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An Affine Partition Algorithm Based on Representative Element

ZHANG Wei-Hua WANG Peng ZANG Bin-Yu ZHU Chuan-Qi

(Parallel Processing Institute , Fudan University, Shanghai 201203)

Abstract Partition is an optimization technique that distributes computations and data onto the
different processors of parallel systems to get the maximizing parallelism and minimizing commu-
nication. The effect of partition algorithm can directly affect the performance of parallel systems.
But there are many obstacles to effective partition in practical programs, such as imperfect loop
nests and different array access scope. Previous partition algorithms can only finish the partition
of sequences of perfect loop nests or cannot solve data partition consistent problem for different
array access scope. This paper presents an affine partition algorithm based on representative ele-
ment. When constructing the constraint relation for partition, it only remains the array refer-
ences, which have contributes to partition constraint relation indeed and remove the trivial parti-
tion conflicts through discarding redundant array references to same array. This paper also pres-
ents a consistent partition algorithm to solve the data partition consistent problem. The algo-
rithms can not only solve more practical partition problems, but also effectively reduce data reor-
ganization communication in data partition. This technique has been implemented in AFT2004

parallel compiling system and can get better results for some practical programs.
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for i=1 to 100 do
for j=1 to 100 do
for k=1 to 100 do

//SCC1

Ali.j,k]=Ali,j—1,k]+B[2i,j,2k—1]+B[2i,j,3k ]+ B[ 2i,j,4k+1 ]+

for i=1 to 100 do
for j=1 to 100 do
Cli.j.11=B[0,}.0]
for k=1 to 100 do

Bli.j»k]=Cli.j,1]* Bli—1.j.k]+A[i.2j—1.2k]+Ali.3j. 2k ]+ A[i.4j+ 1, 2k]+

B[2i—1.j,2k—1]+B[2i—1,j,3k]+B[2i—1,j,4k+1];  SI
/SCC2

Ali,2j—1,3k]+Ali,3j.3k]+A[i,4j+1,3k]; S2
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Algorithm constructing-r-P (P)
// P is the program that would be optimized
for each s€S in P {
RES,=NULL
URES, =all array references in instruction s
}
for each s€ S in P do{
for each 0=<¢=_N,. do {
if W.,. == 1 then
RES,;= RES;+ F..;
else
if (3F.,. € RES,)&(3DVS.,;, ==DVS.,.) then
continue;
else {
URES,=URES,— F.,.;
RES;= RES;+ F.,.;
}//end foreach
}//end foreach

}
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Algorithm calcul_computa_partition(P) {
//P is the program that would be partitioned
S—CDPC,=true
for each s€ S in P do {
simplify equation using Affine Form of the Farkas Lemmal!%]
compute C, through algorithm in [12]
compute kerC;
if C;==NULL then S—CDPC, ={alse
}
}
Algorithm calcul_data_partition(P) {
for each s€ S in P do {
kerD,. =NULL
}
for each s€ S in P do {
for each 0=<r =N do {
kerD., = kerD.,+span{s | §=Fy, (1€ kerC, }
if D.;,==NULL then S—CDPC, = false
}

}
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)& 4 ) o3 A A 4. G 2R CDPC 883 3R 45 /Y X
Gy fif s 6] Ay s St feff P SCik [ 12 ] A 28 14 s 1) )
g3 %F SCC #4781 43 » Z J5 F5- %5 i 43 3 19 SCC i H
CDPC 3k fit.

WERFE T & A 24> SCC, sk 4, SCC ] £ 4
20 S {5 X R 53 S5 R Y R RE A 7 AR B O
SEM. YA — R T B 1 s 8] 25 KRR AR [ B, AT
DI FH Sk [ 14 ] H v 330 R0) 40 1) 8 B50HE 2 O 9 Ok
PR A — 7 T AEAR Z2 P o, 6 T R —E A 1 v A
RN ] i T vk R B RO R 5 — L X T
Gy A EAF 22 R BRAIL , 9 /0 B T A 208 {5 e T B
IS RAE TR — 20 AE A [R] SCC b i) B4 ) 43 1 AH
[F) () A X 43 T 1) . 4 AR Ty i 24> SCC [N 7E
B B 20 LA F I A — B A AN R SCC i B8
X143 J7 AR TR B R]— B AE AN 6] SCC &1 A v iy

