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Abstract

In recent years, with the rapid development of high-performance computing technology, the Lu-
stre file system has been paid more and more attention as an important component of high-per-
formance computing. The high reliability of the metadata service of the Lustre file system has al-
ways been the focus of research. This paper has designed a dual MDT redundant architecture to
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ensure the high reliability of metadata services; at the same time, as the application complexity
increases and the calculation scale increases, the performance requirements of the Lustre file
system are also getting higher and higher, especially when dealing with massive small files and
I/0 intensive applications. I/0 performance of the metadata of the Lustre file system has raised
higher requirements. In order to improve the I/0 performance of metadata, this article upgrades
the underlying hardware equipment of MDT metadata to improve the metadata I/0 performance
and to improve the overall file system I/0 performance to meet the new application requirements
for file system IO.
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Figure 1. Lustre basic structure diagram
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Figure 2. Single MDT architecture diagram
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Figure 3. Double MDT structure diagram
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Figure 4. Drbd work flow chart
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Table 1. Drbd metadata synchronization time cost table
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Continued
1,000,000 2437 12.1856 51.424
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Table 2. File system recovery schedule when switching metadata services of clients of different sizes

2. NEINRE P T T BURAR SRR S R G Rk S B AR

SR G P AR () XA ARG ) (s)
50 10
100 23
200 41
500 108
1000 211
2000 420

3¢ 2 AN [F R P s SO R G S I TR BEAT TR, B T DL R IR A P s RO BN
ARG S TR R, E 2000 ANE S I USSR SO R G E IR AN LB 420 s A4, 52
i SERRAE TR RGN E R .
343, MREREE

ZEE 3.4 R 3.4.2 Wi/ RIIIRSE SR, Moo & i 1) 44 21 50 B0E IR 25 V13 SO 2R 48k 5 1)
H S AT SEBR A R R T KR
4. Lustre X 2% e ##E 10 HiiL SRR
4.1. EENDE

DLAE: o 1k B T B3 FH 6 SR 52 5 U7 ) 4 A B RS w R RE, T B M e B SR AR 9],
Lustre 31 R 40 R ANV FEFI1E N MDT sl & K30 B 7R 2RiM, BEEm MRt SRR K
JR RN J DA R KRB VR 2 ST R MR SN T k&, mbEREN b /O BERIN I £, 4k8ff
FAMURE BLRE 51 /E 8 MDT 2445 70 80 IR 55 N BEAS SO R GRS 10], FUBALEE MDT f9 1/0 PEfE
TovE T F RN VO 3R, S 7w SOV A IR NS AT RN, R E S e S
/O i&ERiEmy, 51K Lustre XM RGiAFE, HEMI RS .
4.2. FTHIBRMREMLIL SRR

KA 2 SEREIA 1748 R G048 FH NetApp HUMRALFE[ 111769 MDT #5045, EAGHEREd, B TH B

DOI: 10.12677/csa.2021.1111264 2614 TR 5 R H


https://doi.org/10.12677/csa.2021.1111264

B4R, KB PR BE 2 ST A PR RE TF 5N FH BOUR FE R A, Lustre SO R Guil i 18 ) 97 e Sk 27+ 1/O i %,
TEREN A RS 10 FEEI NS L R, MDT B4 VO PERERCN T M7 RSB 12],

WAL % TOPS MERERELAE X /N S FIBEALEE S , BLAE I LB E ZAH H NL-SAS MIHULMAE &1 N
P&, AHEL SATA AT SAS 2 N BINUNRAL, PR LU X B o WIUBRRE 2853 ok i Sk 18 R B 1y (9 e ok
SEILEHE A, e TAR R B OE T e BN ISR MR LU 22, AR, WIS A TG v AE I A7 X
PEREIE 2 BB LAT BV REAH LU IR B UL 35 B 2 o (SRR AL BR T PR35 W R A1, AH LUATURE £ B8 FE A
Py than. BN, AFESTERME TR RE/N . a2 e k.

GEA T A B B A LA 5 AR B, AU SATA SSD. NetApp SAN % W R 476k 15 2 AF A
MDT #47 I0PS PERER LLl ik Herfr, SATA SSD #iF% H1 8 £ 1.92TB ] IntelSATASSD 415, NetApp SAN
BEFEH 10 Bt 3TB NL-SAS 9600 $ HUMRERL 2 i, A4 [ 5% X B RAID 10 #5503 mdtest 7o ¥
FEEMAR TR, @ He iR 3t — P IS SSD 7E TOPS 4 RE E It .

