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Abstract

The various researches are investigated for translating Bytecode into native code which can be
implemented in the specific processor using classical compiling methods to improve the execution
speed of the Java application programs. The code generation techniques using pattern matching can
generate more high-quality machine code than code expansion techniques. We provide, in this
research, the standardized pattern describing methods and pattern matching techniques that can be
used to generate the register-based intermediate code which is for the effective native code
generation from Bytecode. And we designed and realized the intermediate code translator with which
we can generate the high-quality register-based intermediate code using standardized pattern
described formerly.
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BYE 34 A5l 3= byte, short, int, long,
char 33} A8 £3h= float, double o8 -8
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AR o] R Rt AA F2 wEdl] s AL
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2 a7z 2" 7P nlelExe 9Hg HA|x
Bl 7|4k F7b doj2 wHEs] s ezl Apt A
sjoleQ) JocollA] AMESHE gasm 7 ez wig
g} gasmr® move, add, compare 53 22 HHolE
7R3 glen AEkdel ¥AL a3 13} ok

Load {R0-R3} (constant)
Push {R0O-R3}

Pop {RO-R3)

Move Offset {RO-R3}
Move {RO-R3} Offset

{Add, Sub, Or, And, ShiftLeft, ..} {R0-R3} (constant)
{Add, Sub, Or, And, Shiftleft, ..} {RO-R3} {RO-R3}

Jump {Bigger, Smaller, BiggerEqual, . . ., NotEqual}
Jump {RO-R3}

% 1. gasm® 3t o] 34
Fig. 1. Intermediate code format of gasm.
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typedef struct OpcodeList {
BYTE_CODE_OPCODE code ;
int operands ;
int args ;
const char* name ;

} OpcodelLList ;

38 4. Hpe|lEz= ARE 97 24

Fig. 4. Structure for the Bytecode information.
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#£39% CiR B4% 5

A AM-F= iload, iadd, istore b HE il o ¥
# A= 2% 63 2k

typedef struct GasmRegisters {
int bX; // general byte registers(8 bit)
int sX; // general short registers(16 bit)
int iX; // general integer registers(32 bit)
int 1X; // general long long registers(64
bit)
int gX; // general machine-reg-wide
registers(32/64 bit)
int fX; // general float registers
int dX; // general double registers
} GasmRegisters;
18| 5. gasm #HA|2H
Fig. 5. gasm Register.

iload => *(%6Mem_Addr X) = Value

iadd => %Mem_addr_X
*(%6Mem_Addr X) + *(%Mem_Addr_X)

istore => move %ix, *(%Mem_addr_X)
a8 6. wlo]EZ =] ]t gasm "1 H=
Fig. 6. gasm Mapping Pattern for Bytecode.

AAHOZ Java dol9] gl disl WHIE ujol=
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inti= 10 => * %(fp+0) = 10

int a => * %(fp+4) (%g0
%6(fp+0), * %(fp+0) = * %(fp+0) + 1, %g0)

int b = ++i; => * %(fp+8) = (x %(fp+0), *
%(pt0) = * %(p+0) + 1)
a8 7. A" AEE o] 8% gasm 2T ¥IF
Fig. 7. gasm Code Translation wusing Pattern

Information.
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while( fgets(line, sizeof(line), in) '= NULL) {
token = strtok(line fieldsep);
if( strcmp(token, BytePattern[count])
==0) {
count++;
while( (token=strtok(NULL, fieldsep))
1= NULL) {
if( stremp(token, BytePattern
[count])==0 ) {
count++;
token=NULL;
}
else break ;
}

}

g 10. 2= ¥ dlA daeE
Fig. 10. String Pattern Matching Algorithm.
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int foo(){
int j=0;
for(int i=0; i<10; i++){
i+
}

return j;

int foo() {

/0 Oiconst_0O
/11 tistore_1
/12 2iconst_0
/|3 3istore_2
//A 4goto 13
/I5 Tiinc 1 1
/16 1Qiinc 2 1
II7  13:iload_2
//8 14:bipush 10
//9 16icmplt 7
/10 19:iload_1
/11 20:ireturn

