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Automatically optimized core mapping for subdomains of domain
decomposition methods on multicore parallel environment

SarosHI ITo,t KAzZuyA GoTott and KENJI ONOt

On hierarchical parallel environment with multicore processors, mapping of subdomains
on CPU/cores were optimized considering the difference of communication speed of different
communication paths and the communication pattern of parallel applications based on do-
main decomposition methods. We tested our method on massively paralleled Intel Xeon PC

cluster and confirmed that it reduced communication time in some benchmark tests.
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1 hwloc WHOMBEIIN— R = TR OERBL (5) LV 5IH) .
Fig.1 Diagram of hierarchical hardware configuration
(from 5)).
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Fig.2 Decomposed alanysis domain and domain
connectivity graph.
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3 fHEEHE S T 7 OnFIR L OREK ) — F~0FIv 4T,
Fig.3 Decomposition of domain connectivity graph and
assignment of each subgraph to computer node.
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Table 1 Example of order of nodes that each node com-

municates with at each step (the number of nodes

is eight).
Node Step
1D 1 2 3 4 5 6 7
0 1 2 3 4 5 6 7
1 o 3 2 5 4 7 6
2 3 0 1 6 7 4 5
3 2 1 0 7 6 5 4
4 5 6 7 0 1 2 3
5 4 7 6 1 0 3 2
6 7 4 5 2 3 0 1
7 6 5 4 3 2 1 0

Step 1 Step 2 Step 3

2% @%@ ?Qﬂ gﬁn
XK@ 6/ @ & o ®
Tp® GJO® GG O Tgo
Step 4 Step 5 Step 6 Step 7
4 NP8 DHE (R 1) OKERT v 7 TOBENRT—>.
Fig.4 Communication pattern at each step when the
number of nodes is eight (% 1).
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7L, EMOBEEOWEE SV RiE, T—%% A4 X0
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Fig.5 Possibilities of measuring communication time

between two nodes when each node has two cores.
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Example of simultanious measurement of commu-

6
Fig. 6
nication time between two nodes by using multiple
cores.
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% 2 RICC DOfLARFEA
Table 2 Specification of RICC.

CPU Intel Xeon 5570 (2.93GHz,
Quadcore) x 2/node

AV 12GB/node

i — N 1024 nodes (8192 cores)

FATBEE TaTArYa—7 TEREIN,
THERFTHATIINS v FEND.

R A T Intel Compiler 11.1

MPI OpenMPI 1.3.3

F v hU—Z#4RZ | InfiniBand X4 DDR

hARr Y — : Fat-tree

bisection bandwidth: 240GB/s
2.0GB/s

25.6GB/s

32GB/s (Futy¥dHi-v)

7 — F@fEMERE
CPU [Hl{E e
AE YNNI

Machine (24GB)

| NUMANode #0 (12GB) |

Socket #0

I L3 #0 (8192KB) l

| L2 #0 (256KB) | | L2 #1 (256KB) | | L2 #2 (256KB) | | L2 #3 (256KB) |
I L1 #0 (32KB) l I L1 #1 (32KB) l I L1 #2 (32KB) l I L1 #3 (32KB) l
Core #0 Core #1 Core #2 Core #3

| PU #0 | | PU #1 | | PU #2 | | PU #3 |

| NUMANode #1 (12GB) |

Socket #1

| L3 #1 (8192KB) |

| L2 #4 (256KB) l | L2 #5 (256KB) l | L2 #6 (256KB) l | L2 #7 (256KB) l

| L1 #4 (32KB) | | L1 #5 (32KB) | | L1 #6 (32KB) | | L1 #7 (32KB) |
Core #4 Core #5 Core #6 Core #7
| PU #4 | | PU #5 | | PU #6 | | PU #7 |

7 RICC O%/ — RO/N— R = THERL.
Fig.7 Hardware configuration of each node of RICC.

WCEHRERHH & bl 3 5.
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DOHARFEMZR 2 1277, F£72, hwloc IZ XV ARk
ENd RICC O% /) — RO— Ko = TR # X 7

2R,
UTEART 2EEOY 4 — 7 A=V U T 2TV,
PEREZJIE L7,

Case 1 fRNTHEIKERDT AT MbE—FE L LT,
T 4= A= T LSS, O —A1%, [
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£ 38 Case 1 DU 4 —7 A7 —1 v 7B DN IR AE,
BLOY, 7 KAAL 0T K.
Table 3 Number of grids of whole domain and each
subdomain at Case 1.

