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| H Integrated development
Javafront end [ : )
+ Javasource codes ronmen......
: Distributed object}
Control flow graph monitor
A
Data flow analysis, including reference analysis, defing
land use set computing etc. and parallelism analysis
* M onitor protocol
Control dependence graph and
data dependence graph Compiler
Parallelizing transformation and loop parallelizing
Object dataflow graph E
Java target codes Y
[ Javabackend | o §Object scheduler

Java 1 , ) ) ,
) , , Java , Java
\ , Java s s , )

Fig.1 The architecture of JAPS-1I

1 JAPSI
. , (partial transfer
function, PTF)M , S
Java source codes
Lexical and syntax analysis , (data dependence graph,
+ DDG) (control dependence graph, CDGQG).
Abstract syntax tree  —— DDG CDG
(object

Declaration analysis and I ntraprocedure dataflow graph, ODG).

control flow analysis CEG

Intraprocedure control flow graph and
class hierarchy graph )

Interprocedure class analysis and<_ )
program call graph construction

JAPSHI

Program control flow graph 2
2]

Java ' ) )
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Fig.2 The architecture of JAPS-II's front end ) ,
2 JAPSII
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RMI(remote method invocation) ,

(serialize)
, JavaRMI . ,
JAPS-I , JAPS-I
2
JAPS-1I
21
31
. Jjpointsto’ [ PTF . C ,
) oy
p.a.Fr : (p.0)(1),(0,0)(i.j.K)
(rid)(ij,....K) plil.q[il-f[j1-f[K] r f[i1.f[j]. ... .f[K].f
) 1
Tablel Examplesof object reference representation
1
Expression Internal representation Description
Obj Obj Simple reference variable
obj.ref obj.ref Single object field
obj[i] (obj,0)(i) One dimension reference vector
obi.A[i] (obi, 1)) id is used to distinguish different fields of different
l- ! objects. In thisexample, idis 1
obj[i].f[j].ref (obj,0)(1.,j) Multiple dimension vector representation
for g;ﬁl]lzlo'ﬁ) (obj,0)([1,10]) Region representation of vectors
id
il ; .
(points-to) (reference-of)
0 '
1 f R O , f f S
) f S .
1. 8 f(p)=2 p - f(p)={object} p
object.f(p)={ object,,object,} p object;  object,.
a(p) fp :
2. f.g , fvog(p)={Su S f p=Sig P =%,
f(p) g p
S g p=S
3. fg , f Ag(p)—{
f(p) g p
A
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1.3
LET Y fiafon...Af,.
fr.fo fn, fiviov.vin.
f, g, gv'f. v v
1 1
4. , , ,
, [
. ) PTF ,
PTF
5. f )
) f
6 PTF v
fovio(rof)=fi(rof)vfy(rof).
rof
, PTF )
, . PTF , .
2. , PTF f. b0, PTF
fiviov.. vl
‘ 9 : 5 PTF
; f1(9),f2(9),..fn(9)- 1,
f1(g)via(Q)v...vi(Q). 6, fiviov...vin(9). O
2 ) PTF PTF
) PTF )
R.PWilson M.Emami (23]
2.2
f0 90 Obyj ‘ f) : ;
f0 90 ' .
f0 90 » f0 90
S1:r11= O fia(Pran Prazse s Pram)s - Sir21= 02.121(P211,0212,-.,P210).

0,,0,,...,0;,... .fil,fiz,...,fik,... O Pik1sPik2s -+ Pikny--- O
fi Tivfi2e ik fizfizee ik .class(O) O () Tef(O))
O .D(S S (define set).U(S) S

(use set).mor(O.f) O.f
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lilizeolik PiktPikes---:Pikn

S S L .

(B(S)NU(S)=)A(D(SHNU(S)=D)A(D(S)ND(S,)=9).

