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Abstract: Recently, the scale of the cluster systems becomes larger and many of these cluster systems have
many servers connected by switches. Fat-Tree is one of the major topologies for cluster system. Since the
cost of the switch which is used to connect servers is high, to reduce the number of switches becomes more
important. Since Fat-Tree has multiple paths between two servers, we can attain high network performance
using Fat-Tree. However, many switches are required and hence the cost will rise. Latin Square Fat-Tree was
proposed as a topology which enables to connect more servers than normal Fat-Tree. Using the topology,
we can reduce the number of switches. However, since there is only one route between each two servers, it
tends to cause link congestion during high-load network operation such as All-to-all communication. Thus,
the topology is not used practically. In this paper, we focus on the fact that Latin Square Fat-Tree is based
on the finite projective plane to invent a method of All-to-all communication avoiding link congestion. Since,
in practical cluster system, we submit a job to a server group which has some selected servers in the clus-
ter system, we propose a method of All-to-all communication in a server group (consists of all servers or
partial servers) avoiding link congestion. We also made experiments by both simulation and actual servers
and demonstrated practicality of our method. As a result, even in the case of large-scale Latin Square Fat-
Tree, we get a prospect of equivalent performances as normal Fat-Tree. Moreover, we achieved 2.7 times
acceleration of throughput from the experiment of actual servers. This result is similar to the simulation.
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Fig. 1 Topology structure of Fat-Tree.
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Fig. 2 Increasing the number of layer in Fat-Tree.
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Fig. 3 An example of shift communication pattern.
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Fig. 4 Finite projective plane of order 2.
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Fig. 5 Finite projective plane of order 3.
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Fig. 8 Latin square Fat-tree order 3 (degree 4).
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Fig. 9 Degree vs number of connectable servers.
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Fig. 10 Number of connectable servers vs number of switches.
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Fig. 13 Selecting leaf switches and direction of communication.

NmEIL0,1,2,...,m—1 &) leaf BE TP ID 2] 1) 24
Th.
3.2.2 BENHE

T = AT = NEREFEL L, nkm 72— RXE %5,
CDOnkm 7z —X%Em 7T —AT LI nkflOT T —X
BT 5.

BB SRR BT — N HHE LD leaf A4 v F &
spine A A v F&AFEH L7729 2 THEY — /1 NDOE LD leaf
ALy FERBHLTHET —NICEL. ROICHEHT 5
leaf A A v F%3%ETC leaf A4 v F, BIERET S leaf A
Ay F &5 leaf AL v FLIERE &, ZOmEREITLL
TD 2D 5E S NS,

(1) EETLY — /N — EETC leaf A A v F — FL5E leaf A
1 v F
(2) %856 leaf A A v F — FE%5H —

(1) OBEREEIE7 = —AWTLICBETH Y, 3.2.3 15
£ 324 HTH LS. (2) OMERKICOVWTIEL 7= —
AT Ui L LT, 325 HTHmLA.

3.2.3 &7 1 —AFICHIET B%% leaf X1 v FORTE

RIETIE, KEETL leaf A4 v FDVERTOF— 1 Nm B
PO T o 72818 m i % ENENHIOD spine A A v T %
FEH L Co85E leaf A4 v FIZH S L2 FHWT 5.

FETIRIZIER 724 Tleaf A A v FIZDWT, leaf AL v F
BMoBghz [RX7 ML) L LTERHAT L., ZOXZ bLs
Lo ~A, ECyXABELTWwD L E, (2,y) LB
FRT B, RIZ, N7 MLVOMEEERT L. WHFER
25(0,0) THDHNZ ML ALENRY MV EIER, BHFER
M (z,y) THDB (ERTHW) X7 MVOMHEE, 2 £0
(mod n) THDH L XFyz ' %n &, 2=0 (mod n) TH 5
L&l oo LEHTS. 7271, 271 1F (mod n) 2B
% x DFFEOHILTHY, xa ! =2 tr =1 (mod n) &
Wzd. 222, n=30BAICBVT (mod 3) TE
ZBE, NZ MV (1,2) DfHEIE2x 171 =2THbH. Z
T, 2x2=2x2=1TH5H2,H»5, (mod3)llb
J2% 20832 THEDT, X7 M (—1,2) DFEEII
2x (=1)7t=2x2"1=1Thh, "7 MV (2,1) D Z
1 x27'=2THb. T/, X7 MV (0,2) DIHE T 00
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TH5b.

