseq

13,14 ,concat

0 4.1: {true}Tp{n >0} 00000

O00A-TSEODDO ATLOODOOOODODOODODODO0OOOD n>0000
ggobobbdboooooot el oo bbbbad

0410000000 A-TSEOODOOOCOOODOODODODODOOODODOO
0000000000 ATSEDDOOODOOOOLO {n > 0V2inc{n > 0}
0000000000080 {n > 0}7incn :=n+ Lla{n > 1} 001,230
A-TSEOD0OOD concat 000D O0DO00OO0ODOODOODODDOOODOODOOO
{true}Ty{n > 0})00000000000000000000DA-TSE {PYT{Q}
00000000000 F{PT{Q}0000
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4.5 UUO0OUooog

O0O00OATLOOOODODDODOOO ATLOOODOODOOO0 A-TSEOOD
O000D00ODO0OD0ODOOD0O0OD0ATLODODODOODO0O0O0O0000D0O conseqO
000 P=PO0Q=QO00000ATLO0O0OOODODODOODOOOODOO
O00DO000000000000 A-TSEDOO0OATLO0O0OODODOOO0OO
OO00000ATLODOODOOODODOOOOOOO0OOOoOoOooODboboDO
OO0 TSEQDODOOOODOOODOO00DO A-TSEODOOODODOOODOOO

4.5.1 TSEO OO

TSEOO0O0O0OooOoooooboooTSEODOOoOoDoDOoDOOoDbDOoboooon
gooor7rogbobbbobobboobooobbooooboobobboo
ggg

00 9 (TSEQOO) Tr(T,0,¢)D0TSETOOOOOOOOOOODOOO
0s00¢0000000000000000000000

1. Yo .Tr(e,0,0)

2. Yo,o' . =Tr(L,o0,0")

3. Yo .Tr(v:=t,o,0[t/v])
4. Yo . Tr(le,0,0)

5. Yo . Tr(?e,0,0)

6. Yo .Tr([C),0,0) =t

7. Yo,o' . Tr(Ty; Ty, 0,0")
& (0" . Tr(Ty,0,0") NTr(Tz,0",0"))

8. Vo,o" . Tr(Ty + Ts,0,0)
< Tr(Ty,0,0")VTr(Ty,o0,0)
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9. Vo,0' . Tr(Tx,0,0") < Tr(T;T * +¢,0,0")

ggooboooboboobobbobboouoobobooobobubon 8
OobDoOOooooOooboOoOoTSsEQDODOoOoDOoObOOOooboOoooOooo
gbuoooobobbooooboobdobodoboo

0O 10 (000000)
T~T" =Vo,0 . Tr(T,0,0") < Tr(T',0,0)

OOoooTSsEd0boobboo0ogooooooooooooboooog

4.5.2 A-TSEOO0O0OOOO

OO00A-TSEO00D0OO0O000DODOO0OO0O0DO0obobObObOoooooooboog
00000000000 A-TSEOD00DO0O0O0bObDoOOobboooboooo
gogboboboouooobdooobooooboobooobboood

ub 11 os000000/000000DO0OO0DODDOODDOOD sLOD 1
O0o0oOO00O0 ADODOOOOooOOoOoboooDoOoo

I,o = A
000000 0000 I,e EPOOOOOOOOOOOOOOOO
oA
0000000000000 cEPODODDUODOOODOODOODOOO
E A
FAOOEODOOO ADDOOOOOOOO

O0000000ooooooooooo{pPir{Q}oooooO0 POCODODOO
OoooboooTrToobobooobobbobobobobOOooobboboOon
OO0O0O00O0OA-TSEODOOO0OOO0ODOOOOoDOoOoO
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od 12
EA{P}T{Q}=Vo,0' .c EP= (Tr(T,o,0') = o EQ)
0000 {PYT{Q}0000{PIT{Q}0000000D

000000000000000000000000000000000000
00000000000000000000000000000000 700
00000000 E{P}T{Q}000000000000090000000
0000000000070 7,0000000900000

Tr(Ty 4+ Ty,0,0") < Tr(Ty,0,0') vV Tr(T1,0,0")
O00000000DO0ogo A, B,C,b0OO0O0d
A= (BvV(C)=D)& (A= (B=D))N(A= (C=D)))

OO0DO000o0oooboooooboobOonD A B,C,DOOO0OOOO

A = oFEP
B = Tr(Ti,0,0)
C = Tr(Ty,o0,0)
D = 7kQ

gbooboouogogn

FAPYT + T{Q} &F {PITH{QIN FAPIT{Q}

00000k {P}T{Q}0 ={P}x{Q}00000000000000000
00000000000000000000000000000000 700
000 E{P}T{Q}00000000000000000000000000
0000000000000

