0200000000000000000000000000000 SPA’99

Javal DO 000 0000000 oooogag

gogd gogd
0000000 ObooU0oob0 boooboboo 0bob0ob00o oooobo oobobo
masuhara@graco.c.u-tokyo.ac.jp yonezawa@is.s.u-tokyo.ac.jp
o0

goooooooboooooooooooboobooboobbobboooobObobooooooDbDbboOobOoo
goooooooboooooooooooooboobboob OO bOoboOooOObOOoDbDbO OO
goooooobooooooooooooobobbooDbO0oO0OooObO0boooDOooobObObO0O0oObODOOon
gooooooooobobooooooobooboboobobbooboobboobobooobOobODbOobObObOboDboDbbOoO
gooooooooboobooooooooboooooooODOoobO00o0oDO00oObO0000O00DO0n
gooboooooobobooobooooboooooboboooooOoooObooobooOoDbObObO0oooooooDo
gooo0obDOo0oooooobooootbJavad0oooooobooOO0O0DOOO0O0OO0O0ODODOOOODO
gooooooboooboboooDbODbOobO0oOoDODOOoboDbbObOoOoDn

1 0000

00000000 (program specialization) D 00 00 0000000000000 O0O00OO0O0O0OO0OO0O0O
goobooobooobooooboboobboooboobooobobbooboobobooboobobbobon
00000000000 0000000000000000O0U000000 (partial evaluation) 0000 00O
O0oO0oooooo (6,80

00o0ooooo0oo0ooo0o0OoUoOoooOo0000000U0D (DOO0)0DooOooOooooo
000000000000000000 (run-time specialization!) 0 00 000000 [2-5,9,10,12,13]00 0
gjoooooooooooooooooobooboobooobobobooobooobobbobbbobn
gooooooboobooobobbooobbooboobobooooobboboobbobobooooon
gboooooooooboobooon

goobgooboobbooboobbobbobooooobooobbobbobobbooooboooboboboon
gbobobobooooboooobobbbooooobooooboobooooobobooboboobbobobobooon
000000000000 000000000000000000000D000DO0U0O0000 OO0 (bytecode
specialization) 0 0000 0000000000000 000O0O0O0O0O0OOO00OOOOOOOOOOOODOOO
goboboobooboboooboooooooboooboooboobooooboooooboooooboboobn
gboooboooooobobooboboobbobooooooooboboboboooooboobo

00000000 Jawva0OOO0O (JVM)[11)00000000O0O000OQ)OD0OO0O0O0O0OOOOOOOOOOO
0000o0o0ooU0o0oOo0ooo(?)oooo00o0 (Do0o0o0o0)000oOo0oo0oO (DoooUoo)ooo
goobooooobooooooooobooooooooooboboooboobobbooboon Just-In-Time
(JIT)OOOOOOOOODOOO0O000o0o0o0o0oooooo00Javad0O0O000 JVMOOOOO
0000000000000 (ro0)0000b000000000UDOo00O0o0oOoOooOoooOC

000000000000 0o0oo0/o0o0D000o0oooO0o0oO00DoOU00DOo0oUoOooooOo
Stata AbadiD 00000 [14]0000000000000000O0O0OO0OOOOOOOOOOOOOOO
gooooboooooooobooooooboobobooobobooJvyMbOooooooooooooooo
goooggo

L “Run-time code generation” 0 000 “dynamic code generation” 00 00000



gbog200000000000000000000O0000O0O0DODOODOOOODOO0OOODOODOODbD OO0
gobob 3gooobob4bD000b00bbO0O0sObOeb0OOObOOO0O0ODODbDOODLObOOOn
ooobooooboooooobogobo roooobooooobooboooooboooboboboon

2 Opoooboobooboboon

goooobobobboooboboboboobboobobooboobbooooobobboboboobob
gboobooooooboboobobbooobobooood

21 0000004

O00000000000000000 (binding-time analysis) 0 O O (specialization) 0 2000000000
0000000000000000D0000D0000D000D000 (00 /static000)02000000000
0000000 (00 /dynamic000)000000000000O00O000O00OOO00OOOOOOOOOOO
gboobogooooobobooooooboooooooooooooooobooooooon

oooooooooooboon0 JawvadOdOogog :
class Power
{ static int power(int x, int n)

