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Abstract All_to_All operation is an important collective function. No effective congestion control
mechanism exists in current commercial Infiniband networks. Two typical All_to_All algorithms, the
make-pair algorithm and the post-all algorithm, are studied in this paper. We found that their
utilization of network bandwidth were between 30% and 70% when sending the messages which are
larger than 32 KB. Further analysis and experiments demonstrate that it is the result of heavy
congestion in the networks. In this paper, we adopt a novel algorithm to alleviate the congestion. It
splits the large message into many small sized messages and sends them independently by an efficient
schedule scheme. It creates one reliable connection for each process pair, and maintains a counter for
each connection, which counts for the outstanding send requests. When the counter exceeds a
predefined threshold value, congestion occurs between the two processes. Then it pauses the posting
of send requests to the send queue of the congested connection in order to avoid the congestion
spreading out through the entire network. The experiment results demonstrate that the new algorithm
can alleviate the congestion effectively and improve All_to_All operation performance. Compared
with the existed algorithms, its utilization of network bandwidth can improve 10% at least and 20%

at most.

Key words All to_ All algorithm; congestion control; message split; message schedule; Infiniband

i E Al to Al BRMER A& L5584 B a749 A A Infiniband F % P X A A 288 30 £ 3% H) A
A B ERHART 2R All to All % & Infiniband M & P &g M4t , R X H R AEH KX T
32KB# XK & &M% = A= FIE AT F 5% EA R FAUH 30%~70%. £ X8
KEEHRDEE AEDNEENEAERR S MEME. AEEZ 2t RMAE L THEMWERE.AH
NEBAG Y —ANEELTHREFR RS, B R BEREEANARAE AN X 2 AN AN 0 iE 15
B EEAETHE N IELEAZEBEN A ERINBEFOLEFR ABLMET KB LSRN %, £
BERENZRAEETARERN LG MERE M AA L EFTEAAETARG 100X L. % %
TR G 20%.

sgim All_to All Fik; M E 4= 4 ;78 B3 % ;78 B8 & ; Infiniband

mEESES TP393

Wi EHHE2012-12-03; & E HH#:2013-03-06
BB . B FEH R 45 H (2011BAH04B03)



1864

HENMR S R B 2014, 51(8)

All_to All BR%k 2 MPI & 347 C v —Fh %
MESERAEY ZE S N AR A Ra
N A B AH A 10 B8 52 o XL S5 o i ok 1,2, -,
NsIMER 1<<i, j<<N.i# B P, B H% 5 %
i DX AR R A AR P AR IE E AR P, B e
TR Mg X R Al 0L, Al to ALl #RAE 2 7E
A3 A 2 B 4 4 AR, ALL o ALl #24E 9 PE g
X IEATRE T A AR H G A, fE FARIR S T L All_to_All
AR B A AR 0 A 98 AF T R Y 6 Bl B {H S
BR b AN SRR AE [R) B 2% 3% B0 I 23 A0 B3 4 3
AR S DT A 0 2 e = A ) 2, S SR AR 1 Y 9 T
IR THE AT 9. 055 1 All_to_All B35 W] DLl i 4%
Tt D7 12 3 B 19 46 v ) S A L SE s DT B i I 4%
R 5 1) 2%

Infiniband™” /& i Infiniband Trade Association
P& — B 3L a0 e ) B R, B IR AE SR |
P I REYE. 7E 2012 4F 6 {3 /ATR R Top 500 =P fg
TFEALT L 402 1 & 48k A Infiniband £ AR #
LG 28RSO I 4 2% AL _to_ Al SR HE
Infiniband F &4 I S B 9 68, 4R 4E Infiniband
FR R P B 1R — AR AR AL to_ ALl SEBL 5 .