RIS, X7 MNVOERY THEEFRT H. WTFRD (2,y)
THHXI7 MOKRy THIL, x #0 (mod k) TH DY
Eld 2%k, =0 (mod k), y £ 0 (mod n) THh AHLHEIZ
y%n, TONZ NLoFxy THIZ0 EEHRT L. HE s,
Ky THh DN Mk [s h] £E£T. £72, oz b
W %] E£T.

BT O (ag,a,) EXZ MV [s,h] Ik 2T, B2
(byyby) ERD L) IZHEFKT SH. s £ 00 THDHEEII,
by = (az + h)%k, by = (s(by — az) + ay)%n &3 5. Z
i, (az,a,) BAHMEE s OEREOED ) b, o B
M (ay +h)%k THLRERL TS, s=00 ThbLE
&, (by,by) = (ag, (ay + h)%n) E3 5. TNUL, (as,ay)
2o LI h BB LS THL. 72k 21F, £ (1,2) %
N7 MVLIICEoTEBTE, b, = (1+1D)%2 = 0,
by=1x(0-1)+2=1%0, (0,1)IZ5%. B, £O
HHEuRZ PV [ ICE>TH—DHICBL D LT 5.
EOXRT Py llonTy, ERLAZEHEHTDT DK leaf
ALy FERoIZEoTREICELZEE, Zhehjlce D
MICR 5.

FROBEEDERICE T, TOXRZ FVERLENRY
MUVOBEIZOLEn —1UTOBEKFE /- Z oo THEEN
5. %s=01,....,n—1122VWT, lEHNsTHhor~NY
MU E—1TARFEL, ED 00 THHNZ Mlidn—1
K, Eax7 PUHFLIARIFIEL, IO EEFT 5L nk
Rens.

K72 — AT leaf R THID T & iClONRs MV %
TBELTBE, leaf A4 v FHOBENIZ OXRY FVIZHES
THIDDET L., THIZEo5T, [[—D leaf FE FH ID
DY —=NNE) L ET LI EE v, /2, [6—0 leaf
AA v FRTFOEY = NEZENFIMHAZ DR L LT L
ERET LI L TREBRA LT 52 L TES.

722 Z21E, B 13 DX )il leaf A A v F P(0,0) FL T D
leaf L TN ID 0 FDH — /3 & leaf A4 v F P(1,0) & T D
leaf FE TP ID 0 & DH — N IZF—DRZ P L [00,2] (v
N7 M) BRETAHI LT, BREHEAEIEE L2, £
7z, leat A£ v F P(0,0) BE T leaf BE TN ID 0 F & 1 3%
DHF=NIBWT, HlADIHETH LT ML oo, 2] (),
[1,1](F) 12%% &, [A—? spine Af v F&2IFTHIL
W72, B AIIIEE L 2w,

UERFEDDLE nE O 72— XBEIZDOWT, leaf 2
THWID T2 m ADNY MVEIRET S I L 12% 50,
ZORFNILD T L )12k 5.

(1) EOT7 2= ZBIBWTH, IET LRI VO
FTRTERL S,

(2) & leaf R FW ID I22WT, 4 nk 7 = — XEECTHA
LR ML EFED nk KA SN TV 5,

C ORI E W72 &) HEEHF E KIEHTRET 5.
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K1 (nk,m)=(3,2,2) OHADNRT PILE
Table 1 Vector table when (n, k,m) = (3,2,2).

leaf B2 T ID

0 1
0 | [o0,1] [2,1]

# 1| [o0,2] [*]
>]< 2| [0,1]  [oo,1]
A3 (L1 [oo,2]
Noa 2y (o1
5 (%] [1,1]

3.2.4 N7 MNVEROERFE

FENRY = ERDE D NI MVERTHEHRT .

