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Abstract: This paper aims at improving the performance of MPI broadcasts under unbalanced process arrival
(UPA) patterns. This paper analyzes this problem with a performance model and proves that the negative impact of
UPA on MPI broadcast can be effectively reduced by the competition of intra-node MPI processes on a multicore
cluster. Based on this theory, a new optimizing method, called competitive and pipelined method (CP), is proposed.
The CP method can start inter-node communications during the broadcast process through an intra-node competitive
mechanism. In a CP method based broadcast algorithm, intra-node communications overlap inter-node
communications through a pipelined method, and intra-node communications are implemented through shared
memory while inter-node communications are executed by a set of leader MPI processes, which is selected by the
competitive mechanism. In order to verify the CP method, this paper improves three typical broadcast algorithms by
using this method and evaluates these algorithms in a real platform by using a micro-benchmark case and two
practical applications. The results show that the performance of the CP method can effectively improve the
performance of broadcast algorithms in the condition of UPA patterns. In the experimental results of the
performance of the practical applications, the performance of CP broadcasts is about 16% higher than the
performance of P broadcasts and is 18% to 24% higher than the performance of broadcast operation in
MVAPICH2 1.2.
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#R CP).CP F kil id —#r 7 5 A A2 Z 4 AU 2 S 3542 7 T B 3 F L8415, 2% 7 kR8T 36 ik AR 3
FRAELT ERNBE AR G F SIS T AT FHRBITR KA LB F L Z A R LA R A
MIBAE VAR T R EEBHUT B H ZAVN BB AGET S0 SR E R Y T MPI J#% UPA 8% h 85 T #
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16%,% MVAPICH2 1.2 ¥ S~ #4691 4842 & 18%~24%.

FEREIA: B2 RAE X MPL; 4812, MPI_Bcast; 3% 4 XKL 7 ik
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MPI 52 H i e Pk e v S U AT U SRR P R 10 S St e LA SRRV B AL el A5 o E 2 H 1N, Br T 4R
FEAR I SO A e D LA MPL R4 5 T — 2 (1 4 JR il A5 B 15 Db 8245 45 (collective communication)
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i Z1 e Xk 1R 235 85220 (process arrival pattern). A8 SCH R T 1X — 2 3455 MPIEFE (1 3134 B Z0 7745 11 &
75 S IR R B A5 2 5 ok A P47 05 72 3154 (unbalanced process arrival, ik UPAYBE, i 2 Sk P i 1k 72 51 ik
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(P i X i v B A LA 1 S B A FH Pk e A A 00 R A L
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AR AENE HEAT 20 #6 EAE UPA RS S 5 3% 1 P A th 0 23 52 UPA K I S i, A i 438 1 i T P 120,
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fRIFK CP) 7. 1% Jy v T+ H Ak o 1tk BB v S80I V2 A P 1) 2 A% (2 AR B S 3 A RORI T IR R &%
RN AL 20 (U BEES ) MRE AL RO VEARAG I ) B SRR F L SN AR AR R A O BRI B SE A
FEAE IR 5] G RR AT SR SR AR T s AT A [ B8 % 7 VR R A5 e TR RN Y R P AT LA K
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S pug e A LIPS
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FE (1584 W] LAAG 20008/ UPA X MPL 5Pk B 1K 52 W, 71 L BE Al EVER R T CP 5 ik (ML vh SR 3L T 56 1F
T3 A U AR SR CP 5 iE A T 3 it L 280 (¥ 3R 592, JE b AL 4 TR 7% (binomial tree, [ K BT). &
A3 B 3 A A 4 2 B T 3R 5095 (recursive doubling allgather after scatter, fif i RDAAS) I SE 4> #5054l e 8
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16%, % MVAPICH2 1.2 H [~ #5 (¥ T S 42 i 18%~24%. JiT 15 S 46 &5 R W, CP J7 vl LAAT &4 sk /b T~ 4% S vk 1 i
% UPA (5%, T i ) B S0k UPA BT P fe.
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AR DL, C L2 A5 1t 6 51 BN R 2 i W EBENLR) AR E(W) N EERR § (1P REFERT, FEFR E(Ti)R
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B SRR AT AR 1L I 8], A5 i 9 il S LE . 152 PR B t(m)=a+m- B,
o 7F UPA BEaF BEFE 305K AT 46 A 0 A5 1F i 7] X [R] 24 [0,k], 9 B AR I AT 93 A5 .
o AT T 43T AR e 33 DA i AR SR [R) D {4 X, RIS Ok 36 7 RN BRI 1 B IA AT kI RN B
WA I AL S A REHEAT , 9 HR 26 J7 R T3 (7] ) &5 R A5 A5 . 3K — B A 5 T 20 155 FE I 1R 1144
H BT J R E AN XA SO BT A p NSRRI 300 50k # /N m 2 i B,
Co=l logop 1t(m), T 3C LARHERE 0 R WF 98 6 A8 45 A I, 9T 4 W 755 1 R AR
BPA R T BT ) #E B 1 s, 76 15 00 R, W=0,p /N3EFE R FH — 3000 B0 376 KN m 2353 B I8
{EFERT A
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UPA BT I BT ) #E W0 1 2 T, & 5 SE B 7 U0 S0 A A5 B, S5 57 AR 3t 4 100 AR 9% 100 I [0 S i ) 438 1 30 155
i EX s UL E,
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Soef, W= TP o Sy HEATE § 3 A A T B 2 I i SR (L) 24 (2) T E(W) SR

