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A Design Support System for Asynchronous
Parallel Processor Arrays

Kenichi Sato t* and HiroTomo Aso

Parallel processing architectures are known to realize speedup for many complicated or
massive information processings. In this paper, an architecture realizing asynchronous
behavior of parallel processing is proposed as one with uniform structure as systolic arrays,
which is called asynchronous processing array. For the asynchronous processing array
architecture, a specification language a-MSDL is proposed. A systematic design method for
asynchronous processing arrays is developed and it is realized in a design support system.
Those are described in this paper. An asynchronous processing array is of a data-driven
architecture and global clocks are not necessary. The specification language provides a
separated description of element processors and their interconnections. This language gives
a strict description so that it becomes easy to implement a hardware and its simulators can be
produced automatically. The systematic design method is based on equivalent transforma-
tions between programs. It works for nested loop program specifications of problems to be
solved and produces a primitive array (a kind of asynchronous processing array), and by
projection method, possible arrays are produced. The proposed design support system consists
of a program transformer PriTran, a simulator generator SimGen, and an interactive generic-
simulator executer SimRun. These makes us easy to design effective asynchronous processing
arrays.
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module rc {
inport win,xin,yin;

JIAH N OES

outport wout,xout,yout; //tHAFR—rDEF

for(){
win.recv(); // win 26 A7
wout.send(win);  // wout ~win &7
xin.recv(); // xin H>HAT
xout.send(xin);  // xout ~xin % H 7
yin.recv(); // yin B>HAF1
yout.send(yin-+winsxin);

// yout ~FHEHERE S
}
} // Positions of ports are not specified.
wout  win
o I Ay
xout ~— [ xn yout = yin+twinxxin

1 Erosgmk
Fig.1 Description of cell.

const N=3;
module cor {
module rc[NJ; JMERTHELVDEE
external inport Win[N},Xin[N],Yin; //SHBANH—F DEE
external outport Yout; [/VBEAR - DEE
for(j=0<N){
Win[j]==rc[j].win; [/ iEBO Win i j #H D rc ® win & %ff
refjl.win <— refjl.wout;  // j BB O rc @ win iEE U e O wout IZH#H5E
Xin[j}==rclj}.xin;
if( j!=N-1) rcfj].xin <~ rc[j+1].xout;
if( j==0 ) Yin==rc[j].yin;
else  rcfjl.yin <- rcfj-1].yout;
if( j==N-1) Yout==rc[j].yout;

}
}
W71[O] Winl[1] Wm[2]
Yin Yout
| xe[0] cf1] rcf2] Xin[2)
Xi\n[O] Xi\n[l]

2 7 Vv —HEDFE
Fig.2 Description of array structure.
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if i==0 then win[i, j]=W[i] ;

else winli, jl=wout[ G, j)— (1, 0)] ;

if i==0]j==N-1

then xinli, j]=X[i+j] ;

else xin[i, j]=xout[(, j) — (1,—-1)] ;
then yin[i, j]1=YI[i] ;
else yin[i, j]
=yout[(i, jy—(0, D] ;
wout(i, j]=winl[i, j] ;

if j==

xoutli, j]=xin[i, j] :

youtli, j]=yin[i, j]+win[i, j] * xin[i, j] ;
if j==N-1 then Y[i]l=youtli, j] ;
EMiE B CHErDONE, D70 S A0HIE
EQDUXAEEERVEILILOEY 2 — Ve BE
5, CORREPRICTRTODOTHB, £72, ZOH
BODHEXLETLV—FEYa—lcor BHID L ST
EDD, WTNDZDEDHBPLOERIC L D EHER
NTWEZEREEINL S,

ZDEBRTNT Y AL —REETBTRY. £7,
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module cor {

module rc[M][N};

external inport Win|[N],Xin[M+N],Yin[M];

external outport Yout{M];

for(i=0<M)
for(j=0<N){

if( i==0 ) Winljj==rc[i][j].win;
else rcfi][jl.win <~ rcfi-1][j]. wout;
if( i==0 || j==N-1) Xin[i+j]==rcfi][j].xin;
else rcfi][j].xin <~ rcfi-1][j+1].xout;
if( j==0 } Yin[i}==rc(i][j].yin;
else rcfi][j].yin <— rcfi}fj-1].yout;
if( j==N-1) Yout[i}==rcli][j].yout;

M3 V274771 —
Fig.3 Primitive array.
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