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Abstract

With rapidly increasing of data, computer storage systems encounter serious
performance challenge. As new storage media, Solid State Drives (short for SSDs),
have been widely used in enterprise storage systems and data centers. However,
simply applying traditional storage software to SSDs will bring some new problems,
such as the performance variability issue caused by Garbage Collection (short for GC)
operations on Redundant Array of Independent SSDs (short for RAIS) and the low
storage efficiency issue caused by the dual-blind design in traditional key-value
stores(short for KV stores) which are deployed on SSDs. From the point of view of
black-box and white-box, this paper conduct researches on RAIS and Open-Channel
SSDs based K-V store.

First, we study the optimal chunk size of RAIS. The theoretical analysis and
performance evaluations on real devices showed that the chunk size of RAIS have a
great impact on the read and write performance of RAIS. Based on the analysis of the
optimal chunk size and the study on the read/write intensity of real workload, we
propose a Multi-Chunk RAIS (short for MC-RAIS), which layouts data according to
the workload characteristics and takes advantages of multiple chunk sizes, to improve
the performance of the SSD-based storage systems. Performance evaluation result
shows that MC-RAIS outperforms the existing fix-chunk-size RAIS in the I/O
performance measure by 10%-20%.

Second, we conduct study on SSD-based KV store from the point of view of
white-box. Open-Channel SSDs (short for OCSSDs) are new kind of SSDs which can
solve the internal problems of SSDs, such as garbage collection and wear-leveling, by
making SSDs be white boxes to the upper software. In OCSSDs, the NAND Flash
block management, data layout, wear leveling, garbage collection and other
mechanisms can be independently customed by the upper application software. In

LightNVM based Open-Channel SSDs, we propose an Open-Channel based File
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System middleware, short for OC-FS, to provide some file interface functions and
enable application characteristics based customization. By connecting the upper-layer
KV database and the lower-layer storage device together, OC-FS reduces the
redundant I/O stack and integrates the GC operations of both the upper-layer and
lower-layer software, thus improving the storage efficiency and performance.
Performance evaluation result shows that OC-FS outperforms the existing traditional
KV store system by approximately 50%.

From the perspective of black-box and white-box, we deeply study two key
technologies of SSDs to improve the performance of SSD-based storage systems.
Extensive performance evaluations demonstrate the effectiveness and usability of our
proposed optimization technologies, thus providing thinking and inspiration for
industries to solve similar problems.

Key words: Solid State Drives; Key Value Store; Performance Optimization.

I






B B oo I
ADSTFACE ...t II
== 1
IR g = it OO 1
12 ERIMIZEIIIR ..o 4
121 FEZSFEFEFIBIR oo 4

1.2.2 Open-Channel SSDS ...........ovuovemereereiioeeeeieeieesieeseeeeeeee e 6

13 BB IRI oo 9
L4 B R e 10
FTE ETNAFRFERZ SRR PESEFET ... 11
21 BIESHTSTATEIHL oo 11
211 [EZSEEFEFN BRI oo 11

212 FHFFEBIH Lo 18

22 BRBEIRITESEI .o 22
22.1 SR G R EAFE T HT oo, 22

222 FRBEHRE oo 33

223 FUEARBIRER oo 34

224 FERFEIEFVHL .oooooviee s 35

23 BB S T oo 38
230 MHRIREE G J57 e 38

232 PR R I HT oo 39

24 ZREEINGE oo 40
SE=Z ZHT Open-Channel SSDs B KV FHERSE ..., 43
31 [ERESHTETRGIEIHL oo 43



3.1.1 Open-Channel SSDS AT TT ....ovuiviueeeeieeceeeeeeeeeeeeeeee e 43

3.1.2 U KV IEME R GE TR oo 45

303 T TEEIM Lo 48

3.2 BRI TS I oo 48
32 BRI oot 48

3.2.2 B BRI e e 50

323 AR IR e 52

3.2.4  SUFBETIREIIE oot 53

3.3 MEBER S I T oo 54
3.3 MR R S T oot 54

3.3, MR T G 2 T oo 56

B A BRI oo 60

- R = v g U 63
X 2 vl N S 65
B, QT w2 VA2 V=1 B A s Y OSSOSO 72
B T oo e 73



Content

ABSTRACT CHINESE ..........coooi e, I
ABSTRACT ENGLISH.........oooiie e I
Chapter 1 Introduction ... 1
1.1 Research Background .................coooiiiiiiiiiiiiiiiiiieee e 1

1.2 Research Situation....................coooiiiiii 4
1.2.1  RAID TeChNnolOgy ....c.ceeovieiiiieiieiieeiieeis it 4

1.2.2 Open-Channel SSDS .......cooviiiiiiieeiieieee et 6

1.3 Main Content of the Paper .................coooiiiiiiniii e, 9

1.4 Paper StruCture..........cooooiiiiiiiiiieeee e e e e 10

Chapter 2 Multi-Chunk Redundant Array of Independent SSDs

Based on Application Characteristic................cccocoooeeiiiiieiceeee 11
2.1 Background and Motivation............cc...ccoooiiniiiiniiiinice e, 11
2.1.1 Key Technology on RAID ........cccovviieviiiiiieiecieeeeeeeee e 11

