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Abstract In high-performance computing environment, parallel file system faces a mega client. These
clients often issue a large number of concurrent 10 request to the system in the same period of time,
making the metadata server under a huge pressure. On the other hand, concurrent read and write
requests from these clients often relate to the same directory. It makes it difficult to schedule work
load across multiple servers. Therefore, we add a proxy server between the client and the metadata
server and propose corresponding optimization methods to reduce the work load of the metadata
server. In this paper, we realize two aspects of optimization based on proxy server. First of all, since
the high-performance computing program often access files concurrently, we consider merging the
numerous requests into a big one and then sent it to metadata server. Secondly, concurrent 10 from
the high-performance computing program often points to the same directory. Traditional metadata
load balancing mechanism commonly use sub-tree partitioning method to dispatch work load across
multiple server. This method is unable to realize load balancing in the situation where all operations
relate to the same directory. The paper realizes fine-grained load balancing by scheduling the

operations from the same directory to the plurality of metadata servers.

Key words proxy server; high concurrency; high performance computing; parallel file system; load

balancing

W OE OASHATEREP. AT IMALAGE T SRANE PR XL E PR EAER — &R
EEREFLNVOFR  BAKERSBEARBERNGEN. F—FT @B, ZREPFHEEHEGFLEFHRK
BEEKEORA—B X, FHRRERAKERNBZAEINSAMS B L AL RBEFFIMFZAGEP
Fo TR HE FR S B 2 A 3G m — B AX L (proxy) » FF 4 B AR B 89 AL 30 AR T BB IR 4 B8 L B B LK
BEREEZA2 F @k Dd FTHRGETERFZEFLFTRX IO, TUAXEBTAKER
SR REFRESFRIAFRELZINAKERSE L. BRAKERSEZEVAS;) SR FTEELY

Wi EHE.2016-11-02; @ HHE.2017-02-21

E&W A FEZE AN AR (2016 YFB1000302) 5 FH % [ A BF #3430 H (U1611261,61433019,61402503) 51 745 4 51 #8137 81\ A1 BA 151 B
(2016Z2T06D211)
This work was supported by the National Key Research and Development Program (2016 YFB1000302), the National Natural
Science Foundation of China (U1611261, 61433019, 61402503), and the Introduction of Innovative and Entrepreneurial Team
Project of Guangdong Province of China (2016ZT06D211).

BI5 €& . %) (zhiguang. chen@nsce-gz. cn)



G il e 5 T ALY IF AT SO R G n R Ak 5 SR

439

HA O 2EE @ R — B 5, @A 56 LR 5839 AL B — AR A T 4 %) 2 89 77 & 35 TR 5 3OA
JEB| S A ABAERS B L R EFIA T — B F U RAFG G RYH, B I REKEA TR — B FH
ABFERAAEE ZATKERS S L, FImAa 09 R 3G Hr.

*@im REBRSB ;S A:;HBeed ;A4 isa; i 8354

hEESES TP311.1

BT Ol 4k BRI HEFE L LS 10 IE 2 R Y
55 = RBF RS T B Bl A AT B B 2 1A Bh
BT B e B BT Tl A 7 e g ) B A R4
e tERe it A RGN W R B 2 3, R fEE T R
WY Titan™ (ZLAZ0 85— Z 408 BB & 1 g T
HARG. XEEHEI ARG &HE TR ZL .
RENS SRR ECE TR B IR R PAT . R R AR B TB 2% .
FF PB YR . A8 A0 H ik s R il 1 i AR b R
HEFE 23 B b PAT SCPF S A CGinput/out, 1/O)
BeAE. NI, R RETT B R G — L& T U R 5
SRR YR (9 4 A T/O. 40, Titan 5% Lustre™
A BERCHE RN AF A% VYR K W R B A G AL
Lustre [ 5L Al [ %5 L H2FSP) 52 90 5 4y 77 £ %5 U5 114
R 2T A2 R A IBM #F & B9 GPFS™. 347 3C 4
RGN T A D Re i oo BOHE IR 55 4 RECHE AR 55 45 S8
. Horb, OB IR 5 4 R B A T AT SO R G R
L. U0 P RE T R BN AT S R S
TCHHE M 55 2 7R A TR 7 B AIG , — M8 SR FH B A5 Y
JCHHE AR 55 B0 AT 3 2 AN R G 1/0 7ok
[SEEERY NN W I NISEN LTS NN/ SR ¥
(K Z 54 5% 312 ARG, Titan A7 56 J7
AN BBz B Bl 2L 1 B A% G i B4 AR T IR 55
AR BE L B 0T & U T R L 45 Rl AT S
R G5 0 R F A A o a4 3 05 = fR ik w] i
JER) JCBUIE IR 55, #1140, Lustre M 2. X iR AS LA Jig JF
IR B AL o3 A X TC B IR 55 SR B3 4 1 5 20k
TCHUE 53 A B 2 A JCEE I 55 2% L. oA o B
PR A A R = T B IR 5 R ) PR KT
REMBORWHE KU HE ESJIHTRARFEEAAN
P BIHE B B, IR 7 SR 2R G i o A X 0T B8 45
58RI AR 2 5 T A B AR