4.5.3 UO0OUOOOOOOOOOO

OO0 ATLOO0ODDOOOOO0O0O0OO0DbOOOOOObOOOo ATLOOoooog
gobooooboboboogo
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00 13 (000) 00000000000000 ATLOO0O0000
F{PIT{Q} == {P}T{Q}

00 14 (00000) 00000000000000 ATLOOO0000000
=A{PIT{Q} =+ {P}T{Q}

00 300ATLOO0ODO0

00 00000000000000000000000000000 ATLO
0000000k {P}T{Q}00000000000
00 2:

Tr(e,o0,0)
= (cEP= (Tr(e,0,0) =0 = P))
SE {P}e{P)

oo 3:

-Tr(Ll,o,0")
= (cEP=(Tr(L,o,0")= 0 EP))
= {P}{Q}

o 4:

Tr(v:=t,o,0[t/v])
= o | P[t/v] = (Tr(v = t,0,0[t/v]) = oft/v] & P)
= APl/]jv =P}

0o b:

Tr(le,o,0)
= (o= P = (Tr(le,0,0') = o = P))
=} {P}e{P}
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U 6:

Tr(?e,0,0)
= (o= P = (Tr(?e,0,0') =0 = P))
== {P}?e{P}

oogv:

Tr([Cl,0,0) =0 EC

= (EP=((Tr([Cl,0,0)=0cEC)=0cEFPAc ()
= (cEP=((Tr([Cl,o,0) =0 EC)=0E(PAC))
=F{PHCHPACY

O0000booOO0OobD0ooO0o0gooooooboOo00oooobooooon ATLo
OO0o0oooono ATLognon
gooo1:

FA{PIT{Q} AN (P = P)A (Q = Q)
=(EP=Tr(T,o0,0)=d EQ)NP =P)NQ=Q)
==ockEP = (Tr(T,0,0)=0FEQ)

— (PIT(Q)

goon 2:

FA{PITH{QIA F{Q}T2{R}
=3do’. (=P = (Tr(Th,0,0") =0 E=Q))

A0 E Q= (Tr(Ty,o',0") = ¢" = R))
=do' .o =P = (Tr(T\,0,0") = (Tr(1y,0',0") = 0" = R))
=3do' .o =EP= ((Tr(T\,0,0") NTr(1z,0',0")) = " = R)
=0 P= (Tr(1\;1z,0,0") = ¢" = R)
= {P}Ty; To{ R}
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goon 3:

=A{PYTH{QIN E{PITAQ}
= (cEP= Tr(l,o,0)=0d =Q))
Ao EP= (Tr(ly,o0)=0d EQ))
=ocbEP=(Tr(l,o0,0)=d EQ)N(Tr(1ls,o0,0)=0d EQ))
=0 P= ((Tr(T\,o,0")VTr(Is,0,0)) = =Q)
=o0kE=P=Tr(T1 +13,0,0') =0 =Q)
=EA{P} + 1{Q}

goon4:

- (PIT (P)
= —(c =P = (Tr(T*,0,0') = o' EP))
= —(c =P = (Tr(T;T x+¢,0,0') = o' E P))
= (o =P = (Tr(T;T*,0,0")VTr(e,o0,0)) = = P))
= =(Tr(T;T*,0,0')VTr(e,0,0') =0 E=P)= -0 =P
= (o' E P= —(Tr(T;Tx,0,0')VTr(e,o0,0))) = -0 =P
= (-0’ E P = (-Tr(T;T*,0,0') N\=Tr(e,0,0"))) = -0 = P
= ((mo’' = P= —-Tr(T;Tx,0,0')) = -0 = P)
V ((mo' = P = —Tr(e,o0,0') = -0 = P)
= (0 EP= (Tr(T;Tx,0,0') = o = P))
AN=(oc =P = (Tr(e,0,0") = o = P))
PV T (P} A E {PYe(P)
= - ={P}T;T«{P}
= 2 EAPYT{P} N~ = {P}T +{P}
=~ EA{P}T{P}
S EAPYT{P} =E{P}T «{P}

00000+ {P}T{Q} = {P}T{Q}00000000 ATLODOOOOO
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U
goggobobbobboogbooduooooooooooobobaog
gog

