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Exploring Novel Computer Architecture with Flexible Bandwidth Based on Data
Compression Techniques
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In this study, we explored a flexible architecture for variable bandwidth
for data movement, which is a major factor to determine the computational performance of systems. In
order to control the memory bandwidth and the network bandwidth, we combined FPGAs, which can
reconfigure circuits freely, and data compression hardware, which can compress data with low latency
by pipeline processing. Specifically, we investigated the relationship between compression
performance and computational resource usage, and constructed a hardware platform for flexible
bandwidth system on multiple FPGAs.

FPGA



X C—19. F—19—1, Z2—19 (58)

1. WFFEBAA S D 5

ANTHBERY ) MR, KM S 2 L—3 g T —F v 2 —5% HEPH LS LWT o
JaYU—OERITHE, EMEREFHRICE T AMRER LRI RO LN TWS, —F T, BENK
EICEEY SOob EREERE v 7/ F — X WH R 81X, /EROHEK T —XT 7 FvIi2k b
RPN NI TH D, & BT, FEDRA—N—a L ¥ a—ZEDEMERERE o 27 LTI,
BEIHEBEEOBRKNRKERMEE 7205205, BEINROEOHEK S AT LAOFEBLD, B
~OEER L ORBEEOBLEND, BIRD LN TWD, 2D X9 72 @mEREsHE ~ O~ 7p 3k
(2% L, FPGA 12fE SN 5 BB ERE R /T RE/2 T A A X A AR 2 FIH L= @ah%
TRRHE TR, HRMERE L IR A WL ATRER L E L CTHEREN TV D, ZOFEEZHW
HZ LTk, AFREIRE E KA SRR U Cliifb U 72 B R RIS X 2 2h SR 7 L P
WZE o T, #AHRMREE BN RET LT L5 A AT L2 EBT 52 ENAETH D, ITFT
X, IP 27 OFHASCENMNAKE, FPGA 77U r—3 a VOEFELZED 720D Y — L8
WDIFEIZ LY, FPGA OFIHANEILNGEIZILE Y 2obh 5,

BRI O HEENATRE Ch 5 —J7, #tREMEREN EA2 B E 32 FPGA 07 7 2 Z4kiC
L AKBIUE S 27 ANOTF —Z BEIEREIE, N2 — 7L, A 170 & ORSEA RO MR
RVAT LOFEFHARTFT D, 2D, FHEEICE T DEEROR KRGS A ) (X[
ETHY, ¥TEE D FPGA REBENEETH VAT ATBWT, HIOARRIC L v HEMRE
DR SN D AREMER S D, ikt L, EITHEEZ R 32V 72 A4 A7 —FEfi~N— R D
=7 ZHWT, MBI L Lo SN A LT B AT R A ATV, T—HF A R U — AGEfE
D TN HIE 2 e KA 2.5 I L&D Z LI Lz, LIALARR D, KED ) — R9AE
V&G KEBE RV T, SEEROERFEIIRNRT 7Y Fr— a VRO IEIZS
CCEBT D, 20X ICEET HEREIRICKH L, 7 — % [EfiN— R =7 O & s A Lz,
A ER I 2 FETEX 5V AT LAOEHINHHTE 5,

F—HEMENAN— R = TICB W, L0 EmnT — % EftEEEES R om EEA V) &2 FEH
T A%, L0 < OHBEEEENLEICRD, EWHOHANRELND Z L NEITHZRICB N T
RENTWS, ZHNICEDSE, Var 7 4 X2 T 7T, AZEALZFEM S X T A2BW
T, FHEMEIRZ o | &GRS IEICIED 25 Z LD, BRSO AR — X
SRR 72BN IS AT RE 7R, MR SRR REZFFOFEKT — X7 7 Fr OEBN ATHEIC
725, Va7 44X a7 T NT AL A LEOFHBEERIL, HREERKO L LTHIEHTE 5720,
[F 3 OPERE &k & I ER A OIS E T D FERMLETH D, £72, BEO KIS T L~
DR EZEZ =256, Fy MU= O hFRuUR@E e hal, B0 EA L F o7 AT TR
IBAEVFE~DOT 78RR E, 2T —2BHOBERE 2 OND, Lo T, *vy hU—7
708, MBEFIEDOD O 2 2 HMIBRE OMBE L L L2 D,

