HHEER S KR DOI:10. 7544/issn1000-1239. 2019, 20170832
Journal of Computer Research and Development 56(4); 755-766, 2019

ETIEREBRMWESEEMI ZREMNRIZITSHAR

kK OB R A FAET FimT
LR B ARSI IS S A A8 230026)
CCRBH I R AR E PR AR A 230026)

(zhggiang(@mail. uste. edu. cn)

Research of SSD Array Architecture Based on Workload Awareness

Zhang Qiang', Liang Jie', Xu Yinlong'?, and Li Yongkun'*

Y(School of Computer Science and Technology . University of Science and Technology of China, Hefei 230026)

*(Anhui Province Key Laboratory of High Performance Computing (University of Science and Technology of China) .
He fei 230026)

Abstract The fixed data layout of traditional array system and the locality of workloads cause the
partial disks of the array system to become hot disks, which affects the reliability and the overall
concurrency performance of the array system. This paper proposes a new RAID architecture for SSD
array systems, HA-RAID, which leverages hot/cold data separation and sliding window techniques.
The main idea is that HA-RAID divides the disk array into hot disks and ordinary disks, which stores
hot data on hot disks and cold data on ordinary disks, and it changes the role of each disk dynamically
by moving a fixed-length sliding window. So, each disk has the opportunity to become a hot disk and
stores hot data which achieves the purpose of storing hot data evenly on each disk. Experiments under
real-world workloads on a RAID-0 array system composed of eight commercial SSDs show that HA-
RAID can achieve an even distribution of hot data across all disks and reduce the percentage of hot
disks appearing in the array to almost zero. This implies that HA-RAID achieves load balance and
wear balance at the device level. In terms of performance, HA-RAID reduces the average response
time by 12. 01% ~ 41. 06% which achieves the I/O performance enhancement, compared with
traditional RAID-0 array.
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Fig. 1 The original architecture diagram of SSD array
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Fig. 2 Flow chart of DAMS algorithm
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Fig. 3 HA-RAID architecture based on cold/hot data separation and sliding window
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Kl 4 HA-RAID # 1/O 4b 2 5 F2



760

HENMR S R B 2019, 56(4)

P52 GE A X 1O 1 3R 1 e A b 33 B2 4n ] 4
JIE 7. B S X BB v s O EA TR bR R Cn i B
7 R/ T B ) bR W Bh W B A )
) RE TR A BRSO R SR T R WG K.

T RG)ZE T R R LBA, 5kl
S TR AR I S T A oR WS A A SR T AR 48 4k B i
i bk Aok Bk 2 A5 S H A B M Bk (S R X5 L SR
FERJZE 8 1 BB . 58 U R T/O 38R ko8 S
T 2R TR FH ¥ P U ASE R HL A T A G

D) ISRz aE ok LBA @R 51 ok BRI K
PLES e 10 J7 XA A 0 A 0 2 v CBROHE A 48 P AR U 3
SRS S5 G o WG 4 ik 3 A7 0 » 4R J5 B8 BT 1l bk ke 55
& HpXE L 4 4 B A L 52 AR 1O 3R

2) Wiz R LBA #1800 R v £, s H
PLES 6 19 7 A7 30 35 58 2 b CBOIE o 48 P AR B6 3
SRAESE U W G 1k 5 A7 0 5 8K J 5 B i bl e S
& rp Xt 1 A 9 B b L 8 B UR T/ O R

TS5 I BT 237 R I B R W sh B O Y
e B B W SR W B D A i sl 1A
(IR B AR SR AL 3R — A 1/O 355K 5 75 0, 25 32k ik
/O W RIFTF AR AL BT —A T/O 3K
4.3 AT

A SCHE Linux A% MD BEHCR () RAID-0 |
Cifi 5 92 SSD [ 41 2 4 48 0 . 3xX BB 1 40 A 4
SSD 1) Z G0 42 0 52 B 2o A8 v g — SE S E40 T, 40