00 15 (00000) TSETOO0DO0D0D0 QUODOD0O0O0O0000 wpO OO
0on

wp(T,Q) =P

OooopPOOO0OO0OOODOODDO

Vo e ¥(1,Q) .0 =P
X(T,Q) ={c|Vo' . Tr(T,o,0") = o' = Q}

00000 wp(7T,Q)0 TSETOODODODO QUODODODOOOODODOODOOOOO
O00D00X7T,Q)UO0TSETOO000DOD QUODOOODODOODOOOO
000000000 0000wp(T,Q)UOTSETODODDODODODODOD QULOOOO
0000000000000 ooouooooX(7,Q)oooooooog
gopoobobobooboobbbobobououooooobobbboboobob
O0o0oobboOoOobooboO TSEgobboooboobooboobogooooo
oo

00 400000Q0 TSETOODDO wp(T,Q)0 00000

OO0 TSEOODODODDOODOODOO0O0DOO0ODO0ODOO0O0O00000bO0b0 QOuo
O00000+«t0000 wp(t,Q)DODOOO(DOODODOODOOODODO)ODOOOO
gogo

L wp(e, Q) = Q
¢ =Q000 00000
TrO00000 Tr(e,o,¢)000000000%(,Q) = {0000
o EQODDNONDNDQ=uwp(Q)0000

2. wp(L,Q) = true
oEQRUIOIOJ/ODOOO
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Vo .-Tr(L,o,0)DO00000OVe € X(7,Q)U000000 c0OODOO
cEPOOOOOOOODO P=true0 000000000

3. wp(v:=1t,Q) =Y. (v =t)= Q['/v])
oEQRUDIOJ/ODOOO0
Tr(v:=t,0,0[t/0]) 0000000 =oft/y) 000000000

X(T,Q) = {olVo'.o' =o[t/v] = o E Q}
= {olvv . (0'(v) = olt/v](v)) = Qlo"(v)/v]}
= {olv' . ((v' =1t) = Q'/v])}
00000000¢ = (v)00000000P =Y . (v = 1) = Q' /v])
ooon

4. wp(le,Q) = Q
ce0000000

5. wp(?e, Q) = Q
c000000O0

6. wp([c]vQ):Q
edO0OOooon

gboooooooooooobbbooboboboobobobObobLOOO0TSET, 1h, Ty
gugobboboobdobobboodabooodad

1. wp(Tl)T27Q> - wp(Tlawp(T27Q))
000000000R=wp(T,,Q)000 ROOOOOOOO P = wp(Th, R)
O00  pPOOOOOOOOOOO

(T, 15,Q) = {o|Vo' . Tr(Ty;1T,0,0') = o' = Q}
= {o|Vo'd” . 0" E RATr(Ty,0,0") NTr(Ts,0",0') = o' E Q}
= {o|Vo'e" . (Tr(T1,0,0") = 0" E R)
A" E R= (Tr(Ty,0",0") = o EQ))}
= {o|Vo" . (Tr(T1,0,0") = " = R)}
= Y(Ty, R)
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00000 0wp(Ti;Te,Q) = wp(Tr, wp(T>,Q)) 0000

2. wp(Tl+T27Q) :wp<T17Q)/\wp(T27Q)
000000000P, = wp(T1,Q), P = wp(T»,Q)000 P, R0000
ooooooo

YT +T15,Q) = {oVo' . Tr(Th + 1Ty, 0,0) =0 = Q}
= {o|Vo'.Tr(T1,0,0")VTr(Ts,0,0') =0 = Q}
= {olVo'. (Tr(T1,0,0') = ' = Q)
ANTr(Tz,0,0") =o' =Q})

000000uwp(Th +1,Q) = wp(T1,Q) Awp(Ty, Q)00 00

3. wp(T*,Q) =Q
wp(T*,Q) = wp(T;T *+e,Q)
= wp(T;T* Q) Nwp(e, Q)
= wp(Ta wp(T*v Q)) A Q
= @
000 wp(e,Q) = QOO0 0wp(Ty;T3,Q) = wp(Ty, Q) AN wp(T, Q) O
ogog
d

OO0 TSEOO0OO0O0OO0ODODOO0000wpO OO DOOODOOOOOOOO

o 5
wp(Ty, wp(Tz, Q) = wp(T1; T», Q)
Oo0007,T,0 TSE0000QODOOD0DOO
OO0 004000000 200000000 0O
[

ogogbooooobobbobbobobbuogdooooooooon
O00O0ODbO0O000b0ObOO00bOUo ATLOODODOOOobObOOooooobOoo
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OO0 6 OO0 ATLODOOODOOOOO

