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Point-to-point Communications

YUUKI YAMAMOTO,T LIN TAN,t NORIYUKI FUJIMOTO'*
and KENICHI HAGIHARAt

Consider task scheduling for distributed memory machines. Our purpose is to generate a
fast parallel program from a task schedule. In this paper, we first propose a task scheduling
model in order to formulate the effect of message packaging. Message packaging is a famous
and significant optimization technique for parallel programs executed on distributed memory
machines. Then, we give a task scheduling algorithm named SPPC. SPPC runs under the
proposed model. So, SPPC can decide well if message packaging should be applied. Some
experimental results show that SPPC generates parallel programs faster than those generated
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by existing algorithms.
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Fig.1 Message packaging for a parallel program.
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Fig.2 A task graph.
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Fig.4 A bulk-synchronous schedule.
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Fig.6 A task graph and clusters.
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Fig.7 A cluster graph.
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Fig.8 Affinity between C, and Cq4 : A(Cp, Cy).

lw(C;) D0000000OD0O0OO0O OOOOOOO
goboocotoboboOooOOOOoOoOoOOOOoOooon
gobooobooroooobooooobooooooobon
00000000000 W(C)=¢00000 CO
0000000 L; 0000CK(C;) 0 C;(Cy) 0D
D0D000DO0C(Cy) O Cu(C;) 000000 D
0000o0oo00000¢; 0 ¢,000000000
00000000C;(Cy) 0 Ck(C;) 000000 D
00000oo0o00o00ooooo0oo00 Ccooooo
0000000 Pred(C)ODOOOOOODOOOO
Suce(C) O 00O

7.2 00000000

ooooooooooooo c,0c, 000000,
oooo0ooo0o0oo0oo ¢, 000000000
000000000D000000000p(C,,C,) 0
gooooobooooooooooboooboooooo
000D000006(C,,C,) 0000000000
gooobdoboooooooooobooooooo
gbooobooooooooooooooboooaon
gobooooooboocoooooobooocooooooon
o00o0ooo0ooo c,oCc,00o0ooooog
A(C,,C,) 000000 80000

oooobooooooc,0c, 000000000
OOO0ooOoOO000OO0OOO0O00000000D00G,
0c,00000o0ooooooooooooooog
goobooooooooooooooboboobooo
O |Pred(Cp)| +|Pred(C,)| 00000000000
ooc,0 C,000000000000000000
gooooboooodoooooooboooobooobo
0000000 |[Pred(Cp)|+|Pred(Cq)|—|p(Cyp, Cy)]
gbooooooocooobooooboooboooooobo
Oo00oooooooooooooodc,o cp0o
ooooooooooobocooboooboooooo
obo00o0o0ooooooooooooooboooooon
00oo0o0oo0oooooooooooo 1(2)000
gboobobooooooooooooboooobo

Sep. 2002

gbooooood

uoboos3stoooooooooooboocoooboooo
o00ooooooboogoooc,0 c, 0000000
ooooooo ¢, 0 ¢, 00000000000
goooc,000000000000000 ¢,0
goooooooc,00o00oo0goooooo
gooobooboobooooooooboobooooooboobo
gbobooooooooboooooobooboooo
goooooooboooboooooboobooood
goooooooobboobobooooooboonoa
gbloboooboooobooboooobooooono
gboboooooodoooooboobooooboobobooo
gboooobooobooboooboooooooooan
gbobooooooooboooocooooboooboooo
gooooooooooooooooooobooboooon
gooooooooboooooooooobooooo
gooooooooobObOOo0ooooooboboobooo
gooooooooboobooooooobooon
oooooogooooo 6,0 c,000D0ood
goooooooooooooooooooboood
000000 Suce(Cp)USuce(Cy) 0O O0DOODOO
|Suce(Cp) USucce(Cy)| 00D OO0O0O0O0OD0OOO
00000000000 00000 POOOOOO
goboooooooooooooocoooooboon
o00ooooooono pODOO0OOCOCOOOOO
oooooooooooooooc,o0 ¢, 0000
oooooooooooooobooooooooo
00 c,0¢, 000ooooooooooooobooo
goboobooooooooboooooool1oo0o0oon
oood

8. ODODOO0O SPPC

8.1 SPPCOODO
SPPCO0O0DOO00O0OO0DO0DOO0O0O00OOO0
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000
SPPCOO0O0D00O0OOO
000000000 G=(V,E, )0
0000 D={L,0.,0,}0000000 PO
0000000 Pr={P,---,P,}
00000000000 SCH
(1) 81.1000000000000000000
0000000000000000
(2) 812000000000000000000



Vol. 43 No. SIG 7(TOM 6)