i=0
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Zx B RTAL OB T T 4% 5% UPA SsZ I I RR BE AT I BUR A 20 PRS00 58 2.2 15 Rl 70 A BT | #R 5%
HIE IR 55 2.3 T/ 44 CP BRI it

C— Arrived Sendi C— Arrived di
mmmm Arrived and received message I ending mmmm Arrived and received message Ise" ing
=== Finished a message transfer message === Finished a message transfer message
0 1 2 3
0 covepo N -eeee I :
|
Step 1 1
|
t oo IR o v oveees I
|
Step 2 44
|
2t eeee — ....... —
| |
! ! H
Fig.1 BPA binomial tree broadcast Fig.2 UPA binomial tree broadcast
B1 Pt AR SA ) IR R B2 AP R B ) — W)
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AT UPA BT BT [k 1 ME RS2 10, Bl 1 JE W 98 UPA 3R son] s 38 5 19 1 38 3845 AR i), 3 % 15
FETHE (01 35038 15 FE I B A T 22 00 i SCAR IR AR &, T BAAS 31 UPA RS 200 s T8 1 T3 FE B, s 1 1 Tk

TEIR L PSRRI 3 DK /N A m S R LI, T T R 3R AT A (¥ I 1) DX ) A [0,KD, I HL AR M Ut
DX JR)_F TR 3410 43 AT JOLEAE 1RSS4 FE R ki6+t(m).

MR ps R IETTRERE pe A BT MR X 5 y 43 3128 ps 55 pr BIAPAT AU AR I 20 1) BEALZ &, H R
M0K]_E I A] 43 4 4 t=a+m- .

Ps BT S5 BAEFERT hy E(Ts)=E(Ws)+t(m),p, (K173 1045 #ER 24 E(T,)=E(W,)+t(m). L

W, - y—x,x<ylWr: x—y,x>y’
0, X=y 0, X<y

A
1 1 K
B = [ [0 =) dvie=[ [ (x- )bty —E Q) =¢.
T4 E(T)=k/6+t(m).iiF 5. _
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FEAET P27 BE.

10 o 1.2
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fat . 2 —[1—BT broadcast (UPA
2 1 = , g 1.0
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3 /| —— CPBT broadcast (n=8) ’ £ 0.8 —E—PBT broadcast (UPA) G -
5 6 - = —4—CPBT broadcas{{Y l
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£ 1 e
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> / e N
0 0.0% S A e e
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Fig.3 Impact model Fig.4 Performance of broadcast algorithm
K3 Spmmisy 4 JRRSIRIERE

WLE T LA BT ) #8352 21 UPA 52 3
23 ZHEARMAKLMATE

WK T VLA B A A7 1 S B A e T A 0 P A R T i TR I8 A5 40 D VR 20, 8 VR 0 A ik Ak 3
AT, 71 s (AR SR F R SR EREAT 09 A 78 20 ) 3L 22 A7 AR A AT 38 A%, & AN 9 s R S AT 4 A RLIE A 1
HERERR 0 5] 7 32 (leader).