{ if (n==0) return 1;
else return x*power(x,n-1); } }

U0n0000x000000000000000D00000 n==00000000 n-10power 0 000 Oreturn
O0000000OthenO0O0 100 xxpower(...) (00000 )0000000O0O0O0O0O0OO

gbooooboooooobboobbobobbbooobobooboobooooboobobobbobob
gobooobobobooobobooboobooboboboooooubbbuobbodd Upowerd n=30
000000000 On==0000000On-10power 0000000 0O0O0O0DOODOOOOO “x *D”D “1”
0000000 (0000000000000 000000000O00000000000)0 “x*x(x*x(xx1))” 0
goooooboo

22 0JU00b0O0oOoooono

0000000000000000000000000000000000000000000000000
0D0000D0000000000000 1(a)0000000(00000000000000000000
0000000 (static input) 0 0000 000000000000 00000D0 (0000000 specialized
program) 0 0 0000000000000 00000000000000D00000000000000O0O
0ooooo

0000 (0 1()000000000000000 (annotated source) J 000000000000000
00000000000 000000000000000000000000O000000000000000
000000000000000000000000000000000000000000000000000
0000000000000

00000000 (01 (h)0000000000000000000000 (dynamic expression) 00 OO
00000000000000000000000 (specializer)y 1000 000000000000000000
00000000000000000000000000000000000000000000000000
00000000000000000000000000000000000D000000000000000
00000000(1)00000000000000000000000000000(2)0000000000
000000000D00000000000000000000000000000000000000000

200000000000000000000000000000O0O0




. " static
(a) Partial Evaluation. input source

program
source annotated \l/ specialized pecialized )
program [P source [ program program machine
bindin partial code
timeg evaluation compilation
. (interpretive) static
analysis

(b) Run-Time Specialization. dynamic

expression [

_ pecialized
e e—

source annotated X iali
program [~ source compilation Specializer
binding o /
time specializer L—Gompilation
analysis

U1l.o0b0bgoboooboobon

0000000000000 00000 10000000000000000000000000000000
000000 [3-5,9,10,12]0

000 Olntel x86 00000 0 power 00000000 0(1) 0000000 (2)if00 then OO (3else 0O
(400000000000 20000000 (0000000)0000000(0O000000000000
00000000000000000000000) 000 n=300000000000000000000
ooooo 1,1,1,1,24,3434,34000000000000000000000000000000

()oooooo (2) then O (3) else O (4)0o0ooo
pushl %ebp movl $1,%eax pushl Yebx movl -4(%ebp) ,%ebx
movl Y%esp,%ebp ‘ movl Y%ebp,%esp
pushl %ebx imull Y%ebx,%eax popl ’ebp

movl 4(%ebp) ,%ebx

U200000000000000000000O0

23 000
23.1 0O00O0O00OOO

00000000000000000000000000000000000000000000000000
000 D00000000000000000000000000000000000000000000000
000000000 (0000000000000000000000)000003000000000000
000000000000 000000000000000000000000000000000000000
000000000000000000000000000000000/0000000000000000
000000000000000000000000000000000000

000 power 000 D000: (i)else 00000 0power J0 000000000000 2000000000
0000000 (pushl %ebx)O (i) 0000 200000 (%ebx) 00000000 000000000000O
000000000D00000000000000000000000000000000000000000
000000000000000000000D00000000000000000000000000000
300000000 (7000)0

3Strength reduction 0 0 000 000000000000000O000OOO [9]0



gboogobooooboobobobooboboboobooboobobbooboobobboobobbbobon
gboobooboooobobobooobboooobbooobooobbooooboobooooboobag
O [15,16)000000000000000O00O000O0O0O00O0O0O0O000OODODOO0OOO0OOO0OOO
goobobbooobobooboobobooobooboobobobooboooboag

23.2 00O

googobooobooboboobobooooobooboooooobobbobooobobooboooboOoon
goooobooboboooboooooobobbboboobboobooboobobbobobooobon
gboooboobbooobobooooooboobooboobboooboobobbobbobonD o
gogoboobooboboooboobooboobboboobooboboboboooobboobbboboboboo
gbooboboooboboooobooooobobooobo