N7 MVEIL, FTFHCT = X8, FIHANSEETO
leaf R FAID 26N, 72— AT &2 leaf A4 v FR %
BETLBONRT MVERELERTHL., ZOXRKICL-
T, #fETCleaf A4 v FRIFE L2 L &, 55C leaf A1 v
FREL .

leaf iL TP ID 0 D% (FAEH]) 1ZIFNEIS, &A% oo DX
7RV (n—14A), %£s=0,1,...,n—1122VT, fH&)
sTHDHNY M (k—1KFD) i, kBl OR7 K
WEIERD . ZNLEDOTNIERE O] % Tl 10 T & 12
n—1>7 FL72FE LTERT 5. (n,k,m) = (3,2,2)
DHBAERIRLIDELIICR S,

COXHILUTER LR M VEIERIZHIEH OHIK
W7z L TWa 2 EZiEHT 5. fil#y (2) 22V TIdHE
HThob70, filF) (1) 2R3, EHNITHBWTEE D —
OXMILERELTBY, ESERETn-—1THD (HEZ
0o D). LoT, EMEFAITMEIZ 00 <v<nk) @
T MNLIEE, COXMEDPL EDRMERLLLWD
DEMIE, n—1<v<nk—(n—1)&%>Tn5s2LT
HoH. TEOERLFO<i<j<m)lZonT, 555l
i Ev=(—i)(n—1) EEEHATMIIIST
FLZZDDTHEDT, 2D v EROARERX 22T
EERY. j—i>1THILIEDNLEDOREZT I T
b, FOAREZIE (G—i+1)(n—1)<nk LFAMETH D
G—i+)n—-1)<mn-1)<kn LD{EI.

PEICKY, FERoOf#H 2L Tnwa I E8gnh,
RSB AIEE SV EAEFH &Rz
3.2.5 71— XERDEE

HIEB L OCRj A THOFER, leaf A4 v FHOBEDZET
L, %5 leaf A4 v A m BOEEZ R L-REICSH
. INGHEBTFTOGEY — NSRS 5 L2 3T
L. B, KEIZ1 72— ABICHU-®EGTHA.

m B 5 OWE % 5 L725656 leaf A4 v FI2DWT,
EETCleaf FE TN ID 13587 > TEY, O leaf it FHN ID
IZIBCTOo,1,...,m—1&@BEFFEOFTBL. 72—
AHHND i FHD 7 2 —R2BWT, BEFTI ) ThbH
HEE, leaf AA v FETWID 25 (i + j)%m T 5 ¥ —
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NIZHELLDET A, ZNIZEY, 1 72 —XTIZH D m
7 z— R TC, leaf A v FIRRTFOKGEE—/ b
HREEBEEND. m=2,4 DREOBMARHI R 2 ITRT.
3.26 FEIJ7I—XTHOREY—NDRE

AT, ERROMETIEEZ F LD T, £ — 105
ERET B H LR IBRD,

3.24 HONZ PUVEDD leaf A A v F B OWEREITHED
PF 0, 325 WL leaf B F DL FENHE 5720,
KT = ATOKT =N EL. 2L 21E, H0
Tr—AEDOFHD 7 = — AOMERKIIR 14 D LS
b, B, K= NGELETEDT.

0 FOT — N OMlERE (FWEBROKE) 12OV THL
BHts. £10OX7 MVEICEDE, 07 2— XTI

K2 77— AMAOERTFIN (£ im=2, fim=4)
Table 2 The order of communication in each phase group (left:

m = 2, right: m =4).

7x—2 7ETA
0o 1 2 3
o 1 oo 1 2 3
® o1l 2 3 o0
® oolo 1 e
i L 902 3 0 1
o E’Bﬁ
o1 |1 0 313 0 1 2

RIkIL:
EHR: [, 1]
mEg[2, 1]

14 $0 72— AHDO0FHD 7 = — XDBIE
Fig. 14 Communication in phase 0 of phase-group 0.

F£ 3 KH— D5k

Table 3 Destinations of each server.