TEAR S8 ALK AR T 30 R BRI 050 N B9 5 3 R 0 A A T 2 A o 1, B B A AT e LY P A At 3 7 2
TS TR IS ) S EE 0 BT LA, b AN R T ek 44 R G A RV TR 8 AR D SO R ek 2D B A R I (C), (X Bk
ALY RIS

FRATHER] R AL S 3R KA EARAL ) BT T EER /KA BT ) #650%, W&l 5 F s A4k G 1 &R
BT SEiAT 5 s ] 85, L AR BT s 8, BT RO R R R A 1 R B 3R AT KAk
BT #1030 {5 #E W 55 T I J5 15 207 B E!’J%Ivl&%xu’b;ﬁ%%ﬁ 55 T Rt R REAT 0 550 ()T A5 O FEH In— kY
RN BRI FEI B s ) FEIRRE I D r(m), 78 R 30 AT r(m)=t(m).

12 5A0AE 10 SECE N 7E BPA SR T LK A6 BT 1 #5938 475 K6 I Ml 1og,oN Te(m)+r(m); 7 UPA 3¢,
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AT R R 2 KA BT SERSE R 5 BT S S m S A (1] 3 th bR BT T "  th Ze) A 7,
HSEPERE I AR 2 2 3 UPA 1™ BSE AL ] 4 BTN S0 45 R Ui B 13X — WD, B b bR “PBT ) i (AR F-
i) 5 “PBT ) 4k (1) " K I 4 xt L 1 KA — I H6 5304 BPA B ZUAT UPA B I PERE, Se 40 2405 5
2.2 R S BN

ARSCHR IR CP O vA it 1AL S (M KA U5 ik, A FE REAS AR AS B et S (0 S mi A RO e i 45 2 T4
CP JjiEm 5| S HERE 19 mi 9 B B 238 1 HERE AR AR, JL BRI 18] 23 A 55 52 B 2 Prak A I).

B 2. W RNS S NIER RO n 257 35 R BIIA R AT I A5 1R I 18] TR D [0,k], I ke A itk X 1] (1359 2
oA U SE A KA ik i 5 | ERE BRI 8] () (9 7341 b8 5k

X
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B 6 xf b T ARG KAL gt CP sk b 51 3 BE R 2K IN 8] AR 20 Al B i m] Bl L CP s S
513 R 10 0 325 I 15 3 A7 A A 3 O [ I i et S, Y RSB 0] 5 5 B R PR 8 32K 1 2 A DA
AL, IRAHE i CP U7 ASGE ) BT Ik WAk 4 CPBT )™ 4%
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123'4567"'891011'12131415 AN P method
0 L T n = - S L CP method n=2
1 RO N g 5l . — — — - CP method n=8
LL T 2
t ‘* ............. ::]l:. w l‘.l;:.:. g 3
1 |||||||||||||||t S 2~ N
IR AR RS RN NI
Ot oo R eceeronrene efeeqeenpees MR T NN . oopeapee gl ] —— —— L
el B 1
She Ll 1Ll o 0z 04 06 08 1
DL ofeeveacecanennann ltﬁi] ................ ]..z.ﬁﬁ‘ Arriving time of the leader process
Fig.5 Pipelined binomial tree Fig.6 Probability density of the arriving
broadcast algorithm time of the leader process
5 P IR T IR B 6 51 IR BT I R FR AR e

HMUHIES 2.2 W 873 M 7 i0F 58 p=Nxn D HEREZ 51 CPBT )™ 4 JL o N OB 8 H on BT NS )
FEIEAF RO SERE S H L FRAT T DA SR BE RE AT 9 25 ) A5 0 1)~ B A8 A I )

E(w) ~10, zj:(] LEC)=ki=1 (7

i=1

(n+H(n+2)’