OO0 TSEQDOO0OOOOO0OOO0O0OOOoOoDboOoon
googog :

= {P}e{Q} =+ {P}e{Q}
={P}{Q} =+ {P}1{Q}
={P}v:=H{Q} =F {P}v:=H{Q}
= {P}e{Q} =F {P}le{Q}

= {P}7e{Q} =F {P}7e{Q}
={P}HCHQ}Y =+ {P}HCHQ}

gooo :

EA{P}IT{Q} NP = PAQ=Q

= (cEP=Tr(T,0,0')=d EFQ)NP =PANQ=Q)
=0k P = (Tr(T,o,0')=0d Q)

== A{P}T{Q’}

goooo :

= AP TA{Q}
=k P = wp(Ty; Tz, Q) AM{wp(Ty; Tz, Q) T1; To{Q}
=k P = wp(T1; T3, Q) AMwp(T1, wp(Tz, Q) }T1; To{Q}
= P = wp(Ti, wp(13,Q))
AA{wp(Tr, wp(Tz, Q)Y T1{wp(Ts, Q)N = {wp(Ty, Q)}12{Q}
= P = wp(Ti, wp(13,Q))
A EA{wp(Th, wp(Tz, Q) YT1{wp(Ts, Q)N F {wp(Tz, @)} 1>{Q}
=t P = wp(Ty, wp(Tz, Q) A {wp(Ty, wp(Tz, Q) }T1; T2{Q}
= {P}11; T:{Q}

goooo:
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= A{PYT + To{Q}
= (0= P=Tr(Ty+Ty,0,0) = o' Q)
= (0| P = (Tr(T1,0,0")V I7(Th,0,0') = o' = Q)
= (0| P = (Tr(T1,0,0") = o' EQ))
Ao P = (Tr(Th,0,0") = o' EQ))
=EAPITHRIN EAPIRAQ)
=EAPYTHRINE {PITAQ}
= {P}T1 + T5{Q}

goooof:

=A{PIT +{Q}

= (c EP= (Tr(Tx,0,0)=0d EQ))

= (cEP= (Tr(T;T x+¢,0,0") = o' EQ))

= (c EP= (Tr(T;Tx,0,0') =0 EQ))
V(e EP= (Tr(s,0,0)=0d EQ))

= (cEP= (Tr(T;Tx,0,0")VTr(e,o,0)) =0 =Q))

=E=A{PIT T« {Q}IN = {P}e{Q}

=={PY;T+{Q} NP =Q

=EA{PYT{P} N{P}T+{Q} NP =@

=E={PIT{Q} AP =Q

== {P}T{P} NP =Q

=+ {P}T{P} NP =Q

=+ {P}T*{P} NP =Q

=H{P}T x{Q}

00000k {P}T{Q} =+ {P}T{Q}00000000 ATLOOOOO0O
0o
O
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5.1 OOODOO
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guoggoobobobbbbobbbbbbboboouooouooooobn
guobbobdodgobogooboooooobbobbboobobboooon
goduuuboboggboobbobbbobooouooboubuoooon
gobdooboobdogoobobuoboobbobboooobobobbuoono
gboboobobobbbotbodououdboooobooboobobbboo
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oobbobobbbboooo4b00obobobobbooboboboogoo
Dooboooboobooobobobboobobobobbooboobbobo
gbbbooobobbdoodo

O052000000000000000085,,5,Ss000000000000
Ooooos,0s8000000000000S0 800000000000
OO000000ooogoo Ssoooo s;oboooboooobooooooon
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[1nit,

send( a) b/ I nc,
send(c)
1‘iiiiilgi)

d/ send( a) I nit=n:=0
d/ Dec, | ne=n: =n+1
send(c) Dec=n: =n-1

c/ send(d)

gsl:0b00o0booboboobod

15O O
S1
<:>\ <:> el L alTfEL ::
vl

Al

g s52. 00000

gobooobbogbouodoboobobbobbboooobobobo
gooobbobobobbooobooobobobbob sgbooooooboboobn
gogboggooobospooooobouobboooboooboooooon
goodboooobbbbobbbododoooooboobobobobbg
gogoobobooobbooboobbobbooobbooooo
OO00oooooooogTsE0o0ooobooobooboboooboooooon
goboboooobobobobobbobobbbobobbbsl1buuubobo
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5.2 UUOUOOOONO

goooogobbbobbbobobobobooobbbbboooobon
gobooboooboobbbboooobboobbooooboobbobooa
goodobobobobbobobtbobodooboooooooboboboboon
gobooobobgbobboobboobboooboooboobboonoog
OOooDoOOoOobDOoTsECcoOoDOOoDOOo0DOOoOoDOoboDOoDOoOoOoooboon
Ui xboooboodoobdobobobbbdoboodobbboooobobobo
gbbooduoouobobbbboobboboubbbobbpbbobbhh
goo

