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Communication Set Generation for a Special Case of Irregular Parallel Applications

HU Chang-Jun LI Jing WANG Jue YAO Guang-Li LI Yong-Hong DING Liang LI Jian-Jiang

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

Abstract  Irregular computing significantly influences the performance of large scale parallel ap-
plications. How to generate local memory access sequence and communication set efficiently for
irregular array reference is an important issue in compiling a data-parallel language into a single
program multiple data (SPMD) code for distributed-memory machines. By far, many researches
have focused on the problem of communication set generation under regular array references in
parallel loops. However, little researches give attentions to generating communication set for ir-
regular array accesses in loop nests. In general case of irregular accesses, Inspector/Executor
model is adopted to scan over array elements at Inspector phase of run time such that communica-
tion set can be constructed. This paper proposes an approach to derive an algebraic solution of
communication set enumeration at compile time for the situation of irregular array references in
nested loops. And this paper introduces integer lattice into alignment and cyclic (k)-distribution
for global-to-local and local-to-global index translations. Then it also presents the algorithm for
the corresponding SPMD code generation. When the parameters of alignments and cyclic(k) and
array references are known, the SPMD code can then be completely derived at compile time such that

no inspector-like run-time code will be needed to construct enumeration of the communication set.
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. real AC0:(na—1)),B(0:(np—1))

. Iprocessor P(0:(n,—1))

. Itemplate Ta,Tg

. ldistribute Ta (cyclic(m,)) onto P

. ldistribute Tg(cyclic(mp)) onto P

. lalignment A(7) with Ta(aa % i+ba)

. lalignment B(:i) with Tg(ap * i+bp)

L for Gy =0:(ng—1))

or (Ge=s1 *igtti 52 ¢ ig 1)

CACaar c iEFPBar v ig YA taas ¢ Bt et YA =
Blap « t5+Pp1 * iy +7mtapy * ji+Bs ¢ jot+Tn2)

O W 00 N D Ul = W D =

—

B2 AR N KA 5| P B g A7 R

& B b/ 7 b it ik B0 B e 77 3k
mE 2 pros. BIFHE BT A — 4558040 A fl
B ENT 0 BIARIEA AR TaF T AE b PR EA P 1
PEAT A3 A, 5 4 Z5iB 4], eycelic Gma ) 26 78 8 B AR

2.1

TAB) maDICE A B 40 FL 25 A B AR 504 P o i — A
Ab PR TEAS DAL BLER For A BB Taoe R 7T LAk
B A r—c BEOE. Horb o FOREAN IS By
A () m AR TATCR AT 50 RARX m DICRIAE
5. 55 6 RIBEM R RHILR ADRMITER Talas
140 53 A0 B 6] — A~ A #LAS b R 45 S Ak 2 2
AR A STRIERX AN r—c BEME T HBA A
L AH N Y AL .

RBEHANEH A TTEM 2R PR JE a7 r—c
P JR BB R bR o Cra s e s MRS B 23 A 1 00, AT
DECE

(rasca)= (LaAm.Alf ;IO_P/)AJ» (as *ia +b,4)%77’l,4)>
(D
Horbron, FOR L BLEFADE ma ORI T A1) cyclic
SIS E an Tl OA TR A SEAR TAZ R 2
PEXT 57 S 4L

AHAL b A8 1 HE S804l B o R 1 & )R T Ar &
i AL r—c MR AR Crp ) o MR 308 Kl 20
i &, AT A4S 3

(roscs) — (leiﬂj
B
()

Forpon, FOR AL PRES A B mp FORBEMR T 1Y cyelic
I B Ean T by R B B 5B T s 22 18] i 26
PEXT 75 25K

LA cyelic Co) Kk 73 A L A X 55 #54 h
FIAREBOEME S AR B 1 —Fh g PR 42 J) b ik
A bl hl 22 [8) 0% % 46 7 L e g 0 S =L (D
(2) 7. 3k 2 48 5 3 ot 580 7 2R T L 51 R 0k
WE AR08 T 47 32 B0 cyclic (k) B3 43 A A2 1 %
TR AR ) R A
2.2 BIEEERW AISEiE

