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{o}p — (z1, ..y n) = (€1, ..., en) {¥}

o R *}'E)rllj
(=¢
{o" A =}T{¢'}
o' =
¢= YRy

o O HLN:
C=¢
{e'¥T{¢'}
o' =0
¢=0Op

o U HN: &% Ce P H_JtiBHEMS. we QFFp H—miBiHARX (CHAERN ) H
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SER TR TR IERR 0 2~ SREAE I AEEE R GERY S BEAT AL U A5 Y, B

Fre
iy
Fro
—IAEEWHEIE RG] UARIEVIE L ER AR, HHEEAERREREN. BF
WHEER RS AT — A SRR IE R SO, AR B RO B 2 2
MR, I TEEME RN, RUBPEREATRA SAMEEALRE. HH R N —
rZEEATREA EANEERSN. X TEEMEMEERY, EELRPFEMAE
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ﬁMI( )X = X,

o’ # (beg,0)=(end, o) ,

MI(T)(U) = { %ﬁ—é)\( E‘Tﬁﬁ / {ﬁ (beg, ) (end O') o
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Definition 4.1 & ¢ fo ¢ ZHAEE, AP o AN T, v HRABWET. T A HEZ
THT @ o ZIAHEHE, & Yo € X, 0(0) = true — (M(S)(0) = p(M(S)(0))) .

Definition 4.2 & ¢ RANNE#E., @ RARMEZ. T & I MBI THT o R&ILHE, & Vo
2, 0(0) = true — M(S)(o) | .

Definition 4.3 % ¢ #= ¢ EHANEHRE, AP o RAMEZ, v HRABWET. T &1 B2
TATF @ fo ) REAEHE, £ Vo e, (o) =true — M(S)(o) | Mb(M(S)(0)) .

I FLEE AR IEMH M

Definition 4.4 &% T A# S, p A g AAAXMKN, T L I BBEZTHT p fr ¢ ZEHEH
#, etk = (pIT{q}, BT & I BBEZTHNT I(p) &= I(q) 235 EHE,

Fr {p}T{q} BHALY Vo € £, 1(p)(0) = true — (M;(T)(0) | = I(q)(M(T)(0))) .
Definition 4.5 & T A4/, pAe q EAAAKX, T A1 BEZXTAT p A4, Hittk
Er [p|T[true] , & T & 1 BBZTXT I(p) R4,
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SEREIEAR o 15 M (T)(a) =o' . RUITFRFIERYE, AT E RS IEfTE.

Definition 4.8 &% p 2 ¢ R ANAKX., o & I BBEITHT p fo ¢ RIS EHGY, 2F
1 {ptala} , & Vo € X,1(p)(0) = true — (M(a)(0) = I(q)(Mi(a)(0))) .

Definition 4.9 & o A%/, p A g RANAX, p R afe g WRFH TR Z, &

I(p)(o) =true HEMREZ Mi(a)(o) |— I(q)(Mi(a)(o)) .

Definition 4.10 #& a = (lg, ..., lx) A—%42, X wip(a,q) =T,

k=0 | wip(e,q) =¢

BT FAA lo: (v1,...,0n) := (€1, ..., ) goto Iy

N wip(a, q) = glvi/e1] -~ [vn/en].

k=1| #pAT FiA84 lo: if (b) gotol else goto I’
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ANREBA L, (BIE PA WARTRHEREDER —E 4K L.
beg:  (x) := (0); goto test;
test:  if x = y then goto end else goto loop fi;

A wip(ev, q) = {

loop: () := (z + 1); goto test;
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SR EAEAGE. LG ey T M T, BOTEHASHK T T, BHE—10
K e, AT HAGH if e then Ty else Th fi 55, X#E, Th; To BIIESGRFT LVESLTE Ty A1 1o
HE X . i M(Ty;Te) (o) = M(To)M(Th)(o) . XBEH—AME, BImE M (1) (o)
BEX, XAERAGE. AT HEXMAS, BRI M #4757, 0/E Mm@, HEHE R
MY (T): 2, — B, HF B, =X U{w}.

