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A Construction Scheme of Java JIT Compiler
for Consumer Electronics and Its Evaluation

TakuJI KAWAMOTO,! SHUSUKE HARUNATt
and TOMOKAZU KANAMARUTT

In Java having wide spread through the consumer electronics appliances, e.q. a cellular
phone, the Java JIT compiler is necessary to improve the execution speed of Java programs.
In the implementation of the JIT compiler for cunsumer electronics, the characteristics that
have “restrictions of memory resources” and “the portability to CPU change at the time of
model deployment” need to be taken into more consideration, rather than the improvement
in its speed. The JIT compiler for PC has concentrated in improvement of the execution
speed by optimizing to the structure depending on CPU, such as registers. While a compiler
becomes complicated, memory resources increase and the portability of CPU goes down, as
a result, it is inapplicable to consumer electronics. In the proposed scheme by this paper, we
reduced the compiler size without adopting the optimization depending on CPU, and raised
portability with using GCC and carrying out automatic generation of the compiler from an
interpreter source code. Moreover, since byte code and native code share the Java operand
stack at execution time, partial compilation is easily realized. Therefore, this system is ef-
fective for reducing the memory which stores native codes. Our evaluation results show that
compiler memory size is 17 K bytes for Intel x86 processor, and that the execution speed of
native codes is a maximum of 8.7 times of an interpreter.
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Fig.1 A structure of JIT compiler for PC.
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Fig.2 An interpreter source code.
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Fig.3 A system of our JIT compiler system.
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Fig.4 A process of a Java JIT compiler generator.

gbooooooobooooooboooooboboooo
oo ceUOODOOOOOOOODOOODODODOOO
goooobooooooooooobooboooboon
gooooooboobooboooboobobooboooo
g3booooooooobooboooonoooon
goood
goboboooobodooooobooboooooan
ooboooobooooboocooooooooooo

4. 0 0O O

0400000000000000O0C0CDO0O00
goboooooobooboooooooooo 3soooao
o0 3oobobooboooooooobooooobooo
oooooooooooooon
oooooooooooooocoooooon
gobooobooobooboooooooooga
goooooboooooooooooobobobOooo
gboboocodobooboooooooooooooooboo
gbooooooooooobobooobooooooo
gboooooooooooooooooboboooo
goooobOobooobobooooooooooon
gooooooooboobobbobboobooooooo
oooocpUOOOOOOOOOOOOOOOOO
goooooboooooobooobooboooooooboooo
goooooooooood
4.1 00000
goooooobooooobooobooobooboooobo
gooooooooooooooooooooooo
gooooboobooooboobooooooooonon
gobooooooooooboooooooooo
goooboooooocooooooooooobon
goboooboooboobooboobobooobooon
ooboooooooooooboooobbbOOooo

goooooobooooooooooboooooooo
gooooboooooobooooooobooboon
O Onativecode 0000000000 OCOOOOCOO
ooooooooon
0000000000 bytecodeOOOOOOOOO
gooobooooobooooooobooooooon
goooooooooo
oobooooO0o0oo0o0b040000000000
0000 CO0O000ooO0OoOn mainldoop()O
gboooooooooooobooooooobooobooo
gboooooooooooooooocoocobooooao
ooobo0o0ooOooocoooooooooooon C
goooooooooocoooooooooooo
ooo
ooooo cooooooOooooOoOoooDoo
gobooooboooooboooooooi1obo0000o0
gobooooOooooooooooooobooooo
goobooOO0Javad OO0O0OO0OO0OOCOODOOOOO
gooobooooooobobooobooooooo
ooobooooooboooobooooo3ooooo
gooobooboooooooboooooooooon
gooooo0oboooooboooooooobooOonoo
OO00000000000 bytecordeOOOODOOO
gobooooooooooobooooboooo
gooooooooooooobooboooboooo
gooooobooooooooobooooooboooboa
O0000000000000 bytecodedOO0OO
gboooodobooboooboooooboobooooo
ooo
ooooooboooooooooooooobooboon
gobooooooooobooooobooobooooo
goboooooooboooooboobobooooooon
OO0 gotoODOOOOOODOO



