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Abstract

We evaluated the performance of the MPI/MBCF by executing the NAS Parallel Benchmarks.
The MPI/MBCF is an MPI library implemented with the Memory-Based Communication Facilities
(MBCF) on the SSS-CORE, a general-purpose massively-parallel operating system. To implement
the MPI/MBCF, Memory-Based FIFO of the MBCF is used for message buffering provided by the
MPI library, and Remote Write for communication without message buffering. This paper shows
performance evaluation of the MPI/MBCF on a cluster of workstations with parallel applications,
and verifies whether it is effective to construct a message passing library with the MBCF which are
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based on the shared memory model.
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AWAE Y BB FHARRECOBEETALL
T A=V Ry VU TEFNLHE AR EF
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727 OMICERKRERIT. ZOBERICHLT
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BLLET—XF 2 F v k39 R— 22350
LOTEHHEAE Y EFAICESBEBEOS
2, FEAE>TWS [9], :
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EFANTOTOST IV T OB RT AT
5 ) Tdh 5 MPI (Message Passing Interface Stan-
dard) [3, 4] %. A AE ) BEBETHI AE)
~— R E{E#EE (MBCF: Memory-Based Commu-
nication Facilities) [7] Z A>T MPI/MBCF &
LCYU—I AF—2ar 75 AF EREELTEEL
[10], ZOREOEAMEONMICIY, AT
VEEBEEAVNTA -V Ry Y TBIETA
TS5V EEETBEZ LEOBMEERLTVS,
AT, AFFREROLDORVFe—T L L
TIEL AVWSGNTWS NAS Parallel Benchmarks
(NPB) [1, 2] %07 7Y r—vavsus7h%
MPI/MBCF ETCEfFL, ET SV r—¥a s To
MPI/MBCF D8R %17 7c,
AFOBRIIUTOEY, 2 ¥ T MPI/MBCF &
T EDR—R iAW MBCF KL THBAL.
ThboEsMier sy, 3 BT NPB 2AWct
BHOBRERL, 4 ETERYEL DD,

2 MPI/MBCF

2.1 AEUAR—ZREE MBCF

MBCFRYZFo=TIREBERAETITZIER
BWaE T, BAENHAESTHREED TV AILAEE
FlA 2L —F 1 v AF 5 SSS-CORE [6] LT
f#xh T3, MBCF O ELTICETS,

1. BEEATY ~OEENRBENTETHD

2. R - (AL - UEHEE - 7 FUIER
BEERAWTERTS

3. RAOERE — KT =7 EAVS

4. FXXNVVRATHD

5. BIRGTORENERETHS

6. WEDBBRIE, WFRIENR Sh T B

MBCF 0#$#0 > b, MPI/MBCF OX¥#ICix
ERAEY BEALBICAE Y R—AFIFO #H
WwWTW3, BRAETYVEERALRT-FEYE-T
527 OEAT FUAZMESEEEALRETS
5, AEY_R—R FIFO RRBEM=2—-FREL0
7 R RAZERICHR LB E FIFO (Vv 73y
T77) LTV AT ACEML, VE—F2OOF
EABEFARETILOTHS.

U—% A7 —¥ a % 100Base-TX Xy hU—7
X piEgLeRECH MBCF OXRBIZLIT O
DV Ch5, BHINCERLEEER / —FUV—2 X
F—v 3¢ LT Axil 320 model 8.1.1 (Sun SS20