000000000000000000000
0ooooooooo
(3) 813000000000000000000
000000000000000000000
0000000000
(4) 814000000000000000000
000000000000000000
8.1.1 000D00O0DDOOO0OOOOO
0000000D0000000000000000
0000000000D0000000000000
000000000000 000000000000
000000000000000000000090
0000000000000
SPPCO0O0O0O0000O00O 00000000
000000000000000001000000
000000000000000000000000
000000000000000000000000
000000000 4 00000000 t,0 300
0000 00000 C, 00400000 C30
0000000000SPPCOO¢: O Co 0 C3 0
0000000+ 00000000C, 0 Cs000
00000000000O0SPPCODOOOOOOODO
004 000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000SPPCOOOO
000000000000000000000000
0000000D0D0000000000000
00D0000D00000000D000000000
000000000000000000000000
0000000SPPCOOOOOOOODOOODO
000000000000000000000000
G'=(V',E',A)00000 ¢;0 ¢; 0000000
T(C)UT(C;) 00000000000000000
0000000000 V000000000000
0000 ¢; 0 ¢;0 VOODO0OO0O0000000
000000000000000000000000
0000000000000 00000000000
0DO00SPPCOOODOOD G, 0 ¢; 00000
0000000000000000000000000
000000000000000000000000
00000000
000000000000 G, 0000C, 0000
0000 10000000000000000000
00000000 ¢ O0000000000000
0oo ¢,0¢,00000000000000000

goooo0ooooboooooooo 35

oooboooooooooooog
0o0ooooood G=(V,E,\)

o000 poooooooo Pr
0000000000 G =V, E,A)
/0000000000%/

I — maz{Tlv(t;)|t; € V}
oooooo caocl!
i+ 0
while i <! do begin
,/¥000000000 %/
ke 0;C — Uperr, {{v}}
repeat
k—k+1;C < C
/¥0000000000000o0oOoooa */
if i + k > | then goto L1
/*000000000000000O0OO0 */
0oooooo TL,4, 0OOO0O0D0O0000
0000000000 0000DO0OO (ec)0oOO
cO0000oooooooooooooooooon
untilC 0O O00O0O00O0O0OO
L1: ¢’0000000 vVoOooo
i—i+k—1
end /*while DOODOOOOOO */
V' 000000000000000 EF00000

09 0O000000OODOOODOOOO
Fig.9 An algorithm to generate a cluster graph.
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Fig.11 An algorithm to generate cluster groups.

vw O0OoOoooooooooooooooooooo
goboboobooboobooobobOn 000000
goooooooooooooob P,O00000O0
oooooooo Ccs(Py)boooooooooooo
oono
SppCOO00O0O0O0O0O0O0COOOO0O0O0O0OO0O0
gboooooooooboooboboooboooooon
goooooooooobo prOOODDODDO
gooooooooobooooooooboboobooo
gbooooooooooooobooooobooon
gobooboboooooooooooooooooon
gboooobooooood nwoooooooboo
oooooooOD pO00OCOOOOOOOO00O0
doooooooooocsS(p) 0000 v 0ooo
gbooboooooooOoooooooooooooo
ooooooopO0O00D00O0O0O0O0O0O0ODOOOO
0000000000 CS(P)O0D0ooooooon
goooooooboooboooboooOobooooo
goboooooooooooooooooobobobooo
gobooobooboooobobooooooooooa
goboooboooooboooooocooocobooon
gob120000

8.1.4 0OU0OUOO0O0OOOOOOOOOOCODO

gobooooooooboooooobooobooooo
oooooooooooobooooooooboooo
gboobobooooooobooobooooobooooo
goboooooooooboooooboooobboooDo
gboooooooboboooboboboobbboooo

gooboooooooooooooo
0000000000 G'0000000oooo ro
o000 poooooooo Pr
000000000000 {CS(Py)|Ps € Pr}
0000 @« maz{lv(Cy)|C; € V'}
foreach P, € Pr do
CS(P,) — ¢ /*0000000 */
for : = downto 0 do begin
/¥0000000000000oooooo */
L'—L;,/*0000000000000D00 */
Pr— Pr/*000000000000000O */
foreach P, € Pr do
/¥ P, 000000000D0D000DOO0D0DO */
CCr — ¢
while L' # ¢ do begin
foreach C), € L’ do begin
WT(Cp,P,) 000000 Py e P/ 00000
CCy — CCLU{Cp}
end /* foreach 000 O00O0DOO0O*/
foreach P, € Pr’ do begin
if |CCk| = 1 then begin
/4000000000 */
L' —L'—CCy ; Pr' — Pr' — {P,}
end /*if00000 */
else if |CCy| > 2 then begin
CC,DO000WT(va, P,) 000000
go0oOoooooD v 00000
CS(Pr) —{va} UCS(Py)
/4000000000 */
L — L/~ {ya} ; Pr' — Pr' — {P}
end /*elseif 0O0DOOO */
end /* foreach 000000000/
end /* while 000000000/
end /* 000 for 000000000 */

012 0O00O0O0OOOOOOOOOoOooOo
Fig.12 An algorithm to assign cluster groups to
processors.
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Fig.13 An algorithm to generate SPPC schedule.
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oooooo P 0 or L
2 132 42 362
3 128 41 358
4 124 40 354
5 120 39 350
6 116 38 346
7 112 37 342
8 108 36 338
9 104 35 334
10 100 34 330
11 96 33 326
12 92 32 322
13 88 31 318
14 84 30 314
15 80 29 310
16 76 28 306
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Table 2 Scheduling time of SPPC [min.].
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2 696 462
3 254 194
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9 311 208
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