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Producer-consumer Pipelining for Fine-grain Non-strict Structured-data

goboooooooboooOooooooboobobOOoOooOoooboobooooo Nov. 2000

O0oboooboobdoodd non-strict 00000
gubdobbooobobubooogboon

OO0 ooof oOoao offt o o o offf

obdoooooo0ooooUoOooOobooboOooDobOOOODObOOOObOO0ODODO0 non-strict O
oooo0oO0o0oooOo0oooOoO0O0C0oO0O00OO0O0OO0O0OoO0oOoobO0O0b0O00000O0o0o00
gooooooooooooOOoOooboOooO0oOoOoOoOo0oOoOoOoOoooOoOoOobOOoOObOOooOoOn
gooooooooooooooooooooOoboboOoCbocOoObOOOOoOObOOOOOOoboOoooo
gooodoooOoOoooobOoOoobo0oOoOooboOoOoOoOOoOO0O0O000O0OOOCOcObbOO0OOOO0BO
goobooooooooooooOoOoOoboOoOobOOoOoOoOo0o0oOo00oooooOooooooooon
goooooooooooooOoboOooooOobOOCbOOO0OOO0OOOoOoOooDOOoOoOoooooDoo
o0ooboo0ooooO0ooooOoooOoO0o00o0ooO0o0o0oO00boO000000b000000000
goooooooooooboooooooooOoOoboOOOOO00OoOoOoOooooooboooboOoon
0000000 non-strict 000000000 O0O0O0OCOCODODOOOOOOOCOOOOODBOO
gooo0ooO0o0oO00oO0oboO0O0b0coOoOoO0o0O0OoOoOO0O0O0oOoO00o00on

in a Dataflow Language on Distributed Memory Systems

KENTARO INENAGA," SHIGERU KUSAKABEt
and MAKOTO AMAMIYATt

Fine-grain non-strict data structures such as I-structure provide high level abstraction to
easily write programs with potentially high parallelism due to the eager evaluation (lenient
evaluation) of non-strict functions and non-strict structured-data such as an array. Non-strict
data structures require frequent dynamic scheduling at a fine-grain level, which offsets the gain
of latency hiding. In addition to the dynamic scheduling at a fine-grain level, asynchronous
accesses to structured-data using non-strict data structures also cause heavy overhead on
distributed memory systems. In order to reduce overhead of fine-grain non-strict structured-
data, we propose a compilation technique to analyze dependencies among the structured-data
and to schedule producers and consumers of the structured-data. The performance evalua-
tion results indicate that the technique is effective to improve the performance of fine-grain
non-strict programs with structured-data on distributed memory systems.
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program inner_product;
function main() return (integer)
= { let
A:array of integer = mkarray i in [1..n] body i,
B:array of integer = mkarray j in [1..n] body n-j
in
foreach k in [1..n] sum A[kI*B[k] };
03 vioOoooooooooooooo

Fig.3 An inner product program written in the V
language.
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Table 1 Elapsed time of inner product program (sec.).
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(1) ‘/scope =V Vsearch ‘= Vinit ; Lsearch := {(z> 0)‘$ S Vsearch} 3 Lyesult = 0 3
(2) repeat until Vicope = 0
(a) Vereation—in—search = {UY | vy € Vvsearch} )
(b) if Vereation—in—search 7 0 then
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if (vy, L) € Lsearcn N vx € L then

Lyesutt = Lyresutt U {X - Y} 3
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(e) forall m € Vieqrch
forall n € Vo cn’
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if m € Vereation—in—search then
Locarcn’ = Lscarent Y {(n; Lm U{m})} ;
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Fig.4 Algorithm to search dependencies among non-strict structured-data.
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Fig.5 Behavior of producer-consumer pipelining.
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function foo_1(n:integer) return (array of integer)
= {let
A:array of integer
= mkarray i with ([1..n]) body if i=1 then i
else B[i-1],
B:array of integer
= mkarray j with ([1..n]) body A[j]
in B };
function foo_2(n:integer; X:array of integer)
return (array of integer)
= {let
Y:array of integer
= mkarray k with ([1..n]) body X[n-k+1]
in Y };
function foo_3(n:integer) return (array of integer)
= foo_2(n,foo_1(n));
06 vVOODOODOODoOOooooooo
Fig.6 A sample program written in the V language.
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07 0600000000 DGOOOO
Fig. 7 A part of DG of the sample program in Fig. 6.
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Fig.8 Access order to non-strict sturctured-data in Fig. 6.
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mkarray B

read A [j] rj

write B [j] rj

09 070 DGOOO0O0ODOO DGOOOO
Fig.9 A part of DG transformed from the DG in Fig. 7.
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02 APl00000000000O0DOOOO/00/000000000000D0O0
Table 2 Elapsed time of Non-applied/Applied/Hand-Coded Codes on AP1000 (sec.).

