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An Optimized Strategy for Collective Communication in Data Parallelism

WANG Jue HU Chang-Jun ZHANG Ji-Lin LI Jian-Jiang

(School of Information Engineering , University of Science and Technology Beijing s Beijing 100083)

Abstract  Collective communication significantly influences the performance of data parallel ap-
plications. It is required often in two situations: One is array redistribution from phase to phase;
another is data remapping after loop partition. Nevertheless, an important factor that influences
the efficiency of collective communication is often neglected: When there is node contention and
difference among message lengths during one particular communication step, a larger communica-
tion idle time may occur. In previous works, researchers can't completely avoid communication
conflict and focus on some special cases. This paper is devoted to develop an universal and effi-
cient communication scheduling strategy (CSS) concerning with the situation where array distri-
butions are Block_Cyclic(k). Base on the proof for the recursive theorem of communication table
elements, this strategy generates a communication scheduling table so that each column is a per-
mutation of receiving node number in each communication step. And the messages with the close
size are put into a communication step as near as possible. This indicates that the strategy not on-
ly avoids inter-processor contention, but it also minimizes real communication cost in each com-
munication step. Finally, experimental results show that CSS has better performance than the

general method and the implementation of MPI_Alltoallv.
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(3) AR L4 H Y SR M 5 | A QT 38 A5 4 1Y Jl 0 1k
PHE 5 MR 32 D AT A5 91 32 A G Ik [ R Ot A ) T
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PE T HL 23 (] R ] 48 2R AR /0N FT LA T 4 128 5 A
H I {5 3 B 5K g CSS (Communication Scheduling
Strategy). Ji T BT 4 Hb 4l 1A% 1] B, SC e (G M5 3R
COM(COMmunication) table 18 & & CS(Com-
munication Scheduling)table(FE 1) & X 1E % — &K 4
28t 2R J 9l 1 3k A L 18] A R 28 AR = AN B
AR B 0. 1 SE T AT S 3R A TR 0 B e O 4
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4 7 MPI_Allroallv Flf% 48 05 ¥ 1Y 52 . DL — Bt
HPF A o0 ) Cn 18 1 Fr ). 2040 A f1 B 4
SILL cyelic (o) F eyelic Cy) 43 A B A [6) 1 b 31 45 2H
PMQ b.a Xi,+b Al a, Xi,+b, 53l e84l A
B w5 g, H ZF B R F 2 —1
B AH PR BUER B 4H B A PR 2R (intrinsic function) (40
B B BB AR L S PR AR T DL GE o B0l o A A
FORALL 41 i $12 B i) 45 S0k 5 A= 38 {5 46 Fad 1510
AL L AR R A A S B TR AR 1L 2(a)
HELT ARG ) — S R B A L cyelic (4)
GrAnE) 5 A b LSS LB B DL cyelic (3) 43 A E 55
SR 5 A FAE LB ny = 182,03 =120.n, =n,=
5.,n,=60,r=4,y=3,a,=3,a,=2,b=4,b,=1.

. real AC0:(na—1)),B(0:(np—1))
. Iprocessor P(0:(np—1))
. Iprocessor Q(0: (ny,—1))
. ldistribute A(cyclic(ax))onto P
. Idistribute B(cyclic(y))onto Q
. FORALLG;=0:(n,—1))
Ala; Xi,+b1)=F(B(as; Xi;+0b3))
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EX 1. {5 (Communication Table).
KA IR FE AR 205 H AR b 34 21 22 [R) ()38 15 1 L
fihn, &l 2(b) S 1 2 Ca) w91 I 5 A AR B < 0 A &
TR I 43 J5 P 7= A B8 AE 3R = COM G )

1

a B ANV RBE SR i 312 bt FoRAE AR Q KX BIAL B P, B Kb A
2.1 EEREFEAERMEEDROEY COMG, j>70.
T 24 O T A A 0 T R R B vh %
P, P,
P . . C
real A(0:181),B(0:119) coMlo 12 34 coMlo 12 34
Iprocessor P(0:4) —— ——
0122332 0 33222
Iprocessor Q(0:4)
idistribute A(cyclic(4)) onto P Q, L 3szzz Q, L|jzzssz
Idistribute B(cyclic(3)) onto Q 2122233 2132223
FORALL (i =0:59) 3123322 3123322
A[3Xi+4]=B[2Xi+1]; 4032223 4122233

(b)HH B2 Ca) JiT 7= A 138 A 55 (¢) eyelic(3)Fcyelic(4) 4> A I 1 2
2 B 1 K HGEE R cyelic(3) B cyclic(4) 4y Aii (5 %

