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A Systolic Communication-Computation Overlap Method
for Parallel CFD

MoToyosHl KUROKAWA," TERUO MATSUZAWA,tt
RYUTARO HIMENOftt and TAKAYUKI SHIGETANItt

A parallel computation for a large-scale Computational Fluid Dynamics (CFD) simulation
is important for the real-world simulations. A parallel CFD computation time consists of the
computation time and the communication time. The communication processing is important
to compute CFD efficiently on a distributed memory based parallel computer with low-speed
communication system. The overlapping of communication with computation is a method of
pseudo-shortening communication time. The overlapping of communication with computa-
tion by the pipeline method and the systolic communication-computation overlap method. In
this research, we executed the parallel CFD simulation by the Maker And Cell (MAC) method
and the domain decomposition method using the systolic communication-computation over-
lap. We used a most efficient partitioning pattern for the domain decomposition. We dis-
cussed the effect of the systolic communication-computation overlap for a parallel CFD on
a total elapsed time. In result, Wait processing (M PI_Wait) of the asynchronous commu-
nication using the systolic communication-computation overlap by a few number of PE had
an elapsed time, which was not able to be disregarded. However, the elapsed time of Wait
processing became short when the number of PE increased. The elapsed time of Wait pro-
cessing depended on the amount of the data communication. The elapsed time of the systolic
communication-computation overlap does not have excessive performance saturation on the
very small problem size. We show the speed up ratio of the parallel CFD that the systolic
communication-computation overlap implementation improved the maximum performance by
14% on the RS/6000 SP and 31% on the PC Cluster against the normal implementation (no
overlapping communication with computation).
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Table 1 Grid system size.

Grid size Number of grid points
Type A | 26 X 26 X 26 17,576
Type B | 66 x 66 x 66 287,496

0 X,Y,Z,GO000OPoisson 000000000
ooooooa
ap?

2
g—ﬁ’g FYEn O
2
W _ _Geno ()

+Z(57777C)87<*
0(()0NSOODDODOOUOOOOOoooooooo
goobooboooooo

22 0O0O0O0

go0oo0oboodooodobooobD 100000
0o000o0bDbO0o0b0oobobDORedO 1000000
goobLooooboobooooooboo 1ou g
1ooogd v0d o0l0b0boooobobobobo
gooboobo co0bbooooobog

goboobobooobobooobobbboooooo
gooopooooo0oboobooooboooooo
Jo0o00O0o0obooobboobobooo 2100
ooobobOoOooboooooo

go0o000oboo0oO0oo0obooboo0o 1000 20
doooooodcCcrDOOO0OODOODODOOODO
00 (= (uAt)/(Azmn)) 000000000000
goboboobobbobobooboboog o2
goooooboooboboobbuoobobobooo
gboobodboooooooboooboooboooo
00 (Azmin) D00 OO0O0O0ODOOOOOO AtOO
gooog

23 0000

0 ()0 Poisson 00000000 0OODOOOODO
gooooood (6)|:| NSOOOoooooooo
020000000000000000000000O
gbobooooboooboooooobuoboooooo
gogbboooboooobobbooobboobnoo

0100000000000 wbOyOOOODOO
vz O00O0O0O0OD0O wODOOOOOOOOOOOoOo

X(&n. Q)



Vol. 42 No. SIG 9(HPS 3)

godd w=100v,w=000000000000
w,v,w=0000000000000000000O0O
goobooboooobobDO

0J00D00OD0DO0OOFortran 770 Message Passing
Interfacd] MPIOO OO OO0OCOOOCOOOOOO
O0o00ooooO0ooO0o0ooooooooooooo
00000o000oooooooooooooooon
Processing Elementd PEOOOOOODOOOOOO
00oDOoooO0o0ooO0oOoOOO00oOoooooooon
ooo