3 BCS:OOOOOO OO

00000000000 00o00o00o00000000 o000 0000000ODLO00D0DDDODOODOO0OO
O0000000000000000000000000 00 (BCS: bytecode specialization) 100000000
0000000000000 0000000000000 Just-ln-TimeOOOOOODO (1JO0)00000ODO
go00ooo0oOoooOoO0ooOO0oOO0OO0O0O0O0OO0O00000O000O0000o0oOo0DoooOoOOoOOOOoOooOoOoOoO
0000000000000 0000000000ooOoO00O0ODO000D0O0ODO000DO0DDODODO0OO
go0oo00oooOoOoOoOoOoOoOoOoOoOoOoOU0OOODDOOODO

|:| source byte- machine static
program code code input

dynamic‘ —
ZNpstructions” o
specializer

JIT compilation

g3 o0b00o000ooooo

source JIT compilation

program
compilation

annotated
bytecode
binding-time
analysis

O0000O00o0ooooo JavalO0O0O0 (JVM)OOOOODODOO0OOOOJVMOODOOO JITOOOO
gooooo

030000000 b00o0ooooooooooodJavadd D000oooooooooooooooon
00 (compiled program) 00 0000000000000 00O0O00O0O (specializer) 00000000000 0ODO
ooooJroooo0o0o0o0oo000ooUoOo0oO0oooU0o0o0O0O0D (Oo0oooOOoooUOooUoo)Ooo
0000 (dynamic instructions) 0000 000000000000 0000 (specialized program) 00 000
doodoobooooooooooooJITOoooooooooooooboooooooboboobooooboooooo



4 0O0OO0O: JVML:

4.1 0O0O0O0OO

00000000000 JwaOOOOO (JVMLOODOO)ODOOOOOOOOOO JVML:OOOOOOOOO
JVML:; 0 JvMLOOOOOODOOOO00O00oooooooobooooobooboobooobooooobobobooo
gooooooo

e I0ODODOODOO int 0OODO
e J00IUIDDODOOUDODO (staticOOUDDDOOO )OO
e 000N (jst000 ret00)000DO0OODODOOOOOO

JVML: 0 00 Q000000000000 000000000000D00 00arityD00oooOoOODOD o
oooboobooooobobooooooboogrooobooo:

instruction = diconst n | iadd | iload z | istroe z | ifne L | invoke m n | ireturn

gooobooobooobobboobbooboobbobobbooobooooooboooboboboooooon
gbooooboboooooboobobboobooobooooooobooboboooobboboboooobobo
gboobooobgbbobbboobooboobobobbobobboboobobo0oddd: iconst nO O
U0 n000000000000iadd0 0000000000 2000000000000000000000
00000000 (isub, imul, idiv) 00 000 Diload x 0000 0000000000000 0O0ODOODO
OO0D0000D0Oistore t 0000000 DOOOD0OOCO0O0O0OOD0DODOO0O0O0 2000000ifne LOO
gbooboooboobooooobobobbob0o obobbbOODbDbD LODODOO0bODbOODbO00O0Oinvoke m nd OO
00000000 nO0000O00000D0000 mO000040000000(Q)000000000000
ooooooooOo(@)ooooo0bU00 nO000oO0DO00oOOooOOoUoooUoOo,...,(n—-1)00000OEB)O
oo mO 000000000 D4dreturn 0 000000000000 0000000O0DO0O DOinvekeO OO0
goobboooobooobooouobib0 inveke DOOOODOOOODOODODOOOOOOOOODODOO
gboooobobooooooo
OO000o0ogoOpowerd JVML:ODOODOODOOOODODOD 40000

Method int Power.power(int,int) 6 iload 1 //nO00O

0 iload 1 //n 000 7 iconst 1 // 1000

1ifne 4 //n#0000000 8 isub //m—=1000 (0200)
2 iconst 1 //n=00000 1000 9 invoke Power.power 2

3 ireturn // 000000 // 000000

4 iload 0 //m#0000:2000 10 imul // (xx000)000

5 iload 0 //2000 (0 100) 11 ireturn // 000000

0 4:JVML: 0 0OOOO0O power

5 Uooon

5.1 0040

oobooooJVvML: DOgoooOoooobooooooboooobooooooooobobooboboooon
0000 (000000000)00000000000000o00o0oo0oooooOoJvMLOOOOOOOOO
0000000000000000000000000000000000000000000000O(L)oO0
4JVML O invokestatic 100000