WE 2 frs By A R A 5 = )26
W i U 2R A B, M Z Tk s 43
K osioedgtn sy o d, At B G oA ORI 35 AR
i, g AR pR A B A W] T R AR T RSk
H B g FHeREL 553 50

J’ (a}; . i}; +[)B)%7n3)

n,

In=ay = ii+Ba e Ly +7a1tan, e ]iJﬁg«z *JeT Va2
(3)
Ip=ap - iiJr:BBl ¢ ig + Vg tag, ¢ ]i +;81:2 ° ]g + Vg2
4

Z T VLSS 0 RE R 0 0 5 VRO 5 | eR B e
R T ARIE—5E AT LA 258 15 4R 1 — MUEoR



14 BRI ZEAE . — 2R MU A7 1o T I AU A 3 5 48 A SR T 123

A, SEpn b B RE 4 BT SO 25 504 19 1 14
REOE S P8 20 1 5 F0 K2 51 T eR B IE X0F A AL
FRF ok (FUR A SRS BE 45 Hh i 1) AR RO 2 I8 203t
R Sibv ey VR 7 R D S E A PR EE
2 T b 5325 1A B[R] A1 2 [ 52 2% B2 AR 5.
AR B 53 A 7 D » T RAAS 2
Ly < I < L (5

ﬁ$,ulz(“'mA””ﬁ“'p*“w,uz

aa

\;)‘A * My 7’1/)+77ch: . p—’—m/\*lf/)AJ’ 1) %%ZT_\‘ALI\IE
A

v p WAL BRET 5 o n, R AL FRAR B0 ra R A
JLERAE r —c K P AT AL AR

Iy < Ip < Ip (6)
I T el
B

Lrn « my n,,+m: . qum”—l—b,;J, g Fe7 hb e
B

q WAL BRER S n, FR AL PRGN B, s RR B4 B T
RAE r—c M AT A A,
R 50 B4 71 L3 B L ] A4S 3
0<i, <n,—1 (7)
Syl g, sy e i, (8)
A3 5 (5D ~ () A AR B
et E AR R — RO B R AR .
0 (3) L (5) 4 (7)) F(8) o M AR B A 25 X 0 1k
B, T RATHER Y i, A Ay s AHBLHE B 20 (4) L (6D,
(DRI AT AT i, Wl o U 2, OYE R &, Oy
k= {ky () ko) (9
0 (3) 4 (5), (8) FI(9) L MR 4f% bR HR B R 1, ] LA
TR J. B ks AL, B X (4D, (6), (8) F
(O AT LA, WS Bl ks U 7, L &,
b, = {ks N ki) (10)
/ﬁ\itfil,?'g:[%] k{ﬂ”ﬁ%ﬁ% rAsTpsp %Hq E"JIXIM
R A8 B 3 A5 155 L T LAAR 2 ra B0 19908 B
5

0<r, g;L“A '("A‘*l)'%bAJ an
mpy n,,

of;rsf;L“B'("B"D'+bBJ (12)
mp *n,

R (9~ A2) A ra T r g (HIFATAE E A A
HACATE L b, F1 b, 45 20 [ £ FIR (o, S L A7
R p Flq MR . K3 RIFN R H A @, Al
JRMEI T —— A R S BA g Rk
8 p WG AR G, O BEA FR A

Comm_Set (i, +j ipg =1 ipsi) i, Gk:ﬂjge/@;}
(13)

KR ADMRARX D H G BIAEPLLS ¢ Kk 454k

HIEE p O3 (542 AL B DR 94 27

Comm_Set(B), 1=

{InCi,aj )Gy €Comm_Set(iy,sj )rpg1) (14)
(13 [ AL (3) b 25 AR AT p I

T B 5| Comm_Set (B, WIEH A TEMNES,

RNHA

Comm_Set(A)i,.,1 =

{InGigsj ) | Gyajo) € Comm_Set(iy s, )ipgt (15
AR O FI L) W LUTFE 5 Comm_Set(B)i,.,