1 HXHR

1.1 Infiniband f&

Infiniband W %% H, CPU 3 o} &= 38 18 & IE 2%

(host channel adapter, HCA) % 3% %) Infiniband 3¢
Hbl . HCA Z5kgtn il 1Ca) iR, 438 HCA fuif
Bl Z 4> QP (queue pair, QP), H:X} QP 7] DL 5Z 3
PIH HCA < [8] 19 7] 5 B0 4% 4. 78 Infiniband
P g ] 1B Verbs 18 B E #1790 2 WO 2R R 2
JEBHZE ). K IETH B P E e m QP #8 k ik T
KRN A5 RE 3% 5 1 BRIV AT 3R (0] 2k 282 Al HG At 1Y
TAE. HCA RIS TP $5 338 14 5 3% 18 RO 05 S 4R 20 1
Z A [ E R/ 1 B8 A0 4% 328 3] Tnfiniband [ 45 .
LA ZA QP Iy HCA SR8 PR 8 B2 1 7 LR XA
[ QP Fi%¥cdifa, Rl e & % — 4> QP myBdls £, 8
JE OB F — A QP ik [\ A i i BE . 2k
EAF R T Y T A B HR AR 1K S EE )R HCA 23 [ 58 L
BA %1 (complete queue, CQ) FEH A — 452 il CQE
(complete queue element). Fi J' #2 JF 7 DL I8 1 A i
CQ ke AR B A 2% 37 2K 19 58 1 1O
1.2 4% g9 4 28 (8]

Infiniband F1J A 5& 715 HI 49 AL 1 By 1F 42 Wi 2 e
DX AR Vi 0L B A R R — A E FOR
A B R ik W] LA g 2 0B S AE
0 B2 5% B% AN 8 PR 36 B0 Y 4% h — R B % &
AP AT RE AR RAL BE B8 A R 45 dn &l 1(b)
PRt A 4 1 BT HCA [l B il e 45 F £
ARAS HCA A4 8O HCA (198 & 8
i T AR WCRE T AR AR A B ) P S S S A 2

Port 1 Shortcut Routes within Same SEs Port 1
HCA Bt i N e i St e et et ettt St et e S S st P it e S HCA
Port 4 | X """"""""""" Port 4
( IB Verbs Programs ]
HCA ] X § [
4 ™\
cQ cQ
o o X F
SQ RQ SQ RQ —
—] %— === == X B
5- v -—HCA i =
Port 128 16 8x8 SEs o golrft lés
X
(a) The HCA structure 324X4 Half SEs . 324X4 Half SEs  324x4 Half SEs alf By
T SameSEs

Fig. 1
K1

(b) The congestion tree

The HCA structure and congestion tree.

HCA #5#5 Je 41 ZE )



B4 HOF- 45 < Infiniband M %5 o All_to_All 38 {5 ¥ G2t 4k

1865

TG T UL 5 1) BT A O ) HE MR 2 o, T B — R DL
AR A HCA S AR i “ 0 ZE 7. i G SR A JH Al %%
P AL U 223 P ZER 325 PR B A0 £ T A A 2 L
117 AR AT 190 285 1) & AR M BB 76 All_to_ ALl #4E b,
SR B AR U B BEAR G L s 2
AR [ N 1) — > 1 7R 2 R I 00, A g 4% v
A A 2E . 52 Al to_ Al PERE™ B R FE.

WA SCHER AT 4 Fh 70T DAE— e B b
CESEE S SRPEE 3 LIN RSN R R C S wall
o0 2% v I 2% 308 A i I A R 3 JE I, 2 T8 S B 28
18 2 326 R Rk 20 BSCHIE A 1Y) K S R 2) B A i
TEEL 4 v R SR IS L e 18 B R IR
K300 i i B HC A 2 R G B oK £5 36 3) LMC (LID
mask count) #HL ™. i@ it — 4 HCA 4 it £ 4~
LID, Al U P A HCA [H] A 2 5% e i 425 2 — 2%
FEAR KA IS . AT LU T 55 A0 Y B AR A% 2% K
A R S E AL L A R T ERAT kST A HE Y
— I K 0 T A . RT Lful F RG Al R G A B
R, bk 4 gL #R T 2 AE R B2 AL SCHE L iy H AT
i Infiniband )48 7 3¢ 473X 26 ) BE B AL S A1E T B
FOA R S, PR H A 2 8 iy All_to_All 5
V5 189 2 0 A P O 0 R A I LAY R Bk L R IR Y %
GUEE
1.3 WA All_to_ All &%

ASORE All_to_ All #2/Eh — D E R & 45 o —
AR B R BORCE B O — S5 R B AlL_to_All
BAED A HRET LA N—14 QP &k N—1
FH B B Sk R B A R R B — A R
EAF R AL . 5 2 MR TR A R X Ak R
AL A R Bk
L3, 1 EoX A ik 3 ik

ZEIEN All_to AL AR N—1 42D R,
TEA IR kP bR P AR HERR P opnon KI5 KUY
(6] AU AR P (g o0 22 CHSCHIE S LA /0 3 B TH] 119
AH R 5, AT P 2 40 2. 22 0 0 1) T B A St 1
R R 7 v SRR T

Bk 1 A RRE

B EREAE N A PR G  r.

