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ABSTRACT

In this paper, on the assumption that MPI collective communication function is converted into a group of
point-to-point communication functions in the transaction level, an algorithm that optimizes broadcast, scatter and
gather function among MPI collective communication is proposed. The MPI hardware engine that operates the
proposed algorithm was designed, and it was named the OCC-MPE (Optimized Collective Communication
Message Passing Engine). The OCC-MPE operates point-to-point communication by using the standard send
mode. The transmission order is arranged according to the algorithm that proposes the most frequently used
broadcast, scatter and gather functions among the collective communications, so the whole communication time
is reduced. To measure the performance of the proposed algorithm, the OCC-MPE with the Bus Functional
Model (BFM) based on SystemC was designed. After evaluating the performance through the BFM based on
SystemC, the proposed OCC-MPE is designed by using VerilogHDL. As a result of synthesizing with the
TSMC 0.18um, the gate count of each OCC-MPE is approximately 1978.95 with four processing nodes.
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That occupies approximately 4.15% in the whole system, which means it takes up a relatively small amount.

Improved performance is expected with relatively small amounts of area increase if the OCC-MPE operated by
the proposed algorithm is added to the MPSoC (Multi-Processor System on a Chip).
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(a) Binomial tree algorithm

281 1, o)% Ee duelE) Al A Sl ol =2
darelE

Fig. 1. Binomial tree algorithm and proposed status based
binomial tree algorithm
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(a) Sequential tree algorithm
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Fig. 2. Sequential tree algorithm and proposed status
based sequential tree algorithm for scatter function

(a) Sequential tree algorithm

(b) Proposed status based sequential tree algorithm
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Fig. 3. Sequential tree algorithm and proposed status
based sequential tree algorithm for gather function
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Fig. 5. Binomial tree algorithm, proposed algorithm and
basic ROM table for 8 nodes
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Fig. 7. Best performance improvement of MPI_Bcast
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Fig. 8. Best performance improvement of MPI_Scatter
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Table 1. Worst performance decrement of functions
% Broadcast Scatter Gather
4 8 16 4 8 16 4 8 16
4B 9.1 | 63 | 48 | 3.3 1.5 107 |30 | 1205
8B 77 | 53 | 4 28 | 1.2 106 | 25| 1.0 | 04

16B 59 | 4 31 |21 109 ]05] 19|08 |03

32B 4 28 | 21 |14 |06 | 03 | 13|05 02

64B 25 1.7 113109 |04 ]02)|08]03]0.1

128B 1.3 109 |07 ]05]02]01]05]02]0.1

256B 07 05|04 ]03)]01]01|03]0.1]0.1

512B | 04 |03 ]02|02]01]01|02]0.1 0.1

1KB 02 (02|01 ]01]01|01]01]|01]O0.1

2KB 01]01 01 ]01]01]01]01]01]0.l

www.dbpia.co.kr




< 7 ZEAA k= A 7k wAA] A <zl A

MPSoC

Instruction
Memory

comm_msg_en
comm_msg 0B 10]

MPUE lete 0 recy_en 0
(Y ) | _comm msg complete 0] e

Processing node #0

bus_state_0[3:0]
state_valid_0

st_req 0

send_busy 0

dm_rdata_0[31:0]

Memory

recy_data_0[31:0]
send_en_0

dm_read 0

Data dm_wdata_0[31:0]
dm_addr_0[8:0]
dm_write_0

recv_busy_0
send_data_0[31:0]

OCC-MPE
bus

Instruction
Memory

Processor
(YMPUE) comm_msg_complete 3 recv_en_3

Processing node #3

bus_state_3[3:0]

state_valid_3

comm_msg_en_3 st_req 3

comm_msg_3[31:0]

OCC-MPE

send_busy_3

Memory

dm_rdata_3[31:0] recv_data_3[31:0]
Gm_read 3 send_en 3
Data 4m_wdata_3[31:0] p——
Gm_addr_3[8:0] | data
dm_write_3

send_data_3[31:0]

=E

Fig.