2. RO HBY

AWFFEO B, VT NAEA LT —ZEHMENN— R =7 HW Tz, AR E IR R 7 — %
T Fx DR TH D, TATHRICE TR Lz, BBV NS T — 2 25 L350V 7 V54
AT —HEMiN— R =2 7WE, ERAN—RU =TI LD 7T 4 VBRI K - C, &+
/NS TBIETCT — 2 A Y — A%EHE - BETHZ ENAEETH D, ZNEFIFAL, FPGA
HORIFEFERT NA A WA T — 2B - B AN— R =7 Z@EHL, *vy hU—7
LA A T Y OFEYHE A ESED, O KD eN— R =T OFREEITH LI, BRI
W U7 RHEME IR 2 SRR & Eh o m b S 2 pfid 42 FIEERET D, 070l K
T— X EREIC BT 2 BARM 72 ERE R L IR E & OB E EEMICHET S, 72, a7 T—%
W L7 EME 7 LT U A AIZONWTHMEZITY, ZNETICHB LT —ZEfi N — KU =
7 ERIERIZ, BN T T A N X DR AR LB S FTREDN E O IR AT O,

DX IRT =T 7 F ¥ OFFERHAMIZIL, FPGA EM%2 AW - BREMRENLETH 5,
2, WIZEDRTETH DL D FPCGA 2 L7 7 A X |IZBWT, FPGA DT —Z@lEa 3%
W B AT L0FEEL, BNETET =T 7 F ¥ DOEBIIIARARTHD, TD=HIT,
FPGA & B+ 2 FEMAM R Ry MU =T VAT AOWEZITH, MZ T, EED FPGA 7 7
A2 DEREZBE LINN— R 2777y N7+ —LOFEEGNEL 72D, TFEOEBAA K
WEFHLT, BHIZFPGA 77V r—ya v BRBEWRER VAT AT F v T2 L, £
D7 L —ALU—7 ECT—REMiN— Ry =TI L D ESHETEEEHAT 5, 20X H%T
Ty M T7A—LEHNHZ LICLY, EEMOMEMER CRRA Rty T — 27 VAT AREER
T SV r— 3 XL, ER RO A EFIEO G INE & iR ME ARk 2 e A BT &
LRI D, E6IT, WHBEEEENE T, BT 7Y r— g VR L TTF —Z EfEF
EEZOIVEZ D FIECOVTHRGI R ORIEEELITY, TNOLZFEBRT LV AT L%, ~"—F
U7 L UTHRSE, B L, FPGA W= ESREIC LY, BHIE T2 EEHIR T —F% 7
JF DT L— LT — 7 DKEEEIT O,



3. WO Hik

AW EHED D E TR T RNEEE LT, LR T 4 o08F T ohd, ZRZENIZONT
BARM 2B 5 1 % T,
WEFE 1 : SEATAFZEIC W CRRR 2D T & 72, HEV/INES T — X [ EffiN— R =TI L ¢, #
AT LR ERE IR & ok & o BAREY 722 BAMR &2 IS REm 3 5, BARROICIE, EEEOEERE
F—2 B IO, BEEGE RN Fv— I F— 2K LT, T2 EEANA— R =T
PHEMAL, TOEMEBELRETLE LIS, "— R = THIDO/T A—% | B TFRIEEORE
LA DBED B TAL/RT A= 2B &R T, VERFHEEEREORELIT I, KM,
JERGR L AT DR RS IR R L O Z E RIS L, AAEREIT —% T 7 F vk
DR EICRAT D EEBEORE S 0 A& BKLT 5,
WEFE 2 : EMHEREHEOHBIZIAS B S DI DTFICIERT D B2 6D, UKL, AT
MRICBWTHIRE LT — 2 Efi— R = 7 Ot R I38l T — %, FrICRIREE O 5 5 124
STWDTYD, B0 BoHET — 2%, LOIART —XIZERIERTFENIRD BN D,
Lo C, BEa KT — 2 I L EET LD Y RADTE LR, N— N = THRE %
1TV, ARG S AT AA~OIRSARIZ OV THRFT 21T 9,