D barrier();

@ for i from 1 to N, do

©  BOBRAEIEFE Poovoun BYIHK

@ A CQ, AFTFILIE R 5 M

®) barrier();

©® endfor
13,2 #tERRE %

PR TR IS X 1 Ak I AT A
JE LR N—1 AR TR — i # 4 HCAL
HCA i B2 & Bl 1Y A ik 2B BRI T .

ik 2. MELREE

BN PEREADE N AR T

D barrier();

@ for i from 1 to N, do

Q@ AN R P TARIE R

WR;

@ endfor

© #if) CQ. A FRFIX N—1 A TAEE R 452 i

©® barrier().

2 DNBEEEIRERRDN

A E— D B A MR Z5 4 1) Infiniband [ 2%
r L RS PR RE. B e UL

EX 1. All to Al #558. All_to All #:4E b
AR AR 2 2% 1 BB B AL to_ ALL 454 1 S i ]

EX 2. All to All #55 R H K. All_to_All #
Y/ HCA R4 #7758,
2.1 SLIGIREE

M E& F NG F AN K] 2 T, 3X 02 — BRI 2 REARS
BJEA 16 > 32 o 1A S8 e bl b2 A8 ALER T %
B T2 sy o A o AR EH. 242
HeHLAT DL 16 Bt HCA &, [H 1% M 4% & £ 7T LU
4% 256 Ht HCA . &4 CPU |4 % —4 HCA
RLANBAT 4 AL SR BN Bk B b SR (— A
B S s B R L AR RS ] RDMA writet 2 4E
SEPH B WK SR PR, P HCA R X 2
I HE bRy fe K 94 4. 85 GBps.

T All_to_All £ g 32 I% 2 B i 52 AR K, i
PR R A5 05 ARG g 2 AN R o T4 T X 4%
B R AT PO A A SCHE AT B 2H D ) o & 2R B vk
B8 FH R [ B 73 a5 R SR T R e D A L
Ry BN K R AT 34 03 BE 45 4% D S R HL L AR S TE B
A HL R B AL 2 Y BT A BCH 9 CPUL 53 4h i S 5
FE D E X & 36 Bk T PR BRI, O AT AR 4R I 4% 4R
FIGE FE) X HE R AT B 0 0 HE T T2 DL — A R AL Y
5 AT HE T



1866

B S &R 2014, 51(8)

—

7
T

7

v’!’; ’
'I;l‘,
il

£

<2

AN

Y
\
\‘\

\‘v
\‘s}'

\

Z=

Fig. 2 The
& 2

2,2 TIHHER
B 3 oyl T REECH 64,128,256 B, Bt Xf

[
77X X

S >

= ‘;2;””,,’
%

fat tree structure.

JHE AR 225 44

T 3R B R i R R R A S 1A A TR K BE 1A B I
s v A R Ik rh > CPU sy — A iR,

Utilization /%

= xR
~ 60 ~
= =
-2 2
= =
< <
N 40 T N
S] \ s}
20 ‘
0 \
0 WO N ¥ 00 WN Y ®W©WMH ®©
N A NF DD 0O M O
FANO O A MNINO ~NIWO
— O 00 O NI~ N ®©
—~ MO MmO NF
— Q0o
—

Message Size/B

(a) Utilization of bandwidth at 64
process count

Message Size/B

(b) Utilization of bandwidth at 128

1048 576
1048 576

Message Size/B

(c) Utilization of bandwidth at 256

process count process count

—&— Make-pair Algorithm  —#— Post-all Algorithm

Fig. 3 Bandwidth utili

zation of existing algorithms.

Kl 3 A S Y S8R R

M3 ] LG L B 26 Bk B A 5E R
SR 2K B 1 B i B s A B K E D 1 MB
i 7 B8 A A B e R fE. it R R E K
JEANR T 32 KB B, B % I B B2 /38 s 58 F1)
RG24 B KA 32 KB A 58 A HI R ik
BN RAH B0 77 e R R 2 PR #I TR,
RN K ERT 32 KB B All_to_All
i ge. IWIE 3 vl L . fE& R it R AT,
2 B A A5 26 K AU B 7 58 A F SR AA 35 %0~
72%.