Vol. 43 No. SIG 8(PRO 15) 0000 Java JITOOOOOODOOOOOOOOD 41
01 O0OOOO
Table 1 A macro list.
<Y niERl E&A=F: A8 TYBER FUTL—hER
A4 yFTo0 SWITCH (val) switch (val) -
Fo7L—rgY ; o — o
W LUESEm< S 0 r—2340 CASE (ope_code) case ope_code: FUTL— FRAEEETRTIANL
JL—4<sn BREAK () break FUIL—rRARTERT RS
+Ra—r<s0 OPE_CODE (val) pc[0] -
JavaT o g5 I g+ <52 F<on OPE_SCHAR(n) % (char)pc[n] FR5 v RENE
hovsRk 0 FELRARS Y KETHO OPE_ADDR2(n) % | po+(short) (po[n]*256+po[n+11) RS> FEE
TAYSLAYUEA LY AL R0 INCREMENT_PC (val) pc += val -
A28 7Y 2 REKTFUE LEFR< Y0 . ’ ) invoke_virtual @
(B ﬁt invoke_virtual (int index) FEUH L DIFA) INVOKE_VIRTUAL (index) invoke_virtual (val) BESBIEUVH L
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SWITCH (OPE_CODE () )

{

CASE (0x00 /* nop */)
INCREMENT_PC (1) ;
BREAK () ;

CASE (0x01 /* aconst_null */)
*sp++ = 0;
INCREMENT_PC (1) :
BREAK () ;

CASE (0x10 /* bipush */)
*sp++ = OPE_SCHAR(1) ;
INCREMENT_PC (2) ;
BREAK() ;

CASE (0x15 /* iload */)
*sp++ = |v->contents [OPE_UCHAR (1)]:
INCREMENT_PC (2) ;
BREAK () ;

05 0000000000 cCcOoOoooooo
Fig.5 An example of C source codes written by macro.

unsigned char *pc;

#idefine SWITCH(value) switch(value)

#define CASE(case_value) case case_value:
#define BREAK() break

#define INCREMENT_PC (value) pc+=(value)

#define OPE_CODE() pc[0]

#define OPE_SCHAR (n) (char)pc[n]

#tdefine OPE_UCHAR (n) pcln]

#tdefine OPE_SSHRT (n) (short) ((pc[n]<<8)+pc[n+11)
#define OPE_USHRT (n) ((pc[n]<<8)+pcln+1])

06 00000OO0O0OO0OOOO0OOO

Fig.6 An example of macro definitions for interpreter.
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void *template_table[256] = {
&&template_label_0x00, &&template_label_0x01,

&&fémplate_label_Oxfe, &&template_label _Oxff };

#define SWITCH(value) goto *template_table[0]:
#define CASE (case_value) template_label_##case_value:
#define BREAK() goto *template_table[0]

#define INCREMENT_PC (value)

#define OPE_CODE ()

#define OPE_SCHAR (n) n+0x70

#define OPE_UCHAR (n) n*2+0xf0

#define OPE_SSHRT(n) n*3+0x7fe0

#define OPE_USHRT (n) nx4+0xffdo0

07 0DO0000OO0OOOOOOOOD
Fig.7 An example of macro definitions for template.

switch (pc[0])
{

case 0x00 /* nop */:
pc+=1;
break;
case 0x01 /* aconst_null */:
*Sp++ = 0;
pc+=1;
break:

case 0x10 /* bipush */:
*sp++ = (char)pc[1]:
pc+=2;
break;

case 0x15 /* iload */:
*sp++ = |v->contents[pc[1]1];
pe+=2;
break;

08 0OOOOOOOcCOooDooopooOood
Fig.8 An example of source code generated for
interpreter.

void *template_table[256] = {
&&template_label_0x00, &&template_label_0x01,

&gf-emplate_labeljxfe, d&template_label_Oxff };
goto xtemplate_table[0];
{

template_label_0x00 /* nop */:
goto *template_table[0];
template_label_0x01 /* aconst_null */:
*Sp++ = 0;
goto *template_table[0];

template_label_0x10 /% bipush #/:
*sp++ = 1+0x70;
goto *template_table[0]:

ter-nbAIate_IabeI_Oxl5 /* iload */:
*sp++ = |v->contents [1*2+0xf0] ;
goto *template_table[0];

