1.

A BOT 7)) r—ary70s 7 AnFEITE TN D OYEREAH TV A D EMRGELS A LED D - 72,

1BEERALIE S

XF AYEai—71>72 7L Vol.10 No.3 1-11 (Nov. 2017)

n||||

ZN—"T v MW [3E] I28 5 MPLE{EERED

e af AL BH B2 R EZD LE il B 42

ZftH 2017F4H21H, #$%H 2017F8H2H

ﬂ%:x—ﬂ—:yﬁ;—?FHJd&ﬂ%/—F#%%&éhéﬁﬁﬂ@?x%Af%b,77U?—
Vg v CEWERMRE AL 20121, MPLEEMBOMRSEE TH L. AfTlE, A——ara2—
y [50] 12B1F 5 MPLEEMREZNEL, EMLZAV—Ty O — 7 g & LUREEN S, BEN T
Fige LA Ty oafh L7z, FEEET V00 MERMO AL HERNIEH L, WM s s
B ETHROFTMZIT- 72, FOE, BEWETIIY — 7ML @EN Y Fig)NTIF—8 L T, 2T
BRI ED LA T ICk il BBL RG> TWA Z L0 o 72, HHHE Tld Beast, Allreduce,
Allgather IZDWTHEFEDFHI & 1T\, E— 7 HEREIZRKTH 20%, BIERERIZK 50%DE A H 5 b D
O, WERE R ARG R RAR L MR CTH 5 2 Lo 7.

X—"7—K:A=n—ar¥a—% [5]|, MPIBEWEEFM, Intel MPI XY F~—727, /N Fig,
P a2

=40

AP

Evaluation of MPI Communication Performance Using Throughput

on the K computer
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Abstract: The K computer is a massively parallel system with 82,944 nodes, and the performance of the
MPI communication function is extremely important to obtain high effective performance for the applica-
tion. In this paper, we measured the MPI communication performance on the K computer and calculated
the communication bandwidth and latency from the peak performance and the half-performance length of
measured throughput. Furthermore, we derived the estimation formula of the communication time theoreti-
cally from the communication model, and evaluated the communication performance by comparing with the
measured value. As a result, in nearest neighbor communication, the peak performance almost matched the
communication bandwidth, and the delay time roughly matched the communication latency. In collective
communication, we evaluated Bcast, Allreduce and Allgather similarly. The peak performance was up to
about 20% different and delay time was up to about 50% different, but measurement results were the same
trend as estimation results.

Keywords: K computer, performance of MPI communication, Intel MPI Benchmarks, band width, latency
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Table 1 Communication performance parameter by measurement and estimation.

. Bcast Bcast Bcast Allreduce  Allgather Allgather
Parameter | PingPong ) . ) . ) )

ID/16KiB  2D/16KiB  3D/16KiB  3D/16KiB 3D/~32KiB 3D/64KiB~

o B [MB/s] 4,685 3,616 7,467 10,400 5,266 149,800 13,210

g My, [byte] | 4.894E+04 1.010E+07 4.092E+06 1.756E+06 1.024E+06 6.206E+05 6.917E+03

= T, [us] 10.45 2,795 548.0 168.9 388.8 1,590 201.1

§| B [MB/s] 5,000 4,226 8,452 12,680 5,129 1,920,000 15,040

g M), [byte] 3.483E+04 7.919E+06 3.477E+06 1.818E+06 1.315E+06 7.718E+06 9.852E+03

z’] T, [us] 6.965 1,874 411.4 143.4 512.8 1,544 251.6

4. ZIv—"Ty M &K B 1EREFTE Tp IMB/s] PingPong
6.E+3 ! 1
HBEDANV—=Ty FEHWT, IMB O 1} 1 #1ED Spa3 B : 777777777777777777777 !
. ARl | g g MO o it piy s --

PingPong & 45815 @ Bceast, Allreduce, Allgather D% i

REZREA L7z, W ICH WY F~Y—2r 70 s J 4l
IMB ® Ver.3.24 C, lEI74 790 %2&8 [l O5iE
REED/N—T 3 VIE, 2016 4E5 A5 2017 4F 1 HETOD
M, e LTt s 7z K-1.2.0-20-1 TH 5.

IMB % W7z #ll5E1E 1 [T - 72, 72721, IMB NERT
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MBI T WD, HET A XH 2% [byte] LLOKZ W
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D7z, FEFFEMMEDSHEHSNAET, TEFHRKET 5
B2 oEH LETH 5.
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727 TEELZZRIZRecy lBEICL D T—F 2ILDT ~
IAENET LT, TS RAHIEA.
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Fig. 1 Comparison of throughput calculated from measure-

ment and estimation (PingPong).
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Table 2 Time of control communication.

Size Time [ps]
40 [byte] 1.751
64 [byte] 1.785
80 [byte] 1.829

Total 5.365

&% 7\ 13 [Kib] BL T @ PingPong 05 ke[ % F v CRE
fidheE2 &hb.