(a) i1

ENX 2. JEF (Communication Scheduling
Table). JTI ok fifi i b 1 % 18] 8 15 I B2 (9 25 1. &l 4
(a) FlE 4>, o CSLiJlk] = j 3R B ik 4k 345
QLS b L R IEH BB UL H A P,

Hel B B -
for p=0 to np,—1 do

sre=(myid -+ p)modn, ;
non-block receive &. unpack messages into target local array
from processor "src";
end do
RIEWEL
for ¢=0 to ny—1 do
dest= (myid+q)mod ng;
pack & non-block send messages to processor "dest" ;

end do

waitall;
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S ER Ty 1 g ARAS AT AT B A 4 ()
R R R R T A () A AL B AE P A ) R
TR KA K S m A BT S ERR
%A PR AR S B WAL B A Py (Ah B R4 P
M5 7 AR . — A Bt — AT B % i T
HESE ) — B A AR BT 5 e R Sk A AR
RR AR WAL PG P B BE. AT LLA BIE 4(b)
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J T AR BRI RE R R T
25— B 0 IS P 0 A O Ak R L %R
W 7E Sk b 3L % [0 A 0P SR A AT B T L BE 5 dRc /b
] 85 2 1) A o T 1) RS R A ]



2 T OFRSE: —FRBOHE AT B R A DR AR SR 321
k
CS|123145 oO[0[o[TT1T2T272[3[3[3[4[4]
olo1234 IATITIT22T3 1341400 [0]
1112340 2[2121313[3[4[4[4]0[0T1]1]
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JCE M AR AL, IF HiZt R FE gy Q (b PR 4%
H QI i ML FRE b HAHN B EA A BT
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i 3Xi+4 2Xi+1 Dest Src ||i. 3Xi+4 2Xi+1 Dest Src i, 3Xi+4 2Xi+1 Dest Src
0 4 1 P Qo 23 73 47 Ps Qo 46 142 93 Po Q.
1 7 3 P Q1 24 76 49 P Q1 47 145 95 P Q,
2 10 5 Pl Q|25 79 51 P Q| |48 148 97 P Q,
3 13 7 Ps Q2 26 82 53 Po Q> 49 151 99 P Q;
4 16 9 Pi| Qs 27 85 55 Pi Qs 50 154 101 Ps Qs
5 19 11 P, Qs 28 88 57 P Q1 51 157 103 P Q.
6 22 13 Po Q: 29 91 59 P2 Q1 52 160 105 Po Qo
7 25 15 Py Qo 30 94 61 P3 Qo 53 163 107 Po Q,
§ 28 17 [P Q J[31 97 63 Pi Q| |54 166 109 P Q
9 31 19 P Q1 32 100 65 Po Q1 55 169 111 P Q;
10 34 21 P; Q: 33 103 67 Po Q: 56 172 113 Ps Q;
11 37 23 P Q2 34 106 69 P Q> 57 175 115 Ps Qs
12 40 25 Py Qs 35 109 71 P2 Qs 58 178 117 P Q.
13 43 27 Po Q1 36 112 73 Ps Q: 59 181 119 Po Q.
14 46 29 P Q1 37 115 75 Ps Qo

15 49 31 [P | Qo J|38 118 77 Pi Qo | |60 184 121 Pi Q
16 52 33 | Ps | Q |[39 121 79 Po Q| |61 187 123 P Q
17 55 35 P; Q 40 124 81 P Q: 62 190 125 P Qi
18 58 37 P, Q> 41 127 83 P Q> 63 193 127 Ps Q>
19 61 39 Po Qs 42 130 85 P2 Qs 64 196 129 P Qs
20 64 41 P Qs 43 133 87 Ps Q: 65 199 131 P Q;
21 67 43 P Q1 44 136 89 P Qu 66 202 133 Po Q.
22 7045 P: QY45 139 91 Pr Q| |t

& 5 2 Hp AR 4 i 2 D 0] B X
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T d/ME CSS S (I 8] T 25 T %A
G A TG AR T ) 1) S 39 2 5

><al+bl>divx}modnp (2)

period! = [lem(n, X x, a;) ]/a (3)
period, = lcm(nQ X vy ar X period?)  (4)
period ... = period,/a, (5)

K period! FemEdl A AR Vi ) # 5X
. D ) period JEEUH B R GE A1 A
W, X GO period. I8 AE R 1% AU 1Y JH 191,
div AR B R, mod LRI, Tem (R E /DA
B 58 A 2 AR R U B AR R A L B A
B 5 LA cyelic (4) T eyelic (3) 434 3] 4k F #5240
PHIQ F. KBS 45 1 & 2 A ARG %) £ 4 1 ) A =L
TEE 5 o A FIREIE ) A3 X4, +4)=B(2X i, +
D, i =008, BIDTE Q FIFAEL P, (AWM Jir
TERY AL F 48D . /N J7 T 8 2% b i B s (N HCh
period, =20) BRI EA A 1) — A% AR 77 ] 52 2.
periodi, =60(0="i,<<59) J& 2 M JF IR 12 AR 1 JH
W, B Q5 P A .

