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Abstract: In the field of high performance computing (HPC), distributed file systems are widely used to
store large data processed by data-intensive applications. The amount of data used by these applications
is increasing, and there is a demand for improving the performance of distributed file systems to deal with
data more efficiently. It is important to reduce the amount of disk access and to cache as much as data
in memory, because disk access throughput is much lower than memory access throughput. We propose a
cooperative caching mechanism for Gfarm distributed file system. We enabled Gfarm client nodes to read
the memory cache of other client nodes, and compose large amount of memory cache as a whole. We assume
that Gfarm client nodes are connected by InfiniBand. We achieved high-speed data transportation between
client nodes with InfiniBand remote direct memory access (RDMA). In this paper, we show the design and
implementation of the mechanism and report the evaluation results. The results show that elapsed time of
Montage workflow is reduced by 15.4%.
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A7V ) =FRED7 F4 7 b = FHEDF— &5k
12 RDMA THONLZ EICE D AL—Fy MoEREL
botEIZOND,

RIZ, GFF7 7 A4 VH A X 48GiB & 96GiB I2E W T,
PREBEME TIEH O Gfarm 7 7 4 LY AT LITH L TH
40~60 fED AN =Ty b BFESNT, AFF7 7 A NVTA
AW 48GiB ML ED T — 1%, i L 2 BEH D & FEAIA R
BRI RIS B W TI/O =D X EY RICRTHF v v
vadnTuhkhoktEIoNSL, —HT, 773A4ATV
F2—=F1/=FHEY)PEZAALL T2 DV A XS,
&t 7 74 V¥ A X 48GiB Tl 8GiB, 96GiB Tl 16GiB
ThHD, H£I2 747V ) —FREHEBEZAALET—%
ETEAEY) Elc¥ryral Tk eEions, @
D Gfarm 7 7 A VT AT AT, o947/ —F
DAERY LOTF—F misrilte Z LIFTE R WVD, 1/0
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J—FPHBOFEEZAAL T =722 TAEY) Rt vy
CalENkLholkdlrtEZONS,

4.2 Montage
4.2.1 REHZE

BROKEWEGZ 1 DICERT 277V r—2a v Th
% Montage [5] % V> THEZHME 2 37l L 72. Montage (3
T=8AY TV T BT TV = ayThHD I LN
5 DOWF% [15] 12 &k D/RE T 5. Montage % 87 7
A7 =FETUHANFETT 27018, V=7 70—
AT L Pwrake [16] [17] Z 272, RIT/RT Gfarm H§ELT
ZNZF 1 Montage Z FfT L, FEITICET 2R %2 MWE L
L rnEn, WERE (a), (b) LRI EICT 2,
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(a) AZF—=FH%—n"1/—F, 1/O¥%—~"1/—F, 7
FA4 7/ —=F6/—F

(b) AZF=FHF =1/ =K, 1/OF—nHFfr 547
F—=F7/=F

Montage D AT —%F 1y & LTHEHED FITS 7 7 A
NEEZ %, FITS X, RXFOFHICEWTHGRT—8 %
G T B - DICEEIC VW 6N E T =Y 74—y b T
Ho, WEIHHALZ 280751y P XY 2% 2
WKART. HIEEREE (a) THEHRTOANT—F%1/0 ¥ —
N1 —FICEEL, HERE (b) TRRTHI/0 ¥ —
NI} 747 v b — FICHEICEE L CHlEE{T- 7.
4.2.2 F{THRE

FT—=%ty b XEANELLEEOETKEZE 7,
FT—=Fky b YEANELLLEEORTKEAZE 8 I1C%
NZRT, &, MEELET—FEy b T3RETOf T
FATHERNIZ Z 6 DIFHETH 5.