B @A A X(3), W1 B 7 vEw] LIRS CPBT ) R B3 i s i i AY &) 3 HhbR 7R 43 “CPBT I %" (1 5
Z MR OR THERE g 2 A0 8 PR — B e AR LE BT )R SRR L BT 5 VE RO m B 2 B
IR R] IR 24l 7 Y SO, CPBT T R A I R B AR B 4 rpdRoR “CPBT T ik (IEF
)" 0 28 BoR T CPBT SkidE UPA B NINPERE, -2 5 558 2.2 W ML S8 — S0 Lk BPA BN
WAL BT [ #EEVEIERE(E 4 hbRzs R “PBT )7 8k (CFA) " 1 th 42) v LU I, 3 CP i vEAUAL I BT |6 5.
1L UPA IIsZ W AR 8 /AN P ERe W AR TAL 481 BT ) FRSLAFIMK AL BT ) R 50L.
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[ E, AT DA CP i A 38 F T B I 26 23 RS 2SR (1) R 5000 A SOR A R R A 1
CP ik S AR 4k SR ) LE Sk ) .

3 MPI R PRIF SR RAKLT ERE AL

WRLE 2 W) CP A AL MPICH2 whvig F W) R S0 T A4S B0 Ui 1] 7 Jios i) CP ) ik ik hid
HF AN BT J#HEEAEH T K B0 2 o BUG 4R M) 36 SR (AAS) 41 A1 Ik B,
get_coll_request_ptr JH| T 3R 45 4 & 045 15 SR 5, B AR B2 T 45 10 709 s oh, LR 700 s e AT O o B0 1B AR
“EE N A R IR B AS 19 51 S Uk B4 Inter_BT_bcast,Inter_BT_scatter,Inter_RD_allgather F! Inter RING_
allgather 73 5! 15 ki 0)) " Hk + 2> BOM AR 91 R, H o BT, RD,RING 433 78 —I5UR §503% . s U1 i 08 5005 R 3R
SEVE X O] B4 11 1 a5 — A S B0 ) R B W B v JEL At S R T (¥ T RO T R [B] 1 R 2. PDMPIC_
intra_bcast 1 PDMPIC_intra_bcastseg 43 737 15 i W) 3R i W VH B4 B 38 060 151 5 bR X AN 44
5 I BHLZE 1. B 5 | 5 RS v R B R 40 BRSO B A5 1 sRon) G b JE SBR[ 1 A 7 R AR P T (WA
SR HERE AR AT BIHHE J5 A R[]0 T 5] R, 3 5 A B A 2 BEL 2 (% R E2 20 v S B0 i R 43 BUS AR [,
SR 9% PDMPIC_intra_bcastseg 3 [F1{E 4 W7 A< MP kR S 75 U2 I o8 2630 B ot LA MLAR, 3y o5 i 3 £
5597 2 YIS A5 LARUK A B B AT S b IR P s ) R

1 Algorithm. MPI1_Bcast 14 Inter_BT_scatter(buf,...,NULL);

Input:buf, count, datatype, root, comm; 15 if rank==root do PDMPIC_intra_bcastseg(buf,...) end
2 MPI_Type_size(datatype,&typesize); 16 if nbyte<BCAST_LONG_MSG &&ispof2(nodecount) do
3 nbyte=typesize*count; 17 | Inter_RD_allgather(buf,...,PDMPIC_intra_bcastseg);
4 MPI_Comm_rank(&rank,MPI_COMM_WORLD); 18 else
5 get_coll_request_ptr(&request,PDMPI_REQ_BCAST,comm); 19 | Inter_RING_allgather(buf,...,PDMPIC_intra_bcastseg);
6 if nbyte<BCAST_SHORT_MSG do 20 end
7 if rank==request—leader do 21 |else
8 if rank==root do PDMPIC_intra_bcast(buf,...) end 22 do
9 Inter_BT_bcast(buf,...,PDMPIC_intra_bcast); 23 | mpi_errno=PDMPIC_intra_bcastseg(buf,...)
10 | else PDMPIC_intra_bcast(buf,...); 24 while mpi_errno==MPI_SUCCESS
11 | End 25 lend
12 Else 26 end
13 | if rank==request—leader do 27 return

Fig.7 Competitive and pipelined broadcast algorithm
K7 sep KA $R 5%

B2 38 i H AT AT MP1EE (L fin MPICH23TH Open MP 1Y (g i it 25 4y i 28 S B 3% 4 s KAL) 6 24
6 P 7 T T PRI A 2 58—, 0] v s s I 38 4 58— B A A R 5 SR th SE LT B A& S 19,51 T
TR 2 R AN S0 Y a5 5 | S B 1 R AT R AT Y a5 TR AR 2 0 AT B R MPL R R A2 FBRATT R T sK
LT R “MPI TR 387, JEAE“MPINIEE 28 (FE S b B SE L T W Bl 7 B 1) s 4 QoK A6 ) B 50k SCRiAR
MPI Jnig 28 % MPIActor.