}

2 11, Java A TEH W nlojEFC

Fig. 11. Java Source Program and Bytecode.

o Addez zzgw A A g 4 grk
B XA F3E 27t 2= Wil gals A
Z3b7) 8 2¥ 113 2L Java oS gjHez 4

of Mol == $27]8 B wlel=meg Ayl
9% g21799 = param pointer this ;

local int 36 =0; //intj
local int 37 =0; //inti
if(local int _37 < 10 ) { do
(% 21800 = local int & _36, (% 121801
= +(0 + % g21800, int),
*(0 + % g21800, int) = *(0 + %
£21800, int)signed + 1, % i21801) ) ;
(% g21802 = local int & _37, (%6 i21803 =
(0 + % g21802, int ),
*0 + % g2180, int)
g21802, int)signed + 1, % 121803 ) ) ;
} while ( () local int _37 < 10 ) ;

*(0 + %

% 121804 = local int _36 ;
return % 21804 ;
}

28 12, gasm ZE= A
Fig. 12. gasm Code Generation.

(23D

B Aol F3Eg 7 2 Wil 29 119
RIEZEE l¥og o} 13 125 A gasm F
=Z2 AAstgen AME gasm Z=E of4A] Jeo T
ol qlFaled (386 MlolelB Z=F AAdsich WA
g veleln 3o SulE A AdE B8 £ AT
old TG F2 2 W3] ePAlE ISl

A £ ol AR gasm 2o g AS
g Al ARE #lsh] o8 AR Jecd] FEHE
23513 gl AT AR gasm IF=of Wi’ 5E
of digt FAHEE 7B ook weEld U2F Jec
Frtile] ARSSie HlolElE = PA A2l s
# of4e] gasm 2= S 43 9" Jles B1
F= A s g8 A8 AL o)l

T

rn

[+
—_—

2

V. 28 « g5 oA

Java 38 Z2ale] A &x FAE A
14 wlo] 3 Z2AME Akl 2y st
=2 AFPATE 2Pl IS ol8ee v, IT ¥
Ao Ag Aztel| Hao we} Huldsle] AdPsh=
b 2g2jel fgaldd whg AMHEsle] nlelEzmcE
slaal st BX ZEAXC Hggt diolelr =
=5 PAshs ddshe w So) AMSE WUnk

Hl|Eqra e B3 A Hgil vleo|eln
F=F AAE] ATt A7) AlEE) g
CACAO®E Alpha T2AHE $igt 64ul= JIT A}

=2
EF E-‘j:



|2 nlolEx T F 9]0 ylo}l Alpha ZZAA
£ 913 violglH. Z=E YAYch NET #Huded’e
polExs@Re] delHy 3o A A3
Zaele] 24 IMPACT A AH|eksl Alxglele). NET
Avdeio e 2wl 7o) mlolEIcE B g
Aol gt vlolg| B ZegE AAgs] 98l ek
A8 7Rk F7b delE ARtz vk JecOl=
z} ool ¢J3 ezl HAmde]EA] vplEIE=
288 AA x86 Y SPARC Z2A4E 3 vo]E)

A& B 7S ol 43 Apu} wpolERE W] AA ¥ P

&g

(1]

BtE

A~
T

et

S L

[}

Alfred V. Aho, Mahadevan Ganapathi, Steven
W. K Tjiang, “Code Generation Using Tree
Matching and Dynamic Programming,” ACM
TOPLAS, Val. 11, No. 4, pp. 491~516, Oct.,

100
TIO0T.

v =g AAdste Alzdelrh Jeco] Adielre
zp} el JHog whol #HAxE] 7k $3F o]
Q1 *gasm L& A Fiol M= +gasm HY
& dHoE ol B4 sAl iyt ojAlEe] Z=E
A gkl

