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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 application. 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 theoretically 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 about 10%-20% lower and delay time was about
10%-50% different, but measurement results were the same trend as estimation results.
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Table 1 Communication performance parameter by measurement and estimation

Parameter | PingPong BcastA Bcast' Bcast' Allreduc':e Allgather Allgather
ID/16KiB  2D/16KiB  3D/16KiB  3D/16KiB 3D/~32KiB 3D/64KiB~

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

g M, [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
_5 B [MB/s] 4,500 4,500 9,000 13,500 6,306 1,920,000 15,040
é M, [byte] 3.134E+04 9.078E+06 3.344E+06 1.550E+06 1.350E+06 7.669E+07 9.470E+03
E T, [us] 6.965 2,017 371.6 114.8 428.2 1,534 241.8
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Figure 1 Comparison of throughput calculated from

measurement and estimation (PingPong)
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Table 2 Time of control communication

Size Time [ps]

40 [byte] 1.751

64 [byte] 1.829

80 [byte] 1.785
Total 5.365
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Figure 2 Concept of pipeline transfer
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Figure 3 Comparison of throughput calculated from

measurement and estimation (Bcast/1D/16KiB)
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Table 3 Evaluation parameter (Bcast/1D/16KiB)

Name Value
np 384 [node]
B 4,500 [MB/s]
mg 16,384 [byte]
L 1.600 [us]
to 8.370 [us]
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Figure 4 Comparison of throughput calculated from

measurement and estimation (Bcast/2D/16KiB).
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Table 4  Evaluation parameter (Bcast/2D/16KiB)
Name Value
npl 64 [node]
np2 6 [node]
B 9,000 [MB/s]
mg 16,384 [byte]
L 1.600 [ps]
t, 8.370 [us]
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Figure 5 Comparison of throughput calculated from

measurement and estimation (Bcast/3D/16KiB)
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Table 5 Evaluation parameter (Bcast/3D/16KiB)

Name Value

npl 8 [node]
np2 6 [node]
np3 8 [node]
B 13,500 [MB/s]
mg 16,384 [byte]
L 1.600 [ps]
to 8.370 [us]
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Allreduce (22T Trinaryx3 OZIRE»H 5 3 kot / — N
B ZHONWTEEEIT 7. 8X6X8=384 /—F (3 &kt
J — FEY) 128\, Beast & [RIERIZ/NA 7T A Viirk D
/Ay b A X% 16[KiB] & EE & LT Allreduce OHIE
1T\, 128[KiBJURE DT — & & FWTC, KN HIEIZ L
DT 4T 4T HITo7=. Allreduce XN E T Reduce 4L
Pl Beast LFLZATH 7=, A—7 v FoOBEMICE, £
BRIZBESNDA v =V A AMP2ETHDHZ L5 H
W, R ISR b -l EHrE %, 612 ANL—TF > K
DMERERE 7 4 v T 4 IRERERT. LD HEIE R R
TEBB 74 v T4V ITHRERTHS.

Tp[B/s] Allreduce(3D)
7.E+3
6.E+3 é 7777777777777777 ;;;7_7_’—’-7—7;;“7“ 777777
5.E+3
4.843 B/Z , measurement
3.F+43 [--T-T-D0ook 7 Fitting(meas.)
________ i -=—=-Estimation
2.E+3 I
e || M, /,=1.35E+6[byte]
. -
1! I\/I1/2:1.02E+6[byte] MIbyte]

0.E+0 L

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

6 EERHOMER R L RO RHH Lz AL
—7 v bOHE (Allreduce/3D/16KiB)
Figure 6 Comparison of throughput calculated from

measurement and estimation (Allreduce/3D/16KiB)

) RBEXANLOBRERBEOEH

BISHER ¢+ OINERIL, Beast JLEE DR 15, Reduce ZLEE D
i 1, THD ET D, tgiE, (14D Beast 3 %kT) DR
FEA TR TE 5. 1z 13, Beast LELD 15  HFEUZ, Reduce
WBDEFEAN—T > b Te (SHET — 2 458/ 0PRREH])
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EEETHETHRMFETHS. BIERFMOXELITIC
AT MPL LA T oy LIFHBEERBETYLETHY, 1
F D allreduce 7¢ ENZ L DA — 3~ Rty 1%, Beast LLELD
AN 1|7 METHD. W, BT A F¥A X%, Beast
SVEEC my, Reduce LEEA T myp &35,
t=tgttg (17)
tg=((mpl -1+ mp2—-1)+ (np3—-1)+1)

x (L+mB /(B/3)) +((M/3)/mg)

x max(L, mg/(B/3)) + L + to (18)
tg=((npl— 1)+ (np2 — 1) + (np3 — 1) + 1)

x (L+mg/(B/3)+mg/(Tc/3)) +((M/3)/mg)

x max(L + mg/(Tc/3), mg/(B /3)) + L (19)
INHLDOEXNO Ay =T WA X MR LW IEE il
HI D EMEICHWEZ®EZ A A XDEKMET, LS
mg/(B/3) <L+mp/(Tc/3)E72 0, t, 1IZLLT &2 5.

