SNU 4541.664A Program Analysis Spring 2005 Note 4

SNU 4541.664A Program Analysis
Spring 2005
Note 4

Prof. Kwangkeun Yi



SNU 4541.664A Program Analysis Spring 2005 Note 4
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m Style 2: =2 730 ¢] °Ju] = ¥ o](transition)
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Lagge =ejys on <% (operational semantics)
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semantics)
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Lj} e U= & v (operational semantics)

o) u] ¥ 7k semantic domain)

gAY, ¥ CPOY ot 9%
m FER, dAaUgH, 2 AAAY
SUT,S+T,SxT,S5T

SET={flfeS —T.5CS}
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L% u] -2 (operational semantics)

L Style 1: Z2229] 1] = 2 (proof)

Stylel: =219 on] = £

structural operational semantics,
natural semantics, relational semantics

m 59 5F Z (inference rule): =2 1)

Fzubeh st o 4 A

(M, skip, M) (M,z := E,M’)

(M,Cl; CQ7MI) (M,leCl OQ,M/)

(M,while FE do C, M")

m TR A7 T S
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L A& =ejul= & u]+=X(operational semantics)

L Style 1: =2 7%09) o u] = % (proof)

HHE O} AT e A= (MR M of|A)

MFC=M ¢ MFe=u

B 2 E2ls o 0% v 2e MoA Fon)
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L A& =ejul= & u]+=X(operational semantics)

LStyle 1: == 1319] o u] = = (proof)
£ X £ O Z (big-step operational
semantics)

M € Memory = Var = Val
v € Val = 7

M skip= M

MEE=wv
MFz:=FE= M{xw— v}
M|_01:>M1 M1|_02$M2
Ml_Cl;CQjMQ
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L5 2 U= 2] u] X (operational semantics)

L Style 1: =2 7%09) o u] = % (proof)

MFE=0 MFCy,= M
Ml—le0102:>M’

M&EE=wv MkCliM’U#O
Mf‘ifEClcng/

MFE=0
M Fwhile FdoC =M

M+FE=v MFC=M, M tFwhile Edo(C = M, 20
M F while E do C = M, v
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Lo 2] U] S 2 (operational semantics)
L style 2389] 2Ju] = % v (proof)

MEn=n

Mtz = M(x)

MEE =vy, MEFEy= vy
MbE E{+ Ey = v] + vy

MFEE=u
MF-E= —v
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Lo 2] U] S 2 (operational semantics)
L style 2389] 2Ju] = % v (proof)

C=g:=1:y:=x+1

{z—1}Foz=1 {z—1}F1=1
OF1=1 {z—1}Fz+1=2
DFz:=1={z—1} {fe—1lFy:i=z+1={z—1y—2}
P-C={z— 1,y— 2}
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Lagge =ejys on <% (operational semantics)

L Style 1: =2 129] 2] 1] = = (proof)

2+ X 2 O 2 (small-step operational
semantics)

BT O A4 e n)= (HRE MolA),
48 HES

(M,C) — (My,Cy) (Mg,e) — (M, er)
(M, Cr) — (Ma,Cy) o (Mi,e1) — (Ma,e)
(My,Ch) — (M, done) (My, en)) — (M",0)
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L5 2 U= 2] u] X (operational semantics)

L Style 1: =2 7%09) o u] = % (proof)

M € Memory = Var = Val
v o€ Val = Z
C — -+ | done

(M, skip) — (M, done)
(M,E) — (M, E")
(M,z :=FE) — (M,z :=E)

(M, z :=v) — (M{x — v}, done)
(M, Ch) — (M, CY)
(M, Cy 5 Co) = (M, C1 5 )

(M, done ; Ca) — (M, Cy)
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L_g]jg

= o] 1] % (operational semantics)
o] ou] = Fv(proof)

(M, E) — (M, E')

(M, if ECl CQ) — (M, if E/ 01 02)

(M, if 0 Cl CQ) — (M,Cl)

(M, if nC’l CQ) — (M,Ol)

n # 0

(M,while F'do C') — (M,if E C'; while F do C skip)

(M, ) — (M, M(x))

(M, Ey) —

(M, EY)

(M, Ey + Ey

M, E| + E,)
M, E)

<M7U1 + E2

) —
(M, Ey) —
) —
) —

(M, vy + vy

(
(
(M7 v * Eé)
(M, v1 + vq)
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u] -2 (operational semantics)
9] o] = 2 (proof)

(0.2 :=1; Cs) — ({z — 1}, done ; C5)

({z — 1},done ; C3) — ({z+— 1}, Cs)

{z—1hz+1) - {z—1},1+1)
({z—1}C) —» ({z— 1}y :=1+1)

{z—1}1+1) - ({2 —1},2)
{z=1hy:=1+1) - ({z— 1}y :=2)

{z— 1}y :=2) —» ({z — 1,y — 2},done)
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Lj} e U= & v (operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

z 273 olu| = ¥ o|(transition)

H o]} o) u) L X (transition semantics)
s 2290 A3 = Az} Wal e T3
a Boke AYTHR? £as) W) 7]
m o) 1+2+439] o]Ju] = 14243 — 3+3 — 6
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Laxge o] u] % (operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

Fauz=,

w o) AT ou] FHES =242
Z ™ 57 2 (proof rule) Al
m H o] 4f A (transition rule) &2 & 4 =4,

L
E=)

PN EERS

.