Tr—R& H—/N 1D

WLEST |01 2 3 45 6 7 8 91011
000 411 6 9 8 310 1 0 7 2 5
1|1 510 7 8 9 211 0 1 6 3 4
102 8 110 3 0 5 2 7 4 9 611
1 (3 9 011 2 1 4 3 6 5 8 710
%—204 25076 9 41110 1 8 3
’f15 3416 7 8 51011 0 9 2
:306 6 9 41110 1 8 3 2 5 0 7
1 |7 7 8 51011 0 9 2 3 4 1 6
408 10 3 8 1 2 7 05 611 4 9
1 |9 1 2 9 0 3 6 1 4 710 5 8
0 |10 07 25 411 6 9 8 310 1
51 11 6 3 4 510 7 8 9 211 0
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leaf LT ID 0 DFF = NIZIENR 27 MV 00, 1] 23FE SN
TWh 79, leaf A4 v F P(0,0) ZHEH L T leaf A A v
F P0,1) ICFET 5. TIT, £2I12X5T, EET leaf
FLNID %% 0 oifs GEEHS 0) (35858 leaf BLF P ID
bOICIEINDLDT, RIS —/N4ICHEINS.
D7 2= ZNZOWTH FARRICHER L5 2 ET 5. €
DRRER 3 1IRT.

4. 32— 3 Il KB

4.1 EEEOEBOLEHDYIL—Y 3>

AREITIIFERE T O AT RE 2 /N 2 BECT O
Ylalb—a YEHIiEAT) . B, RETAKRHE &F U
JCERETAT 247 9 .
4.1.1 FHEAE

FRBE Y- L LT 4.1.2 TR S 77 )5 Fat-
Tree @ 3 FlFH & LR D Fat-Tree @ 3 FHEEHIZ X 5 &5 6 f&
oW v, TRENUTOBE Y- Ty I
L—Ya &7, ZOAV—TFy MLEFHE L.

o V7 LMMENY -V I212HEBR. F57 M
Fat-Tree B & UER D Fat-Tree THW 5.

o RETHE 3 HEBM. £H0WEIX 3.1 i, —HoD
F—NEMHLEER 32 HioAREHV. T
> Jikdi Fat-Tree TO A FEAT.

4.1.2 Y3Ia2L—Y 3 ICHAVWS MRAOY —DOEK

32— 3 rTE 320K D T 7 )ik Fat-Tree

(FERL S1, S2, S3) L HBISR & L THERD Fat-Tree (Ff
% S1°, 827, S3) #H\WwA., TNHD/ITA—FER A4
R = NOEEHB XU All-to-all BEICHHT 25
BHIeT 5T 7~ Ji Fat-Tree 1230 < 7 5 X 9 123K E
L7

FRER O PO Y — kL VWA — %2R 15, X 16

\ZRY. FERL S1 CTIE 15 Eo&¥—3%, f5k S2 Tl
15 LOMRMERT O — 3%, HERE S3 T 15 T Ok
GO — el 5. Tz, B ST TIEK 16 k
DL —N% | WK S2 TIEM 16 EORAEES D — N
%, FEI S3 TIER 16 F ORI GO — N2 il 5.

K 4 7 )il Fat-Tree &7k D Fat-Tree D/ A —%

Table 4 Parameters in Latin square Fat-Tree and conventional

Fat-Tree.
R S1 S2 S3 | s S22 S¥®
KE 3 3 4 5 5 7
JAE 7 s Ha o We | - - -
n 2 2 3 - B, -
k - 2 3 - - -
m - 2 3 - - -
BEPH = F | 21 8 27 25 10 28
&= 21 21 52 25 25 49
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[: spinex A7
[]:leafR1vF

15 77 v )il Fat-Tree TH\ % ¥ — N
Fig. 15 Servers used in Latin Square Fat-Tree.

[T]: spinex1vF
[]:leafxA1vF

16 fit3k Fat-Tree T\ 54— \H

Fig. 16 Servers used in conventional Fat-Tree.