EX ite: Bool x X, x 8y, — X, WIF

ite(true, o,0’)

ite(false,o,0") =

ﬁ_’z)\( (I)e,T : [Zw - Ew] - [Zw - Zw] ;ZH—F
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MP(T): B — B BT,

w Fo=w
MY (xz:=t)(o =
i =0lo) U Mia = 1)(0) = ola/I)(0) £otw
M7 (Ty; T3) = M7P(T)M7(Th)
w Ho=w
M9 (if (e) then T7 else T fi)(o) =
rarer ) (@) { ite(I(e)(o), M{(T1)(0), M7 (T2)(0)) Ho#w
M (while e do T; od) = P pme(my)

N PEBEFERNRERF T, M{(T) RRENXHESER., T MY(T), #ATATLIE X
M(T): =X WTF,

XA RE SCRHRAETE SCR X M (T) #5E SO —8y. bk, &ATH

w Ho=w,
ME(T) (o) ={ w & M(T)(0) THEX
o FH M(T)o)=0

B ERMER

M IERIE {0}T{v} RRH (o) = (M (T)(0) | = (M(T)(0))) . U RAES HEGEL
A M (T) FZrB— N REEE, WIENA S T, @%b T2 EfABEREF —E &
1k, BATHEHEWE MP(T) T h—4 X EMEE L, RIFIEH o(o) — ¢(h(o)) .

TEXFERT LIERT Y, SR XER R R0 PR 8 A8 . TEIEH il R EE L— A3 A
g X AE R E R B9IE S, DAUERAE PR IE )] 46 B IR SR 45 R IRES B o6 R ATATRLE
FERE L — M UERATE BRI R 40 46 of i R 250 48 TR AR S Y SR R 77 1%

& ¢ : ¥? — Bool iliA]. #& S=while e do S; od , & A F AL, N Vo € B, M;(S) (o) |—
¢(o, M1(S)(0)) .

Vo € ¥, I(—e)(0) — p(o,0)
Vo,0' € X, 1(e)(0) A Mi(S1)(0) | Ap(M;(51)(9),0") = ¢(o,0")

XAEBANTRITEE M (S1) (o) T#ET T ARSI, BT A8 B AT LRI — S8 3RiE A I
BRTERIIER .
&R

BF T WA ILERT ARG C AT 77 MK ILERIES. & M(T')(0) AL 2 i B
BH M(T)(0) E My(T")(0) W My(T)(0) 4405 5E 3.
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B TR THRE R AL, BATLER UAEHEITEARE R F PR, Hoare 24
U — AT AR TR P BV R R 48, Hoare BARIE 5 @ L 7EH A A G5 L 2
Fri AL . B B R—MERAEER AR5,

Definition 4.13 Hoare X858 X 4= T,
H == {p}T{q}
A pqe WFFg AKX, Terl®V) 2kinsz s,

W I REAFFSE B IR, Hoare ARAIE IZ M, i I, ¥4 Hoare A {p}T{q}
WS B — 4~ X — Bool BJEEL. I1({p}T{q}): X — Bool & XMF.

I({p}T{q})(0) = true
2 HALY
Z(p)(0) = true N Mz(T)(0) 1= Z(q)(Mz(T)(0)) = true.

— AR {pIT{q} 7 I MR TAL, BISHER o, Z({p}T{q})(0) = true , iLH Ez
{p}T{q} . HHEMLEEMRETHL, iIKH E {p}T{q¢} . HHIEWHE W R TR, iIdHh
W = {p}T{q} .

Hoare JEE

BRARE—MERER 7k, WATTEAXERM L3 TR, RAITE A A
F,
(1) M{E/L\\E iﬁpE WFFB,{E S V,t cTg.

