RIS KR ISSN 1000-1239/CN 11-1777/TP
48(6): 1089-1100, 2011

Journal of Computer Research and Development

—MEEBES RFME RS TH-TS

moA TRA #4R7 B &7
COREREI SRR S AR JE5 100080)

PSR REFEGEERFE SHEABEZIRE () dLa 100084)
(shyyw@ tsinghua. edu. cn)

A Tiered Storage System for Massive Data. TH-TS

Ao Li', Yu Deshui', Shu Jiwu'?, and Xue Wei'*?
"(Department of Computer Science and Technology, Tsinghua University, Beijing 100084)

®(National Laboratory for Information Science and Technology (TNList), Tsinghua University, Beijing 100084)

Abstract With the rapid growth of storage scale, the key issues in building massive storage systems
are to reduce the total cost of ownership (TOC) and to improve system performance. In this paper,
the design and implementation of a tiered storage system, called TH-TS (Tsinghua Tiered Storage),
are presented. In TH-TS, we design an approach for migrating files efficiently in tiered storage
system (CuteMig), which promotes the files based on their promotion costs and benefits with the
incremental scanning technique to acquire files’ access information and adaptively demotes files based
on the free space of a high-end storage tier to ensure that the high-end storage system will have free
space. It eliminates file replacement before promotion, and when files are promoted, it reserves their
replicas in the low-end storage system. This approach solves the shortcomings of the traditional on-
demand promotions and replacement demotion approaches, resulting in improved system performance
and less amount of migrated data. The evaluation results reveal that TH-TS could effectively migrate
files among different tiers, and reduce the average response time by 10% compared with LRU, and
39% compared with GreedyDualSize, and that TH-TS could reduce the amount of promoted data by
32% and 59%, and the amount of demoted data is also reduced by 47% and 66 % compared with LRU
and GreedyDualSize.
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Fig. 1 Hardware framework of TH-TS.
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Fig. 4 The software module of metadata server.
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Table 1 Configuration of Client and Metadata Server
x1 BPHNTHERSFENESE

Parameter Parameter’s Value
CPU Intel Itanium2 1 GHz X 2
Memory/GB 2
0S Linux (kernel; 2. 6.9)
SCSI Disks HP SCSI Disk(36 GB 15 KRPM) X 1

Table 2 Configuration of Data Server

R2 BERSHFNRE

Parameter’s Value of

Parameter’s Value of

Parameter ol end Data Server  Low-end Data Server
CPU Ttanium2 1. 5GHzX2  Intel Xeon 700 MHz X 1
Memory/GB 16 1
0S Linux (kernel: 2.6.9) Linux (kernel: 2. 6. 20)
SCSI Disks (36 GB 10 KRPM) X 3 (36 GB 10 KRPM) X1
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Table 3 The Information of Research Trace
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Statistics Information Research Trace

Average number of files 188239
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Environment

F A5t T Research Trace H & A SCHF (19 5
U 1) B0 I 9 BR D R) 4 8 e v A B0
X SCAF AT HERY » Ge v Al 20 20 i #A 8 SCPR R BT )
FATE AT A e W E 6 TR,

Research Trace FY 55 8] &y 3 M AR 58, &5 B SC 4 3L
0. 05 % Y SCAERY 1/ O 5 )& B & 2] 18 S0 90 %.

—
(=)
™

o-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0-0

I e I 3
) ~ o =
T T T T T T T

Total Access Bytes Percentage

e
o
T

‘{

L 1 L 1 1 1 L 1 I
0. 00 0.05 0.10 0.15 0.20
File Num Percentage

Fig. 6 File access density in Research Trace.
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Fig. 7 Amount of promoted and demoted data of LRU, GreedyDualSize and CuteMig Approaches.
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Sy AT IR R AR - D A% g i SCFE R 7 B LRU
I GreedyDualSize B F1 2% 55 0% & =& on-demand 2K
RURY B0 SR 7 1) 19 SO A i v 7 e i A7 i R
G e, DDA S DA i A7 it 3R 40 (R L 18 ol 1 2k e
FEAAEAE Y 50 T 7% B 5 s 770 R G0 . %007 VA Y ik
KB 75 18 SO R HARAR B Hen SO R/ S5 1)
() b 45 o 3 BT ) SCE et 22 2) AR S i A A R 4G
CL 281 A T A 25 ), ) B SO SO 29, LRU
M GreedyDualSize I 55l JH — & i 85 e 55 12 M i
Ui A7t 22 G0 T e th — A SO R AT BEGLHRAE L FEXS
BT SCAE AT T 2%, 3) CuteMig AR 38 SCF K
NI SCAA 5 ) 430845 240 50l 3 58 SC A T+ 10 i AR
TG W AR o 1 T 35 09 LUAE X SCF AT 43 9%, OF
HRAE 53 P45 R SE S A5 R ST T+ 5 [R) I AR 408 5 o

FEfit 7 50 0 T 4% 25 () 15 00 19 0 b 34 BB S0 ok e
G, PRAIE 15 Ui A7 2R G800 2 A TR 4 s [ B AR T 0 O
FEAH 72 50 10 T A 23 T FE R 22 S5 B R T ST a0 20 5 1
178 /Y 1% L. I, LRU #1 GreedyDualSize [t
CuteMig 1T # B ffs & K 7 H SO T 2% i 5 2
ok R A 4 S L 38N T SO 1) R o 3 B ]

K 8 %f . T CuteMig 5 LRU, GreedyDualSize
T 5 Y Al R GE RN 0 1 GB Fl 2 GB 2B AN 1T
B 3o TR o - 2w 7 Ik [) 28 AR1 B0. BT X AR R Ry
Trace A IS ], X5 RE Y Y AFR KR Trace H1 A 0

: —s— LRU v
g 120 b —v— GreedyDualSize
E Lok T CuteMig !
“E’ R /V'v—v""
= L
g 1. 00 r /..v/'
& 0.90F e 0 -
=2 r /
& 0.80 '/ ® » 4 ."'.'--.l- o
<] - o .y g.gB-u-u-n-um %
§ 0.70F v /'tt‘.?!t:f.~:-O'0-o-0-0’.'.'.'.'.’.
< 7L %3
060, 4 v v v 4y,
-100 100 300 500 700
Time Line /min
(a) Average response time on 1 GB
F —u— LRU v
g 1.30 L —v— GreedyDualSize v
S 1.20F  —e— CuteMig /
g E v 'Y
[; 1.10 3 v
£ Loof
o F vvvv
S 0.90F ¥
5 E / ]
@ 0.80F , o /«' -~ ll_g:_.
2 0.70f "'A\gﬂzlex;l.....z-:-:-="""" -
0.60 1 1 1 1 1 1 1 1 1
-100 100 300 500 700

Time Line / min

(b) Average response time on 2 GB

Fig. 8

Average response time of different approaches
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Fig. 9 Space utilization in high-end storage system of

different approaches.
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