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Xo = M.Xo(X1m)
X1 = dman{x—[1,1]}
Xy = MU (X, (X3
X3 = Nhan{z — (mz)+[1,1]}

22O NP BE w2 JHE 24ste Aol

{} € Memory = Var > Value
2kl s,
Xo{}
oA R A S 4ol RS =W "ok
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w2t E oo}

H1—7< 1%_

= Xo(X1{}) wetA
{z — [L1]} wepA
{w [} U (X (X {2 = [1,1]}) whebA]
{z = [L1+[1,1]} webA
{:L' = [2’2]} U (XZ (X3 {l‘ = [272]})) U}ﬂ-/\‘]
{z—[3,3]} mebA
&3] Bohl
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X! € Memory WHE 9 &9
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X3 = dman{z— (m

X; = { bl
X} = X! X!
X} = XIuXx] X;
X} = %) el

Xo = MuXo(X1m)
X1 = Naa{z— [1,1]}
Xy = MU (X, (X3m))

) +[1,1]}

bl

XHz - [1,1)}
Xiux]

Xy{w — (X5 2)+H1,1]}
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42 thA 2w
4l T dl o
)=
XO’ X3 XO’ “X3
° GoE Fo' AUE WFYStAL, T RFeRE Uy s, SARE.
o 9 AL A AU Gool Aa nHR.
o TElE, FoR RE 2L WMoz AT 0o Ha
AZ™= A a(lfpFe) C lfpFe ol B 2.
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H4

Meﬁwry = Var 27
m1 Cme = Va € dom(my) U dom(ms) : 1y x C g @

A A def
Vo & dom(m):mr = 1,

(A Z =AM 2 FhrE FA])

GLl, i=12-

1 2 3 4 5 6 7
X3 L] [ L] [ ] |2 | (1.2 ] [1.3]
X, (L] [ (1] | (11 | [12] | [1.2]
X, L] [ (11| 1] [ [1.2]
X n [ ma | pay | L]
X, (L] [ [11] | (11 | [1.2] | [1.3]
X3 22] [ [22] | [23] | [2.3]

I
AL 57 o= gcJ—
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99 e =Y AL f
=X
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H(widenning)(v)=

Yo = L
v..o - Iy ifGe)LY
o Y; v Go(Y;) otherwise

o 33t A<l {ffi}zg] Z lim; ;2 uiégi% 2 (Theorem
[widen's safety])

o lim,; V; & =3 71(narrowing)(A)Z thgal: F3 2%
LiGELE ZA] (Theorem [narrow’s safety])
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v & A9 9

1lyvX = X
Xvl = X
Lul 7 [ u] = [(U<1? —oc0: 1), (U >17 0o u)]
1AX = 1
XA1L = 1
Lul AW = [(l=-00?l 1 1), (u=00?u" : u)]

217]: “Comparing the Galois Connection and Widening/Narrowing
Approaches to Abstract Interpretation”
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if Go(Yi) C Y,

-
oA z ek B A)
Vi, i=34,

3 4 5 6 7
[11] | [1.1] | v[L.2]=[L,00] | [1,oc] [1,00]
[11] | [1.2] | [1.1] v[1,00]=[1,00] | [1,oc]

[1.1] | [1.1] [1.1] v[1,00]=[1,c]
[11] | [1.2] | [1.1] [1.1] [1.1]
(L1] | [1.1] | [1.1] V[1,00]=[1,00] | [1,0¢]

[2.2] | [2,2] v[23]=[2,c] | [2,o]

lim; Y; = Y7.
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2opal A UAAT T o