©  SCHRLLIP EAR SR T 35 0 A 5 B 2 R 19 O R {HLX 2
KR AIEE R I HI Sy, HAE Sl & 7 T AR R
PR A B B 00T DR WM A S A B 24 o AT S
[ of by — PR Bl R 1R AL S BR B G R 9 i A ) Y
BV ) o PR IH A SO T SC Ak [ 18] v ity 5 7 1) 0 A7 3 1% if
A7 i A ) 73
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S 43 75 T S %ok 55 04 5 e AT B N R 4 A A T A
SRR E DL B T % 2 G R R ] X (Data
Consistent Constraint, DCC) ;
Vs,.s in different SCCs
V(F. +Fur YER,, i€Z™, i'€Z”
s.t. B.GOZ=0NB.()H=0A
Fer (D) —=Fop (iH)=0,
D.(F., ()—D(F. ('NH=0 (D
R (7 7R SR it 24 SCC v ] — $ 4 iy —
kR 43 Oy ) B, W LA A CDPC 533k 46 3R il 45
SCC H g — & Vilm B = MigHa s MiTER . 2
Jei MR AT 3 1 ) 1 SR i SRR AL = R

JIT A V7 0] B B ) 8 28 280 43 T ) AR AR 2 (5D FRATT
CIRVEG LIPS
Vs, if M.,>0 then
kerDCQ.s‘pan{g\§:F;_\,.,f € kerC,) (8)
WRAE DG FR (8) SRAFEA = 22 4] 43 T 1) 1)
fiff 25 R A Ry 25, DU T2 C6) o fofT FH i oK A5 19 5 s Xl 43
fifp BB T AR R BTSRRI 2. BARREA TR
Vz, if ((N..>0) A (kerD.ANULL)) then
kerC,Dspan{i | F:,.,.I_z‘,'e (kerD . (M., )} (9
PRy -4 P 1) S el 4 i NP [ i
N FRATG T TR O JE k) — Bk
R oy ik, ARSI 4 Fs.

Algorithm test_consistent(P) {
for each array = accessed in P do {
kerD.=NULL
for each SCC; in P do
for each instruction s&€ SCC; do
for each 0=<r<<R,. do

compute D,
if D.==NULL then
return S-DPC,=0
}
for each SCC; in P do
for each instruction s&€ SCC; do {
kerC;=NULL

for each array 2 accessed in s do

kerD., =kerD., +span{s|s=F.,

kerC,Dspan{i|Fey ¢ € (kerDey N Ms, 1)

v Uyl EkerC,)

compute C;
if C,;== NULL then
return S-DPC,=NULL
}
;
void time_paritition(program)
{
partition a loop with time parititon in [13];
return is the program sequence of SCCs after time partition
}

Algorithm consis_partition(P) {
//P is the program that would be partitioned
//TN: the SCC account in topological order of a program dependence graph
//SCC; : the ith SCC element in topological order of a program dependence graph
//S-DPC, : is 1 when there is consistent data partition for »-P of program P
//S-TDPC,: is 1 when there is consistent data partition for program P
MLPSS=NULL;
for each 0<<i<<TN do {
T-MLPSS=MILPSS+ SCC;
test_consistent(T-MLPSS)
if (S-DPC r-vppss ==NULL) {
if (MLPSS!=NULL)
if (S-TDPCpyppss!=NULL)
partition ML PSS with T-CDPC
else
partition ML PSS with CDPC
MLPSS=NULL;
if (5-CDPCssc, ==NULL) {
PSCC=time_partition(SSC;)
consis_partition(PSCC)

}
else
MLPSS=SCC;
}
else
MLPSS=T-MLPSS
}//end if

}//end for
}//end algorithm

K4 —BEk oAk
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R TR T —BOER 3 5k 2 TP A SR
AN S /MR A LUEF AT IR E
ZEHR. R WA SCC & B A Joid {5 X 43 75 ), 5
SIS SCC — % JE BT AT Z [8] AN ££ 7 JC 38
15 %) 73 97 18] AB AT JC 80408 T 4H 20 15 1 B0dl 1) o
J7 1] X F X B 0 A — BorE ) o Sk AR ek
J& FAE BRI 73 J7 1), RO IS A AT LSS A T B A
SCC B X 43 J5 W Etis AL U8 (5, Mk 4 A 6
AT BRI 53 J7 1) WA B8 £ UE AT AT B AS [6] SCC ]
MEE A LA (R, Rk, HA S8 2RI E ¥
S ) AN A7 A8 TG A5 — Bt & 43 J7 1] I A il
AR TR P 3T 5 — otk &l 43 O 1ep s ROl AR AR
FOUFE T 1T 0 — B 4 O 2 fg AR IE JC 4R
I H 20 ZU3E {5 L TS BB PR UE SR AR 09 R 43 T 1) 2 TG
R EN:OR

