SNU 4541.664A Program Analysis
Note 7

Prof. Kwangkeun Yi

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



8 oF 8 4] (abstract interpretation)

heorem&

9 ©F Y| A (abstract interpretation)

2k 34 obolt]o]
2o A4 B A
FEE ERptr

L ¢k A E: Theorem=

Prof. Kwangkeun Yi 41.664A Program Analysis Note 7




8 oF 8 4] (abstract interpretation)

A
4|
:
]

i

]

‘

TheoremE

2 °F3l| M (abstract interpretation)

o LRI VA =xz I 20F AY
o BT xz o ofu|(dey)e] 2 okE A4

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



8 oF 8 4] (abstract interpretation)

ol A9 2 ks A

128 x 22 + (1920 x —10) + 4= oj®H 4 7427
0 0.1% 3. “A4dUr}”
° 2% & "HF Pt
° 3% i: “—10,00002% 1,0000 Aol &} 4=t}
° 5% & "FF YUy
o 1AZF 3 “—1,6380Y YT}

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



Z2a9 847 dARle 2 mAR 1 e ped
= (framework).
o "' god 274 Y2tk A
o TP YT BE £40] o] S<ellA olslH
[CC95b,CCI3,CCI5,Co97h].
o ¥ = ARERC] X
o "Tg EAF: ofE B4l dFL xxE 2% A

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



2A% meIge] aokE A% = 1 4490
% (semantics)
o 27 YR T ol §7
o 2.9kglo] A3 M ¥ (simulation)d] RS £ 5 gl
o 29glol= B4 0] &9l gltt
o 2ok Ao ot}
-}

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



2 oF 3| 4] (abstract interpretation)

Eoss e A

1 Z2ae] AA Aol Fo: ojEdA Foo=

2. 22300 9ok Ade] Ao oA Folog

3. ZulE S oF AR FRl: oJEA Folor

4. 2 °F AYS At U ofEA Foloz
ok Ao @ =F[CC77,CC79,CC92a,CCI2b]S] A 2]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



A A
EE L

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



W&
TheoremE

o] AA AP A2
u] & 7H(semantic domain) CPO D & % 2]

A APL AL st Fe D — D 9 4 1% H(least
fixed point) IfpF ©.2 qu/]

> 1o [

ifpF =| | F'(Lp)
€N

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



8 oF 8 4] (abstract interpretation)

T] x}-2l: step 2

Z2ao 2oFH AL F
o 2 oFH o u]F7H abstract domain) CPO D& A 2]
o D9} D2 Z+= o} A ZA(Galois connection)
o 2%F AYFFFeD—D E A
° Zi‘% @2 &<=(monotonic function) 71}
o F= 33 dh=(extensive function)
AY: fpF s A3 249 EAL FIHA i

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



D8 D& Zg ol A 4 (Galois connection)

D*%\ZA)

0] glojo}
°o ZEol AZAY B
VeeD,ieD:alx)C i zC~().
o Zrol A4 -4 m:
o Dol 2 A42U4E B} g AL 9
°o a= A Xﬂ S Q °F3} 31 (abstraction functlon)
o v L% A4t Evhe AAE A 9 (concretization
function).

AL QoF BAL | o FI(L1)S] 157 (upper bound) S A 4}+3}7]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7




3l A (abstract interpretation) Lﬂig;
TheoremE

Q2 Fo AA

o S oFH AT ['= ThE(monotonic) T4 At
Ve,ye D:zCy= F(z) C F(y)
3 2 (extensive) Tr4=0] o] of:

VeeD:xC F(x).

A2 8oF BAL |,y Fi(1)2 157 (upper bound)& # 4}3}7]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



2
= Ws
] £: TheoremE

2 oF 3| A (abstract interpretation)

2 F73: F9} Fol A

o] Ant

AL 2oF BAL |, FI(L)2] 157 (upper bound)E A 4}+3}7]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



oL = . . I 7
2 oF 3| A (abstract interpretation)

Ul &

TheoremE

QOoFHA UzeNF (j_) o] 157 (upper bound)& 3HA] ZH]
o 218} 7
o 183t Q=7 (upper bound) Ax &4}
a(fpF)E A, THA] 23
fpF C~vA
£ W= Theorem|fixpoint-transfer, fixpoint-transfer2]
°o 5, A4

I A7} AAAY ifpFS AL

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



2
W&

2 oF 3| A (abstract interpretation)
] £: TheoremE

157

abstract semantic domain) D2l =o)|7}

| | F(L)