3 MER LT — 2 e 7 25 BT — %7 7 F X ITHBRAD 2O DNN— R =T VAT
LD RO 21T 9, BRI, T—Z A MY — LT D814 7T A4 VHEEITH 120
(2, DMA 22> b —F &GN A T Y BREI N— R =7 &, FPGA 1289 2 %x v N U —2F &
AT B EBRFIANT, VAT A F v & FPGA IR TS, ThEHAnsZ & T, F—
ZIEMEN— R 2T 2 AE YT 7 EARLFPGA Ry N — V7 BEICESGICEMREE 0D, &
7=, VPO TEIITEENRNN, EEOEHEZEE L, FPGA x>y hU—27 L LT, kD
EEME7ZT TiEel, 2y b= AL v F 2 AW EEE, KOREN2Rry hU—27 hARn
VEFEBTDHUVAT AMIONT G, R K ONEEEZITW, Hixlexy FU— 7 REEFRUTKL
CHERh A A AT RE R BB O EL AAT O,

AR 4 - 5 AR B 2 W =3 E P O TIEOY 0 B 2 Iz >\ Comate, FEEICBET 2
fREt, REZITH, TOHT, Intel thOFEUET 5 5H D D5005 FPGA AN — RIZIIT 25 5y itk
E i 2 WD FIENELETH 72720, ZhaE AW ZREHE Y 2T LA DJEME N— F v
=T HBYIVBEZ D FIEORSEITY, IR 3 LT, FPGA EIZT T v b 74— ALV AT A%
MEL, 7—HEM N N— R 2T 2 HBIC YR THHT 2720 DREZEET 5,

4. WFTERRE

BAFFED RN DN T, 3EIDOHFFE 1~4 ICEE STk 5D,

WHZE 1 3 NS T — Z [ JEMEN— R = 7 O, EMERE S AT A HBEHEIRE D L —

R4 7 ZB4 23l 24T - 7o JEMEMEREIZ T — & OFEREOMEIC L > TRELLETH-0, K
WP ClIEE R E it E 2 R o7 — &, FRICZEMMICEGE L2 R oBEy I 2L —va v —#
RS E LT o7z, BEORHMEIZOW TR ARDENZ, T — X JEfi— K7 =7 OfEEIZ DN T
AL, [ 2 2 S5 HEOME 2R~ %,

AT —H TG N— R =TI, [TEHEes & BB OMAEDENL 2D, [EMEaIIA L ENE T
—H AN —AEEMLCHAT D Ll X 0 ERE A IR L, EBE&SIEM SN 2T—#
ARNY—=LEITLOT —H AN —NE LT D, i & B E, K2 AGAT X 5 12HD
BTH5Z LT, EMESNZT —2 A N —APMREREZE Y, il m bS5, B,
TR, SR, BRAERAIE, G bD 4 DR T —U b b, T, JEESE, L,
THER, T —FFHBEO 3 DORT—U b5, 209 L PREFEIZ OV TR, A2 Tl
ZERNORBAEEZ D Z LI X o> CRIBEENZELT 5 —T7, THITEEORSE IXEMEMEREIC b
BEEZET L, 0D, TRSZHAOREZZILIEDLZ LICX Y, JEMENER & R miE 2 4
LD ENRHEDL N, EERICHRESCT — 2B E EHM M CEN T 254, TRIEERS
DRI 2 B R IL, JEMER, RO Z< TRy (10% A5 - E 0, ko
[B]BR B~ DFBE T/ N SV, PRI E OWRELIIMNC B B AE & B RE/R N T A —X2 L LT, T
WIRFZR DO BETAL/ ST A—X qBRd D, ZIUITFALDOBRIZE T — X DIEME#ROE Y NEE q D
EEUCHIPR T 5, [EAMERICHIRY 2 58y NEOEEZW O TIE L, BENHEIE(L S AR mE 2
WTx2, BlziX, g2 DG, BTz 2<ITbhbRWEA & T, LERREE O mE TR
TG, T, Efggs0f s, BEZROESILOAT —VICEGENDL ALY T X (1 7
a2y 7Y A 7 IVTEEOE Yy Nyv 7 NEITHIEY 2—0) OWEICL D, fFafk, HE AT
— L, Efgs & BASROEIBImED > bEEH 80%, 90%L Ea EH T, Ny 7
DEDODRERERNTHD, LoT, ZOEZEETHZLICXY, FIREBELERIET D EHA
BEIZ2 D, — 7, BLICBIT D q DEEZ K& LTV L, YREEK/2E Y FBNEMBOE »
MNCEEND Z LD 728, EMEEEMETT5, 2F0, THEREEDORE LT A —%
qlzk v, F—FFEMEiNN— R =7 OJEMEMERE & AT 25 EMERE & O%RE, §l#ET 252
ERA[BEIC 72 D,