System Call Layer

File System Layer
Virtual .
File System [ VFS(Super Block/inode/dentry ---) ]
Page Caches
Specific || \ivix |[ExT2/3/4.-|| sysEs
File System
T
1/0 Subsystem
Blf:;‘ir:;er [ (Block_Device/Gendisk ---) ]
1/0 Dispatch ) o
Layer NOOP Deadline =1 CFQ
Block Device MD -~"Device | (
Driver Layer ||_ Drive Mapper Disk
Drive
(sd)
| SCSI/SATA Subsystem
T
| The Underlying Equipment

h|

Linux % MD 8 3 J22 0 45 14 18] 52 B 32 58 1 il
) 0y 3 b, hb 2 A 1 B S 3R A A i 5 A L A L SR
i A ) Bl X 5

1) MD B 2R 45 #4. Linux YA Wi L 3R 1% 4
EEHORMZ RS, FE R REMHZE SRS
2.8 1/O + & 4. SCSI (small computer system
interface)/SATA (serial advanced technology attach-
ment) - 52 G FIE J2 7 B0 25 20 . AR SCal o 18 ok
Kl 5 rh B 4 3K 3 = 19 MD 3K 3 T 19 RAID-0 6t
O 52 BV PAEAE X 4 B30k A 0% PGB Oy B A A
(1) SSD [ R e 584 o LS IR 2 1% & B 91 vh 4%
F1R B 2850 RIS 45 12 147

2) BegP R A, T ARG R
e sy A N E R MG R - N N A | B 2 sl B
SE YV HHE bR A RS S B [ 4 i A [R] 4 B
Mok b LLSE B AR ORI A X . D A S
P — gk R 5 2R o SC I i SR e e ) 32 B bk )
SSD #45 FiZ & 14 38 st A1k () BRI 0GR T HOHE 45
5 (LBA,SSDN, PSN) 3 5 8% W ff %, an &l 6
Fis s Hoh LBA 3875 3 3K B4l B i) 52 46 32 58 #b 41k
CEIRZ B X Z) BRLL 8 JFHIH . SSDN FIRiF K
i AE SSD [ 5 b B A7 1 85 . PSN ROR 1
SRR P Wl A7 ik 198 46 0 BIb iE GRS R 0 B X
5 BRLL 8 J A AE. i OBUE A AT B 5 R G v
S 2 1Y B

[ RAID Public Layer ]
MD

Drive [

Linear

RAID J[ RAIDO][RAIDIJ[RAID4/5/6]

i

Modified Based on This Kernel Module

Fig. 5 The hierarchy diagram of Linux kernel block devices for read and write requests

& 5

Linux YRR 5 152 5 3 R 19 J2 s # 7



K BRAF BRI S U Y [ A RE B R e AR BT S RIS 761
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Fig. 6 The mapping table
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Table 1 Statistical Data of Different Workloads
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Workload Total Proportion of Different Write Different Working Different Write Different Read
Request Write/ % Ratio/ % Read Ratio/ % Set/GB  Percentage of Work Set/% Percentage of Work Set/ %
hm_0 3993316 64.50 7.15 16. 95 13.94 11.73 13. 36
sre2_0 1557732 88. 66 5.05 28. 86 15.63 3. 20 2.56
usr_0 2238009 59.58 4. 86 5.98 15.9 4.07 13. 30
stg_0 2030985 84. 81 2.50 83.08 10. 82 3.64 56.75
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Table 2 Performance Indicators of Intel

530 Series SSD

%2 Intel 530 RINESEH L IRERIER s
Device R/W Delay
sdb 161
sde 172
sdd 186
sde 182
sdf 183
sdg 187
sdh 138
sdi 174

Table 3 Parameter Setting of DAMS Algorithm Under

Different Workloads

%3 AAIERET DAMS HEENSHIZE

Workload Hot Threshold Decay Interval
hn_0 68 100000
src2_0 58 50000
usr 0 110 80000
stg 0 16 80000

Note: Under various workloads, the parameters

of DAMS algorithm

are experimentally tested and the best value is taken.
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