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3  static Object id (Object v, int i){ [9] [9.4] [
4 return i >= @ ? id(v, i-1) : v; -
5 % (b) Call-graph by k-CFA
6  public static void main ()
7 int i = input(); id D
8 A a = (A) id(new AQ), 1i); //Query 1 [8]
9 B b = (B) id(new B(), 1i); //Query 2 main
10 } []
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(a) Example code (c) Call-graph by 1-CFA with tunneling
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Class A (Signature features)

Al “java® A2  “lang” A3 “sun” A4 ) A5 “void”
A6 “security” A7 “int” A8 “util” A9 “String” A10  “init”

Class B (Additional features)

B1 Methods contained in nested class B7 Methods containing static method invocation
B2 Methods taking multiple arguments B8  Methods containing virtual method invocation
B3 Methods containing array load B9  Static method

B4 Methods containing local assignments B10 Methods containing a single heap allocation
B5 Methods containing local variables B11 Methods taking an argument of Object type
B6 Methods containing field store B12 Methods containing multiple heap allocations

B13 Methods contained in a large class
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Algorithm 1 Overall Algorithm

Input: Static analyzer F, codebase P, atomic features A
QOutput: Model parameters fi and f2

1: procedure LEARN(F, P, A)

2: f2 «— LEARNPARAMETER(2, false, F, P, A)

3: fi < LEARNPARAMETER(1, f2, F, P, A)

4 return (f1, f2)
5: end procedure

> learn methods for child contexts
e learn methods for parent contexts
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Algorithm 2 Learning a Single Parameter

Input: Index i of parameter to learn, parameter f3, static analyzer F, codebase P, atomic features A

Output: ith parameter f;
1: procedure LEARNPARAMETER(], f2, F, P, A)

2 f1 « false

3 e {fify)
4: W « {a € (AU -A) | SeedFeature(a, i,I1, F,P)} e collect seed features
5: while W % 0 do
6 s & ChooseSeed(i,I1, F,P, W) > pick a seed feature from W with highest potential
7: W — W\ {s}
8: ¢ « REFINESEED(s, i, II, A, F,P) » refine seed feature s
9: II" [ f; > fi V] > new parameter to be evaluated
10: if BetterHeuristicFound(I1, 11", P) then > check whether new parameter improves
11: IMIeII > update parameter
12: end if
13: end while
14: return I1(i) > return f;

15: end procedure
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Algorithm 3 Refining a Seed Feature

Input: Seed feature s, parameter index i, parameters I1, atomic features A, static analyzer F, codebase P

Output: refined conjunction ¢
1: procedure REFINESEED(s, i, [1, A, F, P)

2: ces » initial conjunction
3 Failed « 0 > Failed will maintain features that fail to refine ¢
4 while (@ « ChooseRefiner(A, fi, c, P, Failed)) # false do > iteratively refine conjunction ¢
5: c"e—cha e refine ¢ with a
6: I «T[fi - fi v el > old parameter
7 " «I[fi— fivc] > new (refined) parameter
8 if Prec*(I1’, 11", P) A HasPotential(T1”,T1, P) then > precision improved
9: ce—c
10: else if Prec=(I1’,I1",P) A Cost~(IT’, 1"/, P) then = cost reduced without precision loss
11 ce—c
12: else
13: Failed « Failed U {a} e record failed attempt
14: end if
15: end while
16: return ¢