1€EN

ol )] F 2

(abstract semantic domain) D] =o)7}

o Z =
2 WSS

(o
o
)
12
A
mjo

L] (7' (1) E lim (X))
€N

F3e A (X} 5 A

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



Q
H-& 7
heorem+=

° F7} T‘/P (monoton/c) ol W, [0l &A% (widening
operator) V& % &3t ;d]?_]:

1
0 _ {Xz F(X;) C X; o]¥

X;v F(X;) otJHd

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



9 oF 3| 4 (abstract interpretation) 4 H%

heorem&

eVabeD:(aCayb) A(bCavb)

o Vo7 ot AW aiti: A dzo = ap, xiv1 = 2V air1 = T+

< W Theorem|widen's safety]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



= Ws
] £: TheoremE

‘{[\_
o -_%—z] < WA AL AL limen(X) 2
e 53] 7|(narrowing operator) A& WA AasHA thES 5
oh;].
2%

o Th29] A2l {Vi}i & A4t

Vo = A
Yiee = YiAFR(Y)

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



° va,beD:agb;»a:(aAb):b

o Vrash= Al MHaiti: A yo = a0, yir1 = yi D a1 & 3
ol

o {Vi};2 f& A

0o 1122

| |(F(1)) C lim(Y;)
1€EN

S WH=: Theorem[narrow's safety]

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



8 oF 8 4] (abstract interpretation)

Fixpoint Transfer Theorems

of 912} golwh i gupe R Hirp
Theorem (fixpoint transfer)

D2} D& 7bz} CPOo] 1 ZHZ o} W d o] 5
dLsbsolw F: D — D 923507

ojck z12lH,

Theorem (fixpoint transfer2)

CPO D9} D= Zrzol 1d D—= D o] r}. F:D — Do]u

F:D—DoJth afC fo]daF f)CFf ojt). z2H,
a(ifpF) C | | F(L)
i€N

v

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7



o) A9 ol s ke

Theorem (widen's safety)

DECPO o), F:D— DE =2 (monotonic) ;i;L"O]:Z v:DxD— D7}
AW 24¢ B9y, Yoz FeHs Al (X}, & fEen 2
‘g‘g liszN XZ g I_lieN F’L(J_)O E’L

Theorem (narrow’s safety)

D%ACPOA OZ_E,AF :D—DEt vz ( onotonic) g 0] 17,

A:DxD— Dg F37] 24& W5y F(A) E A o, %3171 %
o= A Y} < 23etn 2 % limgen Vi I | ;o F(L) o] TF.

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 7




	=10.95100 =minusby3.01by1000 ¿ä=10.95100 =minusby3.01by1000 ¾à =10.95100 =minusby3.01by1000 ÇØ=10.95100 =minusby3.01by1000 ¼®(abstract interpretation)
	=10.95100 =minusby3.01by1000 ¿ä=10.95100 =minusby3.01by1000 ¾à =10.95100 =minusby3.01by1000 ÇØ=10.95100 =minusby3.01by1000 ¼®: =10.95100 =minusby3.01by1000 ¾Æ=10.95100 =minusby3.01by1000 ÀÌ=10.95100 =minusby3.01by1000 µð=10.95100 =minusby3.01by1000 ¾î
	=10.95100 =minusby3.01by1000 ¿ä=10.95100 =minusby3.01by1000 ¾à =10.95100 =minusby3.01by1000 ÇØ=10.95100 =minusby3.01by1000 ¼® =10.95100 =minusby3.01by1000 Æ²: =10.95100 =minusby3.01by1000 °³=10.95100 =minusby3.01by1000 °ü
	=10.95100 =minusby3.01by1000 ¿ä=10.95100 =minusby3.01by1000 ¾à =10.95100 =minusby3.01by1000 ÇØ=10.95100 =minusby3.01by1000 ¼® =10.95100 =minusby3.01by1000 Æ²: =10.95100 =minusby3.01by1000 ³»=10.95100 =minusby3.01by1000 ¿ë
	=10.95100 =minusby3.01by1000 ¿ä=10.95100 =minusby3.01by1000 ¾à =10.95100 =minusby3.01by1000 ÇØ=10.95100 =minusby3.01by1000 ¼® =10.95100 =minusby3.01by1000 Æ²: Theorem=10.95100 =minusby3.01by1000 µé