P[pc] = iadd

P[pc] = iconst n Fpe C Fpey1 P[pc] = iload z P[pc] = istore x
Fpe © Fpeqr Tye = - Blpc| - o Fpe © Fpeqr Fpelz = Blpc]] C Fpeta
Tpet1 =~ Tpe Tper1 =050 Tpet1 =0 Tpe o Tperr = Tpe
Blpc) < a a < Blpc] < p Fpelx] = Blpe] < a a < Blpc]

AR B,F,T,pc- P AR B,F,T,pc- P AR, B,F,T,pc- P AR, B,F,T,pct P

P[pc] = invoke m n

Plpc] = ifne L Fpe C Fpeqn P[pc] = ireturn
Fpe C Fpey1, Fpe CFrp Tpe=Apn—1]---Ay[0]-0c Tpe =u-¢€
a-Tp=a - Tpey1 = Tpe Tpey1 =00 a < R[m]

a < Blpc] Rim] < « pe = (m, i)
AR,B,F,T,pcr P AR, B,F,T,pcr P AR, B,FT,pcr P

s 0bobooogobood

00000oo0oo0ooo0oO0o00 1000000000000 00O0D 000D O0000DO00O()uoooUo
gbooboobogobbobbooooboobooboo
00o0o0oooOoooo0oo0o/oooo/o0o0oo0o000ooooooooooOUOoO0o0DoOoUOooOooo
gboobboooobooboobobobooboboooobooobobobo
gboogoboboobooobboobooboboooboboboobobbooboboobobooon
0000000000 statad AbadiD0OOO0O O JVMUOOODOOOD (1400000000000 0O0O00ODO
000000000000 00000000000000000000D0O0O0O0/0D000/000000000
00000000000 oOoo0o0ooOoo0ooo00Uo0o/oo0o0o0oUo0DoOoUooooUOoooooD
0oo0ooO0ooo0oO0o00 (O0oo)0oDo0oo0bDo0ooU0DO0ooOUOoUoOO

5.2 00U

000oo0o0o0ooooooo0oo0oo0oooU0oooooooUoS(oo)00oo p(Oo)ooooosS<DbD
o0odooooooodifd0e,p,...0 SO000 DOODOOOOOOO ODOOO0OOOOO0OOODOOOODOO
gooobobbodbobooobbd el oD O0OO0OLOO «DODODOODDLODOD - OOooon
00o000o0ooOO0o00000o0o0O00O0D00O000o00O0U0D0DO0O0 fODDO flr—a00OD0OO
goood:
(flz — a])[y] = if © = y then « else f[y]

05000000000000000 AR B F,TOO000000000000 pe000000000 P
000000 AR, B,FT,pc-PO0000000D0O0D0O000OOO pe0000000 mO00 400
(m,i)00000000000000: (md)4+1=(m,i+1)00000000°0

A ROOODO0D0O000D00O000000O0000000000A[m|r000000 mO000000 nO0
000000 ORm 00000 mOOOO0O0O000000000A[m|[p]0000000 A4,[r]000000
B,F,TO0000000000000O00000/0000/00000000000F,,,T,00000000
00 pe00000000000000/0000000000000000

000000000000000000000

S0000000000000000000000000000000000000000000000000000000000000
oooooo
6JVML: 0000000000000000000000000000000000000




e iconst, iadd, iload, invoke O OO 000000 DOODOODOOODODOOOOOO0DLOOODOODLDODODO
gooboboboboooooobbobobobbbboboobboobbobobooboboobon
Olift0000000000000o0o0o0oon

e jadd, istore, ifne U0 U0 O0OOO0DODOOOOOO0DOOO0DOOOOODODODDOOOOODOOODOO
cooooooo0ooOooO00oDoooOOo0OoDOooo lit0oooooogooooooooOoo

e O 0O0O0ODLODODOODOOODOODOODLODOOODLODLOODLOODDLDLOOODLDDOODODLODDOO
gogboobobboboooboboboboboooboobbboooboboobobobbbooboo
gboooboooobbooooobn:

F C F'=Vz € Dom(F).Flz] = F'[z].