TE— BPE R 43 G0 s FRATT 38 A %k B s A O ]
#% SCC /¥ 40 7 44 38 e R — Bkl 4r SCC % &
(ML PSS) K fifg P 541 4] 53— SOk [a) @, %550k 8
RPN

1. MPLSS Jy%s, SCC 45 Fl4F M5 o 19 245 SCC(WI R
B2 BT AU ENT ISR — 1 AD

2. MLPSS 5 SCC, 4 J% T-MLPSS (g MLPSS) , {#
Hi test_consistent Mk T-MLPSS w4 % 4 & 75 17 76 — 5 %l
G307 Tl AR AEAE — BObE R 43 05 1), 0] SCC, i A $) MLPSS
H, SCC, 48 [ 4 # JF F K — A SCC, B & 4 2. IR
T-MLPSS AETE—BPER] 43 J7 16, W4 il MLPSS i — %
PRI 43 J5 0 % MLPSS 1946 SCC #4781 43 . Z G #E A5 1.

3 TR Ty — BOPE R 43 kb, R B
test_consistent ¥ E i T-MLPSS Hh & SCC 2 &
FEAE — B B8 X 23 Jr 1. 4y WAL | S D
CDPC J k354 SCC v i my i 3 55 R 43 fifk =5 [l
ZIEERETRR @A SCC A ILyi 84l = %k
4] 53 J7 1 B Z A (8] kerD .. HK L, MR 2 SCC A3t
V5 7] 1) 8020 A A — B0 K R 23 J7 1w, AR 5 &R
(DO f 2 SCC rh & A L7 [l B 1) kerD . X &
SCC | % B A o8 4 19 1 55300 43 O 1) 14 47 5580
WE.EEXWA L, HE T-MLPSS it 4 %L
HH ker D . FFT B 1E R W) kerC AT & A2 1L, 2R
EHIEHRE R T-MLPSS & &A1 8 % 5 1
fiff 2 1B I AT 2 e 1) 550 4 A B3 K] 43 1 i = () 4
A A W T-MLPSSIR [l i 2y H s 75 W] 4y i
4.3 HiERH)

g 7 UL T AR TR — Bor R A L K
A AL 1 v & i 2 e A Sy 481 ok Ut B % 38

B TAEN R, B 7 A WA~ SCC, H X F B s ##
L WA SCC AR A A7 78 J6 3 15 /0 R 4 7 1) IRt
BTG s %W P WG ~P K 5
F 7.

for i=1 to 100 do
for j=1 to 100 do
for k=1 to 100 do
Alivi k]=Ali,j—1.k]+B[2i.j.2k—1]7;
for i=1 to 100 do
for j=1 to 100 do
C[i.j»1]1=B[0.j.0]
for k=1 to 100 do
Bli.j.k]=C[i.,j.1] * B[i—1,j,k]+A[i.2j—1.2k];

K5 K1 EFPARTEF

T izE AR ITTR . 4 MLPSS H
& SCC1 i}, ffi l CDPC 83k SR A5 158 X0 43 1y 4l 43
75 1] B i 25 8] 2 (1,0, 0) [T 0,0, 1) L 4] AL B %k
P K43 5 18] B A 45 1A 2 (1,0, 0) F1 (0,0, 1), 24
MLPSS 3% SCC1 #l SCC2 B}, i F2 ¥ A AELE TS
BEIR 5> J7 ). f ] test _consistent 118 ) B
AL BB R 53 04 R 43 75 1] 19 g A3 18] & (0L, 0, 1) i
) S1F S2 R 43 5 1 Y A 3 6] 433 J2 (0,0, D).