AHXF R B r—c A& AR AR B

Comm_Set(B:r—c)i,,=1{rs= Lmj s

mp *n,
cp="Cay * Iy+bp) Yomy| I € Comm_Set(B),,,}
(16)
FH AL Hb, AR 2 (1) F1(15), 18 3] 5 Comm _
Set(A) . FIXT R r—c /AR EE A R
as * I, —f—bAJ’

Comm_Set(A;r*c‘)[,,,q]:{rA:L e
ca="Cas * Ii+b1) %m, | I, € Comm_Set(A)i,.,1 1}
an
S 1k AT B 1 3R R B 5] A
R — UK. b, sUA6) RN AL PEAS ¢ A
R Mg p WiEFEE A B TR ESR);
KADFRAE IR p bR AF FEAHXS W 54 A oo
REA. Ml 305 ~ ) 4 L A 45 N i, R
W B R] E5y AR 2 F i DL AT 1. H 2 18
SR L R PR O B o3 A DA R 26 AR A% S R
FR R E 1, BT LR T 2R — R o0 L T
R/
2.3 SPMD #mBEFHERTTE
TEo3 AT N AL & b B AR PRES B 3RAT /Y 2R
PRACIS AR J& SPMD JE X 9. 78 SPMD R b, 34>
WEPRER R E LTI LT 4 BB Kk e b P
T A MBSO AT HT AR 3t B 0 PRk AR
WA I HE B A B 2R DR 18 AR AR PR A T e R Y
PEER LA, N A T+ 3838 23 (5 2 B BO 7E 2 0B
B (5 3 By BO Z A AT » IF B A b B2 R 5 Kk
PEBCHE G5 1 B B LAl AT LA 3 6 56 2 B Bl
55 3 W B S O B0 5 AR L 7E R K Bt A
h T A 22 A Ak B TR] I e ] — > A B g R0 TH R
IF AT BE 2 Hh B A e o A 0 ol IO Y O kL fe
i€10,1,,n,—1}.,qg= G+ p)modn, 1& 4 5 & 4>



124 it "

Bl

Eilg 2008 4

L
¥

Qb 32 A A B B 725 T

HERIFLL g b Comm_Set(B:ir——c)i,.1H
BATW &t Comm_Set (i, 15, )y 77 AW TE 2
Wb H g p B XTH B B B ot R i AEA HL G ]
A S5 3k Comm _Set Giy o, ).y 72 HE Y. RN
A HNES R W — A4~ Comm_Set(iysj, )iy P,
JIT LA WS4 3 28 6 DA e 6 A B s AT A1 9 R Ui
[R) X A S

RET LR, TSR S5 E 2 B BdE AT R
J¥ AR L Y SPMD &5 S ACRS  dn sl 3 .

for p=0 ton,—1 do

1.
2
3. /% pack and send messages to other processors * /
4. fori€{0,1,-+,n,—1} do

5 q=(i+p) modn,and p7#q

6 calculate Comm_Set iy sjo)rq.p7

7. for (igsjy) € Comm_Set(iysjo)iq.p
8

Append Comm_Set(B:r—c¢)(4.p7t0 b fena (q)

9. Send bu fena(q) to processor if not empty

10. end

11.  enddo

12.

13. / % perform local iteration * /

14. calculate Comm_Set(igsjg)p.p]

15. for(ig.jg) € Comm_Set(igsjg)ip.p]

16.  Comm_Set(A:r—c)p.p,1=Comm_Set(B:r—c)p.p]
17. end

18.

19. / * receive data and perform remaining iterations % /

20. while expecting messages

21. wait for a message from ¢ and store into Bu f{,]

22.  s=0

23.  calculate Comm_Set(ig+j ) [p.q]

24, for(ig.jo) € Comm_Set(igsjg)ip.q]

25. Comm_Set(A:r—c)p.q1=Bufrqa1(s)

26. s=s+1

27. end

28. end

29.

30. enddo
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