ty = (npl + np2 + np3 — 2)(L + mB/(B/3))

+(npl + np2 + np3 — 2)

(L + mg/(B/3) + mg/(Tc/3)) + 2L+t (20)
—7J7, Reduce & Beast LFLIZ L 0 F— X Unk&id 2 fis & 72
5729, ERHOEC— 7 HEBIFUTOLIICZEXTES.

t=1t, + 2M/B’ (21)

B’ =2/(1/B + 1/Tc + 1/(3mg/L)) (22)
Lo TAL—T v FTIZUTF & 5.

T, = 2M/t = 2M/(t, + 2M/B")

=B/ (1+ (B't))/2M) (23)
AN—""y MIAQ)TRIBIND 72D, M;,id B"ZHWT,
M/, = B't,/2. (24)

ZIT, HREAL—=Ty b TlE TR BT, AEY
R RiE By (3E20EIE 46,000[MB/s]) 7 & @{E JLEE T FI] H
THHEBRWTHRHSNUTOREHE 2D,

Tc = (By — 2B)/4 = 4,750[MB/s] (25)
TR IIZELEEICLDMETH Y, R 41T

# 6 RAARITHWTZFHEI /Y Z A — % (Allreduce/3D/16KiB)
Table 6 Evaluation parameter (Allreduce/3D/16KiB)

Name Value

npl 8 [node]
np2 6 [node]
np3 8 [node]
B 13,500 [MB/s]
mg 16,384 [byte]
mp 16,384 [byte]
L 1.600 [ps]
Tc 4,750 [MB/s]
to 8.370 [us]
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$3> 7 7 ® Load/Store 2L TH 5. I H W =& /3T X
— X &R 6IRT. WEREO RO HEH U2@EE
REIZE 1 0BV Th D, BIERHO R L ER-RD 7
4T A4V TICED AT NOWLKIZR 6 O#@Y T
b5, RN RERIC otéf*%r‘%f‘&aé
— 7 MERE B 1L, WENY FED 3 FA45 o EDE

13,500[MB/s]iZ%f L T, Reduce #LHE & Bcast 4LE D )7 %
FATT 2720, WERH O REFTIHL) 6,306[MB/s] & 72 5.
BITE#E R 5,266[MB/s] T 1, ALEERIZ B~ 16% D
WD, FIERR ¢, 1%, AR GROAED 428[ps]ic
e, JERE BRI 389[ps] &£ H 9% DEWRH B

4.2.5 Allgather (3 R3T)

) AEHEDI4vTaY

Allgather JBEIEIZ DWW T, Tofu HEH 7 L 32U X A
3D-multiring [5]2%#H &5 3 Kot/ — RESIZOWTEE
fliL7-. 8X6X8=384 /— K3 &Kt/ — FEIH)IZBW\T,
Allgather DHIE ATV, RN _FRIEICLD 7 4 v T 47
4T o 7=, Allgather (357 v 7 BWEFOT —H 22T 2 7~
Rk T 5728, A—""v hORBIZIE, EEOX vE—
AN — FEETHDL L EAWe. ER@EEYA
R LV BEREORMANEDL L Z LR BESND 2D
32[KiB]E T & 64[KiBILAED 2 S DFEIKIC SV T E I E L
T4 T AT EToT. F 1RO B ZEEERE
TIWCANV—T > FOBPERRE T 4 v T 4V THERD
77 7T, AHBHERBRCERNR T 4 v T 4 VT HE
RThd. BL, 74 vT 4 v THEHBEOERTHS.

