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C — skip|lz:=E|C;C
| ifEBCC
| while BC
E — n (neZ) |z
| E+FE | B (boolean expr)

o3k

CC ¢ oMemory _, oMemory
VE ¢ 9Memory _, oValue
BB ¢ 9Memory _, oMemory
Memory = Loc I Value
Value = Z+B
Loc = Var
B = {T,F}

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2006 Note 10-2
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§42] sl = wetE 7):

o] Alzte]l E 2% ol f
o td A7t while B C o]9l9f Ao WiES AT -
Slow?

e goto, exception raise/handle, recursive call

o M Y go e ofv] B4
C (while BC) M = B-B (fizAX.-M UC C (BB X))

£ "W R B A s gty 7] E.
o C(goto L) M = fixrAX.?
o C (raise DivByZero) M = fiztAX.?
o C(fE)M = fixAX.?
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q Rkl R of

Ce] YuE WA =

m € Memory M e gMemory

CskipM = M
Cx:=E)M = {m{z—v}|meMveVEM}
C(C1;Cy)M = CCy(CCL M)
C(ifBC1Cy)M = CC1(BBM) U CCy(B-BM)
C(while BC)M = B-B(M U (C(while BC)(CC (BB M)))
VnM = {n}
VeM = {mx|meM}
V(Ey+Ey)M = {vi+wve|vi€VE Muv €V EyM}
BBM = U{M'|VBM ={T},M' C M)}
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Z23% C9 Yul= CCE AoFH =7 No.

while-&2] 79

C (while BC) = ---C(while BC)---

---(---C(WhileBC')--‘)---
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g oFsl A HAlA 73S o

=233 0o on 344

CC=--.
o SER ol EAT P4 0o WES AT A
499 B

F - (Cmd _ 2Memory N 2Memory) N (Cmd N 2Memory N 2Mem01‘y)
7} Rolst= FCCO7F Atk

FCskipM = M
FC(x:=E)YM = {m{z—v}|meMuveVEM}
FC(Cy; Co) M = CCy(CCL M)
FC(ifBC,Cy)M = CCi(BBM) U CCy(B-BM)
FC(while BC)M = B-B(M U (C(while BC) (CC (BB M))))
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lfpFe

rlr

lfp]: e Omd — 2Memo7“y N 2Memory

SN 2233 C8 A 4HEEY us2 FA-49k
ifpFe = ((IfpF)Co, (ifpF)Cy,- -, (ifpF)Cy)
o FoB TATE & RS BE Fol Rol

a
o lfpF € Cmd — 2Memory —, gMemory = @ 2 w2 Fof o gt

of ol
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F_S’,

% 2 (continuous) £ °F o] n| T+E A e:

W

€ (Cmd — Memory — Memory) — (Cmd — Memory — Mcr;wry)

223 09 2% vl F HEH EE2FE AW

o 3, & IfpFe.
B4 8 fpFot ifpFel AR

ifpFo = ((ifpF) Co, (ifpF) C1, -+, (ifpF) C)

o

Llaswdae:!

of¥

a(ifpF) € ifpF?
L 2ok e Bofl oA the
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o|N
_O,L'
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%5 4)

CC € Memory — Memory
VE € Merﬁory — Value
BB e Meﬁwry — Meﬁlory

ol A4 2437

71 ~ 2 ~
gMemory ——— pr, emory 2 Value ——— yylye
aq (65)]
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C(x )
(01 ; Co) i
C (if B C, Cy)
C (while B C)m

Vnm

S§>

3>

Vam

V(E1+E2)m
BB

m

ar{m{z — v} | m e ym,v e (Y Em)}
C Cy (C Cy1h)
CC,(BBm) U CCy(B-Bm)

~

B-B (i U C (while B C) (B Bm))
az{n}

mT

042{?)1 —+ Vo ’ NS 72(]> Eq T?L),?)Q S 72({/ Es

ar(U{M' |V BM' = {T}, M’ C mir})

m)
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Aol EAS AT FS C g 12T 7}
3

F : (Cmd — Memory — Memory) — (Cmd — Memory — Memory)

I A s FC O 5 Ak

ﬁéskipm = m
FC(x:=E)m = a{m{z— v} |meym,v eV Emn)}
FC(Cy; Cy)m = CCy(CCLm)
FCHEBC, Cy)m = CCL(BBm) U CCy (B-Bm)
FC (while BC)m = BﬂB(mI_IC(WhlleBC)(l’;’B m))
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C(z:=E)
C (if E C, Co) 1
C(C1; Cy)
C (while E C)

m = m{zr— VEmn}
= (CCLm) U (C Cyrn)
i = CCy(CCrin)
= mU(C (while E O) (C C'1))

Vnm = afn}
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x :=1; while (0<x)z :=x+1

2 AAEA. 74 RETIG MEE BolA

x:=1; while (0<z) z:=g+1
1 4
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2 9Fe) 4 TAreld 3 o

7+ REgo) o)u] € Ci9 V Epoll & AL 72 F et
V E;oll Qe A ofel e} o] ol ATk
I Cy = )\m.é Cz(é 4 T?l)
CC1 = Nnan{z— V1m}
= Mz — o{l}}
CCy = MU (CCy(CCsm))
CCs = Nnan{z— VEym}
= Mz — (mz) +aofl}}
FAF CCE X2 A Al 2
Xo = MhXo (X))
X; = Maan{z— a{l}}
Xy = MhahU(Xy (X3m))
X3 = Mz — () +a{l}}
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X1 = Main{r — aof{l}}
Xy = MU (X, (X3m))
X3 = Mauan{z— (mz)+a{l}}
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ol 4] Tl Akt 7@ o) of

79 ol 7} f8a 4

Ne50] Z={L,— + T} < u, 9] FH2 L.

Xo = MnXo(X1m)

X = Maam{z— +}

Xy = MU (X, (X3m))

X3 = Mauan{z— (mz)++}
z2aW AFe e BE HE AEE 24T Ao

{} € Memory = Var > Value
2}l s,
Xo {}

oA FH AN e dovl= HAAET Eoh
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Xo{} = X(Xi{) @A

Xi{} = {z—+} wekA
Xo(ro ) = {1 U (K (e +)) mheba
X3{r—+} = {z—=+Hr—+F+}

Xo{}
X3
Xy {x— +}
X3 {x— +}

Xo {x— +}

{z —+}

{z— +}U(Xo {z— +))
{z—+}

o] WAL Al 2W (X; xS V;2)
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Y1 = {x—+}

Vo = {z—+}UYs

Y5 = {z+—+}

919 e Hase
(Wi(fiL)e) A) o=

Yo
Vi
Vs
Ys
EAA: zzage ®n
£ 7H3th
Prof.
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A A A A fixpoint iteration)

fom+)
— o)
= {z+— +}
= {zr +}
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