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[[0]] c 2 Trace

T, 7071 Tn € Trace = State”
State = Command X Memory X - -
ZFan:
Trace = State” v.s. State*
liveness analysis safety analysis
prop. after infinite traces prop. within finite traces
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34 3174 (trace) 2] 8 k3| A

¥ ~
gTrace ——— Trgee
[e3

— Trace of set of states: sequence of set of states appearing at a
given time along at least one of the traces

ap(X)=Xifn | T€X,0<i<|r|} € Trace = N gState

@150 Set of reachable states (global invariant): set of states
appearing at least once along a trace
a1 (V) =|J{Y (i) |i € DomY} € Trace = 25"
222190 partitioned set of reachable states (local invariant): e.g.,

project along each control point € A (a finite set)
@(Z) = Aefsi | (i, 8) € Z,ci=c e A} € Trace = A — 250t
300220 Apstracting the partitioned set of reachable states

a3(®) = he.a(®¢) € Trace = A — State

where
oState —— Grote
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1A Tl ZRRAF} FE ] o A} (trace) 2|

21 419] G2l 4

fir(F ZE AT TyU Next T) and  fiz(F = NT.ol(Tp) U Neat T)
o] 7] A
F g gTrace _, oTrace  ynd F ¢ Trace — Trace.

E;l AL (ﬁxF)EﬁxF—.,aoFEF o .
W, Trace7} Lo @3 QT o} 2 AL 293y =k

o o Next C Next o a.
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Lok A AR 3 of A4t A3 37 (trace) 9] £ Fa &

) 2.oks) 49 SAY 3 (0/6)
Qohg ol AT E71Y

oTEX—>2X%Tx:{x}.

o fEcA—B AW pf €24 - 2B= (pf)X = {fz |z € X}
o feA—2Bdu] pyf=Uopf.

u(fog)=(puf) o (pg)-
( (puf) o (pug).
A, fz e gz o1 H (pf)X C (pug)X.
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=
]
o ZEIO] nEu =T 22 JHo] A
RBE A4 ES Be
[[C]] c QState
o Z2Io 2okolv] = BE J|ASHES) B g WA
zztow BasA 2ok

[C] € A — State

pu
L

o A B ok A ANHSY B AEow g

% &H(set of partinitiong indices).
o : A=Z27 AAE9 AT



2oFel 4 Aol pRe) o [ A A

Q.oks) 9] b 27 (2/6)

% (trace)2] &

o A — State= H = 3|4 H 7 g (powerset)

QSt&te — QSt;zte \ {@}

XCV iff VvaeX,3geY :2C 4.
o &} 1+ FE(partitioning) &

= 21577&(17&6_)225“”‘i

N <oyt - & State
& € 2State_)22

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 10-1b



2oFel 4 Aol pRe) o [ A A

2 oFsl| A of <t d*é %“3(3/6)

% (trace)2] &

oState Lgsme (A — St&te)
o

rlo

a = (pay)om.
o YolA a1 L StateE WE = 9 ok

e N
oState ——— Gyate.
a1

Prof. Kwangkeun Yi SNU 4541.664A Program Analysis Note 10-1b



o4 T2kl @9 o Ak A % (trace)9] £

A3l 3117 (trace) L oFs) A 2] Jd*é %“3(4/6)

Next®} Next7} AF&38F Aot S

o AA| Ao)g4 next:

next € State — State

(ﬁi 7]71]%’51] ] M Alxe] W)
Tt

°
1:o
J@
B
o
b5

next € State — 25tate

(shute] S A GE A B2 7| AdEE=
Aol7bs)
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Theorem (Correctness)

Next 2} Neato] o] E:

Next = gpnext g 9S5tate _, oState

Next = (pl) o 7 o (puneéxt) € 9State _, §State

2 33, ofe] F 2d& w58 oo Next T Next o a7} 4 H:

(par)omo (puy) C (pU) o (1)

next x € ((puy) o nest o ajo 1) @ (2)

v
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2oFel A el 7] o [ ARk AR I (trace)2] £ oA

A 3 77 (trace) 2 °Fsl| A9 QHA A 5 (6/6)

Proof. 4, 27 (2) o]® th&o] At eltk:

pnext C (puy) o (punert) o 3)
Mk,
pnext £ pu((puy) o néz}‘ oajo 1) (23 (2), (fz € gz °14 (pf)X C (pug)X))
= pulpuy) o p(nertoaro 1) (pu(fog) = (puf) o (9))
= (puy) o (punext) o (pan) o (p 1) (pulpuf) o (pg) = (puf) © (pug))
C  (puy) o (puneat) o (pai) om (v, next, a1 = BF 234
= (pu) o (punext) o a.
whepA,
ao Next = (pai)omo (pnext)
C (paj)omo(puy)o (punert)oa (27 (3)
C (pU)odo(punest) o (23 (1))
= Nestoa.
Z 27 (1) 27 (2)o1® ao Next C Nextoa o] 11, o]&
+(Fixpoint Transfer Theorem)

a(fiz(AT.Ty U Next T)) C fiz(AT.o(Ty) U Next T).

]
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