10. AqksH= MPSoC op7]Elxe] £ rlo|o]1e)
10. Block diagram of proposed MPSoC architecture

Algeeld A3 Aela] Be vg3) 2

1.

W S S g0 e S8 eEg
7ol EAle] glubd, w3l 3 e A4S
AT e el $Ale) glek, Alkeke
wdle] 74 ZeA wse) AU sjels
=d 285E $8] A7ke 2 gl dubdel
wduch QA BA Azke] o Adssick
F 12 7Hfsks Fale] gle wf dnbHel &

W3t wlasle] Adeks RS AMgEile
]

i

oA delser), 41
dlolele] =7 7P FAY AqdAlelEE T4
rro 7t B v AA $Al
AR w1 el vivisisicy

Z2A xEe| v FRRRE s
s e Zhslkelek 53, 3 ) )
oA FAT wev} e R s
b BAE sk Qe o Adkshe mde 4}
431938 ujo] A A} Zo] 71 ok A
odubA el dare]gel nls
2 3lo] ofe 43}
tH A e 7 &+ gl
(h N @ 259 F 5 n = log2N )
Broadcast = { (n-1) / n } * 100

Scatter = { (N-3) / (N-1) } * 100

Gather = { (N-3) / (N-1) } * 100

3. A 2Elo]AoflA Al HES kT
oF ‘busy’ AEje] m=o] a7t He
ol & Fo=w 3HEglen, o9} 1
Sollr= A o] st
a7 103} o] SystemC 7]HFe] Al E#H|OJEE
53t A5 37} Fell VerilogHDLS ARg-3led A<t
3l OCC-MPEE ¥33F MPSoCE AAsIAc]
Aksl= MPSoCE £ 47l9 Z2AK] =g
Aelo] glom, 7} ZRAA kT 2 gl

fe

<
T
/l'j

o 1o

o
-

o A

=

kel =249l YMPUE  (Yonsei Micro
Processor Unit for Extension), ™&o] x|
(instruction  memory), Hl°]E]  ®®2] (data

memory) 12|32 OCC-MPEZE FA=] 3lom, 7t
ZZAA Xt OCC-MPE H{Zef 25 Odéﬂoi
3Jrk  pre-layout AlEH|A Az Wk 2L

el A5 Ad sAE Az Slgk i‘ﬂ*% =+
7h= Hd 275, 3, 2 Aele] FkEdek St
H A~ ols]l 718t 4|7t (synchronous
time) ©| SolwWA|9h o]+ <% A7 (transmission
time) °ll H|a] AtHHOR 2R AJZke|| sl
TSMC 0.18 F4do® A3 A3} Z2A =
7} 470w Z+ OCC-MPE7} #A|sl= &L <F
1978.95 o3tk oli= AA AlzHolAM o 4.15% 5
27t R vlaA] 2k WAS AA|ghe #1Ek]

il =
o}

V. 2 E
& Aol MPL A’ Sl FollA kg, 8
h ‘71"‘];} Ue 3] S13t A= A 7Rk
darelES AskslaL olF sf=slel= A
g, ) AR e A o] ofd ﬂﬁl ]

Wol|x] ZZAA) =0 A, & B4l oFE
sled Aopd FAlo] °1—’?’~°1Xh WA R ’free’?‘f&
rool Wiz B8 dowym wAlERE Qlgk A
AAZRE FHAskele] Al A B4l SEAgES
=9tk ARKRE daeFe] Adss Wikl flsl
et o= 7Bk de] ARgsk= MPI 2le]Be|z|Ql
MPICH20l|4]  Ajelsle] AMSSlal 9l daeE|Ea)
HlaLE 3o

Algkgt o Al EH|o|E]
5 58 e ek Az kg 24 FA’ A7 4
o] wollAE 46.6%, 31.44%, 32.87%, 871<]
o= 58.79%, 67.77%, 65.52%, 16719 =
A= 70.46%, 72.22%, 61.73%2] A% S B

