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Abstract TRecently there have been a number of researches to provide code mobility to lazy
functional language (LFL) programs by translating LFL programs to Java programs. These
approaches are basically based on architectural similarities between abstract machines of LFLs and
Java. The abstract machines of LFLs and fava programming language, Spineless Tagless
G-Machine(STGM) and Java Virtual Machine(JVM) respectively, share important common features
such as built-in garbage collector and stack machine architecture. Thus, we can provide code mobility
to LFLs by translating LFLs to Java utilizing these common features.

In this paper, we propose a new translation scheme which fully utilizes architectural common
features between STGM and JVM. By redefining STGM as an eval-apply evaluation model, we have
defined a new translation scheme which utilizes Java Virtual Machine Stack for function evalnation
and totally eliminates stack simulation which causes array manipulation overhead in Java.

Benchmark programs translated to Java programs by our translation scheme run faster on JDK 1.3
than those translated by the previous schemes.

Key words : programming language, functional language, Java, Compiler, lazy evaluation, abstract

machine, eval-apply model, STGM, JVM
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A2ES A Aol BHI7] A% HEEE AAEkL
ojofl 7]¥tsle] L-code-to-Java ZHAeE A olgin)
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715 I 9 dH seffel 4 9 5 code()E
i xii=
public abstract class Clo {
public Clo self = this;
public abstract Clo code();

}

Z 22Ad dg gelae 1 249 AF A8E
W WERE T ZEA i A=g WrsE F
A5k gt} A(A-abstraction)ol WF 25 EIFL
e 2 A9 Al Eﬂsﬂ"i HFehe W@y Hpsr
Wwolsgl 1AL g HABE WY AFE FU18)
Ft}, ol it E@% olepe} 2o

public class C,; extends Clo {

public Object £,..., far@ryens, @ys
public int z
public Clo code() {...}

}

NS E2AQ A Wl #FEL ai, g
o Al gk Azl st WH Loty g3
zE AA7IA ol AAY AFE Jeds W

o),
A% W} Aol U W Wael B Object
BYos doldth qeln Beel we ANY Fad

Tl o3 HeE el ez H¥cast) Bt
o A3y A AJAH
Eval-apply E@oAx9] AiA)zt 2L 37 AF
(static variable) node, tag, arg® T3} ThS&
o] HAudelofre] A3 Azt AM2gE el Qlch
public class G {
public static Object node;
public static int tag;
public static Object arg;
public static void main(String[] args)
throws CloneNotSupportedException {
C; 7 = new Ci);

((Clo) ry).code();

}

Gnodes A4HE el a6 g 428, agn
Grage Y118 A7) 93] AMEEY Garge 2=
AL Aold) UzkE Agslr) A3 miAE AMSEY o
G G @ Hgol R F2A otk

A2 Ao vehle WP Y dby DA

Ego]l 2 ¢& A 24 A5 326

At goje] AA)
Hu] 283 g JMel daM ATHE
2 237 3¥Eh

o A

71E9 Z1AA BAe FoAR Fad MEE @GS
Holx £o8K °l$—°1§1\4. A JVME AAE o
E AA 94 Bol 2 AL FH{eA gonz Al
2 g s 5 ﬁ?ﬂﬂﬁ} o1& {3l Inddle &
P2 =Y

public class Ind extends Clo {

public Clo code() { return this.self, }

}

7§Ale] olFHA 4 Qe AMA(thunk)7l EFE o v}
th Ind 29 BAE A AAH self H=EE 2
RAE 7HE7IEE ok Fo AV AltEY o=
AAE W selff =7 a2 ALXE #E ZMEIIESE o

H F¥(scope rule)ol SelA siE
e o

2R 734E FEIL Ind FAY code()e
self WE7L AA7lE AAE MBRES Aot
o3 A&

STGMONE Fdla Fez sk Qa & B A
g8 AR 7t He AR RE HE2(partial
application) 2 A A3 gic}.
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ER NEE 2P FHEAE AHA &1 99 F2A
54 4=E A9 o] 7 2

A gk diuvkatd AR 5E 1-1%*‘% T T2 A9
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oM 5 HE Abt 2§ 31 218 st A
et vt F245 E%f‘s}i—% At

Y 4164 & FEAe) g F24 A4 At
9 cdone() MIATE ]3]}y ©o] W L-coded] Wit
Z< FHME APPLY f x C #H¥ol7l B8 Hi&2
& AFEA o IR . AT AVIMEe
ARGCK w#ojo|A & He4g QAgstn ek 1
olf+ AHMA clone() HIZE7} protected2 A=
o] glemz oW FY2E EAl(cloning)dhs AL &
g g2 A e i s FE M7 7hEst
7] W&ot} 1#l2=8 APPLY f x C W&ofd gt
Zp ZooA f F2Ae Uig Fu2rt Yoo F#
29 £ Qomz APPLY f x9 it 2=7) &3 &
AzdM e £ F2A0 U BAVE 8715 & & Aok
w2k f F2A4 g3 BAE 9] ARGCK H&Hojd
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Eval-apply 24X 48 ALE7] He 8747
57 Ao H8d we] 0] Toke 5JL 7
o} o]dl 5Fo2 98 eval-apply EdoA 9] Ao} &
£2 71EY HHE A Aol T ALE A3 AR
| =gl £ 84 #F E(activation record)E o8&
3He Al Aoz FEE 5 Uo(7]. A Ad7)A
E JVMdAN AZse dRrs 52 WAYST VM
Stack & o] &3l Ao TEE HEFT.