DLEArS, SEIERHIZAFET 6.965 [us] L 2%, €—2
TERE B 3@ Y FIROBGR Y — 7 gz w7z, Zh
S0%¥T RN (4) \ITRAT 2 &, EWRERE M, » »HIT
&5 (F£1). BERKHOEREWESROT7 1Y T4
YT EBAN=Ty OB 1 DEBY)THL. &
MR L 2ERTH S, BRI & 2BIER R
7.0[us] TH Y, WEKEEIC X 2 BEIERFFE O 10.5 [us] &
HARTHEWWAY, BIER OMNERIE, HIfEEERRH & MPT L
A7 v HVT, HLREFITRTH L Z LT 5.

4.2 EEBEOMERERTME

ARHEITIE, IMB O4EMEEE D Beast, Allreduce, Allgather
DEEMEREZFHM TS, Beast GV — T I hbLT v
JICT =¥ BWET B, FEATRO ) — FRIRIE 1 K0T, 2k
JC, 3RILD 3T DOV THEEREZFHIT 5. Allreduce
Qe v 07— 2 EDTHERHEE LT, TOREEE
&7 7Ilfnk$ 4. Allgather (32T ¥ 7 BSFFOT7— %
TEOTET ¥ 7Nk T 5, Allreduce & Allgather (20
WL, FEITEED J — FIIRDS 3 2RI T Ol fE MERE % AT
T5.

4.2.1 Bcast (1 X7T)

(1) BEHEROT71vT1>7

384 / —F (1 RIL/ — FEILT) I2B1F 5 Beast Dl
EAEFNZ DWW T, PingPong & FIEEIZFEM L7z, [5] o
Beast #1313 Tofu HH 7V I1) X 2 ® Trinaryx3 A5 H &
n, XA T4 NI TFT— Pk Ensb, 54T
FTAVEREDA A=V ER 2 IIRT. N TIA VR
TET—=F %2t 7 Ay MIGEIL T ZATV, EREOE
BTIEAYE—VH A XL oTHREL I AV P A X
WEREND., 22 TlEE7 22 A X% 16 [KiB] (2[4
E L CHlE xR4T o 72, Tofu B 7V T X L@ Trinaryx3
&, ZOXRTLCICE ST 27— ORISR 2 E S
IR TH UL, [ARFRE T 2 0552 258 L CER T %
ZEATE L. Trinaryx3 (& 128 [KiB] PLED X v £ —
A X @EHASNL720, 128 KiB] DT — 4% % H
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de 1 to| te
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node 2 to|ts |L5|15t segment {ransfer __other segment transfer
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node np=1ito | t5 |Ls st. segment fransfer __other segment transfer
Total ol (np=1)Ls+(np-2)(Ly+mg/B) (M/mg)(Lyy+mg/B)
otal
o at Ly+ma/B > L all segment transfer at Ly#mg/B > L.
Independent on M Dependent on M

Ls : MPI software latency of pipe line transfer np : the number of nodes
Ly  MPI hardware latency of pipe line transfer mg : segment length
to : over head (Allreduce of one element) M : message length

ts :over head (address exchange for communication) B : bandwidth of communication

2 Bceast IO/ TT A VEEDA A=
Fig. 2 Concept of pipeline transfer.
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Fig. 3 Comparison of throughput calculated from measure-
ment and estimation (Bcast/1D/16 KiB).
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1754 v HEROBERRIZ, AvE—IF 4 X M IR
TFLGWEEN ST AMOEEITH L. Xy t—TH
A X M EIE L 2 WIERTICIE, 7)) X 4@ o
72D 1 EHED allreduce % K12 L B F =3~y Nt 12N
A, WEHEROT FLAZIROWEM tg BEZ SND. 34
TIA YEREICOWTIL, B — FEH 72D I MPI L
A7 17 Ay NOTF =5 OEEEER 2 SR S
B, ZDOHOBLMPILA T2V 727 EN—F
U T ENENOMEOREA G EN, VT MY 2 THES
Lg EN—=FI 278D Ly (T AZENTEL, /54
TIA VEEREFOY T MY T OB, RiON— R o
T OWMEBMEL L ERDLZEDNTE L0, WMERME L
Tld Lg & Ly +mp/BORECHDPLRMI RS, $72
Wk ) — N E np & 5B E, XA TIFA4VDAT v T
BiaInp—-1%b. 17X IDOHY A X% mp EBE,
K1) AFETTLEEMRNE ¢ IIDTOL)ICEETE..

t=to+1ts+ (Tlp— 1)([/5 + Ly +mB/B)
+(M/mB—1)max(LS,LH+mB/B) (9)
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Table 3 Evaluation parameter (Bcast/1D/16 KiB).

Name Value
np 384 [node]
B 5,000 [MB/s]
mg 16,384 [byte]
to 8.370 [us]
ts 1.396 [us]
Ls 1.000 [ps]
Ly 0.600 [us]

CORDS, AEMEICHW LT A Y M A ZD%&M
Ls < Ly +mp/BIl22WT, Avt—I4% A4 MIK
FLARWIEZ S IS 2 A3 5 &, RIERER ¢
HONICEHOE - MR B X, DT E%5.

tp =to+ts+ (np—1)(Ls+ Ly +mp/B)
—max(Lg, Ly +mp/B)
=to+ts+ (np—1)(Ls+ Ly +mp/B)

— (LH +mB/B) (10)
B = mB/max(LS, Ly + mB/B)
=mp/(Ly +mp/B) (11)

FHIC W2 &8 T A= DT R 3 IIRT. to DIl
(&, FHMECHEA L2 — FEREAWTENLZbDTH
5. Flots OftilE, A vt—I4% 1 X 8 [byte] D PingPong
PEREDFERMEE V72, MPILA T YYDV 7 v 7 = Tk
55 Lg ¥, 4.2.5 T2 4 [byte] O Allgather D313
ML ALg(np—1) L2 5 2 LM BEH L, MPI L
A7 1.6[us) 2oHHIVIliEZN— N7 = 75 Ly &
L7z, @ERMORED S HI S NlETERRIER 1 ©
EBNTHL., BEREORMEAEWEDT 1 v T 12T
CEBAN—Ty FORBKIZK 3 DEBY THD. s
RAERICLAHETH .

