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— BB E X
o XX, NHLE A

— BB L — P B -
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FMNE 2] T apfZ . — I BA—RrEie; T ies -~ )
B T BRI E SRR«

MFALM—MEF TS, AT ERAE: k. B
IREESS

IMP: —AEEROIES
o IMP iEF UL TS\ BFritEs REE. R OMIE
FEE,
o ATTIR2ES] IMP B F A IEEANE L. JRTH S~
WA, FAEXT IMP BEF TP R, MAEZMIETER.
o IMP [WUERHRGHRFAE N TR A .



H

4/ 35







ik 6/ 35

AREFEATHE TP I HARTEY: (concrete syntax), =3 FAEFIY
% EY: (abstract syntax).

o FUATEIR: AT R A AL )

o FiiFvh: HXWATE XA, & AEEERrais

Exp
I !
EXp c+7 EXp A
\ ‘ 2 3
‘2 ‘3 (b) HigBEA
(Abstract Syntax Tree)
(a) 4 (Parse Tree)

XHAE P I RAR TR OB [~ 362 P 2 1 S AT G A3 -



A TMP i

EVEIEWE
o BHIEZ, H a,b, c FIREELL.
o WLtk Var, W x,y, 2 £REIC.
o HARFBALE AErp, R e FTREARFEA.
o Ti/RFBALE BExp, W p, ¢ FoRfli/RFHA.
o EMIEE Stmt, H st FIRIEM],

AT B L, X B RO AR, e PrA AR AR R A
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IMP IS E RIS E AT -

e€ AEzp:=c€Z |z Var|ei+ex| e1— e | €1 % e
p € BEzp ::=true|false| e; = ex | e1 < ea | =p| p1 A p2
st € Stmt :=skip | z:= e | sty; sty

|if (p) {st1} else {st2}

| while (p) {st}

IMP 4355 i 2 R P T 5 AR D RHE -

o MMMEH. 7. TS, 745

o KK EZABIRLEM (KAL) AR A AR P 1
(it F)
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FEFFifE X (program semantics) HFFEREFBOTIRFME X, &AL
SRR, K SRR T 0T 0 i A Al R TSR
PP LA T A R Fp, LA 1
o JEMrif X (denotational semantics), fHFEF BT TR R .
B g, R OBRFPATRCR MRS
o P11 X (operational semantics), FFHMZARSHIEIBFEF 1
FrreERPIRS I, SRR PR TI AR ;
o XZIE Y (relational semantics) 2, HET X HREXFEFIESM
X, HIE A SRR
o /NMPHIE Y (axiomatic semantics), FFFRTIIE UM R J
A, SR BHZ R ) 7 AT

"https://en.wikipedia.org/wiki/Semantics_(computer_science)
*nttps://en.wikipedia.org/wiki/Kripke_semantics


https://en.wikipedia.org/wiki/Semantics_(computer_science)
https://en.wikipedia.org/wiki/Kripke_semantics
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while (!(y == 0)) {

if (y >=0) {
= —_ 1;
} olve £ o PIFHRFZIG, o AN o 1
y=y+ 1 TG y T R4 A
} y B 0.,
x =x + 1;

R TERFAMGEET, MEBHEAEN =", XRBHEAE
};H 44::77\ cc>:77 %7 Eiﬁﬁ%?@ﬁﬂa u!a" u&&n‘ an %o
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RS (state) 3R TCAER BN 4 bR B
State: Var — Z
o RASHL &N AR A T — A
o [RAET R L, A5 NPREA X ARSI
o it S NEFHT ARSI &%

o s={z—5,y— T} BEFH—RE (RE), A
s(z) = 5,s(y) = 7.

o WURIAMNTEEIEIIE « Py WINUFHH e RS, EmErREs
s ATPAfETIE N (5,7).

o ¢ =s[zr— 0] BIME CIRE) s BI—A2Ek, BI & =(0,7).

