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ABSTRACT Dataflow computers exhibit a high degree of parallelism which can not be obtained easily with the con-
ventional von-Neumann architecture. Since many instructions are ready for execution simultaneously, concurrency can
be easily achieved by the multiple processors modified the dataflow machine. This paper describes a FFT Butterfly
algorithm for dataflow computation and evaluates the performance by the speed up factor of that algorithm through

the simulation approach by the time-accelation method.
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MIT dataflow computer architecture.
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Re(Wil=cosa, I,(Wi)= " cosa o ¥leb 4(4)s: # A5 Butterfly 44 ¢ da-
o o taflow =2 128 “ref= 2 el 18 3 9} 7
vk
A"= A+ Ccosa + Dsin « L 3ell glir 229 Lef e ADD(addi-
B =B-Csin@  Dcosa 4 tion), SUB{subtraction), MUL( multipli¢ation), SIN
C'=A Ccosa« —-Dsina {sine), COS{cosine), DUP(duplication) ¢| ~]&
D’ = B— Dcosa + Csin a ( function) & & 5}4= actor®} token, wh% wlaF

E1 wede] cell
Initial instruction cell,

inst. operand 1 operand 2 destination 1 destination 2
cell | OP code

perm | valid value | perm valid value |addr. port addr. | port
1 DUP 0 1 « 0 1 0 2 1 3 1
2 SIN 0 0 0 0 1 0 5 1 0 0
3 COS 0 0 0 0 1 ] 6 1 0 0
4 DUP 0 1 C 0 1 0 3 1 9 2
5 DUP 0 0 () 0 1 0 8 2 10 1
6 DUP 0 0 0 0) 1 4] 9 2 11 1
7 DUP 0 1 D 0 1 ) 10 2 11 2
8 MUL 0 0 0 0 0 0 13 2 0 0
9 MUL 0 0 0 0 0 0 12 1 0 0
10 MUL 0 0 0 0 0 0 12 2 0 0
11 MUL 0 0 0 0 0 0 13 1 0 0
12 ADD 0 0 0 0 0 0 16 1 0 0
13 SUB () 0 0 0 0 0 17 1 0 0
14 DUP 0 1 A 0 1 0 18 1 20 1
15 DUP 0 1 B 0 1 0 19 1 21 1
16 DUP | 0 0 0 0 1 0 18 2 20 2
17 DUP } 0 0 0 0 1 0 19 2 21 2
13 ADD 0 0 0 0 0 0 A’ 1 0 0
19 { ADD | 0 0o 0 0 0 0 B’ 1 0 0
20) SUB 0 0 0 0 0 0 Cc’ 1 0 0
21 SUB 0 0 0 0 0 0 D’ 1 0 0
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PROGRAM FFTdataflowSimulations

BEGTN

read << number of instruction cells & processors,instruction cells =
FOR processors := | TO number of processors
DO REGIM

prog

1= gaved { save the initial state of instruction cells 3

running := true: { 1f rumming isetrue, Frogram is esecuting 3
initialize variables got(firdble instr.)  fetchinstr. fetch state),
procesaor.ptime & paddr & pstatet(end executiontime %
eueculing instr.cell % processor executing state) >>
WHILE running
DO REGIN

FOR i == 1 Lo number of instrucltion cells

REBIN { satisfy the firing rule )
<4 check the firable astate of instruction cellli]d >>
IF << dnstruction cellti) is firable >3
THEN instruction cellilild.go = truyes
END?

FOR § == { TO number of tnstTuction cells

‘PEGIN { arbitration routing netwoork 3
<« checl idle state of procesors(exist erxecutable processor) >
IF idle { any one processor is fdle 3
THEM REGIN { fetch the firable instr. cells % mate op packets 2
WHILE lorun
N0 BEGIN
FOR J 1= 1t o number of instruaction cells
with instruction cellfj)
DO PEGIN
IF go AND nnt fetch { firable instruction 3}
THEN BEGIM
Jorun = trueg
I 3= L%
VHILE lorun DO WITH processor{l])
DO BEGIN
IF putate { k-th processor 18 busy )
THEN << jump nest processor >
ELSE PEGIN ( firable instruction feteh )
presenttime = presenttime + atime(
arbitration suw. time):
ptime = presenttime + puecutiontimes
pachilr 1= J3 ( Flrable inst. adde, )
psbtate 1= trues
fetch 1= truei{ fngtr. cellljl fetched )
Torun := falses { jump next insbr. cell—3}
END: ( ELBE » EMD: { WHILE Y ENDs { IF go )
END: ¢ FOR ) END: { WHILE ¥ EHND: { 1F idie 1}
END:
<¢ select the least ptime & paddr of proceseor 0
<< wueculion of least felchtime processor % make data packets >
presentltime := least ptime:
<< reselt instr. celllesecutel.fetch % processorlexecutel.pstate >
preanttime 1= preanttime + dtime(diotribution aw. time)s
BEGIM { distribution routing network 3
FOR j = | to hiarc { max. number of output arec 3}
< untore result value % art valid flag in destination >>
FOR § = | to maxin { max. number of input arec 3
DO BEBIN { consume inpub tokens of executed actor )
IF dnstruction cellliexecutionl.operandlil. peram = O
THEN instruction cellleeecuotionl.operandCil. full = O
EMND;
¢ IF all instruction cells executed, THEN running := Falae >
<< selct max ptime (program eseculion time) %
write the execution Lime, and result velue >

END; ( WHILE running )} ENMND: ( FOR processors 1= 7 )}

END.

OB 4 Aol HaeE,
Simulation algorithm.
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