Y'— 7 ik B &, #{5/3 Y FiEo ¥ — 27 144 5,000 [MB/s
R LT, AT T4 Vlkile b )+ —1"~y FD
WHEZTH. ZORO@EERMOREATYE -7 ik
DERE 4,226 [MB/s] & % 5 DI, HIEMERETIE
3,616 [MB/s| &9 14% MK\, BIERER] ¢, 1, BERER O
FAER D & KD 7 JRIERFRY 1,874 [us] & LT, JEHREF
TOfEI 2,795 [us] & H 49%DiEVHH 1), PingPong DiE
HERER 105 [us] & BT 2 L K& RA D, WEOBER
B RERZ LD L, Beast T3/ — FEUZILHI L T
M3 %34 774 >OE LTI EGEENS 2 LT E
WThrbeEzONL, /= NEIFWEZ LI ETHNATT
A YO L FIFRE I L T, PR LRI 25
ms 5.
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Tp[MB/s] Bcast(2D)
1.E+4
8E3 B et e-.
6.E+3

B/2 measurement
e T e Fitting(meas.)

----- Estimation

2.E+3

M, /,=3.48E+6[byte]

M, ,=4.09E+6[byte] M[byte]

0.E+0
1.E+5 1.E+6 1.E+7 1.E+8 1.E49

4 BEFRHOWERRE REAPSHR LAV -7y POl
% (Beast/2D/16 KiB)
Fig. 4 Comparison of throughput calculated from measure-
ment and estimation (Bcast/2D/16 KiB).

X
5 2 RILTOD Beast DER%RERK
Fig. 5 Concept of data flow (Bcast/2D).

4.2.2 Bcast (2 &)

1) BEBEROT71vT1>Y
64x6=2384/—F 2K/ — F&I4T) IBIT5
Beast OHIEFEFIZOWVT, 1 RTCERBEICEZ A ¥ M4
A4 X% 16 [KiB] & % LT, 128 [KiB] LAl 7— % % H]
WTC, TR L AT A v T4 v TR0z, R LI
koSN mENREE, B 41220 —7y hORlERE
ET A YT A Y TREREIR LU EIDERS R CHERA
TA YT A THERTHA.

2RIC/ — FEIMOBA, 7—% % 245 LT 2 J7MI
FESEE 21T . SOk, 1RCICHNT, ¥E— 2k
B3 2fEE% 5.

(2) REX»50EEEEOEH

2RICTIE/ — FERY Tl npl xnp2 (=np) &40, 1
RICEHART, 7—% % 250E LT 2 KN FREGEE 2§ 5
728, 1 &7z OmE T, M — (M/2), B— (B/2)
L b, 2RILTD beast DL ZE 5 18T, ff
238 LAy =V ZNENOERK TH V) BER
BOELZ DTV, REE R DEEBKDO AT v T EH
ETHE, NATITADAFTy T, 2K/ — N
BTCOWE, 1 RICHIAOEEET npl — 1 0], 2 XICHIAO
HkConp2 — 1 [H., RBRICIHAEPITETEVWEYD ) —F
ANDILEI 1 B0k EIT) . £ T 74 2D MPI
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Table 4 Evaluation parameter (Bcast/2D/16 KiB).

Name Value

npl 64 [node]
np2 6 [node]
B 10,000 [MB/s]
mp 16,384 [byte]
to 8.370 [us]
ts 1.396 [ps]
Ly 1.000 [ps]
Ly 0.600 [ps]

LA T v, 2200 TNI & 7z 2 FiafEksEE 2479
ZEns, MPILAT YD) HY 7 by o 7 OMLBLE
W2 A, K (9) HEERMOREAIILUTOL B
NTHhh.
t=1to+tg
+((npl = 1)+ (np2 — 1)+ 1)
X (2LS + Lg+ mB/(B/Q))
+ ((M/2)/mp — 1)max(2Ls, Ly + mp/(B/2))
(12)
LEMEICH W7 Ay b A XDEM 2L <
Ly +mp/(B/2) T, Avt—=VF A4 X MIZHEHFELE
WIEHZ: b NI S ATHEZ R T 5 &, BIEFEN ¢, 2 5
CIZERHDO -7 EE B 13, LT ER 5.
tr =to+ts+ (npl +np2 — 1)
X (QLS + Ly +mB/(B/2))
—max(2Lg, Ly +mp/(B/2))
=to +ts+ (npl +np2—1)
x (2Ls + Ly +mp/(B/2))