3.2 BERNEADRMIIBENRATERIEXREDN
TERHER

R T e /N A R SRR AR L AT A
b R B v R AR K ] A AR S 1 R Y A
PET B

51 1. 78 COM &rp . TAEEN(Q . P)HA
COM' (i, j) =u70, MR HCAL 5 ] 1F b & — 4> JE 39
B2 B 5 0] 2 JE I ) k(R J2 IE #8850 £ st s BP
kX periodi. s COM(i,j)=kXu.

WAL TR SR

B3 1,0 LLAGE COM 1 CS F 802 FH i
PEASAL ). BEAR AT SR LA 2 Hr AR S R i), 24 n, =
period,. =60 NMF COM0,2)=3,3t— % n,=
kX periody. =k X 60, MAFH COM0,2)=kX3. 7T
T U] A SOB B — A~ 8 A 16 B0 (o st 2
n,= periody.). X T 24 B W KGO 8 B B
FEiE .

T TR 25 R 3E A 2R P 0 B 8 A OC R PR A
Y AR SC IR A R R A R R S T BRI
PRy, A T BRI e B 1 A 1.2, 4k 821
2 e i A S i A7 3. 24 COM (0, 2) =3 (HH
N COM ERAEE 2 (b)) % T8 B 75— 4
WIHEAE 3 M A 2 Rt . 17.31,45, 2 fiT4R 2

TCRTER 5 FIMG B K Zebr th . — @A 7E M=24 fif
5 BEAHM RIS 3 NILEK 41(=174+M) ,55(=31+
M), 69(45+M)FEAL il g Q, EIFH BRSSPy ol
& COM@3,1)=3. 3% 3 NICRTER 5 b JHILL M
AR . AR AHE A AT O T4 B i & R ik

{(17424 X k) mod period, . (31+24 X k) mod
period,, and (45— 24 X k) mod period, | 2 <<k <<
period,/M, period, =120, M= 24} 243 HI 1F ik FH 25
Q (i=1,4,2) P HTERHMIEE P;(j=0,4,3),
Wkl COM1,00 =COM(4,4)=COM(2,3)=3.
i3 B R S3A  R] LRI T8 1 2R N AE AR T R Y A
KFR T TH 45 H AR G E FURE IS B R B b R A A
SR LIS H Y 2 Tk 1.

T L B A Rl B 43l A cyelic ()
M cyelicCy) 5345 8 n, M g MEBRES 184 COM G,
) =u=COM((i+kXm)modn,,(j+kXn)modn,) =

w, 0<k<lem(s,t), m:];j,n

~ mXa,

7M:

a, Xx

lem(a, Xlem(as »y) ya, X x)
a
n},/gcd(n,np),lﬁjﬂﬂﬁ COM (i, j)=u=>COM((i+
/eXm/)moan,(j+erz/)moan=u,O§k<
M/ ’
ar Xy’ e M=

ss=ng/gedlm,ng) s t=

/
m Xas
lem(s", ¢/, Hofom’ =

lem(a, Xlem(a, sx) sa; X y) . ny/ ged (. ny) s

a
t'=n,/ged(n’\n,).

M. LB

TEER 1, g5 1 T AN A5 3R oo R 1y i A
AR H AP ged REFEFRAAEm.n.M,s.t,m’,
n M R BB AR S I U AT LRSS 2
TR 1A s HE A 2R B i AE R
JCERARAN A, Dy 1 B b U W ARk T T 4 E B 1
P HETE.

- M
it 1. m:M,n:ﬂa
y a; Xx
M:lcm(al Xlem(ay »y) yay, X &)
ay ’
, M Xa, , M
m = o=,
a; Xy x
M,:lcm(aZchm(al,I),a1><y)

a
imzm’,n:n/.
EH. K
HrP i arvay o My ATLAZS S 2 A9 1
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W HES LA A RER L h AT R
BHEZR. BT m=m' on=n", B LLYE 0 {5 8 BE 50k
L A 2 — A3 4 A SOk T m A a.

it 2. n, Xn,=lem(s,t) =COM i1 fir
JCHR M.
WL DL SR

n, Xong HEEAEAF R P IOCR SN BT H
51 AR HER M T A lem s ) D ICER 4K
AHTE] S JIr L COM i A5 o0 R AR S i SR A% G2 1Y
T R B B R W AR B AT AR
3.3 BEAEEE

AT (ged Gnyny) = 1A, /ged(nyn,) =
1) H2 7 BRI 1 A R SR AR 1 AR 2
B AR E R 1, (ged (mung) =1 N (n, /ged(n,
) Zng) LI o A — 4> A 3k Ak B 45 AT 22 75 [R] — 25
PN 8 A T B2 19 7F 5L B0 AS [] ) 42 Wi b B ot
2T =R

BiE 1. M(gedlm.ny) =D A, /ged(nn,) =
nQ)ﬁEjHﬂLy

WA

(1) COM .