4.3. SKBBER

FRAE TCHE I BE AL HE g, 455236 FHl SATA SSD. NetApp SAN AL W F 17 it ¥ 4 /E 9y MDT #4T IOPS
PEREXS ELI, 32 F mdtest JoEdE JE M T B H sl . H 5% staty HMIBR . SCHEAIEE . SCHF stat.
SCAEM R 7S PR ERAEEAT IS, BRSP4 S E A (1735 9 MDT (1) IOPS g

K5, 6w B s ASCER G G, {8 ] SATA SSD [ MDT 7€ Hagfild . H % stat. SC1FE)
L SO stat RSN BR FORPEVE IR P BE ARz 4T3 NetApp SAN # [/ MDT, RATE H M
B/ I P BE HE NetApp SAN 4[4 %

Hal Fststat

90000 250000
80000
70000 200000
60000
50000 150000
40000 100000
30000
20000 50000
10000

0 0

180000 360000 720000 1440000 1800000 3600000 180000 360000 720000 1440000 1800000 3600000
HSATA SSD  * NetApp E5460 #SATASSD NetApp E5S460
EEdiES

35000
30000
25000
20000
15000
10000

0

180000 360000 720000 1440000 1800000 3600000

=SATA SSD = NetApp E5460

Figure 5. Comparison of directory operation test

E 5. BRBFBEMATILE

DOI: 10.12677/csa.2021.1111264 2615 THENUR 5 N H


https://doi.org/10.12677/csa.2021.1111264

S WAfstat
80000 136000
70000 135000
60000
50000 134000
40000 133000
80000 132000
20000
10000 131000
0 130000
180000 360000 720000 1440000 1800000 3600000 180000 360000 720000 1440000 1800000 3600000
HSATASSD = NetApp E5460 HSATA SSD = NetApp E5460
SRR
140000
120000

100000
80000
60000
40000
20000

0

180000 360000 720000 1440000 1800000 3600000

®SATA SSD NetApp E5460

Figure 6. Comparison of file operation test
6. HRIEMR AT L E

& 7 d A mdtest M IOPS “FEIME, MRS RER, EARFME T, fifH SATA SSD ] MDT
IOPS 4 REAH LLf# F NetApp SAN #EFE[) MDT K IOPS REFEF T3 60%~70%, MHAEFE I .

SFHIT0PSTERE
120000

100000
80000
60000
40000
20000

0

180000 360000 720000 1440000 1800000 3600000

mSATA SSD  “ NetApp E5460

Figure 7. Comparison of average IOPS performance

[& 7. F£15 10PS MEEEXTEE

P 8 RIS RIS N P A A7 i A R mdtest WIS i o i 25 8 46 R FH 256 (0 A8 At 2, AP o] i
TESCF & 50 10PS IS B H 2 5, K SATA SSD £ MDT, 1E Rk, #Eas if~F R FH &K
REAE 20% /547, Ut BAZE LI AUARE N SSD Hi4it RAID 4L A 35 B M REIA. 117K H NetApp SAN %%

DOI: 10.12677/csa.2021.1111264 2616 TFENER S N A


https://doi.org/10.12677/csa.2021.1111264

MR 55

FEAEJy MDT, & R FTA IR, PR 2% — B8 100%, BB INART4E 1 10 16k 24 2
5%, NetApp SAN HLFETE 1/O W RACHE b 223 o far,  LLAs 2 BV e A7 AR

B A _E IR EE BT %0, {8 SATA SSD ) MDT Sk PERERIL T, BIRHEMERIERER %, B
FEHE A AT RS AR T, W B H MR R EIR > . BRIk, Lustre SCHF RS0 0] LA A [ S A8 ALAE R
MDT [P 47/ 5, MDT HA T Z R BRI 2SW,  [FIEH# 2 MDT 5 I0PS 75K

WA PRI
120

100
80

60

HA%

40

20

180000 360000 720000 1440000 1800000 3600000

———SATA SSD NetApp E5460

Figure 8. Comparison of average disk average utilization

B 8. PR TR A RIS

5. G5RIB

BEXS Lustre SCHF AR GEII 70 AU Al 57 SR BETHS SEl MARAS gk T Lustre JoHm IRk 5% 5w b
W, PRIE 730 R GEAR 35 ) e ] AN SO R G 8t (T 58 3 A ah & R RERL AT 9 1/O S AR 20,
Xt Lustre 7o¥dls MDT BB %34T 1 TH4), B 52 MDT Jellidla B4 (10 1O TERESRTHEE RS R EE
VO PERE, WhfR T VO AN AR 2 R & ERIRAEAT .