EH#u, 85MHz SuperSPARC CPU x 1), ¥ b
D— AV E T2 RELTHE /- RU—TRAT—
v a vz Sun Microsystems Fast Ethernet SBus
Adapter 2.0 . X» F7—2 & LT SMC Tiger-
Stack 100 5324TX (HUB) ¥ X T* Bay Networks
BayStack 350T (A{ yF> 7 HUB) Thb, OS
LLTYU—I AF—vary I AFR SSS-CORE
Ver. 1.1 ##f L%k, 2 /— FHITOERAEVE
%5A%Z 0 one-way latency 3 XU peak bandwidth
23RIL, F—FH¥ 4 X 4byte B D one-way la-
tency 24.5 us. 7—% %A X 1408 byte F#® peak
bandwidth 11.48 MByte/s (t_EX v t7—72)
$LU11.93 MByte/s (2"E*Xy h7—2) L1
SEREPE, ZhbOMIX 100Base-TX O/~—F
U THEPHRRGIEHLEETHY, BAD
WNEHER LS MPP LiziSAZOERER
SZLRRENS [8]. ‘

2.2 MPI/MBCF OEEAR

Aoe—URy U IEERTOIHE. BEGR
LLTHRESNDDIIF A7 BRBRIT LN EER
DLTHY, /BT FURBHNTOZEAEITHE
EBERRY, TORDRAYE—IRy U TRBEY
RAF AT, 2EMNRF—F2—BREM2VLE
ZEMCRTEEEAYy 77 ICEEL, MHETIE
ERBITFRITHD T DAy 7 7 hORERBRKI
F—spavr—F3, LirL, ZEBSREICETT
BHAITE. ZRARD LN UDREMBEZEERN
CBMT A L RAETHD, ZOBERENATS
T LT AEATYBEVRT LA CRRABMIXT—
F R ERER~EEEEAL T LR E RS,

MPI/MBCF DEETIX, MBCF OERAEY
EXALRICEDEZEU»LOEH (REER) 5D
BADEERER, AEY_—X FIFO 2LV &#E
ERBEVEED (ARAy 7 7 ~0) ZEREEE
BB Licky, BERA Y E—U Sy SE
B5475 Y #@ET 5, BEHCIE. XEEDY
BB TO LD IcREIND,

1. ZENH D OREERERRS, BELHST
Eb0NHNITERAETYVEXABRIYVRE
Ry 77 ~F—rEERXL, BT, #ET2D
DOHFRTIE 2 ~, :

2. ZEMO 2 E Y ~—2 FIFO KA LA yE—Y
(~y FBLOT—5) ¥EREL, BT,

ZEEHERIIUTOL ) ILRESNS,

1. (BFT32ED 2 DRAFyFBNT) A€
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VDY A MERRD, ZELHETIHORD
NEIAIPOREASYy 77 ~F—FEar—
L, #&T, 5T b008%20E2 ~,

2. AEYR—R FIFO o~y ¥EWMViAHR, %
BLOHIEEMRS, HETHRLET—5%
FIFO »bXRENSy 77 ~BYiAH #T. #t
LW RLBIE (~Ny ¥ ML) F—4 %
YA MIERYIAAZR, 2~ FIFO 32725113

N

3. BEMICEEEREED, KT,

REEROEHITITAE Y X—R FIFO AWV
b, AvE—VLREERLOBEERH LD, =
hbixBl% o FIFO IKiMEha?, sbic, B
%5 MPL 7utAnb0 R ye— - REEROR
FEEBE<SEDIZ, MPL 7av2$ n LT 2n
D2 %Y ~—2 FIFO %3,

AyE—P L REERCIENTRELEES LM
5L, REERNRHOA v — SEBRIE KB
LTWa 0 Y pEREMICSVTR<S, Zhi
IV, MIETDH Ay E— VL REER L FRHFICHE
TEREFETIR, ZENCBVTREERE2HH
L. BMELRELZELIES B L 2L
+53, '

2.3 MPI/MBCF nfAttt

2.1 it ROV —2 RF—ary T RIRE
BT MPI/MBCF D EAMEE round-trip time
B XU peak bandwidth ZHIE L7,

round-trip time X 2 2®D (B2 5/ — FLD)
MPI 7utZ0Of% A v —UBEET HOREY
BHMTEHS, 2 OOSBEARELH LT/ v
TuyXS%E MPI_Irecv() ZBEIL. —FHIX
MPI_Send() (71 v ¥ 1 73%(8), MPI Wait() (%

E5ETHL) £, #51k MPI_Wait(), MPI_Send()
BFETTS, £ 112, IEOS 0 RTBIT5EE
DEAEED LRIEDETETE round-trip time & L
THELLERERT.

