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We have promoted software research and development, whose objective is to realize extreme big data
computation that exceeds memory capacity of supercomputers. For this purpose, we used memory
hierarchy including high-performance NVMe SSDs. Towards easier use of the hierarchy, we have
implemented and evaluated vGASNet, which is a middleware to support usage of large capacity of
SSDs. The evaluation has been done with 32nodes of TSUBAMES3.0, using microbenchmarks, matrix
computation and stencil computation. The evaluation has shown that vGASNet reduces overhead for
SSD accesses, and our cooperative caching method improves scalability largely.

Keywords: SSD, Memory hierarchy, PGAS, Caching algorithm

ERELEW
ANAVIZEITHHEE R - BRRBETEREOERIL,
HICEYS T—2B R ATAEERREFIENDESE
HICEETHY., ZMNICHLEELANESINA TS,
AEBTIE, RV DAEJ(DRAMBEFBZ DL
STEMHNGFEET TV r—avEARENBEZICERR
TEALILIFILIITOEREZBMET S, BRH
[ZI% Partitioned global address space(PGAS)ET
JLIZEDEDD,SSD OABEFFIAMRELINILY
7 vGASNet DR ZET>TES[1,2],
TSUBAMES.0D 32 &8 Dt &E/—FZEFIALI-EER
%.vGASNet ETEERENI=T(/ORLFI—1T
JER - RTUVILERERRIZIT o=, ENIZEKY,
SSD 7O2RADA—ANYFDMFE LU, /—FEH
ZWESICRETSHAF v 2 AKXNRS—FE

VT4 RECHET HELEFELT =

VGASNet D E

vGASNet MDEREHIE. K&K PGAS EETHD
GASNet #R—X[ZfThNtz, GASNet TlE. 771
F—avIIBEHOHE/ —FIZoBLE-TRe R &M,
5735, GASNet ETIE.2 DDOAEYFEETHSY O
— NV EO—ALEE N RSN S, T B—/NL
EEIIM SN TR =EICEA2-E—DED
THAHAN,. TR FEEFEDLOHIZTIEXIET
EHL, HETAERIE, get F=E put ARL—23 (2
&Y. ya—n\)LiEEE. BT RO O—A/LEEIC
T—HOAE—ZT32EMNTE A—HILEEEEED
HEXARET D,

GASNet 8K U PGAS ETJ/LIE. MPI F&YE 781



EH TSI NESEY—ILELTHEFSATY

5—FH. B/ —FEPEZBRORT—ZET4H

(FICEAOEABRELEFFEHLAEVEEID)IELME

MIZHDHEVNSREMNIERHIN TS, Ffz. MPI L[

HIZ. ZEHE/—FODRAM DA BEFXBASHE

2. ThBENRIET HHD TIEAL,

FNIZRL T vGASNet Tld. DRAM S3tRE%H8
AZBHTA—N\)LiEEE FTE/—FD SSD #ANTE
BT BZENFIRTHD, TSUBAMES.O TIER/—F
[ 2TB (DRAM O 8 &), 2GB/s 2ED &R NVMe
SSD MEBInTHEY. ChEFRT 5,

B REIUTOEYTH S,
® =& SSD £E-T4H. DRAM (TSUBAMES3.0 T

[F/—F&H71=Y 150GB/)ICEEANIET IR/
FiglE 2 #ECEWV, ZDT VR —n\~Nyr%E
MHET2BENHD,

o FHEIIBMIT S/ —FEMNEIILEIC. EXE
B—/O—nNILT7RLRIZEH/—EHLLDT
7t X (put/get) NEFL-HZEIZ 1 /—FD SSD
HIE - RV T —IHEHARML Ry ELYS5,

ZZTvVvGASNet [FUTD&IEAEKEES,
® DRAM BEN—&F%. SSD DF vyl 2L THE

BRL. (ZTVr—2 a0 RmMUENBIFHISE
[2)SSD D7t AIEELHEIBT 5.

® JO—NILEED. HETRLRADT—2IF. #
#/—F® DRAM Fvyia EITEENFELD
5L %, Fif-la/—FBRICTRLRET7 XL
5T BEE. FrulaEE OB/ —KAT—4
BLEDRENZESIENTES, ChETHATY
T AR IEMES,

o LIENBE. . BHFYY ABT—ENEROY
EAHY . HLLOU—EHEITOLILTHD
MOESI-F 2RAL\%,

BRBLUER

TSUBAMES.0D 32 &8 Dt &E/—FZEFIALI-EER
% .vGASNet ETRRBENI-TA/IARLFIT—9- R
TUVLHEERRICITO =,

(B 20) KR |HESE

20000

15000

10000

Throughput (MB/s)

5000 =

; . |
4 32 256 2048 16384 131072
Data size (MB)

=p=1 node =@=2nodes =w=4nodes =m=8nodes =16 nodes 32 nodes

Sequential access throughput on T3 without the horizontal approach
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Sequential access throughput on T3 with the horizontal approach
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Weak scale performance of the stencil program on T3
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