3Bk PR R AR AR K R (configuration), 5 X Il (enw, po),
Hop env A EE, XVXEPPIRGS: pe AT B HIITHIEN .
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& (AR AAE )

BAARFBRK e RS s THIME [e], #BIHE LT :
o [c], = ¢, Hr c ML
o 2], = s(x), H z HAETT
o [er + o, =[], + [e2l,
o [er — 2, = [ea]], — [e2l,

o e * eo], = [er]s X [e2]

Ei J:Ji/éx\—tquj—?ﬁz—ﬁl_ﬁ/] cc+a7 “_ 77 ko Elﬂfﬁ’f‘?jﬁ‘, #75‘5
B <47, 7, ex? é&%ﬁfil’em Bars (o alsdmres
RO < *é%&ﬂ%%ﬂ*%&%{i)
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RARFZXRK (24 2) * y TERES s = {z— 1,y 3} THIHE.
fi&

[(z+2) * 9], = [(z+ 2)], x [4],
= ([, + [20,) > ],
= (s(2) + ) s(y)
=(1+2)x
=19
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& X (M/RF2RTE )
iRFIXX p TERES s FIE [p], BIHE XA0F
o [true], = true
o [false], = false
o [er = eo], = true BHAH [e], = [e,
o [er < ea], = true 2 HALY [e1], < [ea],
o [pl, = true 24 HALY [p], = false
o [p1 A pal, = true 24 HALY [p1], F1 [p2], FAHE

WRATRFESNX p RS s THIMEH
o H: WIS s W p, iEME sk ps
o M WFRIRES s MWL p, iCHE s~ po
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il
WRARRAX (2> 2) A (y # 2) FEIRE s = {z— 1,y — 3} HIfH.

i

[(z>2) A (y # @), & [(z>2)], A Iy # 2],
< ([, > [2,) A (Te]s # [=],)
 (s(z) > 2) A (s(y) # s(z))
S (1>2)AB#1)
& false A true
& false
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fiRFRA p FTLATAL p BARESH AR ZIm, B
{s] sk}

BRI, VA {p} L p FARESES .
i/RFBX p IR s NIESCHERS —MEER s € {p}.
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HAR A AIRMVIRAS s A AT st BRIEISEDIRAS &, IF2AK
XS (s, ) BAE TIEA) st )RR RERYPATIROL. 164 st 1915
SCRATAREAERE S 3of 17 HL i PRAT IR DL RPARASRS - B

[st] = {(s, &) | A s HEIMFT st W fELTSE] o}

Ueisy, AR s AHPIRES (prestate), o MRS (poststate).
B, [s] €S xS BREES S EHITRE,

R XHARA) st PSR, ALl 2 2604l
T AT E R T
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while (!(y == 0)) {

if (y >= 0) { o PUTHRITZ )G, = MEAN « 1)
v=y-1; WIRIERT v BRI AR (A 28 X HE AT
} else { y BEAS N 0,
vy 1; . Var
} o ZREIFHIIRGS e S=72
, ol o I I XA TR A
FAVE S E L

R Tﬁ?%ﬁ%ﬁ%¢,ﬁﬁﬁﬁﬁﬁﬁ“fﬂ%%Eﬁﬁ@
};H [ 77 >:77 %7 Eiﬁﬁ%?@ﬁﬂa 44!”‘ 44&&77‘ 44”77 %o
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IMP Wriyifihy

st € Stmt :=skip | x:= e | sty; sty

|if (p) {st1} else {st2}
| while (p) {st}

LIS L
[skip] = {(s,5) | s € S}

B s T R R P RS TT S o
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WAV 5 A R i 3
[z:=e] ={(s.5) | & = s[z > [e] ]}

RUEIRES  HH-A o BN, HAUEBCN#EA e fERPIR
& s THIES

RBIRET Poyt

[:= 24 1] ={(s.8) | ¢ = slo > [o+1]]}
—{(s,¢) | () = [+ 1], H () = s(3)}
—{(s,) | (&) = s(a) + 1, H ¢(y) = s(y)}
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5y SRR

[if (p){st1} else {sta}] = {(s, s)

[pl, = true H. (s, §) € [st1]
i [pl, = false H. (s, ¢) € [st2]

BIARSRF p FERPIRES s TR, P07 st BIWIAT st2 7032

BIRET Poy:

[if (y=0) {y:=y— 1} else {y:= y+ 1}]