(1,C) — (7',

olFEA HH g2 09 u(AyAA)=

G0 S 0LG) = OL0) S 0haG) =

gte Aol ez AT s
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Lagge =ejys on <% (operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

WL E 53l A (evaluation-context
semantics)

—

SRECEEEETE )
a o] = 21 hA] 2
m o] & ThA] A (A4 3H)?
A ) 2 W (evaluation context)©] 2 A

u TA——E Q'A] /}7\]?
CA| 22 7] F 2 (rewriting rule)©] 22

3k 4]
1

\s rr
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o] u] % (operational semantics)
LStyle 2: =20 olu] = ¥ o|(transition)
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u] -2 (operational semantics)
LStyle 2: =20 olu] = ¥ o|(transition)

done ; K

if KCC
while K do C
K+FE
v+ K

-
|
|
|
|
|
|
|
| - K
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Lz = 9] u] X (operational semantics)

9] 9] m] = ¥ o|(transition)

(M, z :=v)
(M, done ; done)
(M if 0 01 02)
(M ifv Cl Cg) M, CQ) ('U 7é O)
(M,while Og do C)
(M,while vg do C) M,C ; while E do () (v #0)
)
- v)
x)

M, v) (v =101 + v7)

A
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<% (operational semantics)

LStyle 2: =273 ¢] olu] = W o|(transition)

x:=1;y:=xv+12 on:

0,z :=1) — ({x — 1}, done)
@,[z :=1]; y:=2+1) - {z+ 1},done; y :=x + 1)
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o

{z—=1}2) = ({z— 1} 1)

({x — 1},done; y :=[z] +1) —» ({x — 1},done; y :=1+1)

O,
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<% (operational semantics)

LStyle 2: =273 ¢] olu] = W o|(transition)

{r—1}1+1)— {z+— 1},2)
({x — 1},done; y :=[1 +1]) — ({x +— 1},done; y :=2)

O,
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<% (operational semantics)

LStyle 2: =273 ¢] olu] = W o|(transition)

{x— 1}y :=
({x — 1},done; [y :

O,

) — ({x — 1,y — 2}, done)
) = ({z +— 1,y — 2},done ; done)

2
2
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Laxge == o] u] % (operational semantics)

Z239] ol u] = W o](transition)

({x — 1,y — 2},done ; done) — ({x — 1,y — 2},done).



7}/\P4 7] Al S 55l A (abstract-machine
semantics)

Hol A ofu| x| gt "4
m 22730 oJun] = =g o] 7}AL)
1A NA A== AA
m A3 A = 7 A eV Wt 3 A
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L A& =ejul= & u]+=X(operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

S
FE

E > n|E+E|-E
7ol 714 ZH

(S,C) € Stack x Cmd
o] 71 4

S — € (M 2H))
| n.S (neZ)
C — ¢ (0 Feo)
| E.C
| +.C
| -.C

71A 25 o] ~Fl2
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Lj} S =2l 2 u] 5 X (operational semantics

LStyle 2. =229 o

(S,n.C
<S7E1 +E2

) n.S,C)
C)
(S,- E.C)
)
)

(
<S, El.E2.+.C>
(S, E.~.C)
<7’LQ ni. S +.C <
(n.S,-.C (

n.S,C)  (n=ns+ny)
—n.S,C)

Ll

A4 Bl 2wl

(6, E) —
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LI]»7 u] -2 (operational semantics)
LStyle 2: =20 olu] = ¥ o|(transition)
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Lj} S =2l 2 u] 5 X (operational semantics

LStyle 2. =229 o

(S,push n.C

Ll

)
(ny.ns. S add. C’;
(n.S,rev.C)

oAl 5 AE o oW BYolER A& A
Ae).
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L51gg == o u] 72 (opera

LStyle 2. =229 o

[n] = pushn
HEl + EQ]] = ﬂEl]].[[Eg]].add
[- E] = [FE].rev

aelm A5A B o

(e, [E]) — -+
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L A& =ejul= & u]+=X(operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

n Ve A1AE ol g DA Sl 1
71A19] e
SF=71?

« o] e e me e s
7(-19/]-5—].}_—. 7(_4' ] Et]—ﬂ- 737@9

m 2]7]: [CoCuMa87] (higher-order applicative
language (e.g. ML) 23715 £ 3t 71 A)
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71 Al 73
(S, M,C) € Stack x Memory x Cmd
o] 71 4
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Lage zajy= oy <% (operational semantics)

LStyle 2: =&

S € (W1 2H)
n.S (neZ)
(Rl =)

E.C

+.C

-.C

jmpz(C, C).C
| store(z).C

1Al &g 2] 52

N
|
C — ¢
|
|
|
|
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Laxge o] u] % (operational semantics)

LStyle 2: =20 olu] = ¥ o|(transition)

<0’Sv M7 jmpz<017 CQ)C
<U'Sv M7 jmpz(ch CQ)C
(v.S, M, store(x).C

Ll

(n.S, M, C)

(S, M, Ey.Ey.+.C)

(v.S5, M,C) (v =101 + vy)
(—v.S, M, C)

(S, M, C,.C)

(S, M, C5.C) (v #£0)

(5. Mz > v}, 0
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