{p}a = t{p}
(2) HEHM: ¥ p,q,r € WFFp, 51,5, € LT,

{p}Si{r}, {r}S2{q}
{p}Si; S2{q}

(3) %{#%EJHU: i’}ip7q€ WFFB,€€QFFB,51,SQ EEQB o

{pAepSi{a}, {p A —e}Sa{q}
{p}if e then Sy else S3 fi{q}

(4) TEFHHN: BEp € WFFp,e € QFFp, 51 € L .

{pnerSi{p}
{p}while e do S; od{p A —e}

(5) ?&ﬁ’iﬂl}ﬂ”: &paqarus € WFFBusl S EQB o

pogq, {q}Sl{T}vT oS8

{p}Si{q}
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—A4 Hoare AR {p}T{q} T 1A LINIFIAFSE], 06 - {(pIT{q} . AT HBEH T ER
ITRT LA F S R0, S tH 0 AT LA B PR S A R U A A5 . 25 DA L B DR 2 B AT LA
NR 51,82, .., HEFH s, WAL= AEDUT S H A0,

81,82, ...y8n

S

DU LA 8 S A, 757G SemH g mT AR UF A IREA R, AN, &M
FLIUANPEER R By {5 A
(1’) L’z"p,q e WFFg,x eV teTg.

pDdq.

{p}z = t{q}
(2) & po,...,pn € WEFg,S1,...,S, € LB n > 2.

{po}Si{p1}, {p1}S1{p2}, - {Pn—1}Snipn}
{po}S1; 825 .. Su{pn}

(3") & p,q,r € WFFp,e € QFF, S, € L.

por, {T A 6}31{7”}, (T A _'6) 2 q,
{p}while e do S; od{q}

(4,)&p17p27q€WFFBueeQFFBushS2 €£2B o

{p1}S1{a}. {p2}52{q}
{(p1 Ne)V (p2 A —e)}if e then Sy else Sy fi{q}

HTHESTREMRS pO r FAX., RIMNETE—EHESXEAXWHIE.

R TSRS, BT 5P EEMARHERE, BRITES XS XTETF—4
iR, FEXFERZT, HRATTLOEX Y R ATSRER:. W RIS A RETES PA %,
HETEEEA

TP AR B AR P R BB BT S B LA ST S, N L ERURE AR F i i
Xt T IX T AR X Y. A LTS R T LA T EEIE B Y TS I8 S A R A R AR I, AL
EEH TR R A,

L 4 Hg p BRAPEIRAAER. N Hoare 15 SIE B2 7 09 0 B4 M a5 7E 1335 D038 B9 0
BABR, B XEMER, AW LA AR [ U E G P8 A B . — N ARIE
DI 7532 7T LA N BR i SGIEEAPE PR B A i e 5 th . 48 FRIE SCIE BIE PME ) B9 7 76 i 18
W] (o, 0") E—MAZER, & S=while e do S1 od H S Pk o HWIEHIRE LS m K S1 BIHAT
JE&IE. & o' = Mi(S1)"(0) . FIE p(o,0') AREREZMBRER, H-

(1) e ABALI o(M[(S1)™ (o), M1(S1)™ (o)) BLAL.

(2) e BALEFI o(M1(S1)™ (o), M1(S1)™(0)) »  @(M1(S1)™*(0), M1(S1)"(0)) , HEE
p(o, M1 (S1)™ (o)) WAL,

HAHAKX r TR p(o,0") . BE 0,0’ , v H o HUTRE,

p(o,0") = 1(r)(o[zy /o’ (x1)] -+ [, /0" (xn)])
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% p.q,r e WFFg,e € QFF, Sy € £$%Y) .

