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\
Abstract: The main tractability problem of the constraint-based polyhedra abstract domain can be derived from

the costly (strong) join operation, that is, the convex hull computation. This paper presents a series of cheap weak
join operations as a sound sybstitut‘ion for the convex hull operation of the constraint-based polyhedra domain. To
achieve a trade-o{f between efficiency and precision, a heuristic strategy is proposed which dynamically combines
both strong join and weak join during program analysis. Experimental results show that the weak join operation can
significantly improve the efficiency, scalability and robustness of the constraint-based polyhedra domain.

Key words: static analysis; abstract interpretation; polyhedra abstract domain; convex hull; strong join; weak join
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sl E‘J(?%)%,EﬂII_LIf?ﬂ@.Tﬂéﬁﬁfﬁé’ﬂﬂifﬁwiﬁE‘Jﬂ‘iﬁﬁﬂﬁﬁﬁﬁ%,iﬁiﬁﬂﬁx‘%ﬁ%fﬁ?ﬁ&ﬁﬂ?ﬂ‘]%frﬁﬂ}ﬂ‘]
A 5 ) 2 11 G 2R CPR R ASEAR), T AS B A S LA 35 1 20 R DG 2R 5 2 A TR] 1R A SO THT o) 58 FH 22 T AR i 2 4k

AR HT 2V 2 AR R At T 99 864 B AR 7R AN 0 2 K 2005 BE (T B2 T8 $2 v i i S 3 4
ITRE . ATY Rt A0 2 A B Pk LR A SRR 25 22 T A4 ™ P B I JLARD 2 3, R A 8 FH 9 56 5 T B a
W =SNG u¥ i (N =N E AR N A N il AT X C S LB O S A N SO SE o2 e (S s Bl K (Ol bl N S

© PEEEESAIITOT

http:// Www. jos. org. cn



M A AT 2R 3 @k R Re9 55486 2713

PRAE AT SEVE . T AR5 76 RT3 0T 6 TH SRk 500G B 2 TRV A 4 BT, A SO 2 T — i s & X ms 3
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Fig.1 ¢ Aﬁoin operation in the polyhedra abstract domain
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Fig.2 Polyhedral convex hull
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B1uBo={min(a,c)<x<max(b,d)}. X} T n £ ) 2 tfi & HF G T LUl e 2 2n IRERPE LRI S A 2 B AR, AN 2
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BAERI WA 2 R — MR B QAR ) — MR A LIRUR 2 i T BRI 5982 A BE 0% 19 31 LL 4% )
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x—4y <28 x<<18,y<<9,~y<<5},U1& 3 fi/x. \ e *

Fig.3 Template based weak join
K3 TR S S

22 ETEEMAEENSEES
Y E I Z AR Py AL Py, E X EEBB(P,P,)=env(P,,P,)n(BB(P)-BB(P,)), I EEBB(P,,P,) 2 i1 Py Al P, (14
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(a) EEBB(P,,P>)

(¢) PitnesP2

A -y @
Fig.4 Weak join based'on and bounds information
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L2(WAERLAR). 72 UT 4 Bl o % 18
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Fig.6 Weak join based on two-variab}e constraints
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T 56, A FPPol il G dsk, SR A% 0 3 Tt e 5 18 22 T A4 23 A g 0 3 8 R 1 R4 T 23 i B AT 140 4
ANWPRFER 7 SRR B = AR B AR FERT IR Z 1. B R BT R — A R SRR 2 T
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%ﬁﬁu%%%%%%ﬁﬁ%~%w%*4%%6%%%%%f%méﬁ?@%%%ﬂﬁﬁEM%ﬁﬁw
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Table 1 Cgmparision of strong join and weak join for constraint-based polyhedra domain

N T T LIS SR RS 8  25 R L
Computation time in seconds (the largest number of constraints appearing during the join)
Programs where | Number | Number Weak join based on
join comes of of Strone ioin Envelopes Nonenvelopes | Envelopes/ Two-

from variables | constraints &l Templates & & nonenvelopes | Variable
bounds bounds & bounds constraints

