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ABSTRACT

Solid State Drives (SSD) adopt NAND flash memory as storage media,
and therefore have the characteristics of low power consumption,
shock resistance, and low random access latency. SSD vendors
promote their products by providing outstanding performance
statistic, but there 1s a gap between the realistic performance
users perceive and the méasured performance. The main problem is
that the statistics are measured using benchmarking tools designed
for magnetic disks, and SSD ‘management cost cannot be revealed by
typical sequential and random access patterns. We have developed
a real-workload based method to benchmark and analyze SSD
performance . We collect eight common workloads in PC environment
and characterize their behaviors. We classify workloads with
similar characteristics into a benchmark suite and analyze the
impact on SSD performance. Users can therefore select a benchmark
suite to test realistic performance.

Keyword: NAND Flash Memory, Solid-State Disk(SSD), Benchmark
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3. SSD Management




3.1 SSD Overview
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3. 2.1 Address Mapping
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3. 2.2 Garbage Collection
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3.3 Buffer Management
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3.4 SLC vs MLC
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4. Benchmarking SSD
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4.2 Performance Metrics
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4.3 Symptoms of SSD Performance Issues
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Too intense and high
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5. Workload Characterization and Benchmark Suites
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5.1 Macroscopic Characterization.
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= LREE, st E - BRPEEP et die A 4KB 1F S ¥R~ F 0T
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PE A B F L Rt b, st - B Workload ¥ < ) B~ #0 iF
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Fe AL G ik e AR % 0 Workload, ¥R AT 7
BIRG PROPFET ER AT BEFLOEF oz B Y 8 g F
- TLEHR e Mgt ¢, Flet 2 R & e g (Microscopic) iha
177,

. Small Write Operations
___ e

B svorea [ skowed Sequence
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5.2 Microscopic Characterization
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5.2.1 Seek Distance

“73} 9 Seek Distance 45 r’?’ﬂﬁf‘u{»’: TR FFenB BT - &
B xR B AEEGE 0 B Abenp g IR, BT A R 1 A ki 2 A,
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B iER T A B {FRA S AR, B~ BT AR €
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% 17 f e Seek Distance, 4o% 4 i ehfF2; & 8 ¢ 3%, Seek Distance
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YRR EH S ERRIREL - 2R T LB RELF
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5.2.2 Life Cycle
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im/”\fﬁ.‘ﬂ”#ﬂaml&/zﬂ;ﬁi&m# B r’ﬂﬁ)»fnlt,kg; ANEA|
AR R BUS M RUE % fitehlorkload £ 4 g *, Fl A aSa B A
i iz o NS T R P R R A £ e e L )
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I
f
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Y%, LAST_ACCESS(X)#.1s - = B » dhrequest H¥v.
Life_Span(X) = LAST_ACCESS(X)-FIRST_ACCESS(X).

% % :Life Cycle:
£ Write_Count(X) % 77— B =% X448 » =t #c, 7
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I IR ESEE SR g
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ZREw s - 2 ixE & T g BT R AR L fpan

PRige, ¥ rLE g F TALEA e A

5.3 Benchmark Suites

AP ik g s 37 0k % #-Workload 4 #8317 F ¢ Benchmark
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Transfer Suite i & ¥ * k=i /%8 @%]m%\ ~.Buffer, Mapping, ' %
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72 e 4 Buffer, Mapping , ™2 % GC = & Suites. il 3 3L j# o,
7R IR Sl 85 0F 5 4 g Workload, @ T L S @8
= e /i ~ & Buffer Suite ¢, Workload 7@ » 14 % g: %’%fﬁ?‘\:}:ﬂ-@- L
FRACEE » EErenE B, dot A fEE  w s, BiiiY o
AT Blfr R E e iﬁiﬁ 1%, % Mapping Suite # , & 5 & 0}
fepten{ #7175 eoWorkload # 3 ‘®end A 0B » 75,V MBIREE R
FU# A, FI R LATPE AR R M R BB A Blied Hap ik 88 &
6C Suite * , 2 § & S0l iii 2 0%y § LATF 2 3 it e
R E R, L“‘F-E‘Q ER I R o S IR A L R R

Workload s*ffic¥ sv 4p % <k ~, 2 ¢ ¢ 7 7 & i Benchmark Suite
A, BT A A A B - BT, iR 5 P e
Mo, F]pb AP iz A e Workload 4 3 Overall Suite ﬂ * ORGP lﬁﬁﬂ
FAfeE LA AL H S g A, AP g fﬁpﬁﬂm\&#ﬁiﬁ [
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6. Experiment

B ok S R, i F s A - B Workload fhdF A 47 % 5%
g
6.1 Environment Setup
6. 1.1 Test Bed and Testees

PIAT Sendte, @ % - LB AR RTY e F A e %

JR & 2 4 SATAII rﬂ@iﬂiﬂ Rt BIRET Lm0 R o & (3) 97

7T

CPU Intel Core 2 Dual 1.87GHz
Motherboard | ASUS P5B

RAM DDR2 2GB

0S Windows XP + SP2

Z(Q)rET o R
B R RN AP E T W 5 AL . 1L 2 4 s, MTRON

[
o SAMSUNG />t 1+ i % i ge:p TP F 3R P RAM 1F 5 B~ 3 b OCZ
Bt ? R end s, @ pl A M e R e & (4) 477
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el A& Mk | FE | BHE

