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Abstract

We present a technique of using static analysis for estimating program’s

input-dependent properties. A static analysis that is originally designed for estimating the
input-independent properties of programs is transformed into one that can safely estimate the
input-dependent properties at the programs’ input occurrence. No profile is collected and no probing

codes inside the running program are needed.

Our idea is to defer the finish of the static aralysis to the program’s run-time. By analyzing the
static analysis, we identify the parts of the analysis that are sensitive to the program's inputs, hence
need to be deferred to the program’s run—time. Then by using an analysis named static value-slicing,
we short-cut some of the dynamic parts so that they are solved by simple membership tests for the
program’s input. This re-formulation accelerates the analysis; once the program'’s input occurs the
prepared dynamic parts can immediately and simultaneously start to resolve.

Every step of our technique is formally defined and proven correct.
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Annotation-directed run-time specialization in
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2. v em(CX XD 38, Ct XCSse¥HE
73 veE gm(C)(se) Y X9 AdHupper bound)S

7B, wet, v I X)evé Ia), XS a in
Deltt.  oJzl& od  XcSae o oA,
v IX)e v Ia)dE vt

BnzAe 2. C= B((Cy), D = atom(C),
Ic = gm(C), Ip = gm(D)z} 314,

=

ojtt.

39 Ip7t Co B, F v I(se)= v I(X)
& FHEET
® XCqeol Col &8 A%
= XS geol Do &3l2g Folr}
o XS Yol Col %3k, v I(Y)A A%
= Coll &% v Ip(ae)ol sl Y E qe
Rz 1 of3l)
= XS Yelil YSgo] Col 3lng,
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= ve I(X) O
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%7) A 2 Eo e oAty ahd,
[ atom(B(C,U{X, c V] CU{X,cV}

9] ) 2 d(greates model)o|ch.

9. C=CcU{X,svigt 3=A. WA,

em(C’) = gm(B(C' ) Y& 73 B7t gm(C)HE
FA 8= TAX BT FIIEgE AL o|fsiA Y F
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[TRANS] XEY _YEae

X< ae
XS Y YSaes KX)2Kae)ds 9usta,
XS ae® 94l olg ojrjgnt

XSY Ycxz
[TRANS~CON,] *4=F1——=%
xXcsYe IX)<s{vlxvelY)}E 99z,

YSxZe KY)<S {xv|ve (2)}& 9uidtt o
BHA, x XS Y9} YSxZe (X)sS KZ)E 9ns}

i, XEZ%x 94| olF ongct

XSY YcxT
[TRANS—CON,] &=L L=%
rXXSYe IX)c{wlxweKY)}E 9usz,

YExT& KY)S {xv| ve Val} & omgtt. o
HA, x XS VS YSxT & X)CS Valg gulst
I, XS TE 94 o]8 9wt}

xXSY YexT
[TRANS — CON;] e
¥ XSYe X)s{v|lxveY)})E 9usiz,
YEXTE KVVS W vlx +x,ve Val} e

olujdtel, x =+ x 017 WEo), x XS Y YSE £ T
L KX)S Val& 9ulslz, Xe TE 94 o)F ¢
g},
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[TRANS-CON,) X=X Y=
xXcYe KX)c{v|lxveKY)}E 9u3z,
YecTe KY)S {vlive Val} &  9u3tt
{v| xve Val} = Valol7l w&, x XS Y

YET& KX)E Valg v, XS Tx 94
olF ojulgtt.
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BEd O
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4 Edolglal AL BE e § o thal, I e~v
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8. Ik e~vd IF 71N on 2o Z7 EI
a7l g AdHE ARSSIA S,
e W E¥ Ut 19 o

[VAR] e = x

Ix) - x~v=ve (X,) (" Tz o)
[LAM] e = Ax.€

I+ Ax.e ~Ax.e = Ax.e e (X,)

(It B>, Ag2odol 93))
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e =1 Eg 37|71 1 o]A4Y
[CON] e= conxe
(X,)=V
= KX,)={vlxve V}
(Ist D> o] ol 2l&))
= (IFe~v=ve{v|lxweV}
(A 7ol 23}
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(e]u] Fzo ofsf)
[DECON] e = decon x ¢,
KX)=V
= X)) ={xvlve V}
(I D>, 9] oo &Jsh)
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(A Ml 93
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(efm] Tzl 9J3))
[APP] e = ¢, ¢,
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= (X)EV
I(X,) S Lamg(e;)
(X,) = (X,)
(I} B>, A9l 23l
= (I+e ~Ax.eé >Ax.e € Lamg(e))
(& ~v=2ve V) :
Kx)s v ,if I+ ey~
(A 7Hdedl s e (%)
= (U+-ee~v>ve V)
(efm) Tz 2J3))
[CASE] ¢ = case ¢ x e; ¢
X)) =V
) = KX))SxT
(X,)csV
(I9F D>, Aol 2J3))
= e ~vy=>v,€xT
IFey~vy=>0eV

(At FHAol slal)