9, MEESE (a) I8 W THREERM CILEF D Gfarm
77 AN AT L LD D FEFRHEBHIRI LTV S, FEfT
MBI, ANTF—%F+2y b XICL<3.3% Al
T—=Fty FYIZNLT154%THH, ANT7—%%v b
DY A AR E VL) DEEERE ORI TN Z E3b
%, PREBERE T Montage % F1T L 72354, WH D Gfarm
77ANY AT ATHIULT/O F— "o itHAENns
BTDOT—5 D, 77347/ —FDAEY LD
FrviabhomMrrEnNs, 77347/ —FED
7— % OlE%lE RDMA Tfibi, 1/0 / — F9s 7 —%
ZHAAD LD QEHTH B0, FATRERIDHEIK S 17z
bOLHEMTE S, i, WERE (a) IZBWTI/O Y —
NEFH—TH 570, 1/O =D T 71 A DERDE
MInzzbo LHfEHTE %,

Kz, MEBEE (b) 128\ CHREHEES Ll o Gfarm
7 7 ANT AT LAOFATRRNIC K & 22 R T & 2o
7o, ZHUE, HERES b) ICBWTANF—% Xy F3E
BOI/OH—NICai L TRBEIN TS, 1/0 ¥ —
NADT 72 ADEFRWHE I DI o7 2 EDEATH
3 EHEHITE S,

4.2.3 FryabyhE

REEHICBVWTT =%y b Y ZAJ1 & L Montage
BEITLILEED, HI7 74T/ —FICBIT S5 %EH
RAR=DH, HWER=IVH, Frviaby PEREHEL
7o, WIERED (a) OffRER 3, WERE (b) DK%
xR 4ITRT,

EL 5 DITBREICELTYH, 93%0 5 99%REDE >
¥Frvvaby FREEEL REEHBCET2 Ty 0H
R 74TV N — FRPET AR &
R
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Table 2 Input Data for Montage
774 A¥ (1) | 4st94 2 (GB)
X 3512 6.9
Y 618 1.3
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334 336
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[}
100
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(@) @ b b
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Fig. 7 Elapsed time of Montage (Input data set: X)
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Fig. 8 Elapsed time of Montage (Input data set: Y)
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Table 3 # of transferred and requested pages, and cache hit

rate of each client node in evaluation environment (a)

74TV | BEASA-VH | BWBERA-VH | By bR (%)
1 8858996 9386542 94.38
2 9065744 9106166 99.56
3 9177107 9219760 99.54
4 8658233 8697004 99.55
5 9077877 9123589 99.50
6 8637025 8684031 99.46
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F a4 WERE b)) IKBI2E7 74 L) — FORES—H - 8
REDRAR—CH - vy vaky FE
Table 4 # of transferred and requested pages, and cache hit

rate of each client node in evaluation environment (b)

7747V | BBER=UH | BEERA-VH | ey MR (%)
1 7012587 7522149 93.23
2 7283617 7325078 99.43
3 7233916 7281514 99.35
4 7471332 7512118 99.46
5 6797149 6839780 99.38
6 7631569 7673038 99.46
7 7039715 7080464 99.42
5. BEMHRE

Cooperative caching DEEETIRIC D W TIRRGER T 5.

5.1 Direct Client Cooperatioin

Direct Client Cooperation [8] 1%, 727 7 4 7iRBED 7 7
AT7YE/—=F2, HEDAERY 26N IXF Yy ok
7A FVIREED 7 74 7 b ) —FDOXEYICIEXT 5T
ETHb, TAFNVRED I ATV ) —FI37 774
TIREIC - 786, Frv v 3EEIND, FE2eE
WL, 7947V )= BT 7T 4 THRELT A FL
R8>z g 2 BMEDNIL L 0 5. AT, 7947
Y E/—=FofT7 A4 FIVIRED / — Fo#lG i Ew5Ga
KBWTEMTHL EEZL6NSE, L LEDVS, ZOF
BB 7774 7TREBD IV 54TV P/ —FOFrvva
2, MDD FA TV = FBFHATE R E W) E
DES 5, TAPRET 2BEICEWT, 7747
/ — FIZWFICHES /O W EZfT->TE D, 74 FLR
DV 74TV b/ —FIREFEL RO R FETIE
R\,