5 LG R

T UL A ROR L BATTHE S BRI AT Ak
HWEFE BT T A 19 AFT2004 W SE 8 1IR30 1% O
I Mgrid 2 7 D 08 Py 0 35k A7 1

Mgrid (£ H M multigrid) J& 173 i 7Y i) ] i
FEJ¥ » SPEC2000, NASA 25 i i 40 o &7 4 35 i% #&
J¢. Mgrid #2 )7 518 1 PR 5 098 1+ 20 AL 7E
Mgrid F2 /7 HAFTEVF 2 A R i B 6 30 A R i)
Xt R B TR A AN ] o ELF 22065 A R R AR H 33
WA Z A5 - 2451 Z 1847 75 /9 B0 1 5]
B (13X S I ) AN AE R TC A R 23 O L DR L A
T PR 25 A A ik AR X ik DR 122 28 R T 119 K ) AL
BAREE X Merid 25 19 T TAUAL h A — Lo 2 50
P AR S0 SR (E X 6 SR TG 7 VL P B 24 35 A PR
SERCEE Y 1Y A Bk oy, FATEF merid 15 0 PR
Fe . FEAET LU P W5 JE

(D HIE R . 20 T 9 R B0 125 2 SR M R ML
Rk TR TR R b A R 7 06 2 —. %S ik
A SRR 3 8% & Fedorenko fE 1961 42 F 25 73
EAR Y, 20 S 70 AEACP T 46 52 25 ok /Y
M WA — AT 2 A RO BE o3 B 7 i 20 i
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2 80 AR LU » tH 4% I Y 11 0 K AR X Oy 4%
AT REW AT W) X —Ir B s e e
BAG TAR Z E SR, AR S bR h e 7R T 5
KA 7.

(2) M B A& 3 A 2k i, http: //www. mgnet.
org/F i T2 LAEE T 2 5 WA 19 0 . B4R 5% 2t
I AN [R] o AEL I 3 26 7 T A A% O CRPFE AN T2 )7 v B v
BRVT S [R] 1 3 ) #2220 T AR SRk L I FRATT A
SR AR AR o U A mgrid B A A
WFET B 20 X Le AR 7. R A8 i 4t
o FH B A0 B8 s mgrid 1 40 43 3% SR — T T AT DA
BYIa) &, 5y — 5 T R 2 0y R 2R R A o) i
A IR VE .

D ER B R 2 HOR 2= S M RE T3 0 i HP 64
5 & ProLiant DL360 G3 Beowulf #LEt R 4. &1
R 1A 3. 06GHz 1 Intel #5840 #E 4%, &40
B 512KB # F | Cache, AT A 2GB £
17, HBE M 4% & Myrinet PCI NIC, Myrinet 8 Port
Fibre Switch #1 HP Procurve Switch. #:1E & 4t 12
Red Hat Linux 8. 0, Jf A7 4 M5 2 L B 1 i B i
AFT2004. 2 7 B W A 2 5735 A9 4] 73 O |1 £
S WA T 3h Rl or W BE AT T R —H T el Ek
i 2 FRATTA e — 203 A5 e Ak T 3h Rl 43 i Bk 5
6 B0 A0 7 9 S B OO AN ) 1 A R S 0 Bl SR B
A3 T LUl A Zh R EE R ROR R
5 SCHRL20 Jrboxk 3 45 1 B #6473 A0 Ak i = 4 43
WA AT T PR F . SCHk [ 20 J 76 W 55 LR 38 15 1k
REPL AL 72 vb s ] Mgrid AR S0 MK 2 7, 72 7y &
o TR e X R R A A R Ay AT TR B A
fb. R 7 LW AR R ST SRR I B Bl R 3 RO AT
il FHFRATT B 3l R 43 B 1 1) S 96 295 2R 5 SCR 20 JH iy
83 W AE A T TR0 3 B Y I L g 5 R AT T I
BAE Mgrid By o LMT 272 7 358 oh B0 ) &
—HE RN S B AT 43 B T LM = 64 AN
LMI=128 Wi % ¥, SCo 25 RanE 6 e 7 pios
(Hrp,rp AR TT B SR 53 B9 45 2R nps S 3C
BRL20 178 7 By I 45 51D .

M 6 FNE 7 BT LLE BT AR T iy — BohE
R 73 B AR T R AT AR R 1 n L B G A B A H
(R 388 o T 4 o, Gt DR 2 I A Ak B2 G o, AR e AT
PLAR A5 1 FF AT P B ke 8 . AT o ) e i A A s
ATRVE . A 3R o Sk AT 8% B A HLas B0 H
W2 5 e F LaE R K E S — 2, KW
Wi BT H 3l 43 55 T DU U T 22 B A% 2R 1R T
9 8 Bl 4y 1) .

