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BANTLSY:
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o WRHEIAI, wife (Hghie) &k (u5fe) B AfE?
o MK P A MBI (AT o — o B2A30)?
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@ 193045 H 11 H —2002 4 8 H 6 H
o BEHFHRER
o 1972 {FF RIAGF
o HEITTHR:
o IfpK 7 YE (Dijkstra’s Algorithm)
o ZEMEIFRITES
o 1HiRAL

From: https://en.wikipedia.org/

wiki/Edsger_W._Dijkstra


https://en.wikipedia.org/wiki/Edsger_W._Dijkstra
https://en.wikipedia.org/wiki/Edsger_W._Dijkstra
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5125 (Predicate Transformer): %45 &E— M TRIFE A2 — 542
Feif ), sl AR 2 5 — M IR A

F R R A A
o I ATl E 44 (Weakest Precondition) ! wp(st,v): fl&EiEH]
PATIGWEE ¥, TEPITIX AR 2 T Wb 20 3 JE IR 45 1
L {wp(st,p)} st {0} AR, B wp(st, ) 22— EEELL ¥ 1
SERTETE A, AR
2. FAEAE o it {o} st {&} RAB, W o = wp(st, ), B
wp(st, V) & A IR ETE A P R SS— 45

o Il B 4f (Strongest Postcondition) sp(ip, st): {REEH]
PATHITE R o, TEPATIX S50 2 I 0 5 T 2 ) 2542 -
L {o} st {sp(e, st)} RAHN, VAL
2. HAETE 15 {p} st {v} A, W sp(p, st) = ¢, R
sp(e, st) 2 PTA W e B A b B i — N 45

AR IS R E AR b R AR RS A AT E A (weakest
liberal precondition) ”, RMEEFEFFL B TAY “Bed5Hl & 5547,
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(2

Xt—PrZ A ) MRETFIRA st, SR ElEAAE wp(st, ¥) L

PATR 2R — B2 4 A5k

o Vs = wp(st,y), M s MEPITIER] st, WRPATREGSZ 1L, W
ZILEHIRES & o

o Vs wp(st,v), M s MARIITIES] st, WERMATRESZ 1L, W
AT HPIRES § B~ 1o
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SERRT st FIFLA (¢,v), Fouks&fF (verification conditions) J&—
HWh e T A — 2 A

WP B UEAFAE AT RER, MRS L Z

BT E ARSI T — M A R AR PR R
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A TE AR R

D kip (o)

SRR BB AT R A

wp(skip, ¢) = ¢
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R ECTE R B AR -
(T fE)

{ple ) z:= e {p}

WV P e 53 BT EL AR AT R A 5
wp(z = €,¢) = p[z— ¢

MRIGREE AR B AT EEE, oz o BARHTE .
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B
WHE wp(y:=2+1,Ve.z<z—z<y —sz+1<y =7

fi#
o FAX Ty y AdEHieh o+ 1, 33
Ve.z<z—oz<z+1l)—sz+1<z+1

X vy ¢
o %! VA z+1 K| TXFay vy,

Vo z< 2= 2 < y)

RILX Py o R X P/ REL ¢ B &, #HRXag&Eid Vo
WET .
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fi# (20)
o BAXMHRT L ¢ ERBLAFHIN, Ehth o, 135

V. d <z—=d <y —sz+1<y)

EE CHRE—REAXAREN, TEREG L,
o MEF L BINXIUT y— o4+ 1 Rk, 135

Ve d<z2—=d<z+1)>2+1<z+1)
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ALV HL 0 7 e R
(KL e)

{pla aler < e)]} alel] == ea {¢}

b INA S EE N N ERI DR /NN

wp(aler] := ez, ) = pla— aler < ea)]
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FHE wp(8[] = 5,011 = 5)
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Bl
T wp(bln] ==, Vi. 1 <i<n— b1 <bli+1])

i

(b[n] ==z, Vi. 1 < i< n— bli < b[i+ 1))
(Vi.1<i<n—0bli <bli+1]) [br b{n<)
(Vi.1<i<n— bnax)i] < bnaz)[i+1])
= b{n<z)[n—1] < b{n<z)[n]

AN Vi.l<i<n—1—bn<x)i] < bnaz)[i+1])
=bn—1]<z AN Vi.1<i<n—1-— 0[] <bli+1])

(S
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T 28 5 T A PO HE ERARL -

{1} sti {p2}  {p2} st2 {ps}

It
() {e1} sti; stz {3}

I 5 55 Wil EEA AR A K
wp(sty; sta, p3) = wp(sty, wp(sta, ¢3))

o M stz FFUA, RIS
o ff sty HORSIRTE A LA N st HOIRB AL, AT
o YERE: AR AN B 8 5 AL
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Bl
WH wp(t:=mo=yy=ty=27 Nv=1y)

fi#

wp(t:=mz:=yy:=ty=2 Az=1y)

= wp(t:= z,wp(z:= y,wp(y :=t,y= 12 Nz=1)))
=wp(t:=z,wp(x:=y, t=12 Nz=1))
=wp(t:=z,t=2 ANy=1)

=(z=2dNy=1)
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O3 SCUEAD AR -

{onp} st {¢}  {pA-p} st {¢}
{e} if (p) {st1} else {st2} {9/}

(5r2)

