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A Parallel Loop Scheduling Algorithm on Multiprocessor
System Environments

Young-kyu Lee' and Doo-Soon Park'"

ABSTRACT

The purpose of a parallel schedulling under a multiprocessor environment is to carry out the scheduling
with the minimum synchronization overhead, and to perform load balance for a parallel application program.
The processors calculate the chunk of iteration and are allocated to carry out the parallel iteration. At
this time, it frequently accesses mutually exclusive global memory so that there are a lot of scheduling
overhead and bottleneck imposed. And also, when the distribution of the parallel iteration in the allocated
chunk to the processor is different, the different execution time of each chunk causes the load imbalance
and badly affects the capability of the all scheduling. In the paper, we investigate the problems on the
conventional algorithms in order to achieve the minimum scheduling overhead and load balance. we then
present a new parallel loop scheduling algorithm, considering the locality of the data and processor affinity.
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(1) 19 % F=(One-Way Nested Loop)

2 3 gl 3hte] Fxvto] FHE Fx 7
Z224, 24¥ 1 (¥ 349 DOALL] $3 8 14
Z3 =& vEhd Aotk 2l ()M FHE
DOALLS =52 FAE + ler, 141 (b)
e §AE FTE Jehd Aol FAE FLoA
ME GE FHE ddd 288 = F(code
segment)E 9] 43 £M4E FA 37 Y= 18
1(b)9] S;& FAIE F2o] 2 e} e =fojol
3, A dH e Si9 AAA EF oM 2AES
A sfor gt

DOALL 1 J=1N
S
DOALL 2 K=1N
Sz
2 ENDOALL
1 ENDOALL
(a)

t=0
DOALL 1 I=1N?
IF ([I/N] NE. t) THEN
Si
t={I/N]
ENDIF
S
1 ENDOALL
(b)

a8 118 S Rz oAl

(2) 99 =3 Fx(Multi-Way Nested Loop)
2 THE Yo E o4 FEI FHE F
=z 3z2A a9 2@ FY F251 2L FH
g EA 8= 29 54 F3Z(2-way nested loop)
E Ul Feolth 2 2(a)oll M FHA F e F2
AeAAEL FAE 5 glon, 28 2 (b FAE F
ZE Jebd Aol A E BN FHE F &4

o] A3 ¢AE upF ol 3, WA, A(Jx)E B
(J)8 ojd 247} &5 7] Aol Abs ojol @t

DOALL 1 J=1N
DOALL 2 K=1,N
A(JK)= . ..
2 ENDOALL
DOALL 3 L=1,N
B(J,L)=. ..
3 ENDOALL
1 ENDOALL
(a)

DOALL 1 I=1,N*
A(TINT, I-NLA-D/N]) = . ..
B([I/N1, I-NLI-D/N]D) = . ..
1 ENDOALL
(b)

O3 2. 28 BY 7z 4|

(3) ¥ == (Hybrid Loop)

DOALL, DOACR 1281 DOSERIAL £XEo]
E¢d F= 7224, 19 3 (a DOSERIALH
DOALL #27} $HE £§ §2X& vehd Aot}
old B, FX A= E FZ9 DOALLEI] A
€503 £ glen, 31 3 (be ol F8de &
Ag FI& YEd ol

DOALL 1 J=1, N
DOSERIAL 2 K=1, N
DOALL 3 L=1, N
A(JKL) = ...
3 ENDOALL
2 ENDSERIAL
1 ENDOALL
(a)

DOSERIAL 1 K=1, N
DOALL 2 I=1, N?
A(TUN?, K, I-NLA-1/N]) = . . .
2 ENDOALL
1 ENDOSERIAL
(b)

a7 3. i Rz A
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(1) Self-Scheduling(SS)
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FAAD, TR AX7} idledtd, ¢ Y FEHH
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(2) Chunk Self-Scheduling(CSS)
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(3) Guided Self-Scheduling(GSS)

GSS[2l& A4 wixgd e AWd HES idle
2 AMA g3 0, 3o & chunkd &7
gozn ~2AFY eI =E T2, AFA
7t F< chunkd] #7115 A& FaAPoEHN F8t
5 S 2AsE T 3T GSSAA 7 Z2AME
o] A3e wEE N chunks 27 hSH 2
o] AR Frh &, Ay vy AN EHH WHEE
I.=1234,. Nl dis]

Ry=N,R;y1=R;—x,

R;
xi=[F1 (1)
N:ZFu2 £ P AN ¢ R AYEA &L
HhE 5o dEE NHE 5

oz Ay viEe2RE HEHO R chunks
A gato) s, T2ANE) 43 WEr
QN MR HEL 2 We F713 ens=
7 gy £8 2719 UF & 98 chunks}
ze AN g7 o) wase g

Azl MY H o2 FASAL, A FR WBE
LR R R S ECIEEE
As Ao BUA FeT

(4) Factoring
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(5) Affinity Scheduling
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3.1. 0|8 4H
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chunk& A& 0 2 T2 MM dA &Fsle vlra]e]
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3.2. M2

2 =EdAe Ny M2 Sy w8 (1,234
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3HA 7] 9% &OIK}. oluj, Ao] 7= EZ A9
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A28 A8 18 #HrA AR, Ao Je T2
A X2l 7t 5 7] W ol 471 foh w2t A WA
WHE- 0 2 R E Ao 7] gt o WHE-E S st
aFow Eoy I 49 pol 4o 1gow B
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{1,2,34,..., N-3, N-2, N-1, Nlo| o3}

2AEY LB|E

{o
_%mbxlﬂ
N2 oo P
2 &g

).