413 Y3Ia2L—Ya OEFTHEEZIN-T Ty b
DETEAE

KIETIE, Y32l —32ar0hELFOEE»S
V=T MEEFIHET 5 HEICDOWTIHRRE, AV—T"y
N ISR [1] OFF TRV SN TWAIRIET, 1 K0 »
7 AT & 72 0 13EE T & A IEHE (MR %23t
#IZL72E &, All-to-all lIfEFATRRICII TV A AN —T v
FOEIEERED o TWn5,

YIalb—YaryTEAE) EOTFT—FHEELE LTRE
07— fEEE L, EBIZET o — X ToOBERE LK
YD, ZOMRE, HFEBELLLMETE TORKIZBIT
T 20 OBERDG L. FREICBVT, KDL D
WMAEXRIL TV V7 OmEBT R AREHATE L
Tit Ed 2. mABREBRAEDS1 Th 512130k
FTC—ELHATREL TRV EERL TS, K
AR c THALGE, TORKIIBITAANL—Ty M
WHTHD 1/c LT LTVWDEIEEZRLTWA, 2O
&, 1ARDY) ¥ 7 DMK B2 T EDTE %58
FR (FRHER) 21E L0, FBRICHETIEDTE
LfEEAYREb o7 ETHY, A V—T v MLEAfF
JB. BEEKRDO AN —Ty MIIERE - &7 2 — X2
blebAN—Ty NHOFHEE LCTHET L 7.

AKyIalb—va yFEIBEKOAIEHLZZLDTH
D, ZlfEx87ry PLNL, A4 2 VLNV THELT
BHILDOTIEARW, oT, INHLOMEBETIE) I 2
L—2a v bHRBEREL LTHLD, OIRAGH Y
¥ 7 CORENSEROMUREE LT 5 L ) BELS,
AL VERPELNTVE EEZLNS.
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1

0.8

2]

1‘5 0.6 u Fat-TreeL 7ME1E

1 nSTUAESTNERE
R 0 " STUSBRRFL

0.2

0

[t 5y &2 3.3

X 17 fERFREREFROL I 2L — a3 VIEROILE

Fig. 17 Comparison of simulation result between conventional

method and our method.

FERS, BROR 22 12BWT, YIalb—3T g UIdERE
AR TRRHODORED VAR E Lo TNREHDD
AL IZIZFA CTH - 7.

4.1.4 5V

AN—=Ty DY I 2L —v a3 VEERER 17 ITRT.

PR D Fat-Tree D 7 MEBE/NS — V DFERF AN —
Ty RE10THY, BEEEEEL TRV, ZIUH L
T, 77 ¥ M Fat-Tree T¥ 7 blfE/ 8% — Y #MA LT
LEH e, AV—7v FHAMETL, BEDHI > TWD
WD E. BRETETIE, AV—Ty FHAT1.0TH
D, 77 v} Fat-Tree T i a7 { All-to-all HE23T
XTWB ZEDHER SN,

4.2 KBELZBED I1L—Y 3>

REEOTIEIKHE L FEH L TWb 720, KEELRSE
DMPEMFST HULENH L. 22T, KETIIERET
BElicE 2 WHED Y 32— 3 V2479 . BART
5,000 BREFEDF —NE 0B Z &R BE L, RBBZL
YIial—YarEEBRLE. YIalb— 3 VITIRKRE
DFE 6 IZRT 271 BEDOF — N EFH L7z,

4.2.1 FHEiAE

411 HEFFRIRIETIRANS b RO Y —HR T L2y
7 MBS =V EREFEEFETLZOAN-T v + &
e 5.

4.2.2 bFFROS—DOER

5 7~ Jkf Fat-Tree TOFBET L O Ko v —fkz
K5IRT. KEELT, VHEnbEZRELRLEIRLD
FED L. RICEHERIT L CT—ERDOY — /3D A F ATz
BEZTLHD, k, mEEDKE, ToLEx, HnbsH—
INEEBENENEROR 5%, 50%, 26%& %h L 912
3 FlHR e L7,

B, B L1, L2128 5 5% D — 3% W iiiE
1, TSWAREEIC 7 BN k, m DEDSSETI R W20, A
& L7z,

4.2.3 ¥

IO CER L /2R E4E 18 1IRY. 7272L, &

DHIZB BREFLEO A ROFinfid v d 1.0 1k
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THEBELTWD., BEISKEL 212085 T, ERETH
537 MEENSY = TIEAN—Ty PO LT L
—/HT, MEFHEITRTANV=TY ML 1.0 THH720
BENFE ST BEL TRV EVGD 5.

