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A Data-Localization Scheme for Fortran Multi-Grain Parallel Processing

Axivasa YosuiDa,T SEljT MAEDA, T WATARU OcaTA |
and HIRONORI KASAHARA |

This paper proposes a data-localization scheme for multi-grain parallel processing, which
exploits parallelism effectively by macro-dataflow computation, loop concurrentization and
near fine grain parallelization. In this scheme, data are transferred via local memory among
tasks which are assigned to the same processor cluster and data transfer overhead due to
centralized common memory accesses is reduced. This compilation scheme is composed of
three phases. Firstly, coarse grain tasks like loops in a Fortran program are restructured
considering coarse grain parallelism and data locality. Secondly, the compiler decomposes
coarse grain tasks into medium grain tasks like loop iterations and near fine grain tasks like
statements, and schedules them to processors inside the processor cluster considering data
transfer. Thirdly, it generates data transfer code via local memory for coarse grain tasks
which are composed of medium grain tasks and near fine grain tasks. The proposed scheme
has been implemented on OSCAR and the performance evaluation on an OSCAR simulater is
also discussed.
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ENDDO
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ENDDO
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(a)MTG of RB group (b)Data dependence among iterations

RBia ] {RBTD HAC I M7

DO1=1,99  |{IDOI=100,101 | [DO 1=102,200 |}
. o H H <RB1b>
KNpDQ {[eNbpo

{[AB%a | BB | M2 MT3
DO J=2,100 {IDO J=101,199 <RB1c>
i R i |[<RB2a>]| |[<RB2b>]

<RBi> : RBi in Fig.(c)
(d)MTG after MT fusion

(c)MTG after aligned loop decomposition
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Fig.1 An example of aligned loop decomposition.
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——RB(doseq)— RB(doseq) on a PC
—PE1—— ——P 2
DO K=1,100 DO K=1,100

Cc lnop1 (doall)
DO 1=1,100

C loop1_1(doall} C loop1_2(doall)
DO 1=1,50 DOpI=51(,100

C loop2(doseq)
AW=A(-1]s.
ENDDO

B(J)=B{J-1)+..]
\Amﬂeu;\»

ENDDO ENDDO

LM-CMATI100]) ] | | [LMSCMB-i00D J

D : data transfer between CM and LM
—-: data transfer between PEs

(b)data transfer in a sequential loop

(a)a sequential loop

3 V=TV NN—T DA IV a YETDT — Y iR
Dl
Fig.3 An example of data transfer between iterations in a
sequential loop.
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Fig.4 OSCAR’s architecture.
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Fig.5 MTG of a program for CGS method.
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