1 & 2ICE&ENT A—F qlo X ARIEHBOE( EIEMfHEOLLE ZNEIUrT, BlE
mfElX, 32 By M AJ), 256 By MU OEMEEREZIE LIZEEDO NSV 7 2 OB OBEGRIE T H
0, FEEED FPGA FLEERFICIZZ DA T 5, EMERIX Ebo@y, 7 — XX > TEET L5720,



2500 4

Bopps BOpEERER15
2000 5
e 3
,%
A 1500 25
x =
=2
t 1000 15
p 500 !
L6
@ 0.5
A 0 0
1 2 4 8 16 1 2 4 8 16
RTAL ¥ T 2 —2q RffLs7 x=%q
M1 PHEEEELE ALV T ZOEIKHE X 2 FHIFEZAEE R & MR

JERE O R A ~ Tl e LR THERAEAREE WD, ZOEIE, —HRiEEovIab—ra i
E, HF MR R WA/ E L, REGERRE DI TREL D, EET 27—,
FHFEEE DA 5 & 15 & L, [EHERE3 OTFEHESMICHE I ELS L L TER LRV Fv—
TT—RTohb, 77705, BT/ T A= NKEL 7251F ERIEEMBIIREICHE IS
D, EFERIZL LA N 24 DFAEOFREL Itode, T, EHBICLVEY 9 BEHRD
2B E, R LOBRICEER 2 RTIZOOE Yy NEBNE LD Th D, 77 7 DERMTIL,
EANRKETHIN, T—EZORBMEIC Lo TR 1R 20 REL R ZEbBHIEN TS, #
IZEELTIL, 328y hF—ZIZxL T2, 4, 8, 16 D4 BEMOBT(LNRENTHS, 21
SOEMND, 2 F2IT4E2FEMEL LT, MRS TIRS Z&RINTHZ Licky, FIKEHREES
K OVEHEIERE R B DREEERIEI 2 Z E M AlRE L 7e o T,

2 M 7T — 2 LT JERE T A3 RAOPFE LRIV, ~— Ry = 7 E 7SI LT,
B DA R A —T > ) — 2D 1P HEOREEIT o7, FPGAIZ K AT —FJEMET v Y X
AL UTHYEMBIR L 72501 L2%Y, N7 45, Lorenzo TSP ECHE, 2D H b,
LZ 1T A MY v 7T A AW ATHZEDR®H Y, Lorenzo THRIZHIE AT o L /VALE O
LV @EANL—T"y Mol E U CERBAREMEN SV, FHE T, 2 O3B T 2 1EHINE
& UNTDOEMED - OISR ~ DR % T8 L TV 2R, FEFEENL O ar /i
KORFARE L 72T, DT, WETTE ARk~ 72JEMET7 V3 U X L@ FPGA 245006, AF%E 3
EANZOWTIBMOFIE L OBHFEEIT O FR~E 90 X7, Lo T, MR 2 ICBL TERZET
TR o TWVBR, SBIE 1 OWNE & ISR EREEZITH) TETH D,

BFFE3, 4: W58 3 L 4L CIXEET IR D720, FLOTHRELEH TS, Intel £
@ PAC (programmable acceleration card)D5005 H~— RZHWT, v MU — 7 I|ZHEEGERIFER
FPGAN— R =7 7T v F 7 4+ —A%BH3E L=, D5005 (1% Intel Stratixl0 FPGA 23##i S
TEY, WOEEREMNERIAT L ENRETH D, UL, FPGA 77U r—3 g v OFER
HIZRHERETH B, A EF UKy hU—2 73R — K, PCI Express DA X —7 = — ANESH
FERLAEIR DO/ FIM(FPGA Interface Manage) & L CTHOLMNUDHBLTCHY, FIFAEIZZENS
DFEART T > 7 USOERFICHBITIE U CRIEZEET 52 ENARETH D, #657 Rk fE
1% AFU (Accelerator Functional Unit) & BRI, FEERIZT —H 2B L TWRWH A I T
HIEEIROEBEHBRINAETH D, BIRKOBESBRIIL I~ 2B TRETTL720, ZREFHAL
2T — A EMEN— R 2T OESRZLRGICEHTE S, T—HEMNN— T =T OHLOH
HITFFRERR L, BUEORE TIIARTTRETH 573, = OHERE L TR AR OB b FIEAHA S b
DI EWZEY, AEEYDEET —X T 7 F v BEOWINCER T D Z ENAREIC R D,