14

—— 1D
—=— nps

12

10

n i L

/
4 A
e

—
5 I

8 16 32 61
R
Bl6 — bRy 5k i SOR (LMIT=64)
40
35L| = nps !

30

25

20

n i L

L

. .
: _—
2 4 8 . ll"‘(%&l 6

7 — Bk AR (LMT=128)

M 6 FE 7 T LR . AR Bk
T A 53 Bk Z (R AEAE — 58 1)1 B8 22 B T 1k A
Ak R A A B i AR A L T Bl AL B R R
H 38, 7k 8 25 BB Ok B K. & A ookl o Bk
5 3CHR020 ]9 = %) o0 F2 7 4 66 22 B 9 = 22 R
S k[ 20] e X Mgrid #E47 R4 B, % TR
TP 0 A5, HEAT T 38 AE ER o3 0y AR Ak, i FE Mgrid
FE v ANAEAE JGE AR BRI 5 5 1) 76 R AR R oo /R
JF— BRI o B AT R4y JE L 24 s A R4y
JG HEAE R B5E 15 BT 43 Bt (blocking) 1 9 R K %
% o 7E Ak 3R 25 A /0 B 38 A T o Y B R OE B A
I L 7E Ak PR 0 B . 3 R 43 A SR 20 1 T
TR o ek R R A G bR T R . B
Ab BRI 1 38 L 30 A T8 T 04 EL B R R OK, T
SCHk 20 ] v - T8 o 3 WA X Rl 4y J5 1 B O dE
577 BT TEAE AL Rk, % 0 2 R o] L3RS
R N .

32 64

A

6 & it

AR SCEE X R AR A A A A B i B R



3 1 gk RARSE . — R IR R TR Bk 409

A TR) T A o Xk B 2 B ) B A (R LA A7 A TG 3d
RN T7 [ R FE Jy - 4R T — P FAUSR OOy —
BRI S Sk g I T 3R TR OO Y i d
e 4l 2 st B8 3 840 20 R RCHR a  B4 H lad ANOR
figg 25 T A RO BR AR R R0 2 S A 1 —
oMk R 2 k. R FIETE AFT2004 JF47 9 1% R 4t
S B I B R AR T ARG RCR.

B IRAS SO H A — EorE R o3 Bk T AT SR
Z MM A Sk L HE S &l %]
A LA 9 T TRRAS W A7 45 — € B P REZZ B, [ I
FEE— 22 19 TAR R FATH RA > By 22 5 A% 26 72
Fy B 3E A5 Ak » DU X — 2tk A 3h ) 70 5k 2t A7 ik
— LAl L 4w — B R 2 SR B OR.
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Partition is an optimization technique that distributes
computations and data onto different processors of parallel
systems to get the maximal usage of parallel systems’ compu-
tation resources to speedup the programs’ processing time.
The effect of partition algorithm directly affects the perform-
ance of parallel systems. The partition problems have been
always the key problem to high performance computing on
distributed memory multi-computers which is the mainstream
platform of large-scale scientific calculation. The major goal
of partition is to get the maximizing parallelism and minimi-
zing communication,

As a research hotspot, there are a lot of researches focu-
sing on partition problems. Some of them deal with perfect
loop nest partition, in which it treats all the statements with-
in a loop nest as a single unit. In such a condition, they can
only solve the partition for the program where there are only
perfect loop nests. Some of them are partition algorithms for
statements, in which each statement is the basic partition
unit. However, they can not solve the data partition consist-
ent problem when array access stride in different statements

are unequal. Some other research is presented to solve read-

only data replication problems, alignment problems and so
on.

At present, MGID type algorithms are widely used to
solve different problems in different areas. There are imper-
fect loop nests and different array access strides in such pro-
grams. When these patterns appear in programs, partition
especially data partition becomes extremely complex. Such
characteristics put great obstacles to effective partition since
multiple data access strides would lead to partition conflicts
based on those prior partition algorithms.

This paper presents an affine partition algorithm based
on representative elements. When constructing the constraint
relation for partition, it only remains the array references,
which have contributes to partition constraint relation indeed
and remove the trivial partition conflicts through discarding
redundant array references to the same array. This paper also
present a consistent partition algorithm to solve the data par-
tition consistent problem. The new algorithms can not only
solve more practical partition problems, but also effectively
reduce data reorganization communication in data partition.
This technique has been implemented in AFT2004 parallel
compiling system and can get better results for some practical

programs.