17: end procedure
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Hybrid Context Sensitivity Object Sensitivity
S1objH+T | SlobjH S2objH || lobjH+T | lobjH  20bjH
may-fail casts 371 783 415 462 796 496
luindey | 2Malysis time(s) 34 66 36 37 51 37
reachable mthds 7,700 7,907 7,702 7,702 7,876 7.702
call-graph-edges 02M | 05M  09M 03M | 05M IM
may-fail casts 380 850 420 469 812 508
E Juscarch, | Amalysis time(s) 37 79 63 41 56 64
- reachable mthds 8.342 8,580 8,344 8,344 8,526 8.344
E call-graph-cdges 02M | 0.5M 2M 03M | 05M  2IM
80 may-fail casts 483 956 530 570 985 611
2 e analysis time(s) 47 85 50 50 67 45
El ™ reachable mthds 8712 | 8917 8714 || 8714 | 888 8714
call-graph-edges 02M | 06M  09M 03M | 0.6M IM
may-fail casts 713 | 1,217 761 812 | 1210 846
md analysis time(s) 53 129 56 57 77 57
P reachable mthds 9086 | 9322 9,09 || 90% | 9277 90%
call-graph-cdges 03M | 0.7M 1.3M 03M | 0.6M 1.3M
may-fail casts 586 | 1,061 625 698 | 1,092 729
analysis time(s) 41 129 49 47 94 51
eclipse | poly vecalls 1,180 1,404 1,179 1,181 1,395 1,179
reachable mthds 9,195 9,461 9.188 9,197 9,408 9,188
call-graph-edges 03M | o0.8M L4M 04M | 08M 1.5M
may-fail casts 572 | 1,129 623 680 | 1055 720
analysis time(s) 64 187 465 400 179 2,047
xalan | poly v-calls 1,628 1916 1,624 1,633 | 1861 1,628
reachable mthds 10,325 | 10560 10327 10336 | 10511 10336
E call-graph-cdges 0.4M IM 9M 1.9M IM 35M
may-fail casts 1,080 | 1975 1,107 1,253 | 1968 1,270
g analysis time(s) 121 916 513 176 1,797 428
B fop poly v=calls 2,081 2733 2,041 2,063 2,650 2,047
-_g reachable mthds 14374 | 15741 14373 14376 | 15,733 14,373
& call-graph-edges IM| 32M 121M 1L6M | 39M 11.4M
may-fail casts 876 | 229 915 1,011 2226 1,055
analysis time(s) 73 1,299 488 107 2248 316
chart poly vecalls 1.614 2,792 1614 1,616 2,670 1,614
reachable mthds 12,503 | 16,037 12510 12,510 | 15977 12510
call-graph-cdges 05M | 26M  1IM 07M | 32M 113M
mly-fiﬂ casls 1,251 1,931 1,326 1,374 1,911 1,407
analysis time(s) 464 707 2,211 463 557 2314
bloat poly v-calls 1,668 2,075 1,650 1,652 2,071 1,650
reachable mthds 9928 | 10,159 9914 9914 | 10,116 9914
call-graph-edges 1.4M 2.1M 35M 1.4M 1.9M  353M
may-fail casts 837 1,308 - - - -
analysis time(s) 425 730 >5400 || >5.400 | >5.400 >5.400
jython | poly vecalls 1,394 1,619 - - - -
reachable mthds 10,626 | 11,012 - - - -
call-graph-edges 1L.IM 2.1IM - - - -
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Baseline(SIobjH)  With A only With B only With A and B

Benchmarks

alarms time(s) alarms time(s) alarms time(s) alarms time(s)
eclipse 1,061 129 307 69 583 47 586 41
xalan 1,129 187 866 179 585 137 572 64
fop 1,975 916 1,250 179 1,102 163 1,080 121
chart 2,290 1,299 1,200 120 887 98 876 73
bloat 1,931 707 1,634 1,156 1,250 548 1,251 464
jython 1,308 730 1,039 379 844 3,747 837 425
TotAL 9,694 3,968 6,796 2,082 5,251 4,740 5,202 1,188
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Learning Cost eclipse xalan  fop chart bloat jython

Full learning sah alarms 586 572 1,080 876 1,251 837
{fis ) OUS T time(s) 41 64 121 73 464 425
Approximate 99 hours alarms 605 588 1,099 897 1,317 855
({false, f2)) time(s) 33 54 90 57 335 367
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