_peak bandwidth 1t 2 0 (£%25 /— KED)
MPI 7at XOMT, —Hh bl ~ERERIC A v
- U REE L BEOBERA VF'I’E'@&)Z) ¥_E

2}%)A—zFWO&ﬁ~f®7Pvz§mLﬁ&@ﬂna
ZLRARTH B,
‘3ﬁ5§*m¥ﬂén67$ﬁmbbtb EEEREZHLE
ZEOLTHLTERAT) FERAZCLVF—F ¥ BIFRS L
R BRV, koT, ZERED 2 ILBWTAEYR—X FIFO
PHEBRYRAENRT~AY FIXET. BAHCBITIhERVTF LY
RREOY A MIH L THBShALERD S,

ARV M-I BIURTEXy hU—27 ETHIEL

7c peak bandwidth %% 2 IZR T,

AHilZR Lie MPI/MBCF OtE88id 2.1 #ilcw
L7 MBCF o#BizifvWEL Ex, MPI #%5
FTERDDA—1A~y FPRRENZ LRIHD, &
IZ, MPI/MBCF i X 38@fEiX, &LV 7 v v,
o, A yt—TVYh A XZH$ 5 bandwidth DL H
LBV BN, MRERERBERT T r—
T a VRBEOKEEDEZCZENTVRNWT.TY
r—va rikBWTHBREHREROZ LAFET
boZ EHRRENB,

3 NAS Parallel Benchmarks [Z& %
ST

3.1 NAS Parallel Benchmarks

NAS Parallel Benchmarks (NPB) i, NASA
Ames Research Center {ZB\ THE Shizfizh
PRMEY Iav—varIusSakEicLe, ¥
FIRtEBR G OR L Fv—rThHD5, MELELE
BTNV XA, MBYA XD TFTA, IusJ
Iv/EFAREDE NPB 1.0 [1] &, MPI %
RWEREO a7 7 s E#RH4 5 NPB 2x [2] &
Bhsd, LTD 5 20—V TalFhBIT
3 DOMEWKSE(CFD) 7 XY r—va b
RoTA, :

o b—XN

| EP REAMKI L5 ERLKOLER

MG i hic~rF 7Y v FEL_J:Z) 3
KFEHT Y v HRROME

| CG #@MREIC & 5 EMA HBATFIO RN
EA R AR

FT #E7—) cBRick 5 3 KoRlsHE
KO

IS KEBERY—
e CFD R
LU Symmetric SOR it &5 LU 2
SP BT ST A D T EEARHRROMRE:
BT FB|AAR 5 x5 Tr /9“}4 XD_E
RABEROME

NPB 2x CRISDAC + MPI 'C' IS LIS For-
tran90. + MPI TR &Xh T3, 8 SORETH
FHUCE U TRIREY A X20h S\ EHBIEIT class S
(B Fn). class W (MR Y —2 ZRF—a sy
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# 1: 100Base-TX iZ&i1+ % MPI/MBCF ® round-trip time

message size (byte) 0| 4

16 | 64 | 256 | 1024 | 4096

71| 8

round-trip time (us)

85 | 106 | 168 | 438 | 1026

# 2: 100Base-TX 28115 MPI/MBCF ® peak bandwidth

message size (byte) 4 16 64 | 256 | 1024 | 4096 | 16384 | 65536 | 262144 | 1048576
¥ % (Mbyte/s): || 0.14 | 0.53 | 1.82 | 4.72 | 8.08 | 9.72 | 10.15 9.78 9.96 10.00
£ % (Mbyte/s) | 0.14 | 0.57 | 1.90 | 5.33 | 10.22 | 11.68 | 11.77 | 11.85 11.85 11.86