#Cores Grids (whole) Grids (subdomain)
32 3251x813x813 813x407x203
64 4096 x1024x1024 1024x256x256
128 5161x1290x1290 645x323x323
256 6502x1625x1625 813x406x203
512 8192x2048 %2048 1024x256x256

=4 Case 2 DU 4 —7 A7 —Y v 78T DA IR A,
BLO, 7 AL OBTRE
Table 4 Number of grids of whole domain and each
subdomain at Case 1.

#Cores Grids (whole) Grids (subdomain)
32 4096 x512x1024 1024x256x256
64 4096x1024x1024 1024x256x256
128 8192x1024x1024 1024x256x256
256 8192x1024 %2048 1024x256x256
512 8192 %2048 x 2048 1024x256x256
70.0 — T T T T

Original —+— =]
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60.0 - Random -1 5| 1

o

b

‘s’ 500 f ]

E

=

c

S 400 1

8
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£ 300 [ 1

£

o

¢
20.0 1
10.0 . . . . .

10 20 50 100 200 500 1000

Number of Cores

8 Case 1 ®/ — K@K,
Fig.8 Total communication time in Case 1.
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VT RAL O REITR 3 IRTHEY) THD.
Case 2 fHEDEIZEOKY T KAAL L OT AT |

tba—E L LT, Va—7 A=V 7 Lgh.

ZOGE, MITHEIREROTENET D0, £¥ 7

RAA NCBT DERHEBEEOEN—ELRD.

FEMTREIR 2R, BEOY, 7 RAAL O s

RAITRTHY THD.

RICC IZBI /R AZK 8, K9 IZ/~T. Case 1,
Case 2 & H1Z, Original 3 LU Random Ti,
B o#ME &b ISEERFNPEA LT, AFC
B LV AFC-NB TILEFERHOBERII I #EATH
5. AFCIZ, Original (Zxf LTk 2.7 f%, Random
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70.0

Original —+— i " ™
AFC X
AFC-NB %~
60.0 - Random -
o
Q
£,
o 500 -
E
=
c
S 400
©
[
g B
E
€ 300
£
o
o
20.0 -
™ X
e
10.0 \ ‘ ‘ ‘ ‘
10 20 50 100 200 500 1000

Number of Cores

9 Case 2 @/ — RE@IFHER.
Fig.9 Total communication time in Case 2.
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4.2 BEERENE

RICC IZBWTIBERH O KR AT - 7. ET —
DY A RE, 41 EHONF~—7FEICBT D@
EREOYHTHH# 1.5MB b LT, Bifg 55
(% 0.667, 0.8, 1.0, 1.25, 1.5 1) Z vy, K a0
T 7oz, HEENEAV NEE LT v %,
F— CPUWN®=7M, /—FKAN®O CPUM, /— KR
o THERNL, ENEN T LR A A FR LT
HEDOFEREZR 512k, /— KM (inter-node)
OMWFHEREIZONTIE, /— FER 2 DAL —
RGO/ RIEDNTRK &> TRY, #2.2GB/s
b, IZIFHEEREREE Y O FEIPERSBII STV S,
Tz, J— REOHEIMZ &0, FRHENELS 2o
TWa. Ziud, FRERCEERELZRIET S/ — MK
BT B0 THS. /— FENKREWEE, /—
NHEEB(E /N FIEOEGRPERED 1/8 ThH D 256MB/s
NaT b0 OBERMERRE 750, FEERIZIFER LD
HROREL o TEY, HEDELLSEXHLREL LD
Z Lo lz. RICC @/ — NRLEEMERE T H
¥j—La&han, ZofRE . — FEOMmE R 2%
TLHEBH—TEHRNIEEZRBLTEBY, RKEHElvY
TIZBNWT, /— FHOBEHRZBET 52 LICX
D, SHIZEERY Y — 22 GOFHTE DA
HHZ EERLTND.

