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Writing an effcient program for massively
paralel machines (MPP) requires domain
knowledge about message-passing and data
distribution concepts. In order to efficiently
utilize the computing resources, efforts are
devoted to eliminating the communication
overhead. We propose applying a data
replication approach together with data

aignment to solve the problem. In the
proposed method, data arrays can be replicated
in the whole or in part into al processors or
subset of processors. The existing alignment
approach is not well suited to this kind of
problem. Therefore, an abstract computation
array is proposed as the template, and data
distribution is achieved through partitioning
the template among processors. A data array
can be fully replicated to eliminate the spatial
data dependences if there exists no true
dependence across iterations on the data array.
Arrays with loop-carried data dependences can
be partly replicated if we properly dispatch the
iterations to  processors.  Performance
evauation is carried out in a Cray T3D and the
results show that the proposed approach is
effective under arestricted loop model.

ParaScope
[CaKeB88], Crystal [LiCh9la, Fortran D
[HiKe92]
Mace [Mace87]



NP-
(NP-complete)

(data alignment)
(distribution)

(hyperplanes)
Ramanujam  Sadayappan [RaSa91], Chen
Sheu [ChSh94], Darte Robert [DaR094]
Ramanujam Sadayappan
(reference patterns)

k
k-1
Chen  Sheu
(reference function)
(iteration space)
Darte Robert
(communication graph)
("the owner
computes’ rule)
Li  Chen
[LiCh9lb], Gupta Banerjee [GuBa92],
Hovland Ni [HONi93]
Li  Chen
(index
domain)
(uniformity)
Gupta

Banerjee (loop)

Hovland
Ni
(augmented data access descriptors)
Li
Chen
(component affinity graph)
n 1"
(partia
alignment mapping)
(patterns
matching)
“ (single program multiple data)
(parallel levels)
(serid levels)

(loop-carried data dependences)

c c
(loop interchange)

[ZiCho1]



Al k+1) ® T(i,LK)
AL k+1)® T(,* k) (2)

C(J,N® T(i,))
C 1
Ct*,.N® T(i,*)

(collapsed)
(data
locality) (redistribution)
1)
@)
(true dependences) (anti 1
dependences) (output
dependences)
doi=1n
dj=1n
Bi,j)= Ali+2,j+1)
Ali+1 )= C(J.1)
Al j+1)=qj+11)
i, j) = B, )
) end do
) end do
©)
A*¥)® A
B*.*)® A1)
a*.*)® Al
D(*,*)® AY),
1)
ulu g 11 A(*'*)® P(*,*)



B(i,))® A, j)
C(*. ,{)® P(/.,*.) ’E;? 4.00E-01
D, )® A, j) o 3.00E-01
£
. = 2.00E-01
doall i =1, n %
doa/// =1 n 3 1.00E-01
Bii,j)=Ai+2,j+1) D 000E+00
Ali+1, j)= Q1) 2 4 8 16 32 64
Al j+1) = Qj+11) e of
D(I, j) = ﬂ/, j) umber of Processors
end do
end do ~
~ 1.50E+00
51 2 —=—N
Iy
£ 1.00E+00
=
5
2 5.00E-01
8
@ 0,00E+00 IR —
g 2.50E-02 2 4 8 16 32 o4
Py 2.00E-02 Number of Processors
£ 150E02
5§ 1.00E-02 (©) 256 (d)
3 5.00E-03 512
x
L
0.00E+00 —~ 7.00E+00 + R
2 4 8 16 32 64 8 6.00E+00
Number of Processors g 5.00E+00
= 4.00E+00
S 3.00E+00
S 200E+00
g Lol 8 1.00E+00
< 800E-02 @ 0.00E+00 IR S
_E 6.00E-02 2 4 8 16 32 64
& 4.00E-02 Number of Processors
8 2.00E-02
D 0,00E+00 (e) 1024
2 4 8 16 32 64
51.
Number of Processors
@ 64 (b)
128

(qualitative rules)



(exhaustively evaluating)

(data dependence analysis)

Journal of

Information  Science and  Engineering

[Walwos]

[AgKr95] A. Agawal, D. A. Kranz, and V.
Natargan, “Automatic partitioning of parallel
loops and data arrays for distributed shared-
memory multiprocessors,” /EEE Trans on
Parallel and Distributed Systems, vol. 6, no. 9,
Sep. 1995.

[CaKe88] D. Cadlahan and K. Kennedy,
"Compiling programs for distributed-memory
multiprocessors," Journal of Supercomputing,
vol. 2, pp. 151-169, Oct. 1988.

[ChSh94] T. S. Chen and J. P. Sheu,
“Communication-free data allocation
techniques for paralelizing compilers on
multicomputers,” /EEE Trans. on Parallel and
Distributed Systerms, vol. 5, no. 9, pp. 924-938,
Sep. 1994.

[DaR0o94] A. Darte and Y. Robert, “On the
alignment problem,” Parallel Processing
Letters, vol. 4, no. 3, pp. 259-270,1994.

[GuBa92] M. Gupta and P. Banerjee,
“ Demonstration of automatic data partitioning
techniques for paralelizing compilers on
multicomputers,” /EEE Trans. on Parallel and
Distributed Systerms, vol. 3, no. 2, pp. 179-193,

Mar. 1992.

[GuBa93] M. Gupta and P. Banerjee
“PARADIGM: A compiler for automatic data
distribution on multicomputers,” ACM
International Conference on QUupercomputing,
Tokyo, Japan, July 1993.

[HIKe92] S. Hiranandami, K. Kennedy, and C.
Tseng. “Compiling Fortran D for MIMD
distributed-memory machines,”
Communications of the ACM, vol. 35, no. 8,
pp. 66-80, August 1992.

[HONi93] P. D. Hovland and L. M. Ni, "A
model for automatic data partitioning," in Proc.
of the 1993 Int. Conf. on Parallel Processing,
vol. 11, Aug. 1993, pp. 251-259.

[LiCh9lg] J. Li and M. Chen, "Compiling
communication-efficient programs for
massively paralel machines," /EEE Trans. on
Parallel and Distributed Systerms, vol. 2, no. 3,
pp. 361-376, Jul. 1991.

[LiICh9lb] J, Li and M. Chen, “The data
alignment phase in compiling programs for
distributed-memory machines,” Journal of
Parallel and Distributed Computing, vol. 13,
no. 2, pp. 213-221, Oct. 1991.

[Mace87] M. Mace, Memory Storage Patternsin
Parallel Processing. Boston, MA: Kluwer
Academic, 1987.

[MPhi95] M. Philippen, “Automatic alignment
of aray data and processes to reduce
communication time on DMPPSs” The 5th
ACM S GPLAN Sy/mposium on Principles and
Practice of Parallel Programming, vol. 30, no.
8, pp. 156-165, Aug. 1995.

[RaSa9l] J. Ramanujam and P. Sadayappan,
“Compile-time techniques for data distribution
in distributed memory machines,” /EEE Trans.
on Parallel and Distributed Systems, vol. 2, no.
4, pp. 472-482, Oct. 1991.

[Waw9g8] S. -D. Wang and W. -D Jwo,
“Replication and Partitioning for Data Arrays
in Distributed Memory Systems,” Journa of
Information Science and Engineering, vol. 14,
pp. 281-298, 1998.

[ZziICh9l] H. Zima and B. Chapman,
Supercompilers for Pardlel and Vector
Computers, New York: ACM Press, 1991.



	page1
	page2
	page3
	page4
	page5

