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A Statistical Evaluation of Thin Slice Size
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Abstract: Program slicing is a technique which supports program comprehension. Program slicing extracts
all statements — called a program slice — that may affect a certain statement. However, program slicing is
not useful if an analysis target program is too large since program slices of such a program are also often too
large. Thin slicing is a technique reducing the size of program slice by extracting only statements producing
data which is used by a selected statement. However, the size of Thin Slice in general has not been revealed.
In this paper, we computed Thin Slices for every data-flow path in 7 Java programs, and then performed
statistical evaluation. As a result, the average size of Thin Slice is 2.2% of a program. Furthermore, 60 to
80% of Thin Slices are 0.1% or less.
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1  package sample;
2  public class Main {
3    public static void main(String[] args) {
4      A a = new A();
5      int id;
6      if (args.length > 0)
7        id = 1;
8      else
9        id = 0;

10     a.addData(id);
11 System.out.println(a);
12    }
13  }
14  class A {
15    B b = new B();
16    void addData(int id) {
17      b.addData(id);
18    }
19  }

20  class B {
21    int max = 4;
22    X x = new X();
23    void addData(int id) {
24      if (id >= 0 && id <= max)
25        x.addData(id);
26    }
27  }
28  class X {
29    int[] idList = new int[16];
30    int count = 0;
31    void addData(int id) {
32 System.out.println(id);
33      idList[count] = id;
34      count = count + 1;
35    }
36    int getData(int index) {
37      return idList[index];
38    }
39  }

1 Thin Slicing

Fig. 1 Examples of Thin Slicing
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Table 1 Bytecode instructions

transfer ILOAD LLOAD FLOAD DLOAD ALOAD

transfer ISTORE LSOTRE FSTORE DSTORE ASTORE

transfer GETFIELD GETSTATIC

transfer PUTFIELD PUTSTATIC

transfer IALOAD LALOAD FALOAD DALOAD AALOAD BALOAD CALOAD SALOAD

transfer IASTORE LASTORE FASTORE DASTORE AASTORE BASTORE CASTORE SASTORE

POP POP2 DUP DUP2 DUP X1 DUP2 X1 DUP X2 DUP2 X2 SWAP

source NEW NEWARRAY ANEWARRAY MULTIANEWARRAY

source IADD LADD FADD DADD ISUB LSUB FSUB DSUB IMUL
sink LMUL FMUL DMUL IDIV LDIV FDIV DDIV IREM LREM

FREM DREM INEG LNEG FNEG DNEG ISHL LSHL ISHR
LSHR IUSHR LUSHR IAND LAND IOR LOR IXOR LXOR
IINC I2L I2F I2D L2I L2F L2D F2I F2L
F2D D2I D2L D2F I2B I2C I2S LCMP FCMPL
FCMPG DCMPL DCMPG

source ICONST M1 ICONST 0 ICONST 1 ICONST 2 LDC
ICONST 3 ICONST 4 ICONST 5 LCONST 0 BIPUSH
LCONST 1 FCONST 0 FCONST 1 FCONST 2 SIPUSH
DCONST 0 DCONST 1 ACONST NULL

sink IFEQ IFNE IFLT IFGE IFGT IFLE IFNULL IF ICMPEQ
IF ICMPNE IF ICMPLT IF ICMPGE IF ICMPGT
IF ICMPLE IF ACMPEQ IF ACMPNE IFNONNULL
TABLESWITCH LOOKUPSWITCH

INVOKEVIRTUAL INVOKEINTERFACE INVOKESPECIAL INVOKESTATIC

transfer IRETURN LRETURN FRETURN DRETURN ARETURN RETURN
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Table 2 Subject programs

tomcat 261 2,389 54,468

luindex 560 4,180 123,191

sunflow 657 4,609 190,526

avrora 1,838 9,304 211,343

pmd 2,369 16,439 448,722

xalan 2,805 22,377 815,861

batik 4,417 28,818 968,470
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Table 4 Ratio of slices whose |Method(Backward(v))| ≥ 2

and |Source(v)| ≤ 3

|Source(v)| 1 2 3

tomcat 2.9 3.6 3.9 10.3

luindex 3.0 4.4 3.5 10.9

sunflow 1.7 2.3 2.3 6.3

avrora 3.5 3.7 2.5 9.7

pmd 2.8 3.5 4.1 10.5

xalan 2.7 3.4 3.3 9.4

batik 2.5 3.5 2.7 8.7
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Table 3 Summary of metrics

tomcat luindex sunflow avrora pmd xalan batik

54,468 123,191 190,526 211,343 448,722 815,861 968,470

|Backward(v)|

922 12,820 34,512 30,458 40,784 62,957 93,810

% 1.7 10.4 18.1 14.4 9.1 7.7 9.7

55.2 3012.8 11264.9 6919.3 7108.6 12482.7 26159.3

% 0.10 2.4 5.9 3.3 1.6 1.5 2.7

|Forward(w)|

3,673 23,633 43,041 27,592 52,339 105,749 140,965

% 6.7 19.2 22.6 13.1 11.7 13.0 14.7

57.2 1434.0 7834.8 2386.0 6226.3 18481.9 28719.3

% 0.11 1.2 4.1 1.1 1.4 2.3 3.0

|Method(Backward(v))| 193 1,342 2,010 3,780 4,277 6,849 7,326

8.0 155.6 155.7 128.7 126.5 385.5 576.9

|Method(Forward(w))| 368 1,852 2,449 3,702 3,132 7,175 8,011

6.4 116.1 230.2 331.0 369.6 1267.1 1632.0

|Class(Backward(v))| 41 288 338 1,284 685 1,352 1,792

2.9 68.4 112.8 278.0 111.3 264.9 489.7

|Class(Forward(w))| 68 375 348 1,147 507 1,306 1,750

2.3 35.9 46.2 98.9 67.0 243.4 361.6

|Source(v)| 382 5,494 15,451 14,964 18,900 27,441 40,687

25.3 1371.4 5218.1 3470.6 3076.6 5215.6 11183.8

|Sink(w)| 1,610 9,216 17,369 11,689 19,425 41,423 52,334

25.4 537.6 3031.9 1021.4 2264.2 7238.5 10662.3
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