HETX T Lustre 1O YERERIPLAL H AT R AEMEAF Z XS W& HEAT 710, T2 TAEHEEX Lustre
AR, 2P IRT S R GUBAR I 1O PERE

E&WE

[ 5% B SR TR SRR H (2018 YFC1406205);  H 5K AR BIEIE ST H (U1811464): |~ %4 5|3t 41
FrADLABAITE (2016ZT06D21 1) 1T~ R4 A H AL THRITTH (2019B020208014) .

SE

[1]  Shu, Q., Qiao, F.L., Song, Z.Y. and Yin, X.Q. (2013) A Comparison of Two Global Ocean-Ice Coupled Models with
Different Horizontal Resolutions. Acta Oceanologica Sinica, 32, 1-11. https://doi.org/10.1007/s13131-013-0335-z

[2] SRIRWE, X EHE, xi&, 75K, XNgAT, FlRE. BEHEEIRE T & PR uE s Uk B 5 R 1§
FERFEHERE, 2019, 37(2): 161-170.

[3] Liang, J. and Nie, R.H. (2015) Lustre File System Based on Object Storage. Computer Engineering and Design, 36,
1666-1670.

[4] Chen, Q., Chen, Z.N. and Jiang, J.H. (2014) MDDS: A Method to Improve the Metadata Performance of Parallel File
System for HPC. Journal of Computer Research and Development, 51, 1663-1670.

[5] Chen, J.-X. and Liu, X.-J. (2011) Analysis and Improvement of Distributed Replicated Block Device. Computer Engi-
neering and Design, 32, 3599-3601, 3806.

DOI: 10.12677/csa.2021.1111264 2617 MR 5 R


https://doi.org/10.12677/csa.2021.1111264
https://doi.org/10.1007/s13131-013-0335-z

%

[10]

[11]

[12]

Wang, H. and Sun, X.-Y. (2012) Application of Heartbeat and Drbd in Large-Capacity OLT. Modern Electronics
Technique, 35, 131-134, 137.

Li, Y. (2020) Research and Implementation of High Available Clusters Based on Linux. Computer Applications, 39,
35-38.

Gong, T.-N. and Zhou, S.-M. (2012) High Availability Cluster of Linux Based on DRBD. Computer and Information
Technology, 20, 63-65.

Li, L.L., Wu, W.G. and Sun, L.X. (2012) Performance Optimization of Fine-Grained /O in Parallel File System Lu-
stre. Computer Engineering and Applications, 48, 88-92.

Liu, G.M., Zou, D. and Zhang, C. (2009) Research on Lustre-Oriented Storage Acceleration with Solid State Disk.
Journal of Computer Research and Development, 46, 371-375.

Mao, X.-F., Hou, X.-M. and Ma, H. (2016) VLBI Storage System of Computer Based on Disk Array. Computer Sys-
tems & Applications, 25, 107-111.

Li, Z., Zhou, E.Q. and Liao, X.K. (2009) Filter Cache: A Method for Improving I/O Performance of Lustre File Sys-
tem. Journal of Computer Research and Development, 46, 71-77.

DOI: 10.12677/csa.2021.1111264 2618 HENLIRE 55


https://doi.org/10.12677/csa.2021.1111264

	面向天河二号Lustre文件系统优化实践
	摘  要
	关键词
	Optimization Practice of Lustre File System for Tianhe No. 2
	Abstract
	Keywords
	1. 引言
	2. Lustre文件系统介绍
	3. Lustre文件系统元数据高可用设计
	3.1. 元数据高可用设计介绍
	3.2. 元数据复制实现
	3.3. 元数据服务器状态监测
	3.4. 实验结果
	3.4.1. Drbd主备元数据同步时间开销
	3.4.2. 元数据服务切换文件系统恢复时间开销
	3.4.3. 测试结果总结


	4. Lustre文件系统元数据IO优化策略
	4.1. 背景介绍
	4.2. 元数据性能优化策略
	4.3. 实验结果

	5. 结束语
	基金项目
	参考文献