00 16 (0000000000) 4,606 1000 TSEODDOOOOOOOO
T\=t;7/000007,0 7000 TSEODOOOD 400000000000
000000000000 000000 xO0OOOOTSET,7,000000
Oooooooo

T1 X TQ/ + T1 X TQH (T2 = T2/ + TZH)
Tl, X T2 + Tll/ X T2 (Tl = Tll + TIH)
trs (17 x 123 13) (Th = t1; 17

Ty xTa = +to; (t; T X Ty) Ny = to;Ty)
Ty (T) =¢)
T (Ty, =€)
1 (Th=LVT=1)

\
ODOo0O00O0Oe60ppISEODCOOODOOODODOODOOOOOOOOGOOO
O0OoooDOoo 200 TSE00000oOoOoOoOoooooooooooboDo
000000000000 000O(VM92]0 0000000000000 OO
[HMUOO| D O0OO0OO00O0OO0O0O0O0OD0000O00000000ooD0oooOoOOooo
goudbbbooobuoubibobooobbuouououogobbos3gb2n
Oo000ooboooboogo20b0oboobooooboboboOon TSEQ O
OoobOoOooooooobbos4b0b000booooo TSEODDOOD
gbogou agbos3g20bgbbobuoubououooouanood
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U 53 0000000 000bbonoooag

054 000000000O00O0O00O0O0O0OO0
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OO0 TSEO0 0000 L, ROODOODOOODOOODOODODOOOOODODODOOD

TSEODOOO
L = (a;b)*;(a+e¢)

R = (cd)*;(c+e)
00000000000000000000000000

L xR

= (a;b)*; (a+¢) X (¢;d)x; (c+¢€)

= ((a;b) * +(a; b)*;a) x ((¢;d) x +(c;d)*; c)

= (a;b) * x(c;d) * +(a;b) * x(c;d)*; ¢+ (a;b)%;a % (¢;d) * +(a; b)x;a X (¢;d)*; ¢
0000 (a;b)* x(c;d)+*0 0000000000000

(a;0) * x(c;d)x
= (a;b; (a;b) * +¢) x (¢;d; (¢; d) * +e)
= a;b; (a;0) * xc;d; (¢;d) * +a; b; (a;0) * xe + (€ X ¢;d; (¢;d)*) + (€ x €)
= ((a; (b; (a;0) % Xy ds (;d)*)) + (¢ (a5 b; (a;0) x x5 d; (¢; d)*)))
+a; b; (a;b) * +c;d; (¢;d) * +¢

= (a;bye;d+ a;c;dib+ e dyas b+ csas by d + ¢ a; d; b); (a3 b) + x(c; d)*)
T =(a;b)* x(¢;d)»0 0000
T = (a;b;¢;d + a;¢;d; b+ ¢;d; a; b+ ¢;a;b;d + ¢;a;d; b); T
00000000 D0000D000000D0OO0O0 70000
T = (a;b;c;d + a;c;dy b+ ¢;dya; b+ ¢;a; by d + ¢; a;d; b)
LxROOODODOOODOOODODOOOODODODOOOOOOODOO

LxR=
(a;b;¢;d + a; ¢;d; b+ ¢;d; a; b+ ¢;a;b;d + c;a;d; b)x;
(a;b;c+a;c,d+c;d;a+ca;b+ca;d+a;b+a;c+c;d+c;a+a+c+e€)
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000000000200 TSET,, 000007, xT,0000 TSEOOCOO

00000000000000000000000000000000000

0000000000000000000000000000 [HMU00]O
000000000000 000000000000000000

T1XT2:T2XT1 ooo
(T1XT2)XT3:T1X(T2XT3> oo

[lrers TOOTSEO OO TSO000000O0O0 TSEDODOOODOODDOODO
guogobbooooobbouoobbbodad

HT— T()XT1X~--XTn (TS:{TQ,Tl,,Tn})
TEeTS 1 (Ts={})

o000 cobooooooboooon

00 17(0000) p0000007SO00000O0O000OOODOODOO TSE
gobbfrp0O000CO0OO0ODLOOOOOOODODOOOOOObOOODbDbOObDOn
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rel/n:=n+l
req/ send(pac), n:=n-1
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