F72, AP THNTHEICHV ST —N"EEIZ W
EBEENLHELTWAZ NG A, T, —N
BREESCT Z L CTHEOHENEML TW5720TH 5
tEZLNA.

Infiniband OHFFEDFEEETIE 36 F— b (GRESZFRIO
ffn = 17123000) BERTH S, 72& 21E, 2016 4F 4
HEAE, Mellanox 1132 Infiniband A 1 v F1Z EDR A%,
T36 K= TH5[10]. £¥Ia2lb—TarildoT, T
DAA v FEHNT (n+1)(n?+n+1) =5526F (spine
A2 Ay FOWANZ D 2P IR 11,052 &) DH— N5
TE, BAEDOR W All-to-all BEATE S L\ ) 2 &A%

£5 KHEZLZYIaL—2 a3 ICBIARE (57 2 k)

Table 5 Configuration of large-scare simulation (Latin Square

Fat-Tree).
i35 L1 L2 L3 L4 L5 L6
o KEL 4 6 8 12 14 18
= n 3 5 7 11 13 17
= 52 186 456 1,596 2,562 5,526
k - - 7 11 13 16
X m - - 7 10 11 16
= Hs Ak - - 343 1210 1,859 4,352
= - - 752 758 726 788
k 5 6 9 10 13
X m 4 6 9 10 13
| HaaY 27 100 252 891 1,300 2,873
R 51.9 53.8 553 558 507 52.0
k 2 3 4 6 7 9
X m 2 3 4 6 7 9
| EaE 12 45 112 396 637 1,377
R 23.1 242 246 248 249 249

ZI—TFuktt
o o
(2] [+

o
’S

02 \\

—8

0

0 1000 2000 3000 4000 5000 6000
H—nNE¥
SIMBIE/NB—Y: —e—100%(£4) —e—75% 50% —e—25%
REFZ: —e—100%(£8) 75% ——50% —e—125%

18 ABBiZY I 2L —3 3 Y OFATRHEE
Fig. 18 Results of large-scqle simulation.
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BENT. ZOE, EBDY T MEENRY VDAL —
7y MHIE 0108 TH B0, F9.3[D AN —T v M)
ERAD 5.

5. ERETOFHM

5.1 FHEAE

Y3alb— a3y THIFREK ST, S2, S3 2oV, 5
BrHwThRo Y -G a sy 5.

#Fiiix IMB (Intel MPI Benchmark) % V272 [11]. IMB
® All-to-all TIEZPERT MPI_Alltoall A% FFONHY S, #
DANV—=Tv bERWHL, S5ICHGRRL D HEKT 5.
FFAI 2 v 5 MPT 1& OpenMPI 1.10.0 & L7z [12].

OpenMPI @ MPI_Alltoall FA$I3568 e 2 ET ATV T
1) ALk LT shift (pairwise &\ ) % FiCHEE) & linear
WITICHESINTBY, £ 723y L LTHEETES.
WY, V7 MEENY — 2 TO Allto-all HEZITH
A%, shift 257 £ — AT L2 Z > T 5 DIZH LT,
linear 137 = — A Z & DRIFIZILS FUICHIO 7 = — A D#
BT TsETICRD 72— A2 BAT A, TNHIC
MZ TREFIETH S T 7 ~ J i Fat-Tree TDILIEHE
TINTY RN T FERE Lz, WEREZ LA b 2s
228 )84 b (=256MiB) T TD2DXREFED X v -
A X f{E LT, £ 100 1T D All-to-all H{E %
TV, ZORERMOFEE? S, H—o3 1 AAHEALRER
WEELEAyE—=VFA X (ANV—TFy }) ZEHHT 5.
FEERIZH W2 =N, V7 by 27, InfiniBand DF4IC%
rhehke, £ 7, K8IIURT.

B, FEELS3 @ MR Y — R AT A HE, leaf A
A v T O DI & A RGP E OB L ISk

®6 - OML

Table 6 Feature of server.

H#—s3 | RX100S8

CPU Intel(R) Xeon(R) CPU E3-1230 v3 @ 3.30 GHz
av | 8av

AEY 1,600 MHz, 15.4 GiB

KT VIV LT DL

Table 7 Feature of software.