2 AFolAE Java S8 ZZ 0] A3 &5 )
A& Y3l vl Ez=ase 2 dolgH Zeg A
A387] f8l Aol F1 gdeial xclass THAE Y
22 do} #|ay 7uke] F7F oz wsksisich
o]F &l A, vlolEFm2NE] HAAE 7]4F o]
29 mgAq] HIE 2% ARle YA wyo=
Z1=sigict B4, A RS YHoZ o} Ayl
Aol A3hgt dlolE HRE Ak AR, F=
HE AR delB-g Fxsle] 2= dAEl WA Ay
£ AL3ld dA2E] 7t F7F ddei]l gasm F=F
A= A A7 TR 2 978 EaA
AR gasm FTE Jecd] Febio] slH=e] Ay
L2 i3%6 vlolgr 2=& s} vAem
AE F7t 7 W3 ol4sl AN AxE A
Z3817] {3l xclass LS DK el zele s 53
g Ao} xclass2HE] HEE *gasm ZEE Joo F
T dHos Mgl HEAQA A 9] dA=F
A&t

A B APl BAEE gasm Fe=of oid PS5
2 Ay AAE s de) AEH Jood] FIEEE
o]43l3 = U} AYXH gasm F=of oiFF EE
Ao A TS 7R ok Wb e Jeo
Fehiol] g3l dloleln 2= AA Axgle] s
3 <Fde gasm 2= AL 8 A= J1es 53
F= A g 98 A7E AW GAor}. B A
9] 7Kl 29 7]ub nlo]|Ezed] o8 RTLY fA
g HA2E 7|4 7 229l gasme 2 WL Ea
vloleln 3= MY Alxg] 75 43 7 d7E

[

(232)

[2]

(3]

[4]

[5]

[6]

(7]

[8]

L9]

[10]

[11]

R G G Cattell, “Automatic Derivation of Code
Generators from Machine Descriptions,” ACM
TOPLAS, Vol 2, No. 2, pp. 173~190. Apr,
1980.

Mahadevan Ganapathi, Charles N. Fischer, John
L. Hennessy, “Retarpetable Compiler Code
Generation”, ACM Computing Surveys, Vol. 14,
No. 4, pp. 573~592, Dec., 1982,

Susan L. Graham, “Table-Driven Code
Generation”, IEEE Computer, Vol. 13, No. & pp.
25~34, Aug., 1980.

Karen A. Lemone, Design of Compilers :
Techniques of Programming  Language
Translation, CRC Press, 1992.

Hans van Staveren, “The table driven code
generator from ACK 2nd. Revision,” report-8l,
Netherlands Vrije Universiteit, 1989.

Wen-mei W. Hwu, “Java Bytecode to Native
Code Translation: The Caffeine Prototype and
Preliminary Results”, The proceeding of the
20th  Annual International Symposium
Microarchitecture, Dec., 1996.

A. Krall and R Grafl, CACAO : A 64 hit Java
VM Just-in-Time Compiler, Concurrency:
1997.  http//www.

on

practice and experience,
complang.tuwien.ac.at/ andi.
Ronald Veldema, Jec, a native Java compiler,
Vrije Universiteit Amsterdam, July, 1998.

Jon Meyer and Troy Downing, JAVA Virtual
Machine, O'REYLLY, 1997.

Ken Amold and James Gosling, The Java
Programming Language, Sun Microsystems,



20024 TR HETIBEmXE £ 398 CHR B4 %

1996,

{12) Christoph M Hoffmann & Michael J.
O’Donnell, “Pattern Matching in Trees,” Journal
of the Association for Computing Machinery,
Vol. 29, No. 1, pp. 68~95, Jan., 1932.

PSP ]|
% b M(ESR)

1987. (3~1991. 02 : fUPoigtw #
FeEsls) (3D, 191 0
3~199. 02 @ Tz dEd
AFel T 293D, 1003.
03~ 1998 02 : FFoista ofsil
7AFel e EJ(Feuab. 1998,
03~2001. 08 : FFoqAchdty AHREAGY T
2001 09~ AAER AFEARFIE 2
ol ¢ ZRawndlelE, AU TAE, =ald
ZA5H ete

(233)