—(Lu +mp/(B/2)) (13)
B' =2mp/max(2Lg, Ly +mp/(B/2))
=2mp/(Ly +mp/(B/2)) (14)

% B, Trinaryx3 OE &, XA TI74 Y DAT v T
(npl = 1)+ (np2 = 1) +1 = npl + np2 — 1) 25, 1 R
TDOAT v 7T (np—1) IZHRTRNE WD, npl > 1,
np2 > 1 OFMT, BIERERH t 13 1 RICICHRTEL % 5.

npl +np2 —1<nplnp2—1=np—1 (15)

MBS W BNT A= 2R 4 1R T. @ERKEO
REX2LER L-BEEREIRE 1 0LEBY TH L, HE
RO JRBEX L HMED T 4 v 74 Y 712X B AN =T v b
DI 4 DL BYTHDH., HENPRENICLDERT
H5.
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Tp[MB/s] Bcast(3D)
1.5E+4
B |77
10E+4 ——--- - r- -~ Co T e~ " "

measurement

-------------- Fitting(meas.)
SBO0E+3 —=Lt==-=-=--=-FK4A" | eee=- Estimation
' My/,=1.82E+6[byte]
1! .
00540 1iMy,=1.76E+6[byte] M([byte]
1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

6 HERHOHERE L RMKArsHH LA V-7 F Ol
% (Beast/3D/16 KiB)
Fig. 6 Comparison of throughput calculated from measure-
ment and estimation (Bcast/3D/16 KiB).

¥ — 7 MR B &, @ENY NIED 2 Fipo ¥ — 74l
10,000 [MB/s] 123 LT, /84 77 4 Yifmiklc b 79 4 —
NNy FOEBLZZTH. 200 BERKMOFBERT
Y— 7 MR D EIME I 8,452 [MB/s| & 7 5 DI, il
SEAG R TIE 7,467 [MB/s] &4 12%fK < 1 KIC & [ U7
TH5o. BIERER ¢, 1, WERRO BB 5RO 72MH
73411 [ps] & BT, WEREROAEIL 548 [us] & 49 33%314
MLTWaE., 1 RCOEEET L E, A TI74 DA
T THA 383 B D 69 NENE L B BH D, TRERRHD
1 RICD 2,795 [us] 55 548 [us] NP3 5.

4.2.3 Bcast (3 &XT)
1) BEEROI71vT1>7
8x6x8=2384/—F (3KIL/— F&EIHT) IZBITA
Beast OWIEFEFIZOWVT, 1 RTLERBEICEZ A ¥ M4
A4 X% 16 [KiB] & % LT, 128 [KiB] LAl 7— % % H
W, N CIREICE DT v T v TR T o, RIS
koSN mERREE, B 6 1I2AV— Ty hOllERE
ET A YT A Y TREREIR LU EIDERS BT IR
TA T4 T LIERTH A,

3RIC/ — RELToORE, 7—4 % 345E LT3 KM
C[AIEEE 2479 DT, 1 RICICHART, ¥— 27 B &
K3 inn.

(2) REX»50BEREOEH

3RILETIE/ — FELTO npl x np2 x np3 (=np) &
%V, =% % 35E LT3 HMICFAERET L. 207k
O, WEFMOMNFUL 1 RTTERT, 1 Hadizh oim
fECIE, M — (M/3), B— (B/3) %%, ELhbix
ERBEDAT v TREMET AL, A TIAVDRT v
THEIZ, 2KTC/ — FEIMTORE LRI, 1 RTTHIMD
#5325 Conpl — 1A, 2 RITHAOLET np2 — 1 [, 3 RKTT
HIADHERET np3 — 1 [, RBITHEEDSTETHRWIRD D
J — RN\OEEEIZ 1 MOk Z4T) . 72854 7T 4 Yk
PEZBIT B MPI ORIER L, 320 TNI 272374
MEBEEZIT) S, MPILA T Y YOV 77 <
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F 5 ANV ZZFEHEG ST 2 =% (Beast/3D/16 KiB)
Table 5 Evaluation parameter (Bcast/3D/16 KiB).

Name Value
npl 8 [node]
np2 6 [node]
np3 8 [node]
B 15,000 [MB/s]
mp 16,384 [byte]
to 8.370 [ps]
ts 1.396 [ps]
Lg 1.000 [ps]
Ly 0.600 [ps]

T OB EAT 3 2% AL dBERH O AR (9) 2
LUTDEIIh 5.

t=to+ts+ ((npl —1)+ (np2 — 1)+ (np3 —1) + 1)
+ @Ls + Ly +mp/(B/3)) + (M/3)/mp — 1)
x max(3Lg, Ly +mp/(B/3)) (16)
AEICHVze 7 A Y P A XD 5N 3Ls <
Ly +mp/(B/3) T, Avt—=Y% A X MIZHKEL %
WIHZ b RS 22 I T 5 &, BIERERH] ¢ 22 5
CICE— 7 MREDEME B &, UM ELR5.
tp =to +1s
+ (npl4+np2+np3—2)(3Ls+Ly+mp/(B/3))
—maX(SLs,LH —I—mB/(B/?)))