Jacobi DO DODODODODOODDOOOODOOODOOOO
010x10°000000000

3. DOooooooocCcrkDODODOOO

00000000000000000000000
00000000000 PEOOOOOOOOOOOO
000000000000000000000000
0000000000000 D0000000000n
000000000000 D0000000000non
0000000000000 30 Boundary regiond
00000000000 30 Overlap region000 0O
00000000000 00O0DODODOOOoDoOnog
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000

00000000000 D000000000000
00000000000000000000000'YWO
00000000000000000000000g
000000000000 000000000000n
0000000000000 0000000o0On
000000000000 00-000000000
00000000000 CFbOOO0OOO0O0oo0
000 100000400000000000000
00000000000000000000000
0o0O0DO000oooDOooo®oooooonog
CFDOO000000000DNDDDDOONDOOn
000 PEODDOOOOOOOOOOOODOODOD
ooo

4. OO OO

OpPEOOOOOOOOOOO
(1) DOooUoOOOUOOOUOOOOOOUOOOO
(2) DOOUOOOOOOOOOOOOOUOOOO
200000000000 000 20000000

OO0 cCcrDOOOOODOODOOOO-000OO0O 57

Receive region
Send region

| f communication phase 1

* communication phase 2

=§ communication phase 3

<€= communication phase 4

02 0000

Fig.2 Communication style.

dooooooooooooobooooobooooa
0ododb 1000000 bouoododdcom-
munication phase 10 2000030 40000 20
oooooooooooogooooooooooo
ooooO0oUoooooooUoOoooooogoood
0000O0o00oooooooOooOoooooooog
00000000000 O0Evans0™ 000000
00000000 ooDooOoUooooooooog
000000000000 00O0o0O0 200000
O Recewe regron00 000 0000COOOODODODO
0000000000000000d Send regionO0 O
goodooboooooboooooboooooo
g0ooooooooooooooooogoooo
0000 20000000000000O0D00O0DAO
O0o00OO00ooOoO0oooOoUoUoooooDooooo
O0000ooo0oooooooooooooood
O0000o0O0o0ooOO0o0ooooUoooooooo
00000000000o0o0ooooooooooo
0000000000000oooooooooog
ooooo 10000

5. D0OOobOOo-00000

51 0000

OO0 CFDOOO0ODOOOOOOOOOD-OOOOO
0oooooooo s3pooUoo30ooooooo
00000000 DOOO0d Boundary regiond0 O
00000000 Overlap region00 00000 Non-
boundary region00 000000000 0OO0OOO
00000o0ooO0oooO0oooU0ooUooOooooo
OooooopoOooooooooooo

0000000000 JacobiOODOODODOO-00O
goboooboboooobobobuoobooooo
ooo00o0oooooooooooooooooo-o
oopooooooooooo

ooooo-0000O0o0oooooooooOoo
O0ooooOooOooOoooOooooooooooo



58 oooooooooooOoooooooooboooooobobooobooo

v

N
.
.
N
|
§
.
N

7777777777777

/

/
g
/
/
%
/
]
é

| I
)

03 0oopoooooo
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Table 3 Percentages of total elapsed time contributed by
the major processes.

RS/6000 SP PC Cluster
Process
Type A | Type B | Type A | Type B
Pressure Comp. 99.0 99.2 98.9 98.8
Velocity Comp. 1.0 0.8 1.1 1.2
Total 100.0 100.0 100.0 100.0
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Table 4 Domain partitioning patterns on the RS/6000

SP.
PE Type A Type B
normal  overlap | normal  overlap
2 [ 1,12 — 1,2,1 s

4 | 1,22 — 1,22 14,1
8 | 1,42 124 | 1,42 —
16 | 1,44 1,28 | 242 1,82
32 | 1,4,8 — 244 1,84
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Table 5 Domain partitioning patterns on the PC cluster.
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normal overlap normal overlap
2 1,1,2 — 1,2,1 p
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Fig.9 Effect of the systolic communication-computation overlap on the RS/6000 SP.
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