Kl 8 7Rl T 35T MPIActor [f) MPI AT 45 AT JRUEE K L 5 bRt MPI R 454 08 R A5 5L T MPIActor
[ MP1 47445 MPI HERE S — AN B8 AL SEBRIZ AT I, MPLIERE DL FE RS AT PfrisfT, H 51 S B g
THIFEFHATALS 1 MPI BERE ST R [F— D 7 a2 i MPIActor 26 TARYEM) MPI 2 5 FH 5036 & TR 4 46
T MERRIRDEAE P AR E I MPILIREE D, WP MPL R SR = 200 8 45 B8 77.MPIActor 7ESETL MPI
TOA B2 0 A S I, AT AT S b v MIPL S (19 5050 U A% 2% 0 S 351 A (R A5 RITE S MPIActor [F) SEfilt 45 1 3 #5
— AT MPL HERE R 3% BT R AT BARE 5 — N AR TR MPL ERE BT 2 I, X AR A T S BT SE D R A
G TR B ST IR AE A5 2.
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MPI process MPI process MPI process
” 0OS thread 0S thread 0OS thread

MPI actor container process MP1 actor
modules
MPI collective communication interface
Default MPI
modules

Replaced
MPI modules

Default inter-node point-
to-point communication
algorithm

Fig.8 MPIActor provides user program with more effective intra-node point-to-point communication
and collective communication based on standard MPI library
8  MPI JIg sk T MPI i) FH P R S A B 58P 1 e 9 ROR) G R AR 15 3 £

MPIActor i g “ 3t = Py 7245 Al 15 57 17 #4844 (shared-memory based collective infrastructure)” %} MPIActor 1
AR A 38 15 SR EAT e A8 SRRl I AN A, B AT S B T IR s AE ) MPL R S o 3 A SR %
(communicator) 3t 5= 7] — S Al A5 5 K A A, 40 I 9 BT AEIXFI LT, 25 5 B rh i & 10 7 1 v 30 4 S0k,
16503 comm_ptr—crq % 4E Sl 15 1% Sk BA B 400 72 find_unsolved_req A% A HE& A5 5 K AZI h #2548 1
AR A B () B A T AV SR I R IR — U AR RN T s AR G MPIL R S8 e X6 — A 7 A I DX ) 7 )
13 B A TAF 1 SR G I 1 2 5] B, LA R 16 3 1) S T 56 47 i e T 7 ST S I e A e 4 2
TRAGT BEELVE I R 1

MPI process i | |[MPI process i+1 MPI process i+p

‘ Communicator ‘ Communicator

==

‘ Communicator

=
R [ [ ]

Collective communication requests queue

Fig.9 Same node MPI processes share one collective communication requests queue
9 AHIEITY AU MPIREREIL = [A] B 5 3l A5 1 K BA A1)

1 Algorithm. get_coll_request_ptr
Input: type/*request type*/, comm_ptr/*communicator*/;
Output: req/*collective communication request*/.
Mutex_lock(comm_ptr—crg—mutex);
req=find_unsolved_req(comm_ptr—crq,type);
if reqg==NULL do
reg=new_req(type);
enqueue(req,comm_ptr—crq);
req—leader=isrootnode? root: myrank;
nd
Mutex_unlock(comm_ptr—crg—mutex);
return req;

OO ~NOoOOa~wWN

=
o

Fig.10 Competitive algorithm in get_coll_request_ptr
K 10 get_coll_request_ptr t ()55 4 5005
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4 RWEHR

T SR AT SCHR H AR VR BRI AR ELSE T 5 R R AR 3 TR Y CP ) R LA MEAT T W M AR VT I L 40
B 1SS0 2 B SCHR 2,20, 10] 9 A s VI U7 v R AT 8 TR HE N (micro benchmark), B 976 T VP4
B BRAEAE IR0 25 F R IR Pk BB 20 2 B SUG R T T WA F 00 S92 400 FR 0 AT 12 BE VT, % LR F MVAPICH ) 4%
FURFH CP I #E I R P AERT, B (45T VA CP ) #4552 2= Nl 3 5 o (9 1 .