= Jlcase e x ey e3~v=>vEV
(o) Fzol 93))
2) = KX)E xT
(X;)eVv
(I} D>;9] B9 2f3))
= Ir-e~vn=ve xT
I-e3~v3=v3€ V
(#Ad 7Hdell g3
= Jlcase e, x @y e3~v=>veEV
(oo o3
3) = IXy,)cV
(X;))<EV
(I D¢ B 23
= e ~vy=> eV
I-e3s~v3= 03V
(A 7Hdel osf)
= Jrcase e x ege3~v=>veV
(eJu] Fzd osf)
A B0l ZE €31 4 g9 FA Foll dojd
Ae AfE 7HATHE, 2 S FHL ol s 4A
sl FH20]. Lamg(e ) 2 Ax.e’, Ka)2vd 9
RE 324 ¢ @ di#l, KX,) S (X;)°12E, (+)
= 17t [l ¢ o daf ddsirke 2E RojEnh [
& 7. (SVSg(ec V) ol k) =29 6 9 ¢
E ik a, &94 es ¥ 3dAL
e SVSe(e S V)olr
Vve Z(a)lv/als =" €lv,] =ve V)olth

, 3% A9 6o g8, Y GUIX. VI Hd =

ol w2t 2z 3 2]3y,
She~v=>ve Xe)olx, XY= [Yal® o s
ehdE Y B4k &, I C;UX. e VY F
ol 2delez Y(e) € VeIt
m&A, (el 8 ~" €l
= Yre~v
(Ze [v/al§ o da ¢Hsteg)
= pve X(e)
(R3] 30 93))
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A.2 psba2| 2IEY
e 8 (psbad
v € psba,(E ) {)oluh
FH. psba7t sba, 9] HA% o) Z(approximation)o] e
A& EJe=ZH  pshbad HHAE TP WA,
sba (8 )%} psba (%) 23 A closure)o =25}
€ F M9 A% (continuous) 4 F, 9 P,E A3l
oH13]. a2z A, P, o] H2 313 (least fixpoint)©]
F, o A& 33358 aAG 288 930
Z2IH v 9 &7 @A C/ $D>Co 98 =
EnP =i 3}, sha % )&
Fo(Vars{C)—2 ") - (Vars(C) =2 ") o) A&
284 ifpF, e 23]

*HD) el S " €ly] od

3 ge A s
P (Vars(C)—2 ") > (Vars(C)—2 ") &
Fulp)(X) = caseeof

Az.e’ : {Aze'}

z 1 {v]ere2 € p,Aze € p(M)),v € p(Xs)}
a ¢ {v}

e1 e ¢ {v]Az.e3 € p(A1),v € p(X3)}

con K €; ¢ {r(@) | v e p(Xr)}

decon k €; : {v ] &) € p(X1)}

casee; K ey ez

{v|v e p(Xs),6(v') € p(A3)}
U{v | v € p(A3), k' (v") € p(A1), K # K}

Po(p)(Xe) = case e of
1 .

: {1}
Az.ef ¢ {Aze'}
a : {v
e1 €3 : {v] Az.e’ € p(Xy),v € (X))}

con k €1 : {rx(v) |vep(t)}

decon k e; : {vlk(v) € (X))}

caser key ez : {v|v€Ep(s),k(v) € (1)}

U{v | v € p(A3), &'(v') € p(H1)}

{v]v € (), v ¢ SVS,(X; C K T)(o)}
U{v | v € p(Xs),v € SVS, (X1 C & T)(a)} ,

casee; Key ez

where
[ AR AZE E8] F A Dsend B
g, %A 4T AL

psba,(8)°) P, A2 134 [P, o} AxS
gt 4 e 1 He) AY VAN YAy Tu
Sthe 2g uehm, et 7 A9 F% BAAC 9
Hol AEHY X, 2 se 0l A Urhi, o7

5 2o0RA) e AL gYe] JEHAR], FHFA
& TE% a9yt e AYe Jguidth  case
e x ey e AgstaE,  Ple)(e)ol
P(9)(e) ot AEsA A3}
Xe,0) 7t
(Vee 8 .9(X,)20(X,))
NS lpP)IN(o S IfpF,)
d ©, P, IHF)E ZAY Ad¥(fixpoint
induction)& AH&-34 3o
X2, 0)= Fd3) Foh.
olA, A 7Hdel Ae,0)d W, KPLe),Flo))
7} AEEE Holy 1=3 =,
Plo)X.) 2 F(p)X,) & Rold dr}.
[CON] e= con x e.
Plo)X,) = {xv | ve (X))}
(e o3
2 {xvl|ve p(X))
(A 714l ojah)
= F(o)XX.)
(A 2lo 9sl)
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k=g
[CASE] e = case e, x ¢, e
Ple)X.)

= {v|lve o(X;),vé SVSe (X, S xT )a))}
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EEEIEE)

= {vlve o(X),xv & (I F X))
Ulv | ve o(X3),x v & (Ifp F X)), x"+x)

(%)

= {vlve o(Xs),xv ¢ (X))}
Uflvl ve o2G),x" v & o( X)), 2 +x)}

(A 7Hdl oal)
= FlpXX.)
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