=to +1tg
+ (npl4+np2+np3—2)(3Ls+Ly+mp/(B/3))
—(Ly +mp/(B/3)) (17)
B’ = 3mp/max(3Lg, Ly +mp/(B/3))
=3mp/(Lu +mp/(B/3)) (18)

% B, Trinaryx3 D&, XA TIFTA4 DA T v TH
((npl—1)+(np2—1)+(np3—1)+1 = npl +np2+np3—2)
B, TRIGDAT v T8 (np — 1) IZHRTHAEV0D

npl > 1, np2 > 1, np3 > 1 DT, BEREM 7 11X
TCAZHARTHEL 2 5.

npl +np2 +np3 — 2 < nplnp2np3 — 2
<np-—1 (19)

AW RNT A =5 R 5 IRT. BERMOR
BAPOEH SN BENRIEIR LI OLEBY TH L. #@E
BRORBEREMED T4 v T4 v LB ANV—=F Y b
DHBIIH 6 DEBY TH D, HEHHAlRMAIC L BHEHRT
H5.

¥ — 7 YR B X, @fE Y FiED 3 Fpo ¥ — 7 H
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To[MB/s] Allreduce(3D)

7.E43

6E3 g

5E43 [T TETTRSSESSRSE TS kel
4.E+3

measurement

3.E+3 Fitting(meas.)
s A T T Estimation
2.E+43 :
' M,,=1.32E+6[byte]
1.E+3 '
i M, /,=1.02E+6[byte] M byte]
0.E+0 1
1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

7 EERHOMEMR L AR P SHH LAV Ty FOlE
# (Allreduce/3D/16 KiB)
Fig. 7 Comparison of throughput calculated from measure-
ment and estimation (Allreduce/3D/16 KiB).

15,000 [MB/s] 123 LT, /84 77 4 Yifmpklc b 749 4 —
INNFOEEZZT L. ZOOBEREORERTE—
7 PERE D FEMEIL 12,680 [MB/s] & 7% 5 DIZ N, IER
FTIL 10,400 [MB/s] &4 18%fK < 1 RILB L2 KL &
[FIREDMEIN T 5. BIEREW ¢t X, BER O LA
5RO 2B AT 143 [us] 1 HABEREF 2> S DEIE 169 [ps]
ERI 18RI L Twa. 3RILTIH I RIEB LU 2R L
HRBE, SATIA4DAT Y THH 383 (1XTT), 69
(2KTT) 75 20 (3RTC) & &SI 728D, JRIE
RIS 2,795 [us] (12R70), 548 [us] (2°KIC) 205 169 [us]
(3 K70) A L7,

4.2.4 Allreduce (3 &7t)

1) BEBEROT71vT1>Y

Allreduce 122> T Trinaryx3 ORIEDH % 3 KIC/ —
FEIY CTIZDOWTCEi 2 7>72. 8 x6x8=2384/—F
(3k7C/ — FEI4T) 1I2BWT, Beast & [ABEIC/SA 7
TAVEEDOR T A Y M A X% 16[KiB] L EE L LT
Allreduce Dll5E Z 47>, 128 [KiB] LD 7— & 2 W T,
WN_FEICL AT 4 v T4 v T %47 o7z, Allreduce &
MEB T Reduce MLFE & Beast MLEL % 4T 9 7280, ANV —T v
FOBEHIZIE, EBRICEEESNRSE Ay =V AL A M S
2ETHHIEEMV. K1 IR @ENRES,
K7 ICANV=Ty FOWERERE T 1 v T4 ¥ THEREIR
T I ER R CTEBRE T4 v T4 Y TRERTH 5.
(2) BiEXtH > 0EEEBOEHH

JHEREM t ONERIL, Bceast JLEEOEER tg, Reduce L
HOWMtr THDHETH. tpld, K (16) D Beast (3%
IG) DA TR TE S, ty (X, Beast WD tp DR,
f7012, Reduce WHELDEE AN —T v + T (=#HET—
R UBEEE) #ZET AL THIBWETH L. il
BRMORXZ L TIIRT. @EHKO 7 F L AZHEORERH
tg ZHBERKTULETHY, 1 EED allreduce % &1
£ B F ="~y Fto ld, Reduce LEEDFIIZ 1 1] 7215 1
BETHhDH. B, 7 AV M A X%, Beast WHT mp,



RS 2R

Reduce WEH T mpr £ 9 5.

t=tp+tg (20)
tr =to +ts+ ((npl —1) + (np2 — 1) + (np3 — 1) + 1)
X (3Ls+ Ly +mp/(B/3)+mpr/(Tc/3))
+ ((M/3)/mp —1)
x max(3Ls +mpr/(Tc/3), Ly + mgr/(B/3))
(21)
tp=ts+ ((npl —1) + (np2 — 1) + (np3 — 1) + 1)
X (3Ls + Ly +mp/(B/3))+ ((M/3)/mp — 1)
x max(3Ls, Lir + ms/(B/3)) (22)
GEPIEICH Wz 7 A Y b A ZDOEME 3Ly <
Ly +mp/(B/3) < 3Ls + mgp/(Tc/3) T, 25D
PHAyE—=VFA X MIEKELRVETHET &,
JEICEER tp 1, T &% 5.
tr =to + 2tg
+ (npl4+np2+np3—2)(3Ls+Ly+mp/(B/3))
+ (npl + np2 + np3 — 2)
X (3Ls + Lu +mr/(B/3) + mr/(Tc/3))
—max(3Ls, Ly +mp/(B/3))
—max(3Ls +mr/(Tc/3), Lu +mpr/(B/3))
=to + 2t
+ (npl4+np2+np3—2)(3Ls+Ly+mp/(B/3))
+ (npl + np2 + np3 — 2)
X (3Ls + Ly +mr/(B/3)+mr/(Tc/3))
— (Lu +mp/(B/3) +3Ls + mr/(Tc/3)) (23)
—7J, Reduce & Beast WLEIZ L ) 7 — ViR E &L 2 1%
Ebiz, FEROE =7 B BUTOL)IC#HET
5.
t=t, +2M/B (24)
B =2/(max(Ls/mp+1/Tc,Ly/(3mg)+1/B)
+max(Ls/mp, Ly /(3mp) + 1/B))
=2/(Ls/mpr+1/Tc + Lu/(3mp) +1/B) (25)
LoTANV=Ty NT, 3T L% B.