FAZEIT). class A (FREV—I AT —Yar
75 ZFIY), class B (PRALLEFIHFHEEIT).
class C (KBMEEFIF BT IF) LD 7 T R5G1TH8
RERTVS,

3.2 FEEmE

21 HiBLV 23 fitABOUV—I AT —a v
75 RFEE T, SSS-CORE Lo MPI/MBCF #
JAVWT NPB Rev. 2.3 2EfTL, V-7 AF—¥=
COBEEELSETRITHREMERAELE, Xy b
D— 7 ZIEAAL yF 2 HUB RV, Lol
», A—oHBOET SunOS 4.14 £ MPICH
Ver. 1.1 [5] 2AVWHAEORTREALZAE L,
MPICH % Argonne National Laboratory 3 &
Tt Mississippi State University CRBW TR &
7= MPI OEHET, V-2 RAF—varIFAFL
T BHEETIX TCP Y7 v ML X BBEEZIT-T
B, Ave—IRy v SEEMELYAVERE
LRoTN3S, .

2y 84T L LT gee-2.7.2.3 BE g77-0.5.21
ERWE, 8 SOMEDS L FT o7/nY 7 A
g7 TR A AT E IRV DS B OFHE O X8
M HEVE, S

RAREY A4 XL LT class W AWk, Zhix,
class A 7Y 3 Lp, SSS-CORE ETiiBiE
LEHDD Sun0S 4.1.4 L TIRATIRRIZLYE
FTCERPSELDTH D,

3.3 TR

¥R 3T, T OORVFv—r TSI AOK
MERT, Zhbik MPI/MBCF 0 Y — A fUT#¥K
a— FE#@BAL, /—F 8 (SP, BT i3 9) w4tk
DFTTuTFhEETL, WELELDOTHS,
RKROBEADS b, @BEFT—F L— +ix MPI B3ic

LToTREINLTF—FDORL M (~y FBIIT
) 2L/ - RRBELTAMHL, ZITRETH-
EHbDThD, BEAvE—YL— I IXEIhE
Aob—oREE L) — FRELTA#HL, ET
BT bDTHD, BRATY EFXALRA
B, 2/ — FroEEENET—F05 5, K
FBRERET LTV dic MBCF DR AE

VEEZRALIZLIVEBERShEEbOOF—F & (/A1
MK) OFIBTH B,

# 4 & EP OEFHERETT. 2260 Boilkik
W»TW3, EP TILBERITHRORKEHRNE
B WTOARREL, RITRHEHDIEE A CIXZE/N
BABOMETHD, 0D, ZOBRITBEME
BT TU—Z AF—a rOBRB/NEAEER
HREPRLTWVWALELS,

% 4: NPB EP OFITIRM (AL : sec)

J—F¥ 1 2 4 8
MPI/MBCF || 121.04 | 60.53 .| 30.26 | 15.14
- (speed-up) (1.00) | (2.00) | (4.00) | (7.99)

MPICH. 125.56 | 60.61 | 32.13 .| '16.25

(speed-up) || (1.00) | (2.07).| (3.91) | (7.73)

#£ 5k MG OEGRRERT, BESA XX
64 x 64 x 64, A7 L—a VEIE 40 Th3,
DEERTOT—FORH LYV DD, BE byte
» b3 Kbyte BEDAyE—Y0 1 % 1 @&
REBCHERCETENS, 20D, AyE—Y
YA XBPEVB A OHRABEEZTOI LD
¢& % 'MPI/MBCF # MPICH lZK& {E-T
W5, BELTOREEKICBONTEETELTY
A 2 ¥ — ¥ MPI_ANY_SOURCE BESh TV 57k
%, MPI/MBCF IZBWCTREERERITTHIL
RTEP, BRAE Y BT RBOMABHT SN T
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£ 3: NPB RUF=w—27 Fuy s A0t

