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Execution Control of Java Programs by Class File Transformation

KAZUTAKA MARUYAMAT and MINORU TERADA't

We propose an idea of identifying a point in a program execution trace by a pair of “line
number in source files” and a counter, “timestamp”. The counter increases when a control
point in a program jumps such as function calls and loops. We call the point in a trace
“position” and apply it to the execution control of programs for debugging, and so on. We
implemented the timestamp system for Java programs. Transforming Java class files, we
inserted bytecodes for updating timestamp just before the control point jumps. In this pa-
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per, we describe the applications and the implementation details of “position”.
measurement of added codes is also included.
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Fig.1 Structure of our proposal.
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2) i += b;
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Fig.2 Code with a loop structure.
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Fig.3 Location and position in execution path.
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public final class Timestamp{
private static long ts, ref;

staticq{
ts = 0;
ref = 0;
}

public static void inc(){
ts++;
if(ts == ref){
brake();
}
}

private static void brake(){
// empty
}
}

0 4 Timestamp 00O
Fig.4 Timestamp class.
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Fig.5 Procedure of dynamic breakpoint.
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Fig.6 Procedure of reverse watchpoint.
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Table 1 Added constant pool entries.
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Table 2 Bytecodes whose offsets are to be corrected.
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Table 3 Measurement results of the overhead.

Benchmark Original Code All Jumps Backward Jumps

empty loop 12.774  (1.00) | 53.278  (4.17) | 56.416 (4.42)

_201_compress 1.4006  (1.00) 4.33  (3.09) | 2.7754 (1.98)

_202_jess 0.2126  (1.00) | 0.3024 (1.42) | 0.271  (1.27)

_209_db 0.412  (1.00) 0.464  (1.13) 0.433 (1.05)

_222_mpegaudio | 0.1826  (1.00) 0.375  (2.05) | 0.2792 (1.52)

_227_mtrt 0.363  (1.00) 1.0094 (2.78) | 0.9038 (2.49)

_228_jack 0.603  (1.00) 0.791 (1.31) | 0.7212 (1.19)
ooooooooooo
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Table 4 Increment of file size.

Benchmark Original Code All Jumps Backward Jumps
empty loop 276  (1.00) 331 (1.20) 328 (1.19)
_201_compress 14,443  (1.00) 19,105  (1.32) 18,640 (1.29)
_202_jess 396,536  (1.00) | 410,368  (1.03) | 407,240 (1.03)
_209_db 10,156  (1.00) 10,910  (1.07) 10,588 (1.04)
-222_mpegaudio | 120,182  (1.00) | 125,515  (1.04) | 124,438  (1.04)
_227_mtrt 859  (1.00) 929  (1.08) 920 (1.07)
_228_jack 132,516  (1.00) 140,642  (1.06) 138,109 (1.04)
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