512, AFU ONERIZ FPGA 77V r—3 a3 V R OTF —Z [EfiN— R = 7 #FfH L4 < $
57-% D, SoC(System on Chip) DEAZEA1T - 7=, Z AL AFU Shell (|4 3) & #EiX41, DMA (Direct
memory access) ZERENT AT LRI B AN ENES SN TWAS, DIA =Ptk - TR
FYNSLT—F AN —LEHHEL, 7 aAR0ON—TF ¢ THSREIZ X » T, FPGA FEHE
FIECH Y N —7 R— NEEEOT —¥BE# &2 /fElcT 5, 2k, 75— Ef N — Ko
=T %I B ANICERT A7 TC, EMOR BEZIRIATRE/R XK T — X BE S Al RRIC R 5,
AFU Shell ®[EIE&IX FPGA 2KD 10%LL T DY Y — R L W EIETEX L0, FERIKOT —4
JEfEN— R =7 L HIZEET 2 2 LI L0, b EE R 2/ aA A 72 368k 7 FPGA 3 A
T ADRFHAEEZ 72 D,

W92 2 DIE TR A= FHE OB FITED, FPGA DO % v v U — 27 1ZB3 298 2 BN TiT > 7=,
TATHFZEIC I W THESE L72 FPGA Rl L2 EH# 7 — 7 VI k> Tl T2 EERICNZ, *v bV
— 7 AA v F %= LT FPGA ¥+ D RIEMEIZ OV T O NN~ Ry =T OB EIT- 7=, MM
DY AT AMIELT, EVEOVBETFEORWS AT AT 5720, (RAMRERRASH S v N T —2



[ DDR4 2400 uu PCle gen3 x16 24 J:F*Jl"j —7

(92GEE) 4 | (1575685 A
FPGA ( EMIF ) ( CCIP ‘
T L}
AFU ¥ L3
250 MHz I I i ;
mSGDNA ‘ ‘ mSGDVA | T AvionMM | ‘];Bﬁﬁaﬁﬁﬁrw ‘ Apphcanon
‘ef WrT‘ ° L___ °orss | | FPGA node FPGA node
‘ 4x4 crossbar (512 bit Avalon-ST /O) fRER—b
JJ H ___________ .. Jusoems ___ RABAIRT—IhRnY
T o User logic |
Communication! | i
modules ' | ...
¢T ‘1‘ —» Avalon-MM I:‘ -
QSFP28 x 2 — Avalon-ST
(125GB/s X 2) : ' : ' .
X 3 AFU Shell =R B4 RExy RT—2 hARr ol

ERERET Db N— Ry = 7 Z2Gt L, FEEZIT-7- (X4, 2, MEEE LTEESR
7%y bU—7 BRI REERICL S PR UV EET L2 HLOTHD, 2O, FPGA D%
AR — N2 EEOBB R — M LCHATEICLY, Haxfifixry hU—7 R
DhR MBI KA TICER TE S, ZOFREIL, —oOWER— R EROFE R Y
YIOBRRATHIED, Xy FU—T R T T 4 v 7 ORENEERTL, T HEMEE OMERR
W, F7o, KPR FPGA 7 7 A ZIZEBWTEEOT 7Y r—a Ry Y —2 & L TET
SNAEAICHERAERD 120, KFEOHBO—>Th 5, mEREHEO - O KBS 2T
ADHEFy NI =T W7 —F%7 7 F ¥ ORMEL L TERPRKEZV, FFIZ 2L H D FPGA Hl D
F v NI —=ZIZBET BRI O T, EESEICB W TREREEIT- T2,

UEDXHIZ, FPGA EDOT T v b 74—k OPF Y T —7 VAT KON, T— XL
N—RT =T O % B E LT ORI 21T o 72, DI, EEEE AR H L7z FPGA
I T AZIIZBNT, ERFPGARICEBITA U ET—FDMA VAT LY, F—HXEMIC ié%%ﬁ
ﬁ%ﬁﬁf%é@%“/%T»&kOb‘T%ﬁ LU EIT-120, 2O OREEZFAL T, AL
AR T —F T 7/ F v T35 5 5E0ER L HIFFTE 5,

<BE IR >

[1]. Tomohiro Ueno, Kentaro Sano, and Satoru Yamamoto, “Memory Bandwidth Compressor for
FPGA-based High-Performance Custom Stream Computation,” ACM Transactions on
Reconfigurable Technology and Systems (TRETS), Vol.10, No.3, Article No. 18,
DOI:10.1145/3053688 (22 pages), May 2017