Fars5 A EP [MG| CG | IS | LU | SP | BT
BEF— 4 L— b (MByte/s) || 0.00 | 9.68 | 12.69 | 13.58 | 1.89 | 7.83 | 5.32
WEAyE—TL—F (M /s) 4 [ 4670 | 2138 | 466 | 1199 | 421 | 488

WA ) EXALFIAE (%) || 51.10 | 0.01 | 53.33 | 99.22 | 13.37 | 49.01 | 47.24

Wi, BEAEHENICHEET LIRS0 sTh%
FEMADZ LITXY MPI/MBCF Tiz& b2 5
BrAERRRAENS,

& 7: NPB IS ORATRM (B : sec)

J—F¥ 1 2 4 8
MPI/MBCF |l 10.05 | 6.33 4.39 3.02
#£ 5: NPB MG OETRY (BT : sec) (speed-up) || (1.00) | (1.59) | (2.29) | (3.33)
MPICH 10.25 7.09 5.61 4.81
/—F¥& 1 | 2 4 8 (speed-up) | (1.00) | (1.45) | (1.83) | (2.13)
MPI/MBCF || 39.16 | 22.61 | 14.36 7.48
(speed-up) || (1.00) | (1.73) | (2.73) | (5.24)
MPICH 38.81 | 31.30 | 21.01 | 13.72 B _
(speed-up) (1.00) | (1.24) | (1.85) | (2.83) R 8IC LU 0oRfTHELTY. MEY A X1t 33x

® 6 CG DETHEREFRT, MEY1 X1
7000, 17 V—a U EiX 15 ThHB, UFrvs
CBREDICHOEMEEE 1 o 1 BIEEEKCERL
e A =YY% A X+ Kbyte BEDOBEE, BLUT
REL A ve—T ¥4 X%+ Kbyte BEDOBEED 1
N 1BEBEITEND, BECHEIXI MGIEYEL
2L, Fhy AvE—VOPALXH MG LY A
Wiz, MPICH ol MG tobo Xy HtE
LTw3, &b MPI/MBCF Tii, ERAE V&
EABELT—FONSU LN L CHEATSZ L
TEEOHRE LIFTVWB I LBHNE,

#& 6: NPB CG DEATHRR (BAL : sec)

J— k¥ 1 2 4 8
MPI/MBCF | 69.05 | 35.99 | 20.40 | 11.02
(speed-up) || (1.00) | (1.92) | (3.38) | (6:27)
"~ MPICH 68.75 | 40.01 | 27.79 | 14.59
(speed-up) || (1.00) | (1.72) | (2.47) | (4.71)

RTCIS0ETHEREFRY., 20 @Ao%Ko Y —
F 104 T L—¥afToTWd, HEAF Vb~ g
VT 1 Mbyte BED X vy t— %20t 0EREE
B D ZEBRLTVWS, &/ — FCOFERMA
Euied, BB L 3T oh 2 0EFERE O R
MXEB & 253, MPI/MBCF Cidfs HiEiE %
EEREEHNETTILICEETAIZLICX VY
BHIBEEEZIToTWB I ENFENS,

33x33, A7V —a it 300 THB, Avk—
Uh A4 XEE byte BED 1 3 1 EETF—F%
RHVEYLTWVE, AyE—UF A XRAEVLD
OEEHERTL 2VieH, MPI/MBCF, MPICH
ELIZAEPRBHTVS, LU BBV THZIEY
B DRIETHEIT MPT_ANY_SOURCE AV bh T
Y. MPI/MBCF TOERA €Y FEAXHOFBD
BESEELLTWS,