D mERE R g b B A B SR
H 28 10K & R I A IR R 1O 3 sk i %
o A5 55 10 43 A 200 B0 A B AIL ) 2 7 X DL R X
RT3 2R 587 A 1) I Kk T B 434

2) X T EERITAERE P —MMES . S
5% AT 55 1 B G 1R A A A [ — ik ) a5 [) — SCq

IS R A 1/O 35K X 2 3 BOZ M Je FARE
(1 0K B U5 ) 670 48 i A% B8 B 5 1 1 B R 9 92
FAEALA AN BERE 7] — SCPF e T (9 0200 71 3070
B Z A ool M 55 4 L.

ASCEPXTLLE 2 J7 PR 45 R RE T
ARG w R TR — AT 55 19 R A 1 /] — 3¢
I et I e TR A 1 B0 3808 L AR IR AT S
RGP gl AL L 8 AR E A oo R 35
B8 I B E AR T U B R R PR RE. S08R 3R
B AR S A 5 T AR Y T B a0 f PIL R B g
DL F5 09 -F- 2 SCAF 1/ O P RE K AT 4™ i /Y 0 %08 45 3

%,

1 BEETERSH /O $E

TEm YERE T B R G h s 17 AT S A AL & K i
R RERE L X 8 PR R AH B UM A BT R AR LS8 T AT
55 HARH A gE R B 58 I — D B B TR 55 R
PAT 1D ERAE S A Ol AR R #E AT —Bir
BO AT A PAT B BOER B FRAE — A AL — A
S AR E AT T B3 193520 A B i 24 58 .
S PATE R — BAE R A AP 3T g R
R i B4 B N0 7 ik R TR AT 5 VAR 1 kAR
A E AT . L ZIZAT 55 1Y T A R AR UR] 56 .
TR tERE T3 R G R MLBAR WS K R iz 7 i
155 A & i ERE A W S 22 E R R 32 o &2
R AR IR R R R AR NS 1 A AR
A E AT X8 T B0 AR 55 Kl e .
L B FE AR 51 ARG 2 45 (checkpoint) #LH] , B X 3
SEL Ik R B AR R . R A aSUATL A A A
2 AT 55 B R A T R AUE SIS T S AT
REFARFEIRZIFAT XM RGP, —H 8
HERR IR0 AT 55 1T DL B 30 DR AT 1) A6 AT U S L AN
W NG 1 ARG BT A $AT L XA AT 55
PRAF— K Ay p B R B 58 5 A 1 B — 2P, B
A —E BB S PR UETH AT 55 UK 56 ). BF 98 R W i 5



440

HENMR SR E 2018, 55(2)

R A E RO PR R R G h B E W 1O TR
Z—.

EPERETH I RS i — KR E B 1/O #H4E 4
A SR B A R M R TR T A S R B R
P & A W R A 45 R B SR N E.
I WFFE N DT RE U 45 — o H Sk X0 At H b ]
S5 IF A B AT AR A5 T B RUSEI L o3 A
th R )2 SR 1O B 5 i A A AL (E A A
SRR TR PO T L K S AT I A AT R
SBC, TR B TS BAR o 008 v ) 45 2R — AT 23
AR R G LA

P RE TSR T — R 2 AR ORI R AR Y
A BT R R R AE IR AT SCE R G, B3 =
1 2 (shared mode) #1445 % 2L (independent
mode). frig A, i % 0 AR F 1Y A O K
HERR R B O A R s P R 25000 5 B W] — A 3t
TR DR SO v R M L o R R i A R
HEIEE RS A b th TR RSN
PR T 35 0K RE 6% S 45 1 0 & ERE R T 22, A3
A B R 2 T BOR B R AR B X R — A SO
AR 4 o DATT 3R AR 50 30 i 1 2830 PRk, o 2 A 5
AN T R MR e M RE TR AR AT AR L [ R
PR Sy e PR BB T 2R G SR W A8 R I 1A Dl
A B 23 77 A DR B 1 SO 4 B A B R
ANE. Syt BIFSE N BRI AT T O 5L K e e 5
P e 09 BTG R o3 41 A N 7 T AR D S A
H kg B s B B ) — A S scE b RS AR
AN ST 33X R 5 v BE 68 b 3 B R Y
A B SO BCRR | [R) I B 8 4 B0 ] — SO Y B 5 4
FEL T 5 AT 4530 Bl =2 9 E2: L Bl T SRR 0 R I 4
R I AR e 77 2 Y ST AT AR B 2