T, =2M/t =2M/(t; +2M/B’)
=B'/(1+ (B'ty)/2M) (26)

AN=F o MR (3) TRIBEN B0, My & B %
VT,

M1/2 :B/tL/Q. (27)

ZIT, HEAV—T Y FTe i [H] 2BV TlE, xE
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® 6 SHENIIHWEHE/ $7 A — % (Allreduce/3D/16 KiB)
Table 6 Evaluation parameter (Allreduce/3D/16 KiB).

Name Value
npl 8 [node]
np2 6 [node]
np3 8 [node]
B 15,000 [MB/s]
my 16,384 [byte]
mpg 16,384 [byte]
Tc 4,000 [MB/s]
to 8.370 [us]
ts 1.396 [us]
Ly 1.000 [us]
Ly 0.600 [us]

N> Niig By (F230MiE1E 46,000 [MB/s]) 2° &S WLEEC
FHT 255w CEREINUToORLEE LS.

Te = (By — 2B)/4 = 4,000 [MB/s] (28)

CCTRE2EIZEEREBICLIMETHY, R4 I1IE
¥Nv 7 7 @ Load/Store B TdH 5. FHllil 7% /XF
A—F%FR 6 |\ IRY. WEREOREXD S EL L 72EE
TREIZR 1 D LB ThH L, BERHO R & e R
DTA T4 TIEBAN—Fy bORBEIN T DL B
DNTHabH., HMPRENICLAHRTH 5.

¥— 7 PEfE B &, @552 FIRD 3 F5o ¥ — 7l
15,000 [MB/s] 124 LT, Reduce LEL L Beast MELD 7
R FEATT D720, BERMO R TER) 5,120 MB/s| &
A, WER T 5,266 MB/s] TH V), HENICHEH
2A%DFE NN H L. BEERERE] ¢ 1%, BRAEX 5RO 72l
A3 513 [us] (ZHA, ARG RO 389 [us] & 25% DE
Wb 5.
4.2.5 Allgather (3 &)
1) BEHEROT7rvT1>7

Allgather #5122V, Tofu HH 7V TV X 4 3D-
multiring [5] 25FIH A EETH 5. 3D-multiring ¥, 3 KICH#
WHREAERDT I 22— & TORBITEELR 720, AR
IZ, 3K/ — FERLTIZOWTEli L 72, 8x6x8 =384
J—=F (3XkT/ — FEIHT) 12BWT, Allgather Ol
ERAT, ANCT|EICLDB T4 v T4 v T RETo 72,
Allgather (%7 » 7 SFOT— 9 2 &T v I ~\nkT 5
728, A)—"Tv hOEHIZIE, EEOXAy =T A X
W= FHETHL LRV, FEYA XL
WEREOREANZEDL L Z EPHESNL 0, 32[KiB]
FTL 64 [KiB] LD 2 DDFHIBIZOWTENRENT 1 v
FA T ETol. F LIRS N BEEMREE, 8
WCANV—=Ty bOWERERET A v T4 Y TRERDT T 7
R HEAER R TERDS 7 4 v 74 Y THERTH
L. BRI, 74T 4 v SHEBOBERTH .
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Tp [MB/s] Allgather(3D)

1.6E+4 1

444 B L] wem = 7O

1.2E+4

1.0E+4 1 measurement

8OE+3 A& ; Fitting(meas.)
f | eeee- Estimation

6.0E+3
4.0E+3
2.0E+3

0.0E+0
1.E43 1.E+4 1.E45 1.E+6 1.E+7

' M, /,=3.03E+4[byte]
I

i M, ,=2.86E+4[byte] M [bytel

8 BERHOMEMR L WX 2 OHH LAV =Ty LDl
% (Allgather/3D)
Fig. 8 Comparison of throughput calculated from measure-

ment and estimation (Allgather/3D).