Tp[MB/s] Allgather(3D)
1.6E+4 1
1.4E+4 _B_ ____________ R
1.2E+4
1.0E+4 ) measurement
goE+3 P4 : Fitting(meas.)
____________ . =====Estimation

6.0E+3

4.0E+3 T
’ | M, ,=3.03E+4[byte]

20843 ‘M 2.86E+4[byte] [byte]
=2. + e M t

0.0E+0 1/2 v ve

1.E+3 1.E+4 1.E+5 1.E+6 1.E+7

7 BERMONERR L AN B Lz AL
—7 v o H# (Allgather/3D)
Figure 7 Comparison of throughput calculated from

measurement and estimation (Allgather/3D)

2 REXNLOEEREOEL

3D-multiring 1%, T — % % 4 35| L CA4TINI Z{E~7-4 7
M O RIRFEE 217V, 3 koniing 3 BeMEIc Ty v
Wiz T2 X TH D5 =1 EEE T3 RO
FENCHEERE LT, 2 BEMER T 1 FAn 0T —X 2RO
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MICHERRE L, 3 BBER T2 Fay 0T — % 2RO
RET 5. 1 AN OBETIE, AvE—UH A AN M
/4, BIENY RN B4 L7200, F— XEREORHIX
(M/4)/(B/4)=M/B L 725 . MPI L' A T2V 7 ho =T
EN— R 27 ENZENOBEOHEMMNE E4L5H. 4TNI
A o T FARERIE TILY 7 MU =7 OE(E DX % 4 81T
Y7, TITHEMPL LA T % Y7 MU =THD L
EN—= T =TS Ly\ZaT 5. BEFEIZ T Disik A
D) — N % npl, np2, np3 (8 7 — R¥np=npl Xnp2 Xnp3)
LR, BEFMAOABMRITILTLERS.
t = (4Lg + Ly + M/B)

+ max(4Lg, Ly + M/B) (npl —1—-1)

+(4Lg + Ly + M/B)

+ max(4Lg, Ly + M/B) (np1 X np2 — np1 — 1)

+(4Ls + Ly + M/B)

+ max(4Lg, Ly + M/B) (np — npl X np2 — 1)

= 3(4Lg + Ly + M/B)

+ max(4Lg, Ly + M/B) (np — 4) (26)
ZOREAvE—IIA X MARGETHE KT LRWE
WZ530F % L RO v — 7 YEBE B ONC IR R £, 1ZBA T &
5.

1) 4L >Ly+M/B (M<B(4Ls—Ly)) : A v — ks
ty, = 3(4Lg + Ly) + 4Ls(np — 4) 27
B’ = Bnp/3 (28)
2) 4Lg=Ly+M/B (MZB(4Ls—Ly) : £ A v — U
t, = 3(4Lg + L) + Ly(np — 4) (29)
B"=Bnp/(np—1) (30)

BL, ERDOE—27MRE BOEHICIE, EBRICEZIESN
LAV A AR pETHLIZ EERHCTEB L.

— I MEREL R B R AN =T b B lTEA v — U
WMo R THEEES, DTFERS.

Biax = B np/(np — 1) (31)
W) BT 5 4TNI Zp OfREE Ny NIE X &K
15,000[MB/s] & 5[5]. MPI LA 5> DY T b =T
4y LgiE 4[byte] D15 BRI ASUTINZ 4Lsmp-1) & 72D 2 &
NHEFEHL, MPI LA T3 1.6[us]h B oW E N— R
DT Ly & Uis. FHBICHAWEE T A= %K T

£ 7 ABEICHWTZFEHE T A —2  (Allgather/3D)

Table 7  Evaluation parameter (Allgather/3D/16KiB)

Name Value

npl 8 [node]

np2 6 [node]

np3 8 [node]

B 15,000 [MB/s]

Ly 1.0 [ps]

Ly 0.6 [us]
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IR, EA A = U A X TR 72 @5 MERE
I33FE 1 OEY TH D, WEREH O AR E JEMRD 7 4
T 4TI EDAN—T FOREIIN 7T D@Y Th
5. HRAAMRICEIAHBETHS.

AN—=T b TEA v =T A X MIZEY 2 FEEO
FEERICHE D . RN T A—Z B DA =Y A X
ZRFED D & 49.8[KiB] & 72 Y, 32[KiB] & 64[KiB]D [T
IR EI D oD Z LR D.

Y— 2 MBE B I, A v b — UHER T O ERE & REER
TOELICKERENDH DN, BIEEA v E—VOMRET
EREINDIFETH D720, HA Y v— VORI
KEZRBEIEZ ARV, A v — U5 CO®IE RO LE
KCHEH SN, 15040[MB/s]TH D DIICx LT, Hl
TEREFCIX 13,210[MB/s] TH 0, RFERITHAK 12%DE
WCTH D, BIERRIT, R OROMEIL, &4 vE
— D RAE T 1,534[us] & 242[ps] T D DITxE L, HIE R H
TOMEIE 1,590[us] & 201[us] THI 4%~ 17%DENTH 5.