Our Example 1 2 6,10 1.323(793) 0.002(10) 0.049(132) 0.020(102) 0.014(80) 0.002(14)
see-saw 2 9,8 1.654(762) 0.002(12) 0.037(103) 0.034(106) 0.003(13) 0.001(12)
berkeley 4 8,8 0.034(52) 0.002(15) 0.029(40) 0.014(34) 0.031(63) 0.001(17)
dragon 5 54,45 x(=6927) 0.034(54) x(=6129) 0.024(105) 0.035(107) 0&05(103)
heap 5 28,17 80.370(4145) | 0.003(14) 0.061(34) 169.988(5766) |  0.051(34) 0.004(21)
robot 6 8,6 0.014(89) 0.001(12) 0.013(42) 0.007(62 0.007(62) 0.003(19)
lifo 7 22,14 3.793(260) | 0.004(27) 0.187(71) 0.603(121) 0.081(45) 0.006(47)
cars 7 39,17 240.088(9996) | 0.032(31) 8.497(731) x(=2288) 1.232(156) | 0.027(31)
barber 8 14,50 78.803(2464) | 0.017(30) 1.818(220) \ \6.758(5047 7.150(509) | 0.009(60)
barberm4-2 8 39,28 x(=4495) 0.011(44) | 417.086(4600) 0.202(91) 0.220(105) | 0.004 (78)
swim-pool-1 9 15,14 0.037(46) 0.002(28) 0.027(38) 0.018(37) 0.019(40) 0.003(38)
train-rm03 9 22,22 78.653(4824) | 0.008(25) | 138.792(7323) 0.004(47) 0.013(47) 0.002(46)
cars-2p 10 47,26 40.428(1659) | 0.029(32) 0.031(46) 25.208(2739) 0.109(99) | 0.442(146)
csm 13 24,25 0.100(53) 0:027(49) 0.078(67) 0.233(91) 0.248(104) | 0.005(67)
scheduler-2p 14 21,21, ['20.589(2395)1 | 0.005(26) 7.393(754) 0.008(45) 0.026(47) 0.002(44)
multipool 18 32,29 10.580(69) 0.020(61) 0.884(91) 7.834(900) 7.957(900) | 0.015(92)
consprod 18 52,36 ¥ x(=1008) 0.020(72) x(=2097) x(=1332) x(=1332) |0.013(109)
incdec 32 8 ‘47,47 2.914(109) 0.047(47) 4.341(93) x(=1948) x(=1948) |0.061(154)
mesh2x2 § 32 54,46 5.295(121) |0.040(106) 6.911(158) 1.994(166) 2.541(174) |0.026(159)
bigjava § 44 717,75 3.758(174) |0.031(159) 3.989(231) 8.320(232) 7.796(241) | 0.120(286)

o FFAHTER
0 0 T 0 9 T 4 40 7 05 T 0 052 DL 5 1 T 8 % 0 30 3
LT NewPolkal x4 SC MR BT HE AT 4B LSRR B 40 57 26 5L, 1 b A S0 e ey ol 2 44 -,
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Table 2 Comparision of strong join-based and weak\j)oin‘l)ased polyhedra analysis
F2 %?ﬁﬁ%éﬁﬁﬁﬁﬁ%\ff{r%ﬂ%}ﬁﬁ%é‘%%ﬁ%ﬁﬂ‘ﬁ LA

Computation time in seconds (number of iterations)

Number | Widening | Newpolka: Rational {=FPPol: Floating-Point polyhedra based on only constraints .

Programs of delay polyhedra base?i‘) .. . .. Precision

variables | parameter éiouble description | Strong join Combining str?ng join and weak j o comparison

\ method (Number of strong join, Number of weak join)

see-saw. P 3 9 0.056(11) 6.802(11) 1.089(11) (124,7) =
berkeley 4 9 0.086(12) 0.886(12) 0.862(12) (215,7) =
dragon | 5 9 49.123(12) x 3.779(11) (242,524) #*
heap 5 9 0.372(11) x 0.529(11) (218,25) >
robot 6 9 0.201(11) 1.097(11) 1.154(11) (98,0) =
lifo 7 9 1.389(11) x 28.946(12) (260,489) #
cars 7 5 >1h x 3.901(6) (2,42) <
barber 8 2 53.899(6) x 1.528(6) (¢202,75) >
barberm4-2 8 1 53.612(6) x 3.127(5) ¢330,5) #
swim-pool-1 9 9 1.553(11) 17.817(11) 15.471(11) (667,70) #
train-rm03 9 9 1.758(11) x 0.889(4) (154,14) >
cars-2p 10 5 22.753(8) x 760.495(9) (270,23) 3 \ \ -
csm 13 9 0.964(11) 6.940(11) 6.742(11)  (624,0) Cx
scheduler-2p 14 9 1.418(12) x 67.442(12) @96,6) > =
multipool 18 4 >1h 16.801(6) 16:499(6) (431,0) <
consprod 18 6 174.451(8) X 6.3%?7(8) {323;367) #
incdec 32 3 >1h x \ 208.307(6) (233,670) <
mesh2x2 32 5 >1h x 88.029(7) (377,640) <
bigjava 44 3 >1h o - 173.577(6)  (904,106) <

¥
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