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Java Bytecode Transformation for
Fine Grain CPU Resource Management

YutA HAvAMI," KENJIRO TAURAT and AKINORI YONEZAWA

JVM safely separates several programs within a single address space using bytecode verifier
and classloader. However, in order to execute untrusted code such as applet it requires not
only separating programs but also accounting resources, which current JVM lacks. For in-
stance an applet may use too much CPU resource and disturb the execution of other programs.
This work presents an efficient method which provides fine grain CPU resource management
at user level. We insert instructions into given byte code, which increment counters to dynam-
ically count the number of instructions executed by each thread. We designed an algorithm
which precisely counts the number of instructions at a low overhead. We modeled an object
program as a weighted graph, where a node corresponds to a basic block ,an edge to a po-
tential transfer of control, and the weight of a node to the execution frequency of the node.
The cost of insertion is given as the weighted sum of nodes to which the counting instruction
is inserted. We designed an algorithm keeping the cost at low level. This algorithm applies
to arbitrary CFG. Therefore it uniformly deals with complex control structures such as goto
statements and exceptions. Because an edge corresponds to a potential transfer of control, we
can improve the insertion of code for higher order functions and dynamic method invocations
using the result of control flow analysis. Finally, we will investigate an unrolling strategy for
reducing overhead.
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{
i = 10
i=10; § = 10
Wv) = 1)
j=10;
while (i > 0) {
while (j > 0) {
k=i+]j
print (k)
j__; println (k)
} 3--
1,1
i__
f--
}
return return
;1 1[
}
01 00000oo0oooooo CFG
Fig.1 A sample program and its CFG.
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Input : &l? e9ut L, Input : CFG G=(V,E)000 W = {wy|v € V}
Output (D 000000 p, 0000000000 ¢) Output :0 node00000000000DOODO

0000 {(po)} (0<p<ly, 0<c< Limax) {efv e ViUt lv e v}
Algorithm position_and count(eil, e9%,1,)) Algorithm WeightFrist(G,W)
{ {
I =eln 41, —equt // 000 00000000000000000 o0
if (I;, < 0) // 000 undef
return {(l,,e® + I, — 21t} et := 0 (v : entry_node)
else if (I, = 0) e := 0 (v : exit-nodes or call_nodes)
return {} il e9ut :=undef (v: 00 00000)
else if (0 <!, < Lmax) node_list := V'
if (€M + 1y < Lmax) // 0000 e0000OOO0O0O
return {(l,,ei® + 1, — ")} while(node_list # null)
else // sort: 1. w, 00O
return {(Lmax — &, el 4+ 1, — 9"} // 2. €l =undef 00O
else // 3. €™ =undef 000000000
return {(Lmax — ", Lmax)} sort(node.list);
+position_and_count(0, ", I, —(Lmax— // first: 000000000
einy) max = first(node_list)
} if (it ., = undef and 9% = undef)
02 000000000000 Eirrriaz::[)

Fig.2 An algorithm for determining insertion points. else if (¢, = undef)
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Fig.3 An algorithm for solving the constraints (Weight
First).
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e B S 0 .
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04 DOOOOOOO 0 0 2 2
Fig.4 A sample problem. 15 15 15 15
0 0 0 0
] ] i o ¥ o
0 o
1 (v, wy ) 1 ] —
STEEVH N B U 30 30
=l = : o]
[ 0
2 2
(5, 101)] 5. 101) EachBlock WeightFirst
2 ° Ctoal = 120 Ctotal = 130
4 03 0 4 53 5
R e et 06 Ceaen <Cwp 0000
. 0 Cotll o Fig.6 An example where Ceqcn < Cwr holds.

] +

EachBlock
Ctotal=203

WeightFirst
Ctotal=102

05 00000000 O00ODOO00O0O0OO EachBlock and
WeightFirst[
Fig.5 After code insertion (EachBlock and WeightFirst).
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LRATFHM(msec)

20,000

10,000
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O WeightFirst Total
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Table 1 Sample programs.

o
[

goooo|joo compress jess

db

W 300
ENormal

Jack

compress (DO 0O00O0O000O0O0O

jess Java expert shell system 0000000

db database system. 00001 MBOOOODO 19KB
jack A Java parser generator

02 Lpw=1000000000000000
Table 2 Exec time (msec) at Lyax = 100.

Normal WeightFirst EachBlock

Load Total Load Total Load Total

comprss 620 31,800 1,510 52,320 1,470 56,800

jess 1,210 17,740 | 3,820 26,390 | 3,250 27,300
db 470 41,100 | 1,630 45,400 | 1,430 45,830
jack 660 67,800 | 4,250 75,250 | 3,540 75,410

0 3 WeightFirst 0 L., 00000000000000O000OO
Table 3 Exec time (msec) at Lyax = 3 ~ 300 (WeightFirst).

0 8 Normal 0000 100 00 O WeightFirst O
Lmax =3~3000000000000000
Fig.8 Total execution time relative to Normal
(WeightFirst, Lyax = 3 ~ 300).

Lmax 3 10 30 100 300

Load Total Load Total Load Total Load Total Load Total
compress 1,950 101,580 1,680 63,220 1,480 55,230 1,510 52,320 1,560 51,490
jess 4,160 31,890 | 4,250 27,460 | 4,270 26,580 | 3,820 26,390 | 3,910 26,450
db 1,660 50,615 1,770 46,750 1,480 45,430 1,630 45,400 1,490 45,670
jack 4,730 78,130 | 4,290 75,800 | 4,420 75,360 | 4,250 75,250 | 4,250 75,770
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04 DOO0O0OO0O0OOO byteO
Table 4 filesize (byte).

F#class Normal EachBlock  WeightFirst

compress 22 77,232 84,208 83,990

jess 158 449,294 485,657 485,897

db 14 71,240 78,779 78,683

jack 66 191,881 218,495 216,907
500000 goobooooobooooooobbobobobooboo
’ gooddoooboooboobboooobobo
500000 — goboboobbooboboobobobooobo
400000 — 0000D00000000000 JResOOOO JVM
DEachBlodk 000000000000000000000000

300,000

200,000
100,000 I
db ack

compress Jjess

H9SRT74 Y1 X (byte)

09 000000000000 bytel Lymax = 1000
Fig.9 File size (byte) after conversion (Lmax = 100).
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