[2].S. Rigler, W. Bishop and A. Kennings, “FPGA-Based Lossless Data Compression using
Huffman and LZ77 Algorithms,” 2007 Canadian Conference on Electrical and Computer
Engineering, 2007, pp. 1235-1238, doi: 10. 1109/CCECE. 2007. 315

[3]. eikang Qiao, Jiegiong Du, Zhenman Fang, Libo Wang, Michael Lo, Mau-Chung Frank
Chang, and Jason Cong. 2018. High—-Throughput Lossless Compression on Tightly
Coupled CPU-FPGA Platforms: (Abstract Only). In Proceedings of the 2018 ACM/SIGDA
International Symposium on Field-Programmable Gate Arrays (FPGA ’18). Association
for Computing Machinery, New York, NY, USA, 291.
DOI:https://doi.org/10. 1145/3174243. 3174987

[4].P. Lindstrom and M. Isenburg, “Fast and Efficient Compression of Floating—Point
Data,” in IEEE Transactions on Visualization and Computer Graphics, vol. 12, no.
5, pp. 1245-1250, Sept.-Oct. 2006, doi: 10.1109/TVCG. 2006. 143

[5]. Tomohiro Ueno, Takaaki Miyajima, Antoniette Mondigo, Kentaro Sano, “Hybrid Network
Utilization for Efficient Communication in a Tightly Coupled FPGA Cluster,”
Proceedings of 2019 International Conference on Field-Programmable Technology
(FPT), pp. 363-366, December, 2019



10 7 0 3

MONDIGO Antoniette UENO Tomohiro SANO Kentaro TAKIZAWA Hiroyuki E102.D
Scalability Analysis of Deeply Pipelined Tsunami Simulation with Multiple FPGAs 2019
IEICE Transactions on Information and Systems 1029 1036
DOI
10.1587/transinf.2018RCPO007
Ueno Tomohiro Miyajima Takaaki Mondigo Antoniette Sano Kentaro
Hybrid Network Utilization for Efficient Communication in a Tightly Coupled FPGA Cluster 2019
Proceedings of 2019 International Conference on Field-Programmable Technology 363~366
DOI
10.1109/1CFPT47387.2019.00068
Mondigo Antoniette Ueno Tomohiro Sano Kentaro Takizawa Hiroyuki
Comparison of Direct and Indirect Networks for High-Performance FPGA Clusters 2020
Applied Reconfigurable Computing. Architectures, Tools, and Applications 314 329
DOI
10.1007/978-3-030-44534-8_24
, , , 119
RDMA FPGA 2019
7 10

DOl




MONDIGO Antoniette UENO Tomohiro SANO Kentaro TAKIZAWA Hiroyuki E102.D

Scalability Analysis of Deeply Pipelined Tsunami Simulation with Multiple FPGAs 2019

IEICE Transactions on Information and Systems 1029 1036
DOI

10.1587/transinf.2018RCPO007

Ueno Tomohiro Sano Kentaro Furusawa Takashi 2018

Performance Analysis of Hardware-Based Numerical Data Compression on Various Data Formats 2018

Proceedings of 2018 Data Compression Conference 345 354
DOI

10.1109/DCC.2018.00043

Lee Jinpil Ueno Tomohiro Sato Mitsuhisa Sano Kentaro Article No. 5

High-productivity Programming and Optimization Framework for Stream Processing on FPGA 2018

Proceedings of the 9th International Symposium on Highly-Efficient Accelerators and 16

Reconfigurable Technologies

DOl
10.1145/3241793.3241798

vol. 118, no. 215

FPGA RDMA

2018

49 54

DOl




2018-HPC-167

SPGen Polyhedral Model 2018
HPC 16
DOl
Tomorhiro Ueno, Atsushi Koshiba, Kentaro Sano
Virtual Circuit-Switching Network with Flexible Topology for High-Performance FPGA Cluster 2021

Proceedings of the 32nd IEEE International Conference on Application-specific Systems,
Architectures and Processors

DOl

4 0 2

Tomohiro Ueno

Hybrid Network Utilization for Efficient Communication in a Tightly Coupled FPGA Cluster

2019 International Conference on Field-Programmable Technology (FPT)

2019

Tomohiro Ueno

Comparison of direct and indirect networks for high-performance FPGA clusters

16th International Symposium on Applied Reconfigurable Computing (ARC)

2020




RDMA

FPGA

2019

FPGA

RDMA

2018