X I d5 55 H B AR TR A
wp(if (p) {st1} else {sta}, )
= (p = wp(st1,9)) N (=p — wp(stz, 1))

o W p MAL, W sty 3 SIS I BLARAF AU,
o TRIN, sty S HR A B AR P AL TN AL
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¢l
BYy=@>0—->y=z-1)A(z<0—>y=2+1),
T wp(if (y > 0){y:=y-1} else {y:=y+1},7)

i

wp(if (y > 0){y:=y~1} else {y:=y+1},v)
= (20— wp(y:=y=1,9) A (y <0 = wp(y:=y+1,¢)))
=y>0—>((z>20—-y—1=z—1)A(z<0—>y—1=2+1)))
ANy<0—=((z>20—->y+l=2—1)A(z<0—>y+1l=2+1)))

R B PITRAPREEBIER, Jom N AR ALs
EHRLI
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o] JB5E KT I A ) A 45 oK 2R

while (p){st} = if (p){st; while (p){st}} else skip

PABERFETT B 7 2T SRR TR ) 64 5 55 BB AR -

wp(while (p){st}, »)

= wp(if (p){st; while (p){st}} else skip, ¢)

= (p — wp(st; while (p){st}, ©)) A (=p — wp(skip, ¢))

= (p — wp(st, wp(while (p){st}, ©))) A (=p — ¢)

= (p — wp(st, wp(if (p){st; while (p){st}} else skip, ©))) A (=p — ¢)

RBERHEATATA R Z5E !
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DRERTRA] A 5558 i B 2 P R AR 2, IR —SE BB TR Ok
i 1 Jg while (p) {st} BUIEERAAE, DA T MR BERE R I i
S B AT
o TR 1 AL
o JLikHuR [ —%E

AR BT AR
TR E R

g
s

2The Formal Semantics of Programming Languages: An Introduction
(Section 7), Glynn Winiskel, 1993
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[ JESL O B ) AR D) -

{IAp} st {1}

W) (0 while () (st} {(IA -7}

W HIEEFM, {1} while (p){st} {¢} RABIRMAN
o {INp} st {I} BB, BRI IA p= wp(st, I)
o IN-p=>

o

vetwhite () (st), ) ={, [0

INp— wp(st, )
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AR while 2 ME—5 | ABAMNSAESFAFRTER], ST S (Y A R
MR BB ﬁ%%h‘ VC HIE LY R A ey i) -
o VC(z:=a,v¢) =
o V((sty;sty, ) = VC(stl,wp(stg,z/J)) U VC(sta, )
o VCI(if (p) {st1} else {sta}, ) = V(st1, ) U V(stz, )
(

o VC(while (p){st}, ) = { ; AI ﬁ:fw;(i [)}, Hrf T REFRR
5= W

><Er
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st = (0,1)?

T ¢ = wp(st, )

TR VO(st, )

R e = ¢ BAAREC

At VO(st,v) Hig— MA@ m ARt

Ll

VC(st, ) Fl o — @ GERRREUESAT (Verification Conditions).,

B

o WIRFTA LA A AL, W st (p,9)? I

o #7 stl= (p,v), W& REMS il A BE A& F AL i
TEERAAL 2R AT P 55 W B A
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by

SMT 45

PP Rk e — B R PR 7 AL

SMT
i WAL ) AT 2

BN

o Wikt PTLAMRARABIUE A AR MG, KR FT BUE ] AR

SMT 3

o KfHt: LI T FZ—BrEemHIERIL, ¥ SMT A3

A R .
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o HiE AT

r = X; @ true
q=0;
while (y <= r){ o JEE KM
r = r-y;
q=q+1; Yir<yAz=r+(gxy)
y o WELAMF|—AMEHEIFIFA

A

Iiz=r+(¢gxy)
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{z=2z+(0xy)}
r = X;
{z=r+(0x1y)}
Q=20
{z=r+(gxy)}
while (y <= r){

r r-y;

q q + 1;
}

{r<ynz=r+(gxy)}

Lioall o JEs
o IN—(y<r) =1
o INy<r— wp(r:=r—vy;q:=
q+1, I)
o true — (x=z+ (0 X y))

wp(r:=r—1y q:=q+1, I)
wmr—r—%wﬂq:q+1rm
=wp(r:=r—y, z=7r+ ((¢+1) x y))

(r—y)+(¢+1) xy)

=(z
=(@=r+(gxy))
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{z=2+(0xy)} WA
ton o IN=(y<r) =
{z=r+(0xy)} o INy<r—(z=r+qgxy)

q = 0; °tm6—>(l‘=x+(0xy))

{z=r+(gxy)}
while (y <= r){
r=ry;
Q=9+ 1

}
{r<yhz=r+(gxy}
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{r=2+(0xy)}
r = X;
{z=r+(0xy}
q = 0;
{e=r+(gxy}
while (y <= r){
r =r-y;
qQ=q+1;
}

{r<ynz=r+(gxy)}

BriiE % A -
o IN-(y<1) =79
o INy<r—(z=r+qgxy)
o true —» (x=z+ (0 X y))

BUEZEAFR A 2~ 2R A
FI DA R 405 A2 2 78 ALY o
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doe i T L SR AR AR V5

wp(skip, ¢
wp(z = a,

)

):
) =¢lzr €

) = pla— ale; < e)]
):

)

©

wp(aler] == ez, ¢
wp(sty; sta, ¢
wp(if (p) {st1} else {sta}, ¢

wp(sty, wp(stz, p))
= (p — wp(st1,¢))

A (—p — wp(sty, 1))
wp(while (p){st}, p) =1 (& [ 2IHFAZLN)

WML S AR 2k *

VC(while (p){st}, ¢) = { I?ZZ :ip(st,ﬁ }
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