MTRON SATATI SLC 32GB | MTRON

SAMSUNG SATATI SLC 32GB | SAMSUNG

TRANSCEND | SATATI SLC 16GB | SMI

TRANSCEND | SATATI MLC 32GB | SMI

0CZ SATATI MLC 64GB JMICRON
1 (8) @ iRl 4 et

6. 1.2 Workloads
* 'FB Eoc ¥ A2 i A Tt ¥ LihVWorkload, F15 B oA H
SHm N LT A A&REE 2 A Workload L & 4
A ,af‘})%'}f ﬁﬁﬁ’é.}‘@? , "‘ﬁlfi;%_/,‘ kL, L Z P2P g * w < ,L%\,—‘* B
f8¢ 7 5 B Workload, # B Workload 4z & ehif 5 4o 4 (5) #rit

37 T
Copy MP3 #-200 T MP3 A ki~ P &4 W ¥ - P &
PCMARKO05 # 7 PCMARKOS 7 HDD test
Browser ¢ * Internet Explorer 5.0 % F 3 | p*
EMAIL & * Outlook 2003 JcB GMAIL % 45 ° 200 =8
%
Install Windows | % %*‘ Windows Server 2003, #73 & T % % &
B, F% s s 5 NTFS
Install Linux ;?‘ Fedora Linux Server 4, #73 % =% & g &K
B, fh % & ki EXT3
ellule €% eMule 0.48b T #* 3 BAh R, 2 3 | P
BT i * u-torrent T 10 BihE, A3 B

# (5)Workload ¢ * 8

- "‘)@’* chi 3¢, A P4 jc B 7 PCMARKOS & B % * eiplia
~$L?i RREHE N LT RS A AR i 4 AR Y
NPT TR G AEE L, AT A EF rﬂWorkload
o FEDIFRAFL A §REAIT HITL S, F AP
;‘*‘lfi‘c,: siemWorkload, % % (¥ ¥ Svenp-fi € A2 i@ * HHx r;:],fiéﬂ
Ben- B g, g AR KA S s 5o BIVE LAY F L
FE-0T AL Bt P2P enRa AR 5 24 2 1t B A @ Workload, & 7
Ao P AR B 0F F] AP T eMule o BT &5 @ % 2« P2P
B AL AT B A, A R A b B e R,

6.1.3 Trace-Collection and Trace-Replay

19



Trace-Collection 284, # 7 & Windows XP chTE 8. ©, ¢ * — b= b
Agex v s bz 0 - i 166B o NTFS g4 2] 1% 4 f2 & Workload 7
LR, Diskmon[19]1F 5 Jc & trace sh1 & F b 2 & 1015, %
AEE RS I g (AR TALNR . - BT S trace R AL L
e ;‘*"Fi‘cﬂ fuf»ﬁmWorkload HT RS NIRRT e, TS AE Eerg
R G PhiF B #gch 3 0 0 trace $4. 2  & Windows ® i@ * VMWARE
@‘ = - 9 "R RA T L sk suenVirtual Machine, feb o % K iFE
g%, d 2t Host 0S =4 5 Windows, Flpt 2% i 52X ¥ 12 @ * Diskmon qz &

trace.

Trace-Replay %4, 4 7 & * Windows API ® e CreateFile() 1 %
WriteFile()# 2% i chReplay 1 &, 7 %1% CreateFile()#- 5 i A &
R AR RSN B BT Ok * WriteFile()3# 7 Synchronous 7%
»B T, AR E ATy IR A NP AE - F 8~ H iTem 18, 2 B RDTSC()
i3 e 8 - B 7 0 B CPU e Clock Cycle e & 35 S03S, #73 g

P e & Replay SR 887, Fpt X3 g~ St AR A R
HplE et i,
6. 2 Macroscopic Workload Characterization

Fip g LA ’Ii% pleh s i Workload & 7 B fLens 47, — & ik
% A ehWorkload 7 11 2 4511 B BRA 7 60k % 18 {7 A 8. AP X 2 A
G N E R LA ﬂ}@,ﬁim,ﬁ, A AT R R0 B oy ~ B FF -
i dp 1o & 0 2R R @ﬂiﬂ?‘]?‘f—'i gt bl dn. 2 (6)F A%

Workload | Data Sequentia | Rewrites | Alignment | Frequent Data
Transferred | 1 Ratio Ratio Length
Ratio

Copy MP3 | 816MB 96% 0. 1% 0% 64KB

PCMARK(05 | 2130MB 82% 81% 0% 64KB, 4KB

Browser 477MB 4% 80% 31% 4KB

EMATL 40MB 35% 56% 40% 4KB

Install 1888MB 56% 21% 0% 64KB, 4KB, 0. 5K

Windows B

Install 2387TMB 25% 18% 0% 4KB, 128KB

Linux

eMule 9437MB 55% 5% 0% 512KB, 4KB, 12K
B

BT 12587MB 3% 5% 0% 512KB, 64KB, 4K
B
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6.3 Microscopic Workload Characterization
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