1.
G.
push(stack, main);
createnv(main); [* createnv(proc) proc k /i
while not empty(stack) * *[}

currentproc=top(stack);
if (Thereisno call node in currentproc)
if (Thereis acurrentproc in stack under stack top) /* */
apply the PTF of currentproc in stack under stack top;
elseif (ThereisaPTF avaliable)
match parameter parttern and use PTF mapping summary information;
else 1* proc PTF*/
regist parameter pattern;
compute define and use set of currentproc;
regist PTF mapping;
endif;
pop(stack);
createnv(top(stack));
else
for (call node Ny,Ny,...,Ng in currentproc)
push(mor (Ni)); push(mor (Ni-1));...;push(mor (Ny));
createnv(Ny);
endfor
endif;
endwhile;
, CFG

CFG (reverse postorder)

, class(O))  rof(O).
,Fof(O))rof(0)) =i . ,

2.

:O1V11V12... Vi OLVo1Vos...Vok.

if (ref(Oy)ref(O,)=J
return false;
else

[class(Oy)[>1
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for i=1,k
if (viizva)
return false
endfor
if (O1v11Vi2...Vik and OaVa1Vao... Vo a@re references)
and (ref(Oqviaviz...vi) N ref(OaVarVaz...Va) =)
return false
endif
return possible.
2.3
, ODG , )
231
) NP :
ODG , ODG
ODG G<V,EBE> WS, ecE CommCost(e),veV
CompCost(v), (2
> CommCost (V)
D" CommCost(e) x Y| (CompCost(v) — *—————)%. 2)
ecE veV |VVS |
) ODG
3.
(1) , ,
(2 . , ODG .,
wse WS ] ws objs
\%
(3) . c [Cl<Iws, c WS,
wse WS objeC, obj
wse WS, 2 , C=0 wse WS
4) obj wse WS, 2
V=g wse WS
2.3.2
: ; O, O.f()
O; 02.90). , 0290 ©O2
, ) Matrix
2:

for (int i=0;i<matl.rows();i++)
for (int j=0;j<mat2.columns();j++){
int tmp=0;
for (int k=0;k<columns;k++)
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tmp=tmp+matl1.getxy(i,k)* mat2.getxy(k,j);
matrix[i][j]=tmp;

1
getxy(x,y) , matl  mat2  getxy(xy) , getxy
(xy) Xy , ,
2.33
2.4
, Java
Java RMI , Java
,  JAPSI
ODG RMI ,
3
JAPS-I , JAPS-1I , ,
JAPSHI JAPSA
SUN SPARC Ultra-30,IBM RS/6000,100M ATM .
00Pack® 00 Style . Java Benchmark .O0Pack Kernel
Max,Matrix,Iterate,Complex 4 , , ,
C,Fortran Linpack Java
OOPack Kernel , , 3
) RMI
, 4
5.0
45 -
80
40 e — /
s
DCC 60
o B
[ ] o300x300 z //
[1400x400 540 -
E 30
g2
g
- E 10
0
2 4 8 50 100 150 200 300
Number of workstations Matrix size in OOPack kernel
, . RMI , OOPack Kernel
Fig.3 Test results of OOPack kernel Fig.4 Effective computing cost of target codes
3 OOPack Kernel 4
JAPS , . , Java Linpack JAPS-I
JAPS , JAPS . Javal inpack ,

Linpack
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4
JAPS-11
4.1
Mentat'®” HPC++® pC++%  CcCH++1 C++ ,
,Mentat Mentat HPC++ Collection
4.2
Stanford  SUIF™ UIUC  Polaris™? PTRANI prcl* pTOOL %%, PED!E
,  JAPS-I : )
Indiana Javarl*’ Java , Java
JAPS-I
4.3 JAPS
——Java JAPS(Java automatic parallelizing
system)!, MPMD(multiple programs multiple data flow) Java
JAPS JAPS
S , )
8 , ,
. ,
. (2
. 14 ’
. ,
5
JAPS-I Java , ,
Java Java 1.0 ,
Java . ,
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Abstract: JAPS-11 (Java automatic parallelizing system version 2) is a Java parallelizing compiler that exploits
and implements intra and interobject parallelism of serial Java programs. Its target architecture is NOW based on
distributed memory computer system. In this paper, the infrastructure of JAPS-II and the key techniques to
implement JAPS-1I which include dataflow analysis for analyzing object parallelism, optimization for improving
object paralelism and reducing executing cost, and techniques of class restructure and code generation are
introduced. Related experiment results are also included.
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