G, =[1,14+ CK,1+2CK,...,N—3]
=>X[11,X(5], X191, X113]...
Gy=12,2+ CK,2+2CK,...,N-2]
=> X[2], X161, X110], X[ 14]. ..
G3=13,3+CK,3+2CK,...,N—2]
=> X131, X171, x[11], X115]...
Gy=[4,4+ CK,4+2CK,..., N

=> X[4], X(81,X112], X[ 16]...
CK: Aol 7)(Control Key), X: 84(Element)

8 4. Hofzloll 23t HE 2l
geb, G 1§ N 248 Xe} o, 1
&4 92E gew 2o,
X[(G-D*CK+ G (3)

BEHE Zt 2852 N M2 EPHE BE S0
S 2R %HH—@ DY) &l 2 2F0
WEE) AYAhe] BE EX AE H2E B3
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B ESo] 714 @ol ol ' TR A NE vm
Yo RS i oA B AP FUITL o
o), B E SEEL 9 FYP3aL AY T2 A A
idle Z2AA P; &, 2709 A 3 435
22 A 71 271 9o gaA, iEEE 5 A9
Jgoz B, 2ilE 258 4 T2 A M 9o
3 ERHoz 2AEH] HIE P JF E
B, TEAAM P, o idledt L, Py 9 A WmE 7} v}t
3 BSNEES /MR L I e, T2 AN
Ps9 AY vmge dolflE WHE-Eo g £
FA3L a9 59 2t F, Pyl FolslE vEE
[24, 28,32, 36,.., N-4, N1°|| tjs]

G=11,1+CK,1+2CK,...,N—4]

=> X[1], X131, X151, XI7]....
G= (2,24 CK,2+2CK, ..., N

=) X12], X14]), X161, X18]...
03 5. X 2| gHEES] XN

8 44 ag s 2244 P GiE
P B EPRo 2AFY S $981} oY
23 Age UdAHY MEEL AR U8 2§02
EegozH 2 a{7 4PAN) HE EXE
FLEHA FAS A Aotk 4 2§ T
E¥X:E g8 Z2A49 /9 ARg 32 AsE
Z2d F 9o, WA 57138 e =9 yitt T
S g4l Y 2AFHE FRE = AT 2
#4343 2}

1. loop_initialization(N, CK)
fori — 1 to CK
G —
forj «< 1to N by CK //N HIE-E8 CK7} ¢
agow B/

G — UXG)
end
CK < CK-1
end
2. fori <« 1to CK /A9 WEE 2 2§ ¥ EEE
a2/
P, < G;
end
3. loop
fori<— 1to CK/Z ZE A o8 5 H
2A&H//
if (G; = empty)
mlq= find_most_loaded_local_queue
if (mlg=null) break;
CK « 2 //Ao719] 28 Y/
for i < 1 to CK-1
Gi < O
forj < 1 to N by CK //7}% &)
e Z2 AU dEE9]
A3/
Gi — Gy UX(j)
end
end
P Gi//idle Z2AXAGAZ AESHE
e 25 A/
end
forever

a8 6. MER WEFRz AHEY Yu2E

4. M5 @It

B =2d4 Ata 2AFY ¢uEF) 4%
718 98 4709 WAnta T2 OPS 9P,
Ay g Yxopa 22 IWEL J5Hre FHA
< 71817] Y8l 71 2AEY dTYFEANA
olm) A% HrE WAvta TEIPES THFA
A4 &, 219 7& Matrix Multiplication
ProgramS. 2 A Factoring[8lol Al B7FE A3, 29
83 1¢ 9% Adjoint-convolution Program2 2 4]
Factoring@} Affinity(3]ell4] Hrlg ZEadEo]
t}. 1Y 102 X bodyREe AF) w2} z
WrE S ol AgAiZid] 4% = WAinta 222
Yo g GSS[2]o0A e z2agoelnt AHd 9l
Avta T2IYPEL 73 FLo} BH FEER
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7be 1928719 DEC Alpha chipe® F4% Cray
T3E-900 CL128a-128%1 MPP ®4lelA St
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o] E21#Q) BEf 2 Abg-o) 7He sk, TEAA A
%20 450 MHz/PE°l 1, T2 A AT 128 MBytes9]
A9 fzg g 7HA %1% =gdor FHvRdY
Al2Elo] T},