Sk TR DT 2% e ) SE R L FE D AR 086 0
Rig S TR A bl 0 B PortXmitWait 1% &%
{H. 75 IBA LG v Z 1+ B0k e ok W 2% o 1 il T
S0 5 FH A R T BOAS B8 & 3% B 14 1 ) s
PR R B S S SRR AE X IR R T L
ASSE AL (9 PortXmitWait 15058 (i # B K, 31X
FE g rh AR T AP . i AR P

HCA B2 8 60 19 k%, 2 2 5 HCA 98 12 1) %8s
LA L 28 (] — 2% W BB I L 2 A T 2 L AT
i T All_to_ ALy 58RI <. BE A A 28 53 1 AU AR
IR T R R A AT B A 3k S B A WA i
7L 0RO AT 25 REAE 285 PR R 2 A ph e
PRl IHG 320 B 1 e 2 7 A ™ T Y 4 2K

3 MHEE

BUAT B AR I AR — A TAR I SR B 4
HCAL A SC22 B0 1 B 7 20 180/ H B 3l 1 /1 i
KLY S 18 HEAT U B R ik B AR 19 46 91 26 4R v AL
to_All 47 L ) H .

3.1 TEAEE AN to AllE{SHER
£ All_to AllslfEh . B A% N—1 &
WA LN AR A% N(N—D &M B, HEH

S5 K RIS T Y 35 RO AL AN SR R L | R 2% v



B4 HOF- 45 < Infiniband M %5 o All_to_All 38 {5 ¥ G2t 4k

1867

B B I 1 AT 0 T B BB SR 1 AN AR 1YL R
BRI R 2 G M AN B (M=N) W #Ee F AlL
to_ ALl B3 (R 5 K 56 R 562 NI ML G 2R 4% ] 4
SRUH B A s R AE Ry Bandwidth| M, JIE 2 B
A H BRI & 2% L B A5 RE B B K R R Sl i
I AL AR T 48 TN 23 7 AR 2E L T AT LA
ARAT B Kl T8 R 2.
3.2 wtEE AR A AR I

SEPR b HCA & B it J2 DLBOE 60 B ik
PR BE () IF 5 7E — Bt 8] P 2> 3 22 8 B[R] — 4>
QP I iy B4 A2, P T B R R B RO o 1E R
Bandwidth|M i 5 25 3 BN 48 P ZE B G (1 K .

h T WD I FE Y K AR HCA BT fE A %
WY QP B IE EE. AR AT KK I B PR 4 R
R 22 45 /N 2. 388 5 4 1 X 26 /N9 8 K% L PR IEAE
TR 20 54> QP A A BOILAS Bdl 43 % 5 &
XA HCA 76 &% 58 — A QP b BT A Sl
R DI E] R — A QP W 4% b A I 2E A9 A SRk
SRRAK. O T 3R o R 45 S8 T L TR B ) &2 A
QP i K 3% 5 R . 78 83 1 SR I 4 P — A & 2%
F 858 B — A & 2% 3 Kk UG 38 O X8 — 4
QP #MEEHT A K AR IE HCA bR 58 180 T ARG 3K
HE R3S
3.2.1 /MHERKEM LR

Pr o3 Ja T B A BE R /N QP 1 1) i 358 ik A1 2
E 4388 3697 5K A i3 K 8 iUAE I F A AR . TR
B3 Tk S 5 G — A 1 /N BRI
3.2.2  RILTE OR/NEBESE

RIEE R/ AlL_to_ All 59 i M fig B
A BRI W A O RN R B8 7S 4 R
BE AL IR R T s AR R 3R 1R WA — A& %
WHWNE— QP L aHREAN KKK, T84
A~ QP FARA R Z 8t S5 1F L ik, B R
1R /IR ) 4% 1 4% B BE 1 HCA Y 8 B8 7 A 6.
AR SCNG 38 3 S B B — AR IS R A T
3.2.3 PR

ST 4 ) B SE R R R A aE AR O A
QP #RYEY T — AT B - B 0 SR TR 58 R
TR AL R O KADK window, i FEA 5L
AN A2 0 R4 QP 1 window/ (N —
DA KRR, Y QP 1WA 58 BUE K H 5 K F 5%
T window/(N— DR % QP & T B 5 & K4
T ZE. FEANROR I KK A SR B R R RIS L
R T PN QP.