OS Cent OS 7.2
Linux Kernel | 3.10.0-327.el17.x86_64
MPI OpenMPI 1.10.0

NYFI—7 Intel MPI Benchmark(IMB) 4.1

# 8 Infiniband DFHIC
Table 8 Feature of Infiniband.

Spine A1 v F | SX6005 (FDR X4 12 #— I)
Leaf A1 v | 185022 (QDR X4 8 K — })
HCA Connect X3 (Single Port FDR)
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4000 SRR AR
PP TP T T T TGO T
3500
= 3000
@
2 2500
L
"\ . V. . . o
"ll\ 2000
=2
X 1500 = -
1000 ——linear
500 == shift
== |atin
0
0 50 100 150 200 250

Fyt—TH L Z(MiB)

B 19 HER S1 OFEBRTO AN — 7 v b FEHIE
Fig. 19 Measured value of throughput in configuration S1.

B O RS
3500
3000 ‘
2500
2000
1500 ;
1000 i
0 100 150 200 250

Ayt—IH A X(MiB)

B 20 #ER S2 OFEBRTO XN —7 v bFEHE
Fig. 20 Measured value of throughput in configuration S2.

9% spine AA v FEEM L. WINOfEES FDR &
QDR RIETHH DD, §XTOY ¥ 7705 QDR & LT
Voo T TENS.

5.2 &l
QBAX@%ﬁxw—fvbu4mme%fééﬁ
HATZHE L7z IMB 12817 5 PingPong 1§D AN — 7" v
bi&ﬂJMﬁmf%ot.K&ﬁfi DAl % Bl m%
ELTHWS., kLA vy =V 4 X2
N1HBDHYDAN—T v % HElhic 77%7D/b
LR AsMR T L Iceznen= 19, X 20, X 21 2
IRY. YT MMENY = TOAN—Ty MIEFNFN
1,400 MiB/s, 2,700 MiB/s, 1,500 Mib/s & 7% > TH 1) Higf
RECIIRE R, SRICH LT, 97 )il Fat-Tree T
DANV—T NI A v =TI A AP0 REFiEn
FD 3,700Mib/s ETH Y, (IFHFREHR 2 EK L7
LWz b, TOMRIEIYT MEENY -V ERRNTRKAT
2.7 fEDOMETH 5.
INSOEHRTOFBREZHGHRA L OEOF THKH
L, A—HROYIal—a v RERZE 22 12
A, vialb—var EEROKRIIFECHEAITH S D
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4000 HRER

3500

3000

2500
4

2000

1500 —

1000

500

0 50 100 150 200 250
Ayt—TH A ZX(MiB)

X 21 #i S3 OERTHOAN— Ty FERME
Fig. 21 Measured value of throughput in configuration S3.

1

= shift
(2alb—3y)
= shift
(EH)
sIREFE
(¥2al—23v)
REFIE
(EH)

0.8

0.6

HIPHE

0.4

0.2

RS

0 -

[: 1548 W2 HHRL3

B 22 YIalb—PareFEEROALV—T v bR
Fig. 22 Comparison of throughput between simulation and

real machine.

DD, YIal—a YEERIZERICHERTAL—Ty b
WEKICEEL oML G0 5. UEoZ &tns, 7
7 M Fat-Tree @ b RO Y —fEE2SFEZHAWICL AT
HHIEDNHLPE R ST,

6. BIEMZR

Ay bT—2 - ROV —IBIFALV—T 4 T D—F
PGB EREZ RIS LT LS TEET LT VT
TATN—=T 4713 3 5h. TIUIHEMNTKAR L —
FAYTIITRB—HT, FROY RSk T 5
DL VIZORRO X ) ISR A R A kT
L EWFHELWY, T T T4 TIN—T 4 Y TIZEB AT —
F 77 bART Y —fEiE e LT, Dragonfly £\ 9 bARD
U —HEDIRE XN T B [14], [15], [16]. Dragonfly i& 7
Y LBERT) BEICERRETHEAY S W S
NTWD, LPLENS, 787714 Th—T 1 7Dk
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