ARSI IR e — AN R RGP 16 AN 5 AN AU A P Intel Xeon 5150 DU AL B 25 F1 8GB P
17 AP 2845 % ) 2.66GHz, 5 /A1) | 4X DDR Infiniband (20Gbps) 5.1, SE46 - 4 (K18 4E R4 /] Red Hat
Enterprise Linux4,MP1 JE2RF MVAPICH2 1.2.
4.1 fEENIR

PR MPI ™ FRI0A5 /E UPA BECR M B8 RO BOEHE IR 7 vE an ] 11 R, 12038 75 12 2 I SOk [2,10,12] i1
SR 5 VR, B KT A A R B /N T e R A Ik R SR I bRk SE T delay  eR U T AR SRR, IR
FILAESAT MPI T3 77 L O~comax 2 [1] ¥ BE AL E A 4 2 4000 i delay pR BB H003E 2 X BEATL 2118, comax X 1§
delay %™ HE 213K X 1) 55 3 28 38 R340 N AL AR 9 8 R X o2y 125 43 P 8 4 % 3 4 s KAL) B SRR JEAT 1 R
VEIIANST L 28 1S40 VI CP i) 4B 5725 UPA S i35, 15 2 Lh A (9 2 38 el 31508 it /K Ak i VR AR
AR BE, G R RESE T MPIActor 528858 2 35 708 3o b 5 4 IR KA T B9 A0S MVAPICH2 1.2 R 4%
B UPA B I PE e .

double delay(int circle_ ount)
for (i=0; i<nrepeat; i++) { {

cc=ccmax==0?0: rand()¢ ccmax; double A=B=C=D=1. ;
MPI_Barrier(comm); for (int i=0; i<circle_ ount; i++)
delay(cc); {
to=MPI_Wtime(); A=(B+C)*0.618+i;
MPI_Bcast(...); D=(B*C)+C,
t;=MPI_Wtime()—to; B=(A+D)/1.08777,;
tt+=ty; C=A*0.3456;
} B=B-floor(B);
tt=tt/nrepeat; C=C—floor(C);
MPI_Reduce(&tt,&t,1,MPI. DOUBLE, }
MPI_MAX,rc t,comm); return D;
}

Fig.11 Performance evaluation for UPA broadcast
(I 5 TR v o | B I BN 1 RV TV D G N

411 FTAEAI T IR EIE v KA R B

Kl 12~ 17 $E0 T B CP JyiEA4L i) BT,RDAAS F1 RingAAS | #E 5345 BPA Al UPA i K (K g, I
5 300 3o 3 2 G K A VAR IR A B BRI AT L. U P TS CP ORI P 4 il R R e 4 UK A At K 4k k
FEo JEFE B X ) 1) 58 BE, A7 kS R, 5 Gl T 38 T A R I B — B R B R R TR R A B O
(Byte)Zk T~ (KByte), H: H1,1K=1000.

Kl 12~[5] 15 a5 R AT 7E 16 /N7 s B 64 ANE 128 A MPIEREAR H AR I A1 il 3BT 4 4
B 8 /> MPIEFE. 14 16, 8] 17 Th ¥ 25 R lIZAT7E 10 A5 50 B 40 ANEL 80 A MPI EFEAS H AH Y. B 4415 £
A 4AE8 A MPI R 45 5 R W W KAL) R A2 UPA IR 52 ™ 5 il I CP Jy 2 m) DL 25 M 1k 3%
JUAR S % UPA (156,

M 12, E 14, FE 16 FEE RN AT S A MPIZEREIEES 4,8 13, B 15, B 17 H gl Fxd T sl
MP1 EFERUBL A 8. A e vl 40, 1 Al P ERE BB K CP 7 VA IR R A R R iR (2 2
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Message size (Byte)

Fig.12 CP-BT broadcast vs. P-BT broadcast
(MPI process number=4x16)

12 50K BT )4 vs. itk A6 BT | #E

(MPI BEF2%=4x16)

—6—P-BT (K=0.5ms)

' —8—P-BT (K=0ms)