# 8: NPB LU DEATHHE (BAL : sec)

J— ¥ 1 2 4 8
MPI/MBCF || 1004.24 | 527.69 | 286.45 | 160.36
(speed-up) || .(1.00) | (1.90) | (3.51) | (6.26)
MPICH 1081.51 | 611.92 | 320.70 | 185.04
(speed-up) (1.00) | (1.77) | (8.37) | (5.84)

# 91T SP OETHRERT, MY X136 x
36x36. 47— a3 ¥t 400 THB, AvE—
T¥A X+ Kbyte BED 1 3t 1 BERETH
5, BEOCEEELS ., BIEF— BREETL
2o TWB kb, #iZ MPI/MBCF Tk & RE%%)
RE/TNS, , '

#® 10 it BT ORTRKREERT, BEYA i3
24 x 24 x 24, AT V—va BT 200 THB,
# Kbyte 58+ Kbyte BED A v & —U% 1 %
1 BETOV LV LTS, SP FMEREIEDBEN
B, BEAY— U BRERITLROTVSB D,
MPI/MBCF Tk & REESRE/TNE,

27077 A%ELT, MPI/MBCF ic & 5547
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% 9: NPB SP O3Z{TRM (B : sec)

J—F¥ 1 4 9
MPI/MBCF || 1256.45 | 342.84 | 154.91
(speed-up) (1.00) | (3.68) | (8.11)
MPICH 1391.16 | 475.27 | 231.66
(speed-up) (1.00) | (2.93) | (6.01)

% 10: NPB BT %478 (AL : sec)

T —F¥ 1 | 4 9|
MPI/MBCF || 616.73 | 155.17 | 67.30
(speed-up) || (1.00) | (3.97) | (9.16)
MPICH 627.29 | 214.14 | 96.02
(speed-up) (1.00) | (2.93) | (6.53)

g MPICH 02/78h%% LRI >TW5, FHiT,
&R Ry E— T R BECEIE LA D HE (MG) T
3 MPICH H#— S~y FOKE ShbitiE X
LWL T, BENY—VBERBRATE2DE
& (CG, IS, SP, BT)Ici¥ MPI/MBCF #%M
AEYEXRALEFRBVTHRBLEEEZITOI LD,
MPI/MBCF & MPICH kO#EHKEEo>TH
5,

4 EEWH

oA b - BERREE AT Y BEHRETHD A
EYR—RBEEEAVTEES W MPL 5475
Y MPI/MBCF 0%, 100Base-TX THebt
Ehlkv— &XTwVa/&725LTﬁW77J
#4r—3 3 NAS Parallel Benchmarks D%47Iz &

VI LIz, AvE—U Ny SRESRBEAN
7324 L oA b MPI/MBCF O8O & X451
Ehie, #iZ, BEAvE—VHAIBNERTT
Yhr—ia e, &F‘V)%‘&ﬁ?&)ﬁﬁﬁ‘i‘%%ﬁ‘@%’ﬁ
‘u?ﬁﬁ‘?‘bﬁ{?'*ﬁh‘/@7’7" D} &‘&‘/:—1 vizsw
< MPI/MBCF #3h R < B #1725 = L SKIE
Ehic, SEDORRENIDL, 42 Y BIESETH
BAEYSA=RBEE Ay E-I Ry TBET
47790«—2&L1mw6 k@ﬁ%&#ré
iz, :
A@@%ﬁvmwmu MMA~F7m7%mw
té<ﬂ‘mwﬁohfﬁbn*b®?&v 2~
V—F Y VS VAT ARBLOBEETA T T 2 HR
DEVWHDLTHT k?%?7)&~/a/k%§
BMAB I LR TORTHREEBET S Z L BT

BTHhAZLERLTWVS, ZOZLIEEDI, &
AOBEN—RFY=2T7EHEATZZ LRV —I R
F—ars IR EBETHI LOEMEERT
LOTHB, ’

ABFZRO— L RLBRBIE RS (IPA) B
LTV A WA REINE REE, B L UHHRL
HE RS (RWCP) OX TR &R, :
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