SEOEE 8~ v B/ TiE, /— R, F—/—
KMo CPU R, [Rl— CPU WN® = 7 O 3 E D
KANBRIZDONT, /— FARI— CPU WO a7 [
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RHiE<, /— FEPERLEBWEEE L. 2o
W, ERRRTIE, 2 /—F (16 27) ORI/ —
FRIOBEHEN / — KN CPU M OiEE L v b
o TWAER, 41 8O Fv—rHE e 7o
4 7—F (32 =27) LLETI, ARMELZ@Y O
KANBFBDED HTZ. g, RICC 2B\ Tk
HE~ v B T OBENRKE S R Z &2 EfT)
TW5. £/, /— FEOBEEEORIEIZB T
J— RNOBEERE T HDIcEmETHB EEZ, HE
WZHWD a7 OEWEZEE L7220, RICC OEITERE
TiL, 8 /— RUEFEHT2HAICE, ZOFETH
WIGERMELRTWE EEZLNS.

5. #&

ARG TIL, ~ /T 27 KEBOEFIFREREICRS
VB RE S FIRNE S RED, YT RAL v Da T~
D~ v B ZIEICOWTIREL., N— Ry =7
BRI S WA OB EIEE 7 7 7, BLOWT
RAL B OBERZBEE LZEANE ST 7D
DO7ZTT7EFAL, aT ~OKERT T FAAL v~y
v 7 & FEBE L7z, Intel Xeon KEHE PC 7 7 A4
(RICC) BT 2T A MERN D, AFIEICL IS
SR OGBS A2 RIE I ERETTRETH V, KB
BN FINEREN) % RAAD D 2 &N tz.

R B BRI 33T D AT IR A5 WL 2 1 51
B X0 @I ERT 270 XA ERFEL,
RICC TMlEx FEMi L, WIEMHELZHAELL. 20
FER, RICCIZBWTIL, BERKOEWIC X @G
PEREDE W SHATEICTEIEL CWD 2 E NS otz 2
D EN, B~y B 72 X B @IE R o sERE)S "]
REL e ERERTHD EEZ LND. F72, RICC
D/ — FiEEEE, Hm bl L ShTnaR, /J—
RERREVGAEIIELT LHE—TiIRnZ L35
Mmool

1 BTN LIS, AT — FHO@EME
REIZH— L WO IE COHl~ v BV ZIEERE LT
W5, AT L 72 B IER)—IBIE HEREBR BRI LT
TN—T LTV T RAL O 7 7 Bk L,
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Table 5 Measured communication bandwidth and latency.
Intra-Node Inter-Node
Intra-CPU Inter-CPU
#Nodes #Cores Bandwidth Latency Bandwidth Latency Bandwidth Latency
[MB/sec] [psec] [MB/sec] [psec] [MB/sec] [psec]
Avg  Stdev | Avg  Stdev Avg  Stdev | Avg  Stdev Avg  Stdev | Avg  Stdev
1 8 2752 9 18 2 1270 15 24 4 - - - -
2 16 2724 9 17 1 1247 8 17 5 2227 - 0 -
4 32 | 2740 12 19 2 | 1420 9 33 3 655 14 7 22
8 64 2781 13 24 2 1314 13 24 5 186 19 150 149
16 128 2767 15 24 2 1449 4 25 2 159 16 152 176
32 256 | 2773 11 25 2 | 1361 16 32 4 130 44 65 118
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