. —»—CP-BT (K=0.5ms)
—&—CP-BT (K=0

Average latency (ms)
o
IS

12 18 27 40 60 92
Message size (KByte)

Fig.14 CP-RDAAS broadcast vs. P-RDAAS broadcast

(MPI process number=4x16)
14 5a4 XKL RDAAS | # vs.ifi Ktk
RDAAS |~ & (MPI 3 #=4x16)

K 13

Message size (Byte)

Fig.13 CP-BT broadcast vs. P-BT broadcast
(MPI process number=8x16)
56 G KA BT 14 vs it K46 BT ) 4
(MPI1 3 F241=8x16)

[—e—P-BT (K=0.5ms)
0.6 —8—P-BT (K=0ms)

0 5_—u—CP-BT (K=0.5ms)
| —&—CP-BT (K=0
0.4, 1

12 18 27 40 60 92
Message size (KByte)

Average latency (ms)

Fig.15 CP-RDAAS broadcast vs. P-RDAAS broadcast

K 15

(MPI process number=8x16)
se 4Ktk RDAAS |4 vs. itk fk
RDAAS | 3% (MPI 32 #7=8x16)

1.4 - - - 1.2 - - -
’g 1.2} —&—P-BT (K=0.5ms) ’g 1.0 —&—P-BT (K=0.5ms)
< 10 —8—P-BT (K=0ms) SN ’ —8—P-BT (K=0ms)
g —#—CP-BT (K=0.5ms) 8 © gl —#—CP-BT (K=0.5ms)
g 081 —acp-BT (k=0ms) g —&—CP-BT (K=0ms)
= 0.6 = 06
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g 04 g 04
(<3 B
g 02 g |

0.0 . 0.2 .

12 18 27 41 61 92 137 205 310 12 18 27 41 61 92 137 205 310

Message size (KByte) Message size (KByte)

Fig.16 CP-RingAAS broadcast vs. P-RingAAS
broadcast (MPI process number=4x10)
Kl 16 354K RingAAS | #E vs. i KAk
RingAAS |~ % (MPI1 #EF£%=4x10)

Fig.17 CP-RingAAS broadcast vs. P-RingAAS
broadcast (MPI process number= 8x10)
Kl 17 354K RingAAS | #E vs i KAk
RingAAS | % (MPI1 3 F£%=8x10)

4.1.2 MPIActor+MVAPICH2 1.2 vs. MVAPICH2 1.2

MVAPICH2 1.2 76 3% K J% g 12 288 “77 F1 220 745 (i S I R T 36+ L 52 e A7 (R A ) 3% S35, 36
A BB /N R K F 3 SR P SR T n) A 0 5D 2 8] 18~ 20 kAR 10l 78 MVAPICH2 1.2 1
R AR R A BT BN SR S T A B TR AR BRI
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18 51 20 xf b T BPA SR 1 HE L e M B T LA HAE BPA B T HE /N T 220 A K Y
KL MPIActor H1 ) # (1) P B85 MVAPICH2 1.2 T ) 85 P e 3 AR [A); 24 ) 378 5K 19 S i, MPIActor H ) #& 1)
PERE S MVAPICH2 1.2 ) #EEBE R 168%~258%, 31X J2: T MPIActor F i 2% i 7K AL 53k B wi iR,

Kl 19 5 & 21 % bE T 243k B 23K X ) 2k 0.5ms I MPIActor H 7 #5185 MVAPICH2 1.2 v #%& 17 .
R BUF 7R UPA BT MPIActor H 36 4 sCii KA B I PEBE 2 2 5 T MVAPICH2 1.2 i) #E 5.
XHLG B 18 P g R A RN T 220 AT [ B, CP 7 ikt MPIActor PEBETE T MVAPICH2 1.2 (113 F N %,
HEFR AR AT B0 MVAPICH2 1.2 wh 1)) R 5325 5 M 35 K, il 3k 5% 4 50U /K A U7 325 T DU U Hh 22 % UPA 3%
I L e R A N I Sl N0/ I i B A L1 | P T B s v N R K = M T T =
UPA {52/ T LU I 20 PR 46 3L, ) 48 K U MPIActor Hh o5 4 s K4k T 3% S0k i v e Wl A T
MVAPICH2 1.2 )" $5 fe 1t 3 3 R 22 MPIActor 1) s A K A B ik,