(Dom(F)O0 FOOUOOOODODO)OOOOODODODOODODOODOOO0OOO Lft00000000000000O0O
gbooobooobooood

e invoke 1 DO UODOODODOODDOODOOOODLOODLOOOOOOOOO0OODDODODODOODLDODLDODLO
goooobobooogobbobobooooobbbobooobuobooobbboobobbo
U00o00ODbO00b0000b0O0D000 Omonovariant DO OO OO0OOO

e ireturn 0 0000000000 ODOODODOODOO0ODOOODOOOOOODOODDOOO

goobobobo:. gobobboooboboobobbbooobooooobobobobbobobbod
gobobboboooooooboobobooboobooobooobon:

Vpc € Dom(P).pc = (m,i), A, R,B,F,T,pc+- P
Tim,oy =€ Fimo) = [ = Anlj], ... 7L An)]
AR B, FT,mr-P

goobgb. gobooobooooooobboboboobboooboobbboobobbooono
goboobobobobox0b00b0OybOOODOOODOODO

if (x==0) { z = £(y); } else { z = g(y); }

Oo000fywoOg(ypOooOOoOOOODODOODifO0ODO0OD zO0OO x0OO00OODODDOODODODOOOO
00000000 0@U0000)00000000000000000O Plpe)=4if LOODOO Othen/elseO
0000000000 M, O0OO0O0OO pd’ € Mp 0000 then/else000 istore00 0000000000
0000000 lpe = [z1,2e,...]000 p/ 0000000000000 then/else 0000000000000
ny,e 10 00000000000O00000O:

TLZ":/

—_——~
Vpc' € Mp. B[pc] < Bpers  Tper =Bper -+ Bper -0, VT € lper . Fper [J}] = Bper-

gbogooobooobbooboboboooobobobobobboobboooooboboobbobon
goooooooobobooo

5.3 LUgOooog

0000 power 0000000 0x0000n0000000000OOA[Power.power]=[0+— D,1+— S| 0O
000000000000 00D0 6000000000000O0O0O0OO0OOOD0O0OO0UDONOODODOY)
gobboooboooooobbooobbooonn



P B T P B T

iload 1 S € iconst 1 S S-D-D-e¢

ifne L2 S S-e isub S S-8-D-D-e
L1: icomnst 1 D € invoke Power.power 2 S S-D-D-e€

goto LO S D€ imul D D-D-e€
L2: iload O D € goto LO S D¢

iload O D D€ LO: ireturn S D€

iload 1 S D-D-e

R[Power.power| = D Vpc € Dom(F).F[pc] = [0 — D,1+— 5]

0600000000 power

6 UOOOoon

gbooobooogooboobooooobobboboooboboooobbobbobooboboobo
gooboooboobbboboooooboobobooboobooboboooboboboooobobbobobon
goooooooboooboooobooooooooooooooooobboboooJvMLODODDOODOO
ooobood Javal0O0O00O0O0O0O0OO0OOOOODODOOOOODOODOO

gboooboobooobooooOoJvMLe OO0 Ooooodeoooboobooooobooon:

instructiong = instruction | GEN instruction | LIFT | LABEL L

| SAVE n [zg,...] | RESTORE | INVOKEGEN m [z, .. ]
00000000000000000000000000000000
e 0000 +000D0DOOOODODODO::DDOD

e I00ODODO00GEN ¢:0DOODOUGEN ;00000 OODOODO:0D0O0D0O00O0D0O0O0DODO 00
gboobooboboooboooooobobobooobobobon

e 0000000000 D0000O00DOO0ONONO0O0O0DDN000N0D LIFTO0000000000000
0O0(1) Plp 0000000000 00000000B[pe]=500 Tlpe+1]=D-¢0000000(2)
Plp 0 0000000000000 000000B[p=D00 Tlpd]=S-¢000000000LIFT
000000000 (1)000000000000(2)000000000000000LIFT000000
000000000000 n000000000 iconst n0000000

O00020000000000000 4int mult(int, int) 00 10000000 200000000
000000000000 7)) 0000000000 OOODOOO

P B T mult_gen(int)
0 ilcad 0 S € 0 iload O
1 iload 1 D D-e 1 LIFT
2  imul D D-D-¢ 2 GEN iload 1
3 ireturn S D-e€ 3 GEN imul
Fpe=[0~ 5,1~ D] 4 ireturn
(a) int mult(int,int) O by DOODODO
ooooag oo
O 7. LIFTOO