B E=2dMe 4% 371 s 34492 7
37 YA AgE dxela T2 OWE < 2, 4,8,
16709 2 AA ol M A& FH3, ojm Bl
BHrie zt ¢ Fe e Wxvta z2aWES
F AP AP EL v Frigoh A YUHE
s NAE daFEL VIE 2AEY dnYFE
E FoA vlmy Aol $58 Aoz Hrid
GSS, Factoring, Affinity ¢ 11] FHIAEE 2AF
g dngFHe HAeg vl Prigd

4.1. Hix|oj3 Z20Y

B =R A3dM ALEE 459 WiRvtz 28
aPe ag 78 ¥ 10744 et A9 8
Wxolz 22 0PEL 7 NHESd g g A
3 A|ZHe 71A yixula T2 aWEEH A5H7L
9 FAARY GFES AFTE F At

DOALL 10 I' =
I=[I'/N]
J = I'-N=L(I'-1)/N]
DOSERIAL 20 K= 1,N
CALN=CILD+ATLK)*B(K,])
20 ENDSERIAL
10 ENDOALL

1, N*N

a2l 7. Matrix Multiplication Program

A EZE2YL NN 24 W E ESo] Y §-9
%%+ £29) DOSERIAL 20 K= I.NE 433}, ot
gA g uEEL O(N)9 LT APATE
7AATH AgolA] 9 Z2aYW A7)E N=3504 o,
ANt AP v 4%E Hlw BrrEt

DOALL 10 I=1, N*N
DOSERIAL 20 K=I, N*N
A(D=AD)+X*BK)*C(K-D
20 ENDSERIAL
10 ENDOALL

12l 8. Adjoint-convolution Program1

DOALL 10 I=N=N, 1,-1
DOSERIAL 20 K=I, N*N
AD=AD+X*BK)*C(K-D
20 ENDSERIAL
10 ENDOALL

1% 9. Adjoint-convolution program?2

AT APYEL NN 2 3§ F wtB-Eo] Y7
9] 4} 2329 DOSERIAL 20 K=[, NxN& 43
o}, mald, 7Y 89 &4 WE HiBEL Omn’- ol
v #ete APAHS AN, 19 99] 7 HE BhE
& On*- Dol waldEle A2 o8 AYALe
AR Ago)A ¢ 2 A7) N=3504 o,
AP A Aegol g B5S vl Hrigith

DOALL 10 I=}, N
IF [ C then {350} ]
DOSERIAL 20 K=1, M
{10}
20 ENDSERIAL
10 ENDOALL

ag 10, 73 B

g EzaPde NAY 2 B wEE0] Co 22
o) @e} 350709 AN ZEg A T U] &3}
=23 9] DOSERIAL 20 K=1, M& A3}, aa}A,
Ztzte]l HE wrEEL Co o et A2 &
APAL 7HAT AFoA 9 T2aY AVE
N=350Q wj, AsJA| 7t} H3P&of] it A5& ¥
Brrdoh w£g, 4 ¥8 wE g da g 2%
BRSO Byrt & ujs} Fo ¥R wEES F¥U}
2 v o] APAIZHe R HrhEr) 8, Co 21E
1<90¢} 1231090 F 7tx BS99 gl g H7}
g s
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4.2. 45 EM H|W

time(secs)

WGsS

BFactoring

@ Affinity
O New

processors

2% 11, Matrix Multiplication2| 4sH7}

1200

900

300

EGSS
OFactoring
@ Affinity
ElNew

processors

13 13. Adjoint-convolution29] 4

H 3. Adjoint-convolution22| &3A|7¢

=87t

E 1. Matrix multiplication®] A8AIZH zg| GSS | Factoring | Affinity New
o GSS |Factoring | Affinity | New AN A9 A9 49 49| AY 49| 49 Ay
Z2 A — - - . TN & AL S AT &AL &
= L R A AR R B R R R A L
AZE & (A & (A g A7 8 2 11017421 99.20 | 1021 67| 98.78 | 103355 97.65 | 100930} 100
2 {17.79/89.09|17.96|88.25(15.85| 100 |16.13/98.98 4| 507.02|9797) 50956|97.48 )| 516.80(96.11 | 496.73] 100
4 | 889[79.66 8.80(87.96| 7.82| 100 | 7.90/98.98 8 | :3.15l96.14] 254479564 | 25850] 94,15 24338! 100
8 | 4.45(81.12| 4.44|81.30| 3.61| 100 | 3.87/93.28 16 | 126.07(88.19| 127.16|87.44| 129.47/85.88| 111.19] 100
16 | 2.23/9058| 2.22190.99| 2.02| 100 | 2.04/99.01
WGSs
OFactoring
MGSS [ Affinity
OJFactoring ONew
@ Affinity
ONew
R §
] £
i
%
% B
8 16
. 1 Processors
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