. 15 - - — 15] - -
g —8— MVAPICH2 1.2 g —8— MVAPICH2 1.2
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2 ]
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[ (<5
? 0.5] ? 0.5¢
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Fig.18 MVAPICH2 1.2 broadcast vs. MPIActor Fig.19 MVAPICH2 1.2 broadcast vs. MPlActor broadcast

(MPI process number=8x16, k=0ms broadcast (MPI process number=8x16, k=0.5ms
(short message)) (short message))
K118 MVAPICH2 1.2 /)] #% vs.MPIActor 1)) #8119 MVAPICH2 1.2 [ #& vs.MPIActor ¥ #%&
(MP1 3£ $=8x16,k=0ms(}& 14 J5.)) (MP1 3£ %=8%16,k=0.5ms (% 1 K.))
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g s0)| Ta pupricH212 / g 40| im\p/ffcﬁfz - /
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Fig.20 MVAPICH?2 1.2 broadcast vs. MPIActor Fig.21 MVAPICH2 1.2 broadcast vs. MPIActor
broadcast (MPI process number=8x16, k=0ms broadcast t(MPI process number=8x16, k=0.5ms
(long message)) (long message))
€20 MVAPICH2 1.2 [f])" # vs.MPIActor 1)) % 21 MVAPICH2 1.2 1fJ)" # vs.MPIActor [f]]" &
(MPI HEFE $=8x16,k=0ms (K314 /&) (MPI1 HEF£%=8%16,k=0.5ms(K: 74 E.))

4.2 [ A

FEAT o FRA TR AN 5245 ASP il VCC 3E— 25 Bl CP 5 92 A 0k A8 S 56 v 3R 1 506 68 75 A4 552 451 #8
AT 3 ANATHATRR)F: Xepb, Xpb £ Xmva, 73 2R 7R FR 5 wh i#)) #& i ik MP1Actor (¥ CP )™ #E. MPIActor
(9 P T3 AT MVPAICH2 1)) 46 56 F. S 36 il B o R 3 2 0 SRR K 3R T84 1 T 463 1) ) 60 45 SR I i) o7 32 24
TEAT W1 18], ORI 88 10 SR ARTEAE W A7 0 A FE P 45 RN 155 B ST P, 'S ST B I TR AN 2 1 V1 AR R R R i
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HPIXRE 1) B0 AR T VL R A SR AR CRAIE B8 U 7 VR AN S MR T R 1k B A HE BN 0 2T S M S R R IS AT R
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IR s AT GE T T N R P IS AT )RR Ik R SR B A T e AT T4 16%8 AR HAT AT B
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I TR 43 P TS 3 900 A A IR FE S B (1 S 6 45 SR
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1555 ASP K J1] Floyd-Warshall S35 35473 il {1 72 T 55 17) 55 41 1% 4% (all-pairs shortest path)” i @) 24 ASP
SRAFFIB N (R i) BT 258 NN AR R RE 34T R 43, A B s & AT 45 SR AR AR P <s A N 7k MPI_Bcast,
B HE N AN HEE AR A S 256 N=10240.

Bl 22 231 T 128 AR ASPmva H 22 Y FE IR AH G 1R 313 I8 (], AN 8] A AR 1 R m AN [F] B SO 87 A
ASPcpb 1 ASPpb 4 vl H St [ 1 AR 2154 I 7] 15 b ARABL. 2 Y 128 ASREFRAF UL RS 10 240 15 i) Il R, )
5 (¥ 5 A5 213K X W] 24 24 300ps .

Kl 23 LLELT ASP TERHAN [ &SI (1 1k A, B b R 25 A2 22 vk S0 1) S 24 (. N B v iy LU B
ASPmva b B SR CP 1K ASP 18 3 7E) 1k L IFEIT L H R PIAN D T 18%H1 16%, T L FEIN HEAAH 7).

x107
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2 . | | | | | |
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Fig.22 Stat. of process arriving time of broadcast Fig.23 Performance compare of ASP by
in ASP (128 MPI processes) using different broadcast algorithm
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Fig.24 Stat. of process arriving time of broadcast Fig.25 Performance compare of VCC by
in VCC (128 MPI processes) using different broadcast algorithm
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