OOoO0OOODOoOOoOoO SOOb0bOoDObOO0OD ileadDOOOO0 SOODOOOOOOODOOOOO
0000000000000 imlO0000000O0)DOO0OOOOOOOO 7(b)0000 LIFTOO



OO00O0000DoCoOOCD00D000000000 mult_gen(3) 00000 ODOOOOOOLIFTODOO
ogooooooog (I:II:II:IDD S)DDDD iconst OO O OO0O0O0OO0O Oiconst 3; iload 1; imull
O0oOooooooooo

e 000 invoke m 0O OINVOKEGEN m [zxg,z1,...] 0000000 Oxg,21,...000000000000
O00O0O0DO0O0OODO0O0OO0OO0O0INVOKEGENO OOOO OO O (1)zg,x1,... 00000000000 mOOO
000000000000 000000000000000000000(R)mi000000D0O0O0OOOO0O
00000000 000000 zy,z,...000000000000000

e 000D0DO0 ifne LO O(1) GEN ifne L; SAVE n [zg,21,...]000000000000(2) 000
L0000 LABEL L; RESTOREOO DO000000000000 nO [ze,21,..]0 Othen 00000
0000000000000000000000000000000000000000000SAVEDD
000000000000000 nO00000000000000 z¢,2y,...000000000000
RESTORED 0000 O0O00SAVEODOOOOO0ODO0ODO0O0O0O0O0O0ON0ON0OONONONOO0O0O00000

Udb0ooobDon power DOOOO0OO0O0OO0O0O power_gen 0 80000

Method Power.power_gen(int)
iload_1 iload_1
ifne L5 iconst_1
L2:GEN iconst_1 isub
L4:ireturn INVOKEGEN Power.power_gen 2 [0]
L5:GEN iload_O GEN imul
GEN iload_O L13:ireturn

g8 oobobooooobood

000000000000000000()0000000000 bytel] coded(2)code 1000 int i0(3)
0000000000000 “ConstantPool cpd 3000000000 Ocodelil 00000000 OODOO
gobooboobboboooobbobbibbooboobooooobooobbooooboboobobooo
power 00 0000000000000 ADOOO

00 n=2000 power DO U0 0OO0O0OO0O0O0DODOOO0OO0OO 90000000000 OOOOOOONO
gobooboooboooobooobooobooonrooooobooobooooboooooobooooooo
gogboboobbooooobobooboobobobog

Method int power(int) 5 istore_0 11 istore_0 17 istore_1
0 iload_0O 6 iload_0O 12 iconst_1 18 istore_0
1 iload_0 7 iload_0 13 istore_1 19 iload_1
2 istore_1 8 istore_1 14 istore_0 20 imul
3 iload_0 9 iload_0O 15 iload_1 21 ireturn
4 iload_1 10 iload_1 16 imul

09 00000 power OO0

T Uoooooood

gobooooobooooJvMLOOOOOOOODO JVML: DO0O000O0O0O0booobooooooooobooon
ooooooDbOobOo0 JwvaDOO0OODOOOODOODOOODOODOOJavaO0OOOOOOODOOD OOO
goooboogoon

7JVM 00000000 constant pool 00000000



000000000000000000000000000000000 power(x,30) J0 0000 (1)O0O
O00O0oo0oo@BCSOODOODOODOODODO@BLOUUDODODODODODODOOODOODODODUODOOODOODOO0OO0OO
goooobboobobobboobob bbb bbb bbb o
goooO0ooooCcOooodoooooonoooDoooodooooooDooDOoD 2000000000000
gooboooboboobbboobbboooobooodg

O0000PCOOO (PentiumII 300MHZ1 00 O 256 MBOMS-Windows NT) 00 Sun JDK 1.1.7 (+ Symantec
JITOOOOD)D00 Cygnus GCC 2.7.200000

BCS oooooo
\Jrr[]m JITOO
JITOO JITOO 00 (C)
. 000000000 610 724
000 0.74 11.8 1.47
b.OOOOOOOO 50 142
ooooo 0.25 7.1 0.83
. 0000 560 582
oooon 0.21 1.6 0.26

0 1: 0000 power(x,30) 000000000 ODODO (p0O)