3.2.4 BHHLIFET ML

R E S, —4 CPU Ll fggisfr 24
AL, B BB LB is 17 — A~ i 8, A4 CPU
[ AT REAH Z X QP #4715, a0 R ix gk QP [F] i i
ATIEAE  BE AT RE = A wp o€, Sy TR b g, AT LR A
T ITE. 284 CPU L7/ By~ 5Ch
m, WA~ CPUX 5'Y Z [ A7 i 546 . XY
XY, -, XY, ., X,Y,, . XY, (X;,Y: ZELH
5. ¥ All_to ANl #:A4EI R m®* AL BREAT TR
HIR ko B CPU RS R/ n) A 2EFE 1) HoAth CPU
(2R Ch Yo m) A~ 3E AR K 3% B3040 » A E 5 > 25 T8 o gk
CPU Ml £ A —*F QP 7Ll 7.

3.2.5  PAACHD A A 1k

T AL AR S CPU Eisfr iy
JE AL B S5 Bk R s

BiE 3004k All_to_All 553,

B B ES b E AR S B m CHD B A
CPU L0 s KX & 1R/ window; A
EFEFE TR AL B AR L S5 myID.

@ for step from 0 to (m*—1), do

@  if(stepYm==0) do

® barrier() ;

@  endif

® if (myID==step/m) do

© o A A RS E IS Cstep Yom) A F
T A TR R QPS s JF 4 R AR ix L
i ORISR =R I WA= B =N

@ WK QPS iy QP #idkh Kk ik K . A

B R 1 R 0k

® ) CQ. B 58 W — AN 1E Kk L QPS
ik —A4> QP M4BT I3 K. 4 QP
B, #5% QP F T A 4 2 & K ik 58
Be s Hm AR TAEE R FHT
(window/m) , M Pkid1Z QP; & A QP
A B ER A ik e e R AP BR®) 5

@  endif

@ endfor

4 XWERKHW
4.1 XBHEANSH

4 0 BR T HERECY 64,128,256 B, /NE
BRKE R R 0K/ Allto_ All 14 68 B9 52 1.



1868

HENMR S R B 2014, 51(8)

A

Wik b & A4~ CPU Fis f7 —
256 KB. W[ L& H .

D FER —/MEEARKE T, &K # HAE 40 ~100
Z ]I Al B A B f R AH. KGR B H R E] 200 .
i SE BN B TR X I O R R R
Ja A=K DN -4 QP A Z A KL

MR HEBERKRE N

90

2) /MH BB 16 KB fil 32 KB . 4 L /IMH
B JE N SKB 1 64 KB i 5 B B 42 7. 14 B K JE
i 8 KB B, i TA& i i &2 /NE B s RE TR R,
HE D AR, TH B B 64 KB L B4 78406 K A
P75 B AT 4385 3% 1 /NI B v L AL

FR A AR S 0 Kl 4 R L FRATT Sk /NI BRI
A 16 KB, &£ 8% 1 /A 80.

90 90
NAVE TN
80 Moy o e o A S 80 [romizie
g [ - “-v.' "\I.i “'.\‘i'-'f./" g e/ — ® = e ~
J L~ S T, N
§ 10 V=S, § T0f=m Aoy 5 70—
= + = T s = . =
E 60 v\“ E 60 et - - v —% 60 s> = /‘~,>7 §
5 WP MA—C T 5 5 SewTTeooNe
50 ace 50 \WW 50 \—\\‘\\/\/\/
40 40 40
C OO OO OO OOCOOO C O OO OO OO0 OO OO C OO OO OO OO OOCOOO
H S~ OMNMOOOANLW R0~ O HF O MOOOANL XA DO H S~ OMNM OO ANL R~ O
o A AN AN ANMMN M H A A ANANANMNO N o = AN ANANMMN N H
Window Size Window Size Window Size
(a) Utilization of bandwidth at 64 (b) Utilization of bandwidth at 128 (c) Utilization of bandwidth at 256
process count process count process count
- 8KB ==- 16KB 32KB --- 64KB
Fig. 4 TImpacts of message size and window size on bandwidth utilization.
K4 /NERACBERI R 3£ 8 1IN All_to_All ¥ 58 1 5 i
4.2 LHHER

Bl S il o T 3 FhEIAA(E 64,128,256 it
T A i A [ B T R I 9 S R R AT LU

1) Pex A 3% S vk i MERE W] AR T A 2 R R
XN NSk A CPU fE R A2 o
A1 —A~ [ 5E (9 CPU % B dle » 24 1% 38 B & A 41 28
o AN BE I8 43 B A 5 ) oAt CPU % % dls.