—e DT (e AekSi{-r}, (p AT) D gbn,

’
Lyseees z5,’

{p}while e do S; od{q}

M p,g KA o,y XEERAR, T r B 2y, o,y SRRRIEER] 1525 e EeiR
ES5EE

HEH RS AT RSB A R LR, BIE W F {(piT{¢} MW = {p}T{q}.
HEXMTARE {phie = t{p} , B+ {pi}e = t{p} . MOTLAUEH = {p.}z = t{p} , EIXHE
B, 1 {pile=t{p} . BRIIBHIEAMIEE o, I({pt}z = t{p})(0) = true . HRIFEX
I({pL}z = t{p})(0) = true 24 HALYH

I(p%) (o) = true A Mz(z := t)(0) |= Z(q)(Mz(z :=t)(0)) = true

T
I(py)(0) = I(p)(afz/1(t)(0)] = Z(q)(Mz(z := t)(0))
E5)i:a
I(p4)(0) = true A Mz(z == t)(0) |= Z(q)(Mz(z == t)(0)) = true
E5id

I({pL}a = t{p})(0) = true

XFHGHN, BATBAIER Fr {(piTi{d} B Fr {gTe{r} W Fr {p}TuT{r} . &
My(Tv; To) (o) T S W I({p} Ty To{r}) (o) = true ARE M (Ty; To)(o) A& X H M (T1;T2)(0) =
o . TEIEMIMIRE I(p)(o) W I(r)(0’) . M(T1;Ta)(0) = o’ W (T1;Ta,0)=0" . HILFFLE o”
15

(T1; Ta,0)=>(To, 0") >0

it

(Th, O’):*NJ'N H (Ty, O’N):*NJ'/

R¥E =1 {p}T{q} F1 =1 {g}T{r}, & I(p)(o), W I(¢)(c”), W I(r)(c’). HIL
I{p}T1; To{r})(o) = true

XA, BATBHEN =1 {pAe}Ti{q} H Er {p A —-e}To{q} W =1 {p}if e then T)
else Ty fi{q} . & M;(if e then T} else Ts fi) (o) T X, WIZRHL, # M/ (if e then Ty else Ty

fi)(o) =o', HAVHPFFLITIE. & I(e)(0) BILN
M;(if e then Ty else Ty fi)(o) = M;(T1)(c)
W& = {pAedTi{a}, % 1(p)(o) W 1(q)(M1(T1)(0)) L. I
=/ {p}if e then T} else T fi{q}

FE, 2 I(-e)(o) AL, RYE Fr{pA-elTo{q} , VLB,
XTFOERRHN, FATLFIUEN =1 {pAe}Ti{p} W =, {p}while e do T} od{p A —e} .



§4 I % 12

# Mi(while e do Ty od)(0) ToiE X, MWL,

% M;(while e do Ty od)(o) = o’ , M (while e do Ty od,0)Z0" |

BATHIEEEAMAEE o, I(p)(o) W I(pA—e)(o) .

Fk=1, Mo =0, I(e)(o)=false, HAW I(p)(c) = I(pA—e)(d).

Ek>1, BEMEZ o, i<k, (whileedoTyod o)se’ . M I(p)(o) = I(pA—e)(d’) .
BT (while e do Ty od,0)Zo’ H k>1,

I(e)(o) H (while e do T} od,o)=(Ty;while e do T} od, a)k:_>1cr’ .

FETE o {H15
(T, o)ga” H. (while e do T od, 0”)%0’

WA Er DA eTi{py , BITEE Ie)(o), & I(p)(o), W Ip)(o") . WITHAMREE
I(p)(a") W I(p A=e)(o’) . L

Er {p}while e do T} od{p A —e}
VAR T R GUHY A e,
EX Y TEE

XtFoestt, BNHAEIEMMMEaE. BoRMNGERARBREEEINT. 11K
RILAES RAGTRI G SORRIMERHRF T MAK ¢, FEAKX r 15 1(r) 4 T M I(q) B
59 A AT S . EWAROLT, BAOTFRIET 1(r) ARIAH.