675

www.dbpia.co.kr



= EAF3| =] *12-08 Vol.37B No.08

of, AfrAlelElol 2gH=
Z 71 = = Aol &
s H7F F ARk dae]Fe] FEE= dk=s
o] ¢zl &, OCC-MPEE AAEitt. TSMC 0.18
FHow FAF Ay} ZzAA o) 47w
} OCC-MPE”} 2[A]sl= ®#-& <F 1978.95 ©]%)
. ol HA Axwleld oF 4.15% 5 AHstEE
! 22 gHs gh]lsisich
2 wreie Al daege] FeuEe
OCC-MPEZ F7}3lo] MPSoCE Ak, BlwA
22 WAHE AFs= OCC-MPE?| 7tz &2
Lg— 1:’% z,\_ 9\ r/],_ 7-]_9‘ .Z_Ui—g]_aﬂr/], 1:1:6]—
Aokt dyE|EES 83l W, #HE, g4t ol
o o A T4l I w3t s A
T S Zeg 7gEthk =3k OCC-MPES
FPGAR 7% F AA Alxgls osHdellA *
gshd  MPI  wlxvl= Z 2 7(benchmark
program)= 53l & vl A&’} A5 Hrpt 7bss)
o} oleldt AA AxElE FASZ SoC-MPIY,
TMD-MPI"! 50| &x) Juit]= MPI 73 A
= vlae v A= 313 AlFec)

ws) At e

2 Rew vepld

£ 2

Jasl

] _u]j, z_]— uqxl

References

[1] L. Benini and G.de Micheli, “Networks On
Chip: A New SoC Paradigm,” IEEE Computer,
Volume 35, Number 1, pages 70-78, January
2002.

[2] Daniel L. Ly, Manuel Saldana, Paul Chow,
“The Challenges of Using An Embedded MPI
for Hardware-based Processing Nodes,” In
Proceedings of Field-Programmable
Technology, pages 120-127, 2009.

[31 R. Rabenseifner, “Automatic MPI Counter
Profiling of All Users: First Results on a CRAY
T3E 900-512,” In Proceedings of the Message
Passing Interface Developer’s and User’s
Conference, pages 77-85, 1999.

[4] Won-young Chung, Ha-young Jeong, Won Woo
Ro, and Yong-surk Lee, “A Low-Cost Standard
Mode MPI Hardware Unit for Embedded
MPSoC,” IEICE, Trans. on Information and
Systems, Volume E94-D, Number 7, pages
1497-1501, July 2011.

[5] Argonne National Laboratory, “MPICH2:

676

high-performance and widely portable MPIL,”

June 2009, URL:
http://www.mcs.anl.gov/research/projects/mpic
h2/.

[6] P. Mahr, C. Lorchner, H. Ishebabi, and C. Bobda,
“SoC-MPI: A Flexible Message Passing Library
for Mutliprocessor Systems-on-Chips,” In
Proceedings of Reconfigurable Computing and
FPGA’s, pages 187-192, 2008.

[71 Manuel Saldana, Emanuel and Paul Chow, “A
Message-Passing Hardware/Software

Co-simulation  Environment to Aid in

Reconfigurable Computing Design Using

TMD-MPL” In Proceedings of Reconfigurable

Computing and FPGA’s, pages 265-270, 2008.

A @ ¥ (Won-young Chung)

2005 8 <dAEa A7
Axgsta 244

20124 29 AAldsta A7)
Azg-sta ARksdEyd

2012 39 AMAJAHA} System
LSI Apad- -4

‘A- <Rl UESHZ Z2A

A, AFE] o}7]EA, SoC, MPI

0l & M (Yong-Surk Lee)

19734 29 dAldigk A7)
Tt} b

19771 29 University of
Michi- gan, Ann Arbor *
A

19814 29Y  University of
Michi- gan, Ann Arbor =}

AL
199311~ AAHstaL A7) Akt
<P Hol> wlo|mRIZAA, UESZT ZaAA,
53} A, SoC

www.dbpia.co.kr



	MPI 집합통신을 위한 프로세싱 노드 상태 기반의 메시지 전달 엔진 설계
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실험
	Ⅳ. 결론
	References