5.2 Greedy Forwarding

Greedy Forwarding [8] 1%, 774 7Y/ —FDXEY
Z1OOIFGARVDE ) I ) TFETH S, 77947V
F/—=FIEAHDXEY RicFX vy > 2 DFEL o7k
B, AP —YH—NINLTFryaz®RT 5,
WREZZTA L=V F—NEHHDO X TV ICEREI
X vy v adMFH T 286, YikX vy a2 747
Y/ —PFIEXET S, ERINAFr vy adFELR
Wi, BRILD I IA T ) =R EBBIOT F74 T
F/=FlicLTERZYV YA LI 95, ZOK, RAb
L= Y= NBEHEBMRE T2 X P22 L, Ek2Y
FAVI T2 534 7/ —FZ2RETH., VAMI
ToRO NI 70y JHIT, 752 XE) EiZ¥ vy
YalTw327947 b/ —F2EHT5, H-0Y—
NBF vy aDulr—arvaEWT 5 Ln) fidis
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RS EE LU TH 205, RFHERHE—-DZ L=V —1%
HMELTwS EEbNDE, AFEEZEBDOA L =V —
NEFFOTHT7 7 ANV AT LMTHEHT 5854, AhL—
Y —NETY R ORISR E 2 %, F, KFHE
REME TR 7947 /) — FOBEHBAMASEL 3,
Jay 7R TOERII X vy a0 —3 a v R IEE
WKFL—AT B3I ENWTESL /5T, EHOLODDAAL
MREV, BEBE TR 7oy ZJEATIEZRL 7 74 VHE
MTEHL TV, SuFryiatby FEEHBTVDS,

5.3 Centrally Coordinated Caching

Centrally Coordinated Caching [8] 1%, 7 74 7k / —
FOXE)ZEHNICE=A L ¥ vy 2 WL Ta—n
xR vy o a Bl ET 2 FETHS, =L F vy
a7 ATV N —FHEDX v v > 2 THE
N, 7ua—LFyrvaZZlizrsr o4 7N —
TI2O0AEAERYV DL IKhbiis, J7ua—LF vy
A BWT, ¥y vy ald LRU TEHINS. 7
FIATV R —Fou—A)LXxyy ot ra—n
Xy v raZBHicoElInTnid, B2 547
J—=FREAILT=FDF v v ad2 O>ES L5 0REHED
b5, REEMTIE, 7747V /- FDF vy o
MzaElLCwiwnicd, =274 7/ —FIZEAL
T=FDXryrah2ofo s Lidkw,

5.4 N-Chance Forwarding

N-Chance Forwarding [8] 1%, Greedy Caching IZ%f L T,
REEOEHF vy a7ay 7 2BENICFyy 2§
2EV) R —2MALTHETHS, B—DI 74TV
F/—=FOARBAEY EitFryalTnduy i
HBEESEOWERL L, singlet LW FATWS, 75347
I/ — Fdisinglet ZHFEL & 9 & LA, 24 singlet
B vy LB EIN MDY T4 TV b — FICRAS
N5, WRKED7 74 7 b/ — FTYE singlet 127 7
Y AW o 56, NEEERINBEING, R
L, B3RGED I 747V /) —FTT 7R AINTGE,
BRMAEIZY 2y PS5, singlet DI LUSHEHTIR D
Greedy Forwarding & FIRDIR2 %2525, EHED I 7
ATV )= FWB T4 Tve 777V r—vavk
WFNCFATT % & 9 RBREZICE T, singlet ZBHF LG
ICF v v ad2l LRBTLLATHL LIFEA R
WEEZTVS, ZD&)REETIE, W7 74V A
TALEDOE—7 7 A NN L TEBD 2 547 /) —F
BT I7XAL, A—774VEAE) EIcX¥ vy ad 3
Bahd 5. Fald, singlet KDL LA I DX BB
DI FATYE = FICBEIND T =N L TAfiiy
BB LIICTEILEDVHETHLLEEZ S, TDL
ARG, WD 747 /=Rt LTF—y D%
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6. FEHESEDEFRE
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7BRERIC B W CHEATIR MDY 13 A% B S 7z, Lo L e2s
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