2) M EKE/NT 64 KB I H RN EUNT
256 If TR 0 R RE A LU it R Ak SRR B I
S R A B 25 PE T+ 1 28 vpon] (45 20 9 2 A /N3
BB A A R DL 35 8 B A I3

3) MIHEKERT 64 KB B IL R MERELL
BRI A W B 3 T . AE 128 KB R/

TSR R 10 24, Wi fE 1 MB R/,
P2 18%.

4 HEBRABEOHER L R ERF R DB K
JEE BRI 5 ) 25 B AR 5 T S AR 0 v O R
R i I P 23 e ok R TR SRR SRR R B R 4
BT /N R B BB O ORI T 4 A R Y A
M BKEE KT 1 MB I B2 1A S8 A R

6 W~ T A CPU L4 ilisfr 1.2,3,4 4
JEALBIL IS 45 Bk i PR g DU rh AR A R UL B AT
— iR R T 256 4~ CPULIE ER/N A 256 KB.
FAE T, K 6 R 1Y & CPU L EF A B SIAL R
AW L. AT LUE & LA 38 n 28 342

» 79 82 86, 89 % g0 8 8 8
80 80
g 69 T3TH T2 728 72 g 1 670 66 66 g
= 70 = 70 5 o
-2 -2 .8
E 60 E 60 =3 -g
Y il ol T 46 E 50 " E
1
40 39 40 38 39 38 40
64 128 256 512 1024 64 128 256 512 1024 64 128 256 512 1024
Message Size/KB Message Size /KB Message Size /KB
(a) Utilization of bandwidth at 64 (b) Utilization of bandwidth at 128 (c) Utilization of bandwidth at 256
process count process count process count
® Make-pair Algorithm @ Post-all Algorithm New Algorithm

Fig. 5
& 5

Bandwidth utilization of the three algorithms at different process counts.

AN [ HE A B 2% B Al SE A R



B4 HOF- 45 < Infiniband M %5 o All_to_All 38 {5 ¥ G2t 4k

1869

Wt 22 3K B Sk A S AR A A R (R % i
i T A 2 M. B R AUPL A RO 3 L BE X A
TR TR Al SER R BT R .t B R B SR 1 i
PR B UALA B 1, B4 CPU 7E 454 20 3R
HA ) — A [ e 1 CPU & 4, 24 1% 3 6 & 2F 3
FEIN AN REFE 70 H F A% 5 ) Ho At CPU & Kl 5
111 B 2 K AL AL AN B 3% s & > CPU AT L[] i i)
ZAHAl CPU KBl » 24— A e U BLAE A9 38 {5
ik A AR AR L G A A HE AU PIL I T LA 4 25 R AT X
HE A% K T4 5 17 A SR S5l LB 22 41
BLAS KO R B — % BUE T - BO X % 3 50k R At i
RIE AT O S b — A 1 CHR o 8 9 2 5 dle
BLHY 238 )« I s HE R ] R 2 4 T R
&R T AL .

90

77
74 73
61 55 55 55
50 45 47
41
30
1 2 3 4

Virtual Node Count

73

Utilization /%
(2]
=

® Make-pair Algorithm @ Post-all Algorithm
New Algorithm

Fig. 6 Bandwidth utilization of the three algorithms in

virtual environment.

6 JEMMLEREET 3 Fh A uk pyaly 58 1) 2

FEATHY 92 30 P45 vp A A b PR AR e 22 SCHE 4 DR
P, PRI B A 3R A BE R A0 R LA B 2% 1 T
AE - AL AT L i 545 ) — A s .