01(0)000000000JITO00000000000O0BCS0000000000000000 30
00000000000000000000000000000000000000000000000000
0000JITO0O00000000 BCSOOO0O0O0O0O0O00O (CO0000)0000000000000
00000000000000000000000000000000000000000000 231000
0000000000000000000000/0000000000000000000000000000
000000000000000

01(0)0BCSOOOOO0O0O0O00O0O0O0OOO (¢)0000000G(G 000000000 (¢)00000
00000000000 JITOO00O0000000000000000000000000000000000
0000000000000 000000000000000JITO000000000000000 (¢)00
000000000000000JITO0D0000000000000000000000000000000
00000000000000000000

8 oo

Wickline 00000000000 O0OCAMOUOOOOODOOOOOOOOOO 170000000 00OOOo
goooboooooboooobooboooobbbbobooboooboooouoboogobogo

Oo00o000obDO0o FasiusOOgogoooooobDOooooobooooooboobooobooooboooboboooo
O000000ooOoo 10000 0copE000ODOOODODODOOOOOOOOOOOOOUDOOODO
0000000000000 o0OoO0000U0DO0U00D0UOU0UO0OLDOoOoUOOoooOoD 120

Sperber 0 Thiemann 0 000000000 O0COOCOOOCOCOOOOOODODOOOOOOOODOOOO
0000000 1) oooo 0000000000000 000O000U0oooOoOU00DoO0oU0oOooUO
gboooboobooobooboobboooooobobobooa

9 0o

goobgobboobooboobooooboobobooooboboooboooboobooooon
000000000000 0000000000000000000000000000000D000000
00000(()U0000000000000000000000000000000000000000oo0O0O
goobooooooooogobbooooboobooboooooooobooooobooboboobooooonD JVML
goobooboooboobobbooobobooobboooobobooonooooboooooooono

10



000/00000000000000000000000D00000OStatad AbadiDO0O00OOO [14]0
gbooooooooooboooooooobooobooobo JvMLooooooobobooooobooooooo
gooooooobooboooooooboogoobooboooooooobooooboooobbobboDo

goooooooooboooooooooooooooooobo JvMLOOOOOOoOoOOOoooooobooo
gooooooogobooogooobooboooobooooooobooooooob bbb oo
gooboooboooooobooooooboooooboooooobOoooooooDobObobobbDbbOOn
gooboobooooboooobooboooobooobobobOobbOobobobOoooLOobOOOOob oD oo
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method int[] Power.power gen(int, byte[], int, ConstantPool)

// set stack depth iload_2 bastore aload_1
iconst_2 bipush 27 iinc 2 1 iload_2
istore 4 bastore // extra arguments bipush 60

LO: iload_O iinc 2 1 aload_1 bastore

L1: ifne L5 L7: iload_O0 iload_2 iinc 2 1

// GEN iconst_1 L8: iconst_1 aload_3 // GEN iload_2

L2: aload_1 L9: isub invoke aload_1
iload_2 // INVOKEGEN Power. Power.power_gen iload_2
iconst_4 // power_gen 2 [0] // extract index bipush 28
bastore // GEN istore_2 dup bastore
iinc 2 1 L10:aload_1 iconst_0 iinc 2 1

// return index & depth iload_2 iaload // GEN imul

L3: iconst_2 bipush 61 istore_2 Lil:aload_1
nevarray int bastore // extract&update depth iload_2
dup iinc 2 1 iconst_1 bipush 104
iconst_0 // GEN iload_1 iaload bastore
iload_2 aload_1 iconst_2 iinc 2 1
iastore iload_2 iadd // return index & depth
dup bipush 27 dup L12:iconst_2
iconst_1 bastore iload 4 newarray int
iload 4 iinc 2 1 if_icmpgt L14 dup
iastore // GEN iload_2 pop iconst_0
areturn aload_1 iload 4 iload_2

// GEN iload_O iload_2 L14:istore 4 iastore

L5: aload_1 bipush 28 // GEN istore_2 dup
iload_2 bastore aload_1 iconst_1
bipush 27 iinc 2 1 iload_2 iload 4
bastore // GEN istore_1 bipush 61 iastore
iinc 2 1 aload_1 bastore areturn

// GEN iload_0 iload_2 iinc 2 1

L6: aload_1 bipush 60 // GEN istore_1
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