oooooo 0oo 000000000 0000000
ooooo 10241024 512512 64,000
Oa0000 184 32.3 19.4
0bOOO O 33.0 6.92 1.82
0c00O0O 1.84 2.63 0.130
0a b0 5.58 4.67 10.7
Obm cO 17.9 2.64 14.1

03 0000OoO0ooooooooooad
Table 3 Elapsed time of matrix multiplication program (sec.).

ooooo 512 x 512 1024 x 1024 2048 x 2048 4096 x 4096
Oa0000 51.2 305 2106 16230
ObOOO O 5.10 38.7 240 1558
OcoDOO 1.04 5.44 28.4 183
O aly bO 10.0 7.88 8.78 10.4
0bm cO 4.90 7.11 8.44 8.49

04 0O000O0OO0OOOOOOOOOOODODOO
Table 4 Elapsed time of quicksort program (sec.).

ooooo 8192 16384 32768 65536
Dad000 22.8 40.0 74.5 99.7
ObOOO O 1.19 2.45 4.21 6.02
OcoDODO 0.467 1.03 1.684 2.47

O aly bO 19.2 16.3 17.7 16.6

O b cO 2.55 2.39 2.50 2.44

05 0O0000000O00OOOODOODOO0OOO

Table 5 Elapsed time of wavefront-based program (sec.).

ooooo 512 x 512 1024 x 1024 2048 x 2048 4096 x 4096
Oab0000 6.28 24.6 103 385
ObOOO O 1.39 5.65 23.0 91.7
OcOO0On0 1.02 4.00 15.9 61.4
O aly bO 4.52 4.35 4.49 4.20
O0bm cO 1.36 1.41 1.45 1.49
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program Matrix_Multiplication;
function matmul(n,integer; a,b:array of real)
return (array of real)
= mkarray (i,j) in ([1..n],[1..n]) body
foreach k in [1..n] sum a[i,k]*bl[k,j];
function main(n:integer) return (array of real)
= {let
a:array of real
= mkarray (i,j) in ([1..n],[1..n]) body 1.0%(i+j),
b:array of real
= mkarray (i,j) in ([1..n],[1..n]) body 1.0%(i-j)
in matmul(n,a,b) };

010 vOOOooOoooooooooooo
Fig.10 A matrix multiplication program written in the V
language.

program wave;
function wave(A:array of integer; n:integer)
return (array of integer)
={ let
! = foreach (i,j) in ([1..n],[1..n])
body if (i = 1) or (j = 1) then
update (A, [i,j],rand())

else
! = update(A,
1,31,
Ali-1,j-11+A[i-1,j]1+A[i,j-11)
in A};
function main(m:integer) return (integer)
={ let

B:array of integer
= mkarray (i,j) in ([1..n],[1..n]) body rand(),
Result:array of integer
= for (C:array of integer; k:integer) init (B,1)
if k = m then C
else recur(wave(C,m),k+1)
in Result[n,n]};

011 viOOOOOoOoooooobooooooooooo
Fig.11 A wavefront program written in the V language.
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program Quicksort;
type AR = array of real;
function gsort(AO,A1:AR; left,right:integer) return (AR,AR)
= if left = right then (A0,A1)
else
{ let
pivot:real = AO[left],
next_right:integer = for (10,11:integer) init (left,left)
if 10 = right then 11
else if AO[10] < pivot then
{let
! = update(A1,[11],A0[10])
in recur(10+1,11+1)}
else recur(10+1,11),
next_left:integer = for (r0,rl:integer) init (right,right)
if r0 = left then ril
else if A0[r0] >= pivot then
{let
! = update(A1, [r1],A0[r0])
in recur(r0-1,r1-1)}
else recur(r0-1,r1),
in {let
! = gsort(A1,A0,left,next_right),
! = gsort(A1,A0,next_left,right)
in (A1,A0)}
};
function main(s:integer) return (AR)
={ let
A:AR = mkarray i in [1..s] body rand(),
B:AR = mkarray i in [1..s] body 0.0,
(X,Y:AR) = gsort(A,B,1,s)
in X };
012 viooOoOooooooooooooooooo
Fig.12 A quicksort program written in the V language.
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