(2) B 43 A B RE BR AR 5 (ANl 1 A iy s my

real AC0:181),B(0:119)
Iprocessor P(0:8)
Iprocessor Q(0:2)

Np gt s sy sz D RO, FF S UL Z IR 1 FER D).

i

(1) CS .

LoXFFR— AR EA R Q (LL Q B, Bl iy =0),
BIX R CS FMEE io 78 0 B oAb BLAR 5 1 — AT =k
FI L CSLOJLT=1{<0Y (1) s oo s (mpy — 10} R B

2. XFF CS 3% io AT X RL 0 B — AR WA PR AR AR A
COM(i, j) =u=COM((i+kXm)modng, . (j+kXn)modn,) =
u, 0<k<"lem(s,0). i CS I 155 —17 70 FK 5wl LAk #fi
9 F A G E M CS 2.

AT P R ] (&2 ) 1 R 6
il 2) A Ui I SETE 1 M B ARSE A . X T 1A
period,=120,m=8,n=9=>COM((i+k,X8)mod5,
(G+EX9Dmod5) =u,0<k<5. {1 F gcd(8,5)=1A
ged(9,5) =1, %14k CSLOI[]=1{<0),(1),(2),(3),
4)},CSL0][1]=0 K/RTEH 1 B Q KEHEH
P, bt e 1 0] LA 3] COM(0,0) =COM (3,
4)=COM(1,3)=COM(4,2)=COM(2,1), B}
CSLI[1]={<0y,(3),(1),<4y,<2)>}. [M3.,CS p H 4
A LA A5 3, B CSLI[2]={(1),<(4),(2),(0),
(3)},CSLI[3]=1{¢2>,¢0),(3), (1), <4y} ,CS[][4]=
{(3),(1),<4),(2), 0>}, CSL][5]={<4).(2),
(0),(3),<(1)}.

Idistribute ACcyclic(4))onto P COM|0 1 23 45678 CS |1 23 456789
idistribute B(cyclic(5))onto Q 0 2 322 32141 0 01 2 3456738
FORALL (:,=0:59) 1 2 321 41232 1 6 7 8 012345
A[3Xi+4]=B[2Xi+1]; 2 1 412 32232 2 34 5 678012
(a) fl2 (b) #I2HICOM % (c) BI2HICSF*
6 @l 2 Je HA R COM R A1 CS
1 2 B ER AN & 6 Ca) it 7. B2 A LA eyelic (4) Coo  Con Co.i
ﬁﬁ@l 9 /I\ALI\}E%%J:’;&@E B L CyCliC(S)ﬁ?}'%ﬁ@J% COM — Ci.o Cia Ci
S 3 AALFRES LB @y =3.a=4.b, = 4.0, =1, I U |
x=4,y=5,n, :9,71Q =3, Hi#{E3% COM K 6 Covo Cin Ciiia
(b)F)]"ZT_\‘ EE] P67170d,s:240,m:16,n:15 EIU?%'@'J Co,o Co.1 C().,HP,/l 1
COM((i+kX16)mod3,(j+kX15)mod9) =u,0=< . o .
R<<3.[HH ged(16,3) =1Aged(15,9) =3, i i B 1% C., = ’
1 AT AR 2 & 6 (o) 7 i3 15 )8 B 3R . . ;
1o/ 10 ONERE NN

MER 1R E ) s(=ny/gedm ny)) Fl (=
n,/ged(nyn,)) 43 Bl G+ kX m) mod ng Ml (j + & X
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(3) Minimizing the overhead of communication schedule

generation by the period theory of array access. It can be

puting model, parallel compilation technology. parallel soft-
ware engineering, network storage system, data engineering
and software engineering.

ZHANG Ji-Lin, born in 1980, Ph.D. candidate. His
research interests include parallel computing and parallel al-
gorithm,

LI Jian-Jiang., born in 1971, Ph.D., associate profes-
sor. His main research interests include parallel computa-

tion, parallel compilation and multi-threaded technology.

completely generated at compile-time phase, so there is no
overhead at run-time phase.
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