e PR BB TH AR T AE A 3% XD s B )
5RO W AETE R Z AL 7 A 5 BT A SO s 2 [+
—AHFT B H 5T A SR Sk 44 (v
PP ORAEAS 23 A A o g€ DRt e 1k B 53 1y 1) it
BT/O B n ff B3 98 g - R E AR AE IR — H st R
IF RS Kk SO HoaX S S 44 A8 23 A i 2.

2 SINTHERENFITIGRERENY

T PEBE T3 BR BT L IF AT SO R G IR T T
RN B v 3K B8 B S A A [R) — I [A) B N K
WA IE & 1/O 355K Ll T8 8O IR 55 f R 8B R Y
FE 3. 55—y T . X S 7 P i Y O 13 i R AR

A8 ] [F]— B 5%, 5 BOR MEK T EiiE T 4804 1 0 2
BN ZA M55 A% . o AR SR IR AT SO R Gy
7 7 vy FN TGO IR 55 i =2 18] 35 i — AR B (proxy)
FEHE AR B 1 D A 15 it 3 A0 o0 B50HiE Ak 55 % 1 1 2K
ASCAE OB AR S 2 i Ak: D BT
PERETH AR P A A1 1 & 1 8] Kt 1 S o] DL 2%
SLEOMIRAE/ T e RPN S TR 1 R A TP
TCEHE I 55 L B AR TT BN 1R 55 25 10 97 2805 2) v ok
RETHEEAR P 19 JF A& 1/O FEAE 45 1) [F] — H 5t M % 48
18 ARG B 26 2 A AL o) — A R FH 8 R 2 1) O 2
TCEAE TR B 2 A Jn B g5 2% B ek s
AL X R — H 5% 0 508 #4017 28 38 4, A SO i
AL B X [R] — B 5% 1 T B s B4 0 2 21 2 ou 8
P R 55 #% o S BLARL B 1 T 483 .

WE I iR, 25l 3 NHAMR: B
(client) . JCEPE IR 55 %% (meta data server, MDS)
IR 55 % (proxy server). 2 F v 52 B 1 78 0 4%
F Bt 2n 20 IR P 98 1 5 oT808 Ik 55 45 7 i B
AT H sk OB TR » 32 2 T e A 4 A8 B
FR G044 T3 ] SO H SRR G 3AF A 6 B 2 (]
(10 e 5 5 1B I 55 28 S B 7 it R G BB IR 55
Z I M 2 32 % P i 17O 30K 2808 Y b B S
e e B U B M 55 4% L ARFR IR 55 5 B 25 s SR
T 1 DT BT B IR 55 g AR AE RO AR O3 A
AR SR H ARG A A i 4 5 v e AR R 55 4% B S B

Proxy Server )@ T ’%
P =14 MDS
oo : Proxy Server >@E-\)
N~—
Client : MDS
Proxy Server @ :
MDS

Fig. 1 System architecture
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Table 1 Partition Table of Directory Subtree
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Subtree Path of Directory MDS Number of Times
/root/etc MDS, 1
/root/bin MDS,, 1

/home/jian MDS, 1
/home/liang MDS, 1
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Fig. 5 Copy of directories subtree
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Table 3 Server Configuration

x3 RUFREEE

Usage Kernel Version Compiler

Client Linux kernel 3. 10 gee (GCC) 4.8.5

Data Server Linux kernel 3. 10 gee (GCC) 4.8.5

Proxy Server Linux kernel 3. 10 gee (GCCO) 4.8.5

EALAY LS S EC B SR 4 R

Table 4 Hardware Configuration
x4 BEHEREHR

Network
CPU Memory ctwor Hark
Usage K Interface X
Type Size . Disk
Card
Client Intel® Seagate
MDS Xeon® CPU 64 GB 1GB  2TB 7200 1/s

E5 2620 V3 Cache:128 MB

Proxy Server

Network o .
.. . Gigabit Network Switches
Configuration
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Fig. 9 Delay of metadata update
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