(W22 oA & ZHeE FA])
Z;, 1=0,1,---
0 1
X3 | [00] | [1,00]
X3 [100] | [1,00]
X} | ool | [1,00]
X! |
XJ | [1.o0] | [1,00]
X; | [2.00] | [2.0]
lim; Z; = Z, (223 FoHA+= A 9F).
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Cwhile E do C'7n = /U (Cwhile E do C (C C (a1 True(E))))

old, =233 7 :=1; while (z <10)do g :=x + 1 o T3t

3
2
X3ol WAAL Xy = Xy M [—o00,10.
4 5 6
FA% FAL:| X | [11] | v [1,2] =[1,00] | [1,00]
X3 v[1,10] = [1,00]
0 1
F371 g Xy | [Lod]
X3 | [1,00] | Al—00,10]1=[1,10]
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ceBEw = VarS Val
Val = 2Z + 2Closu7“e
Closure = FEzxp x Env
of ul g4
V: Exp — Env — Val
Vno = {n}
Vo = ox
VE +FEyo = (VE 0)+(VEyo)
V-Eo = —(VEo)
Vfxx.Eoc = {(f\z.E, o)}

VE| Fao = UVEd{z—VEo}{f— {{f\e.E,d')}}
‘ <f)\£L‘.E,U/> eV E J}

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Spring 2005 Note 11



okl Y A FA o | g
u
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E7F RS &S 2 gl AT EE f BV o) Sl
-

= (VfE')
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Ve BE AT BEE BAAS BESE 24 W
a3 Ael Sk m2 e B oo
4 EY BAA S HEFE A5

F : (Ezp — Env — Val) — (Exp — Env — Val)

£ th2ohek
FVno = {n}
FVzo = oz
FYEi+Ey0 = {Zl+ZQ’ZZ‘€VEiO'}
FV-Fo = {—z|z€VEo}
FV faxx.Eo = {(f\x.E,o0)}

FVE Exo = UWVEd{z—VEdH{f— (fA\z.E,d')}
| (f\z.E,0') €V Ey o}
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A EiE oul VEel o g4

VE =FVE,
9 e 7ML F9H.
I ARBAAE e T FpE ol SN w3

XO X()
X

= VE ALY & Zolal, 227
nN. (Fpol B9+ F= FE B9)
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o
=

7t mg2ae A E
VE = FVE,
o [e) o
= B A9
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VEy = M{z1+2|z1€VE o0,z2eVEo}

VE = M1}

VE, = M.U{VEd{z—VEjo}{f— (f\x.E,o')}
| (f\z.E,0') €V E50}

VE3s = Mo{(k\x.E5,0)}

VE = Mo.{0}

VE; = MU{VEd{z—VEoH{f— (fAr.E o)}
| (f\x.E,0') € V Ego}

VEs = Mook

V Er Ao{—z|z€VEso}

VEs = Moz
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X
X7
Xs

Ao{z1+ 22|21 € X10,20 € Xo0}

Ao {1}

Ao U{Xgo'{x— Xyo}{f— (fA\z.E,0')}
| (fA\z.E,0') € X30}

Ao {{kXz.X5,0)}

Ao.{0}

Ao. U{Xgo'{x— X;o}{f— (fA\z.E,0')}
| (fA\z.E,0') € Xg o}

Ao.ok

Ao{—z|z€ Xgo}

NO.0 X
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fpFp < lfpFe) S53

IfpFr

lfpf € Ezp — Env — Val
SN Z2a9 EE -T“‘é?ﬂ% As9 s 49Tk

UpFr = ((fpF) Eo, (IfpF) Br,- -, (fpF) Ey)
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2okl 4 Rz 7@e) o

5€Enww = Var™ Val
Val = 7Z + Closure
Closure = 2B
223 E 9 89 onle A4es F 7L ER B wEo] Y
SRETEEE

] .
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FVné = as{n}
FVz6 = 6
ﬁ]}El +E2(5 = (\A}El &)-T—(]A)EQ (3)
F )

V-Eé = o(VEéG
Ae.E6 = {\x.E}
FVE Ey6 = WVEG{z— 62UV E 6} | M. E€cVE 6}
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o Fr A4 Fpolng, fyE o
ifpFp7t 4.
o AR WA & UfpFrt lfpF A5

nFr = ((fpF) Eo, -, (IfpF) Ep)

B

B4 e, ifpF o
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(E — Env — Val) (Exp — Env — Val)
o, FHL B 7t 49w w}xltﬂ S, ol o
Env —— Env

72 2
Val =—— Val
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