(2) REX»S0BEREOEH

3D-multiring 1&, 77— % % 4 7% L CTATNI %ffio7- 4
FOREEERE 1T\, 3R % 3 BRI T >~
TIRICHERT A AR TH A 5. TT1EBHT3IRTOH
#AANCEL%E LT, 2BMEH T 1 A5G0 T — ¥ & ROl
FHmiceik L, 3BMH T2 HIgo T — 4 % ROt
ICHEET 4. 1 HMH72) OWETIE, AvE—VH AR
M4, BENY NIEDSB/4 &), 7 — F kORI
(M/4)/(B/4) = M/B &7 4. %72 3D-multiring TD /¥
1754 > O MPLBIERRIX, 4 20 TNI % 72 4 F717)
FRSEE Z1T) 205, MPLLAT Y3 DNV 77T
DIFRAIFLAS A 512 7% 5. HERSIC BT 2l o /) —
NEc% npl, np2, np3 (& — N np = npl x np2 x np3)
EBRCE, BERMORENIILT LR 5.

t=to+ts+ (4Ls+ Ly + M/B)
+max(4Ls, Ly + M/B)(npl —1—1)
+(4Ls + Ly + M/B)
+max(4Lg, Ly + M/B)(npl x np2 — npl — 1)
+(4Ls + Ly + M/B)
+max(4Ls, Ly + M/B)(np — npl x np2 — 1)
=to+ts+3(4Ls+ Ly + M/B)
+max(4Ls, Ly + M/B)(np — 4) (29)
ZOREA VL=V A XM IKGETHHEEMKGF L
WIHIZG T B EERO Y — T 1ERE B 7% b UNIIEIERER] ¢,
BT E%%.
1)4Ls > Ly + M/B (M < B(4Ls — Ly)) 1 Jix v & —
DIk
tp, =to+ts+3(4Ls+ Ly)+4Lg(np —4) (30)
B’ = Bnp/3 (31)

2)4Lg < Ly +M/B (M > B(ALg — Ly)) : A v & —
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® 7 AMSICHWZEHE ST X — % (Allgather/3D)
Table 7 Evaluation parameter (Allgather/3D/16 KiB).

Name Value
npl 8 [node]
np2 6 [node]
np3 8 [node]
B 15,000 [MB/s]
to 8.370 [ps]
ts 1.396 [us]
Lg 1.000 [us]
Ly 0.600 [us]
THE
tr, :to+t5+3(4L5+LH)+LH(np—4) (32)
B’ = Bnp/(np—1) (33)

722 L, EROY— 7ML B OEICIE, EBRISEZE
ENDAY L=V HA XD npfEThHDH I EEHNTHM
L7z, €= 2L 2 RANV =T N Bpax EEA Y
= VHEBRO AR TR E N, DTFE % 5.

Buax = Bnp/(np — 1) (34)

[H ] 2B 2 ATNI 47 O & #A5 N » FIg ek
15,000 [MB/s] T& % [5]. FFilC W 72% /X7 2 =% %
KR TIRT. TKA b= U A ZFETKRD 72851
BBIZFE 1 D LBY TH L, @fERHE O BN & JE RO
TAYTAYTIEBAN=Ty FOREIZN 8§ DB
THbh. AP RENICLHERTH 5.

AN=T2 b T, EA vt =IF A X MIZLY 2D
FHERACHE D . B ST A= DRSO Ay = TVH A X
RS 5 L4498 [KiB] £ &), 32[KiB] & 64 [KiB] O
B CRHEA A ) Bb 2 2 LD 5h 5.

Y— 7 e B3, fA vt — VHERTOIENE & RAER
TOMBEEICKRERENH LD, BIZEA Y =V OMRT
ERSNLIMIETH 2720, A v — VOIS
KELZMEIE RV, BX v 2= VHEETOBRERMO L
KXCHEH SN/, 15,040 [MB/s| TH 5 DIZx LT, {ll
EAERTIE 13,210 [MB/s] TH H, AKX~ 12%D
BNTH L. BILERRIL, REX,SROEIEE, KA v
= D RAEIT 1,544 [us] & 252[us] THH DAL,
SEAE R TOMEI 1,590 [us] & 201 [us] TH 12%~20% D #E
WTh5b.

4.3 BIEMREDET E®

Ald, [5] <o MPLBERED AV — 7 + DI
fEIZDWT, JBEE TV h Ll ER N o RN % B0
L, Y- 7 Mae L RERR & 5l & 4T 5 72,
PingPong & 1 :RJCD Beast Tld, ExhO Y — 7 Mg B
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T, [MB/s]  PingPong vs Bcast(1D/16KiB)/Fitting
5.E+3 B
4643 R TI T T T TIET
3.E+3 e PingPoONg
B/2 = === Bcast "
————————— ’
28043 [Bf2. LS /
A
1E43 ' /W, =1.01E+7[byte]
£ M,,,=4.89E+4[bytgt” M2~ i
! g ! M [byte]

hu 1

0.E+0) Fmmmmmcmmme==="
1.E+3 1.E+4 1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

9 PingPong & Beast (1D/16KiB) ® A )L —7 v b
Fig. 9 Throughput of PingPong and Bcast (1D/16 KiB).

T, [MB/s] Bcast(1D/2D/3D)/Fitting(seg=16KiB)
1.2E+4

Bcast_1D B
1.0E+4 = === Bcast_2D — - =
= - = Bcast_3D PiN -

8.0E+3 . B

_____________ 7_________:;;=-_-_____
6.0E43 |B/2 ’ piadl

' My ,=126E+6[byte]