43 BEMROFLD

AlENE, TRy To MPLEFEMERED ZL—7"y FDFEH
EIZDWT, BEET D5 IBERE O R BRI
EHL, E— 7 MEEE & BIERM Z VTR & 1T - 7.

PingPong & 1 IO Beast TliE, ' — 7 PEAEIL Beast 23
20%FRMIR <, OERIEE Allreduce & Allgather T b [Flk
DA T o7, BIERFH & LTS 7T A VHREDNL S
IR A REFHC 3D D728 Beast TORIERFEIIR & <
7¢%. X 81Z PingPong & Beast DHIERE R LG Hhiz A
N—"T"y SO AT, FEHED PingPong THAHEAS Beast
Thod.

T,IMB/s]  PingPong vs Bcast(1D/16KiB)/Fitting

T S e 1 g 1 1 1 1| B WA 1

4. E+3 B

3.E+3 B/Z PingPong 7

_________ = === Bcast ,’

2043 B2 o /’
1 ’I’
! —t

1.E+3 Ml/z::4.89E+4[byt9‘]' M,/,=1.01E+7[byte]
: e’ MIbyte]

0.E+) Emcmmcccaden==

1.E+3 1.E+4 1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

8 PingPong & Bcast(1D/16KiB)D A L—7 v k
Figure 8 Throughput of Beast (1D,2D,3D/16KiB)

9 1%, Beast {IZ2OWT 1 &yE, 2KIE, 3 RITTCTOHIE
WROT 4T 4 T LA —Ty FEHBELIEEDT
BB, ED 1IRTT, BB 2 KT, WA 3 RITETH 5.
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U a TRROIIEHN LR B &2 05 O [RIRFRAE 23 FIHE & 72
D, E—JMREBMN 1 RTICHRT2RTETR2MH, 3K
LTR3IREERD. Ele, W End e, AT F714
DAT > TEP/NS L IR D 72D B DB 72 REfE] A3
INEL Y, BIERFE ¢, AV NEL D DFEDTa T D
— RED Y CTE, KVERTCTHEMALZGD, BEEED
W ERaMnD. Lo LERICE, HnAyE—UTO
WEIZRNT, BEFAOKREOIZDET A FOES
NEL, DOFEDOLAT bRkt 520, LR
FAf72 Open MPL 7 /LU XA RIREN D Z ERHEES
WD, ZOROBEMRICAZRN R D0, Wi EZ
DELHREEL S S.

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

Bcast_1D B
1.0E+4 = === Bcast_2D — e =
= « = Bcast_3D PiN -
8.0E+3 . B
_____________ 7“““‘“““‘;;;;-‘-_____
6.0E43 |B/2 ’ I el
' M, ,=148E+6[byte]
a3 B2 Lo el B
. 2“\M,,=4.0
s 1/2
20643 Bf2. 2 _ .0 i

- -

-
- -
- -

M,,,=1.01E+7[byte] p[pyte]
0.0E+0 !
1.E+5 1.E+6 1.E+7 1.E+8 1.E+9

9 Bcast(1D,2D,3D/16KiB)D A /L — 7" |
Figure 9 Throughput of PingPong and Bcast (1D/16KiB)

5. BESEROEE

A [ElFFf L7z MPL 4EET@AE 0 ZERIME & 813 ke o Rk
RiICEBANV—T > FOMEBIZHOWT, E— 7 HHET 10%
~20%FREE, BIERER T 10%~50%DFEE T+ 5 Z &
D TET FFIZ Tofu A ¥ —ax s MIkE{LINTZT v
Y XL, BESHDOMEEZHDIREERTETCNDL D
LEMRTAHAIENTERLLEEAD. TOHREDERD
R E LT, "= R =TICBETLH/37 A—ZDRMED
DIRAR+3Th D AREESC, BET7 A4 77V 0FEEFIEIC
KoM E e ENAREELE LTELXALND. FFRIZ,
Beast 72 & OEMIEAE 2% T, B — 27 MRENHGE N> Mg
LR TI0%RER < FER SN TWDR, WHRIEEIC X
WEIWELTWD., 4%, BEhHBREEITH>2LT
WEMERER BT iR E RS L, BETALTY XA
RTA T T IERRIRE~DT 4 — FXy 7~ T <
eI ND.

F7-, SEEE LU OEREEOHEREIC SN TS
Bcast, Allreduce, Allgather @ HEZNA YE3E L CRH4 5 Z &
T, L0EOMAERDLZENHKDEBZLND.
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I ORI L, BT R R R TR
FAEATERF, Bl SE o RIS LET. A
FSLORERIE, BRI R R A SRR T 5
A—=X—aya—4% [RH] IZLHbDTT.
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