09 O0O0O0OOO0OO0OCOODOOOOOD

Fig.9 An example of source code for template.
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AU TYERARY OESR 7erIYa—F AvaFYya7erIYya—F

#idefine CASE (case_val) case case_val: e f126:

#define BREAK() break #t iloadDA >4 T ARAEH ( mov| 1200 (hebp) , %edx

#define OPE_UCHAR(n) pc[n] .L26: o

#define INCREMENT_PC(n) pc+=(n) \ mov | 1200 (%ebp) , %edx movl (%ecx, %eax, 4), %esi

mov| (%ecx, %eax, 4), %esi ' LliZJV| %esi. (%edi)
.L27: '
movl kesi, (hedi) v mov | %edx, 1200 (%ebp)
<y ogEmy—23—K movl ??%61200 Chebp) ( s e
Jmp . _

CASE (Ox15 /% iload */) # iload 14 > % 7 & Rt h O oeap)  Hoax
*sp++ = |v->contents[OPE_UCHAR(1)]: .L28: imp 127 '
INCREMENT_PC (2) ; mov | -1196 (%ebp) , %eax
BREAK () : mov| 4 (%eax), %esi }

CASE (Ox1b /* iload_1 */) jmp .L27 iload T 7 L—bERFK
*sp++ = |v->contents[1]: D7t TYa—F
INCREMENT_PC (2) ; # iloaddT>FL—rAEA
BREAK () ; _template_label_0x15: |_» mov| ~1196 (hebp) , heax

mov| -1196 (%ebp) , %eax )/ mov | 968 (heax) , hesi
mov| 968 (%eax), %esi movl %esi, (hedi)
12033: addl $4, %edi
_. mov| %esi, (%edi)
TrIv-bRRoOER addl $4, %edi :>< iload | $>FL—bRE

#define CASE (case_val) ¥ imp *_template_table OFtEvITYya—§k

template_label_ft#case_val: # iload_1OT>FL—MAMA

#idefine BREAK() ¥ / _template_label_Ox1b: mov| ~1196 (hebp) , heax

goto *template_table[0] mov | -1196 (%ebp) , %eax )/ mov | 4(%§ax) , %9S|

#idefine OPE_UCHAR (n) nx2+0xf0 mov| 4 (%eax), Hesi movl hesi, (hedi)

#define INCREMENT PG (n) jmp 12033 addl $4, %edi

010 0OO0OO0OO0OO0o0o0o
Fig.10 An example of separation process.
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iinc DFTL —bERRET—451

CASE (0x84 /* ii nc */)
Iv=>contents[OPE_UCHA R(1)] +=
OPE_SC HAR(2) ;
BREAK() :

0000 8B8554FB  movl -1196( %ebp), %eax
FFFF

0006 8381 —11, 776 (heax’
00008

FrIL—r AR OER

iinc DFYIL —rRAT—H2

#define OPE_UCHAR (n) n+1+0xc0
#define OPE_SCHAR(n) n+1-0x50

Fr7L—+ AR OEH2

0000 8B8554FB
FFFF

0006 8381040; add|_§-7 eax)
0000B2

movl 1196 p), heax

#define OPE_UCHAR(n ) n+0Oxc0
#define OPE_SCHAR(n ) n-0x50

iinc DFYFL —+EKT—43

Fr7L—+ ARV OEHES

#define OPE_UCHAR (n) ~2%n+0xcO
#define OPE_SCHAR(n) ~2%n-0x50

0000 8B3554FB  movl ~1196( %ebp) , %e
FFFF
0006 8381 776 (eax)

000

iinc DFYFL —bRET—%4
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#define OPE_UCHAR( n) OxcO P 4 0006 8381
#define OPE_SCHAR(n ) -0x50 000080

0000 BBBEEAFS - mov! -1196( %ebp) Hoax | 0,200-4x0xc0-0 . .. mE{E=0
=80, 168 (%eax)

| -0x50+1+0x50=0 . .. MNEfE=0

012 0000000000

Fig.12 An example of difference detection process.
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Fig.13 A structure of an execution system.
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Table 2 Compiler code sizes.
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Table 3 Code generation time.
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