B/2 e B

40E+3 2l A oo =L

. 4
20843 Bf2. 2 Lt LT
Cd

-
- -
-

M,/,=1.01E+7[byte] pf [byte]
1

0.0E+0
1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

10 Beast (1D, 2D, 3D/16KiB) ®A)V—7 v b
Fig. 10 Throughput of Beast (1D, 2D, 3D/16 KiB).

WZDOWT, A T T4 VEREDF =3~y KR EIZLD,
Beast % 23%13 &% <, Allreduce T A DO TH -
720 FRIERRR ¢ I2DOWTIINA 7T A VEREDV. B |
TR ADSEET IS 220 B 7280 Beast DR E L b, 9
|2 PingPong & Beast DHIER R LG5 NI AN —T
N ORI ERT . EHA PingPong TrfEAs Beast TH 5.
X 10 ¥, Beast (22WT 1:K7G, 2KIC, 3RKILTHH
ERERDT A v T4 VT LT AN—Ty bRIELZLD
Thb. ERALKRIG, HMHAT2RIC, WIS 3 RILTH
5. ¥ a TRORICH L3 % & % 1) O [ Fg8 15 A3 BE
LR, ¥—2IWHEE B 51 RICICHART 2 RILTH 2 1%,
SRILTH3IME RS, 72, RV LEXREE, X4 TF
AV DAT Y TEIB/NEL BT H XY IS BRI
B/NS Y, BIERER ¢, AVNS kb, 2E) T a
TO— RELCTE, LYERICTHER LA, #E%E
BBV &g 0s, L2 LERICE, Bnxyte—
TOWBEICBWT, WERBORE(LDZDE 7 AV bO
EEPELL, o8B0 A4 F bRk T 5720, &
DA% Open MPI 7V T) X ADSEIREN D 2 & HF
MESND. ZOLOBREUREICERN R R b0, WE
AR ) LR LD 5.
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5. RRAESRERDRE

A TIEEA L 72 MPT 42 15845 0 F21iE & A3 Ry o L AEK
IZEBAN—=TFy FOMEANZOWT, E— 7T 20%H%
JE, BIERER T 50% F COMETHMT LT LA TE L.
$EIZ Tofu 4 ¥ & 3407 MIRE LS N7 IV T X LD,
HMEINLUREZDHHREERLTETCNL I LT HERT A
TENTERZEVZDE, IROHEEOEROFERE LT,
N=FT 2 TIGRNT A/85 A= DRFEN AR5 TH
BLAREMER, WIET A 7T ) OFEEFHEI L BMREOZEAL
DR E LTEZLNS.

¥— 27 Wi B O#AEOKEKE LTIE, N"—F7 = 7Ol
FHREIC L B b0, WATEBEOMEIILD DL L, K&
C2QEDBBHITOENS. 1 RILD Beast T, /5 754 Vi
EDF =Ny FEBEWIZERO Y — 7 i x5 T 5 &
4,167 [MB/s| T& 1, PingPong ® ¥ — 7 V4 4,684 [MB/s]
EHART NRBREEM L FEW SN TS, PingPong D ¥ —
7R, N— N = T ORI WEEETH 5 L]
TFEENLIZD, ZOXERIL, 7—% %458 L CRITHMOH
KEifE LTV 528 (5] LSS, Tofu M7 LT X
LEHWLERBERE K ICER ML VW 5.

BEIERER ¢, OEOFEKE LTI, MPL LA 7 ¥ ¥
Lg, Ly DRFEN B Z#/NGFli. € — 7 hE B O RLi&
DIZBIFABAFHEO 2 H2SHIF s, MPLLA T
DN & LT, Tofu BH 7V T XL DEEEIZB W
T, EETFT— P L2ICTFEo> TVEEELEZ) ThVEE
T, VATV UICEENEZ ONDLI2OF OB R AL
F5 2 L TR LT 5 2 L IfECcE 5. K-
PhfE B 2SEEIERER ¢ 1252 A3 DOW T, 251 7T 4
VHEREDMT OIS EFEE T, BIEREOMEI N, T
A VR OWEMER OBERMAE T, ¥— 27 HiEOoKR
INCE > TEFDORIZED L. EBZ OIS EIF Otin%kky
Z, ERONY FIRTHEEITDON D720, BEwmY—727
HREZ H W RAE Y I, BIERRMAYEO ICHB SN S 2
Wl b, FEMSNIE— 7 R IV GRIERE 2 B
&Y 32L&, 1RILO Beast Dt 1 1,874 [us]—2,124 [us]
L), FOREEIT 49.2%—31.6%NE/NEL B D,

Loth, S5 GAWEFEATSH LT, BEMEREN EIZY
A WL, BETLVIYRLRIA T T %L
ENT 4= Ny ZuRETH B EMFEINE. 72, 400
i L 72 DAt o B RLEE i o#@E 7 )V T X 4 oMEELS
DOWTd, Beast, Allreduce, Allgather ® BN ZJLiE L
THHliT5Z2 LT, X0EOMAEEBLI LN TED L
EZbLA.

AE AL, BALOseIE AR e E
BT, &EbkNatt SE O RICE#H L 3. K
TROKRL, BALFAIZER T BRI SRR SR E T 5
A=N—=ary¥a—% [F] I2LBHDTY.
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Intel® MPI Benchmarks User Guide and Methodology
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