= {(Sa Sl)

[y > 0], =true H (s,§) € [y:=y—1]
S8 [y > 0], = false EL (s, ) € [y = y+ 1]
[vl, >0 H & =sly— [y—1]]
o o], <0 H & =sly— [y+1],]
s(y) >0 H s(y) = s(y) — 1 H §(2) = s(2)
2 s(y) <0 H §(y) = s(y) +1 H 5 (2) = s(2)
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E X (KAL)

¥ Ri, Ry HE XAER—MES X EMPA—Jok R, R Al R 19
HEXKEFR RioRy N

Ryo Ry = {(av b) | ﬁ”—(fc € X7 ﬁﬁ%‘[’(av C) € Rla (Cv b) S R2}

Bl

i’& Rla R2 %ﬁ%%ﬁ%tﬁg “j]l]—” ?‘é/‘?\) El]
Ri={(a,b) | b=a+1}, Hi i=1,2, I
RloRgz{(a,be:a—l—Q}o
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Wity i A pey s 3 ¢
[st1; sta] =[st1] o [stz]
={(s, &) [ 174E " {15 (s,5") € [sta], (", &) € [sta]}
MBPRES s A IET st BEIPIENRES o, B & AT sta.

mBIRE Py
Jif (y>0){y:=y—1}else {y:=y+1}; z:=z+1]
=[if (y>0){y:=y—1}telse {y:=y+1}]oz:=z+ 1]
_ { | O ZORG) =)~ 1 B L) - s<w>}
5 s(y) < 0 H. /() = s(p) + 1 H 5'(2) = (2)
o{(s",8) | §(2) = &"(2) + 1,5 (y) = 5"()}
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(AN &

[while (p) {st}]
( TEAE—ANBE n A HLIRZSIFS fo, b1, ta, -, o,
Hrty = s, t, = &, fif5 :
(1) PERSEATESAL, BE [p],, = true,0 < i< n
(2) Mt BRPAT st 153 tiyq, B

(tiytiv1) € [s1],0<i<mn

(3) RGARWERIEERA&LE, B [p],, = false
MCHIRES s th & RATGTIAD st, F0 % RERAPEAR L.

R BRI (3) BEFREN n IZIFSZ L ARIEE
AL, WHEFRRIE IR RREEHORE, XL TE SO 25
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T B AR R T
o [while (true) {st}] =0
o [while (false) {st}] = {(s,s)|se S}
o [z:=2a] ={(s,5)|seS}



B RBIRET Poy BITE X

Ty —

(

(s, )

TEAE— A n F—2URS P
to=8,t1,t2, ..., t, = &, ffif5:
(1) [y# 0], = true,0 <i<n

(2) (b, tiv1) € [body],0 < i< n
(3) [y # Oﬂtn = false J
FEAE— A BER n F—4LIRES 741
to=8,t1, 2, ..., bty = &, ffif5:
(1) ti(y) #0,0<i<n

(2) (ti, tiv1) € [body],0 < i< n
(3) ta(y) =0 )

WEERIE Aty i SO DA !
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7E X

WERXTALERTS s F1 &', (s,6) € [sta] 24 HALY (s, ) € [sta],
NIFRIER] sty F sty 4218 L5 (semantically equivalent) ).

il
WEBHER] 2 := z fliEh) while (false) {st} 215 MY
UERA.

[z := 2] = [while (false) {st}] = {(s,s) | s€ S} O
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i1

WERHTEAT] while (p){st} FlliE4) if (p){st; while (p){st}} else skip /&
B EEHHY .

UERA.

—: W (s, 8) € [while (p){st}], HIEIEERERANE L, FAAE—PE
B n F—AREFF R HAE SCE SR =50, hIE S
HWEBH (s, 8) € [if (p){st; while (p){st}} else skip].

B (s, ) € [if (p){st; while (p){st}} else skip], 7 [p], SyFAN
EPIAEOL, 22 HHERA (s, §) € [while (p){st}].

O
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IMP {53
o FARFBA. hRFLK
o FIHM]

IMP 5 -

o FIARFER XM /RFILA I TE X
o FEFIEMIHITE X
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o FIRUEWI R GE
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