XFHEW 1 H I fRIKRE T REHE,
BATERA =1 {p}yT{q} W th(I) F {p}T{q} . FERAFET T W25, FATESSIEHI AT $5z,

Fr {p}Si; Sa{a} H I(r) 24 S2 Al I(q) B985 HBEIWTS, W = {p}Si{r} H &1 {r}S2{q}
Er {p}if e then Ty else Ty fi{q} , W =7 {pAe}Ti{q} H Er {p A —e}To{q}
Er {p} while e do T1 od{q} , W E&; {p} if (e) T1; while e do T} od else z := z fi {q}

¥ Er {ptr = t{q} MIMIHENE ErpD .. W th(I)Fp D gt . RIERE LB
FU AT LA H
th(I) = {p}T{q}

# 1 {pySi;Safq} . B I(r) A So M I(q) MBS HABEIWE. BT Er {p}Si{r} H
=1 {r}Sa{q} , W th(I) - {p}Si{r} H th(I) F {r}Sa{q} . ARIEHEHNITT LIS H

th(I) F {p}S1; S2{q}

# 1 {p}if e then Ty else Ty fi{q} . BT 1 {pAefTi{q} H =1 {p A —e}To{q} . N
th(I) F{p Ae}Ti{q} B th(I) = {p A —e}To{q} . RIEFAMNATLIE H

th(I) F {p}if e then T} else T5 fi{q}

# =1 {p}while e do T} od{q} . # I(r) & while e do T} od 1 I(q) W55 H AT 5. N
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Erpor A
Er {r} if (e) Ty; while e do T od else x:=x fi {q}

m

Er {r Ae}Ty;while e do Ty od{q} H. s {r A —e}z :=2{q} .

i
Er{rne}Ti{r} H Er(rA-e)Dgq.
RIETEFFH AL TN TTUAEHE th() - {p}T{q} . VA LDUFMESIER T RS M AR 52
.
¥RHY Hoare iZ%§

Hoare 124 HAEIEH R FFHITRT IERR, AREIEHIRFIA LN SE2IER. A TiEWRF
ML LR SERIER, A LI Hoare ZHHIETY B, & B B—NEIAZHAEARTTF T4,

Definition 4.14 Hoare X858 X 4= T,
H == [p|Tq]
A pqe WFFg AKX, Terl®V) 2kinsz s,

W I BHARTFTS4E B R, ¥ RH Hoare AZNATIE Z R, i04E T, W& BH Hoare
N3 [pIT[q) S 2] —4 X — Bool WipE%L. I([p)T[q]) : ¥ — Bool LT,

Z([pIT[q))(o) = true
2 HAY Y
Z(p)(o) = true = Mz(T) (o) | AZ(q)(Mz(T)(c)) = true.

SRR G AL TIERNER], B T REIEFEM AL, BIIGIAN WFS £4
M. BB AT RIEREMS A0 CRRER WEFS S84, XHE, X BHI T = (D, 1)) HU
TER

(1) B & —A_ociliAfrs, il <.

(2) D AT W H (W, Io(<)) H— WFS .

(3) 115 w € WFFp Hw BERET— AR, 08 o, R W = {o(@)|o € 5, [(w)(o) =
true} C D ,

AR LI AT LAE

(pAe) Dwlz/tl[pAent =ylSi[p At <y
[p]while e do S7 od[p A —e]

XEPIRE, AEAKMER AR, W LA Hoare {5 A RLINAE {p}T{q} B2 [p]Tq]
RpT.



%4 ik 14
§4.4 TH

PR R R BB 4018, TE LEMA ).

VL XYZ/VERI-II A, T XYZ/SE #RPEARF. filiS. FEWE D RIEHFRER
Vefl N, BATAT USBIFEFREFIER A 551, 7EMIERE ERv] LU ik, HA TR IE
TAERT B N L5ERLE S 4 % 110 2 FEERA T B B EE.

§4.5 THEA

A B R T S R EER A IE DTV . —PrE B R AR B IES S [Pel0l, MP83] | i
R B R P AL P A LR IE 2% [LS84, Fra92] . S5MALRFRER B TR XYZ/VERII
WIS 2% (Zhas]

SE 3K
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