422 =L

714 Felste ARGYE eval-apply Tl 7|9+
3t L-code-to-Java #HIYelolt} o] &o|28(hois—
ting) WP¥H L-code TEIHL Yoz 3o 189
41004 AAZ HAAd FA ot 2wl IS E YRS
=3

o) ARY FrdAME FEAE st FH2E o
Pty o] FY2E FEAY AHF HFY uisf wF
a8 AR B0l AR Aol qE W4E W
W AFREa A U A=E vr=s sHAe
Fj2-ott.
Addele] PYPoz oot Lcode ZZIAL
o] 2¥(hoisting) HEo] B AHolmg 2z} let nild
o) = e let vRRIGS EF3A gEvh 1
7t 27 #Hol&o) sty Feix HdS B3
rd3 EgtolHwto g yhsslith
o|#7} let ¥IRIQ I=Cell W&] CE E4fsto]
£ 7 F [={w}, C} #L ¥z £
FEE gozH mglolWrt olES Fei2e W W
FE D=e ARE o)§8 5 U=E o 1 F
G2 WY code) FeollE Coll disted Ao FHol
s ARE At z=rF APk

o

i rlo job

o

o]

B0
4 &L

2

golel HIL=  ws(bound variable)ol  thshed
Object E}Yel AY HFE HAgict
5 4 ¥

B =FolAe CLH[4]9 =20l AR oAt 79
Haskell =219 fib 30, edigits 250, prime 500, soda,
queen 8% 7HA1 A¥EES Yol HE FHL 167Mlz
z=2 A4 A2 256Mbytesti 22 & 7FA2 SUN OS 27%
&9 AAE 3= SUN UlraSPARC #73elth

5.1 STGOIMS =5

STGME AH&#e 24 dojxle FH 7ked e
GHCAA F33ls STG e B A3 dirse

JIGETN (Ax.C)] = Object x=G.node; JIC]

JIGETNT (AxAt.C)] = Object x=Gnode; int t=G.tag; JIC]
JGETA (AW O} = JIC)
JPUTC x Xl wi ) €= .. alloci .. assign... JIC]
" where afloc; = Gy, xi=new () i e=n
= Ind x;=new ind{) dr=u
x..self =new C, ()
aemign; = x,.f=w] dr=n
= (C)x el fy=w] fr=n
JGETC y (ML%).O = Object m = ((COY)fi; i %

JIUPDC x (1. W.) C} = Co=new O ofi=w; ... 0L =w,
o ((Clo)x).sef = 0: J[C]
JICASE t ¢; —+{li %o %), defanlt =il xo %))
= switch(t) {
..cae ¢; : { JECo}} ... defsuit : { JEC, ]}
)
JIARGCK xn €, €)= ifiG.arg != =all) {
Gy
try |
y= thm.clane();
}
catch {CloseNotSupportedException e) {
System. exiz(D);

}

switch(f.z} {
case 0 : y.ay =G.arg; y.2=1; break:
case 1:y.8,=G.ag: y.z=2; break;

c;n B-1:y.a, =G.arg; yz=n; break;
}
G.arg = nul:
i{a> y.z) { G.node=y; return;
} else | y.code(); return; }
dse

ifla> 2) { JIC:] } else { J[C:1 }

JEVAL x C] = G.node=x; x.code(); JIC]
JEAPPLY f x C] = Garng=x; G.node={; f.code(); J[C]
JIRET x t] = G.node=x: G.tag=t; return;
J[STOP y) = return;

29 41 L-codeod t& st 74

o8& 4 Qrhe Holth oAHoRE B =79 A
d3E GHCY FtHbackend) Fudez A4 &
Aoy oriME STG A48 2L 7|5 (operational
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push-enter 21t w2 [Bi357¢=2

2+ e W 8 A7 UNIXY time 3%
5 o]gslol ZAHIA

53 E9

£ 517 52004 vehtRo] JVMel 7 vl wet
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F 5.1 JDK 130149 3 A3t

z2a9 Eval -apply Push-enter
edigits 5.96s 6.86s
prime 5.66s 5.77s
queen 4.79s 59s
soda 3.11s 3.49s
fib 2.28s 6.47s

# 52 JDK 1.229149 8 A3t

z21H Eval-apply Push*entcx‘;ﬂ
cdigits 4.21s 3.85s
prime 4.45s 3.63s
qucen 401s 3.74s
soda 3.66s 3.26s
fib 2.51s 4.83s

6. A8 ¥ ¥ AT
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