WAL PRAS SO N B A0 PG R LA £
o, AW AN _to  AlLTEAE . B E] IR 85 53 2 A3
r 1) [R) 25 18] 5 2) 36 £ I 18] B2 & 4> 42 3% v (9 3
f IS 8] [ A A8 B X DU EL AY 3i A I Ja] o
m* X. — W [F) 2 1 i 18] F 85 B8R m 19 R/NVA X AR
LA BREL BOn) . LG B3R m KR 28 R 20 i B
IFTE] R mBGn) . PR BV TR] R84 S m* X +mBGm).
B 2 A HERR E] 2 e (3 B RN DL A4S CPU |
A7 ik A AL 2 B B AR B O m (Nm — 1) D, W A

. stz o, M(Nm—1)D /
Ab PRES AT T m—zX—i-mB(m)'ﬁu% Bn)EE m

S KSR K ) L B 0 S
B3 TR K I 1 F NDJX.

AL A R U A 25 9T L B m B3
5 R0 2 7 3 T 5 Ok B 7 A A0 28 A WO 75 B 1
IR I B K ) P50 2 2 4 B A

— B FATI A LI AR BEE m B R Al
v AR WA R e IR N R TESE PR RS . — IR
[0 B IF B AT BERE A m SEARPER K.

5 % T

AR SCHR YT — e R B IR 20 NE B
I EE /NI B AR 2 R DR el 2 9 24 4 S | B e i S8 A
A AL to ALl |k, SCR S5 R R WL A8 K ik K IH
SN R HE BT Bk L SR R T LR
10204 b, fe 2l AR i 20 2%,

2 % X #

[1] Thakur R, Rabenseifner R, Gropp W. Optimization of
collective communication operation in MPICH [J].
International Journal of High Performance Computing
Applications, 2005, 19(1); 49-66

[2] Sur S, Jin HW, Panda D K. Efficient and scalable All-to-All
personalized exchange for InfiniBand-based clusters [C] //
Proc of the 2004 Int Conf on Parallel Processing. Los
Alamitos, CA: IEEE Computer Society, 2004 275-282

[3] Mamidala A R. Scalable and high performance collective
communication for next generation multicore Infiniband
clusters [D]. Columbus., OH: Ohio State University, 2008

[4] Infiniband Trade Association. Infiniband architecture
specification volume 1, Release 1.2.1 [EB/OL]. (2007-12-
06) [2013-02-15]. http://www. infinibandta. org

[5] Top500 Supercomputer sites. Top500 list-June 2012 [EB/OL].
[2013-02-15]. http://www. top500. org/list/2012/06/

[6] Pfister G, Gustat M, Denzel W, et al. Solving hot spot
contention using Infiniband architecture congestion control
[C/OL] [/Proc of the High Performance Distributed
Computing, 2005. Los Alamitos, CA:. IEEE Computer
Society, 2005 [2013-02-15]. http://www. cercs. gatech. edu/
hpidc2005/presentations/ GregPfister. pdf

[7] Hoefler T, Schneider T, Lumsdaine A. Optimized routing
for large-scale Infiniband networks [C] //Proc of the 2009
17th IEEE Symp on High Performance Interconnects. Los
Alamitos, CA: IEEE Computer Society, 2009: 103-111

[8] Vishnu A, Koop M, Moody A, et al. Hot-Spot avoidance
with multi-pathing over InfiniBand: An MPI perspective [ C]
//Proc of the 7th IEEE Int Symp on Cluster Computing and
the Grid. Los Alamitos, CA:. IEEE Computer Society,
2007 . 479-486

[9] Subramoni H, Lai P, Sur S, et al. Improving application
performance and predictability using multiple virtual lanes in
modern multi-core Infiniband clusters [C] [/Proc of the 39th
Int Conf on Parallel Processing. Los Alamitos, CA. IEEE
Computer Society, 2010: 462-471



1870

BN S AR 2014, 51(8)

[10] Rao Li, Zhang Yunquan, Li Yucheng, et al. Performance

test and analysis of Alltoall collective communication on

domestic hundred trillion times cluster system [ J]. Computer
Science, 2010, 37(8): 186-188 (in Chinese)

(Bear. k=g, RN % EH»™HALKRIE RS
Allroall ¥ g WK 5 43 #7 [J]. IS HLER 5=, 2010, 37(8):
186-188)

networks.

Chen Shuping. born in 1983. Received his
master degree from the National University of
Defense Technology. Assistant engineer.
His main research interests include high

performance computing and interconnect

Lu Deping. born in 1966. Master, senior
engineer. His main research interests
include high performance computing and

interconnect networks.

Chen Zhongping, born in 1975. Master,
engineer. His main research interests
include high performance computing and

interconnect networks.