2.1.2  Research Motivation ..........ccoeerueeienienienienieeieeee e 18

2.2  Design and Implementation..............c...ccoooiiniiiiniiiiniiiiee e, 22

2.2.1 Analysis on Chunk Size of RAIS and Application Characteristic...22

2.2.2  System ATChiteCtUIE ......ccueriiriiiiiiiieierteeeeceeee e 33
2.2.3  Workload Monitor Module ...........cccoeiiiiiiiiiiiiiiiieeeeee 34
2.2.4 Request Redirector Module ...........cceeeiuieeiiiieniiieiieeiie e, 35
2.3  Performance Evaluation ...............c..ccoccoiiiniiiiiniiiccec 38
2.3.1 Experimental Setup and Methodology.........c.cccceeevvieriienieneeeinennen. 38
2.3.2 Performance Results and Analysis..........cccoeeveriieniienieenienieeieeen, 39
2.4 CONCIUSION ..ottt e e 40

Chaper 3 Key-Value Storeage System Based on Open-Channel SSDs
3



3.1 Background and Motivation..................ccccceeviiiiniiiiiniieeeeee e, 43
3.1.1 Introduction on Open-Channel SSDs.........cccccvveveiiieviiieeniiecieeeen. 43

3.1.2  General Architecture of K-V Store .........ccooevvieniinenieniinceieee, 45

3.1.3  Research MotiVation ........cceevueeierienieeienieieeie e 48

3.2 Design and Implementation of OC-FS .................cociiii 48
3.2.1  System ArChiteCtUIE ....c..eeeuiieiieeiieiieeie et e 48

3.2.2 OC-Block Management Module............cccceveriiniiniinniiiiiieciieneenne. 50

3.2.3  OC-Page-Cache Module.........ccceoeeuiriinienioiiiiiniiccieeeeceeene 52

3.2.4 OC-File MOdUIC.......coiuieiiiiieiieieeiieeee et 53

3.3 Performance Evaluation ..................cc..coiiiiiiee 54
3.3.1 Experimental Setup Methodology ......c..cccevvvieviieciieniieiieieeieeen, 54

3.3.2 Performance Results and Analysis.........ccceeeveevieeciieniennieenieereeeen. 56

34 CONCIUSION ..ottt e 60
Chaper 4 SUMMATY ... 63
REFERENCE. ...t 65
PUBLICATIONS Lot 72
ACKNOWLEDGEMENT ... 73



BE i

L1 RS SEMARENX

MRS, B BT CAIRNEI ARG 177 77 TH 1, HE 58 Oy TR
A0 THIER AT SR IEZ —. #8503, R a5
P E2) 28,875GB, ZHHE FIIE BB ILEAWIG . 5 EEIE" At EY A
RGUHRTEIRPRER, (X 5N, (L GURER A7k 2 G000 M R 20 il 5 2 H
7% A5 b6 TG 2% (Hard Disk Drives, fii#% HDDs), 3T Flash £ AR [ [ 25 4% (Solid
State Drives, f&#% SSDs) Redefit 5 m 1) VO maRIERE . R, ARyl ae EAKHEL
BEFE AMARREN T, A ELZ DN, 75 BN T Tz eERIPE,
ML TREAE, SR T H AR B A UG Cnmdsk. i, A4,
1717 A L4 E Y SR LA A, 5000 A T S A AN AE ER A LARGZ 305 1 S 1 1]
SERTAE, [ A BV REAH N T AR GRS AR T, BARR I m B LR S
BE, FEFEIA B m AT SR AR AR, BT RS LR VO HhEE, R
RITB AR BRSO KRR B HSMEZHEE L, 11 Google.
Intel. B, WESUOHE T ETEESREMERS.

Fl A Z R AR U H A 3618 TR SR, & TRAAE
it B A VIR 38« AN AR S a4 I B0 2. ok, v b4
KHB S [ S B IO AEAE 0 2T NAND-Flash (1) I8 72 50RLAE N 3008 77 % T
(Memory Cells)o FH TP AZIURL ) [ Ja 1010, i 25 A B 1 5 1 b 8 58
AN TR B0, INAEISRIIE S NEdE (Program) B 2R HEAT HERR B4
(Erase), %5 NAEBREAVEFRAINAEBRL) P/E #4E, SN NAZBORL) P/E 4
FAE— € LR, %MK P/E #VEH0E i b IR 5 BRI 5 % (wear-out),
TCVEGR AL o E 0T INAERORL S S R, [ S35 N R IR (N 7% 32 (Flash
Translation Layer, &% FTL) Uik BN4E4 R HL AR L. 5. BRI
Ry FERHE— RIINLEI AR . HATAFE BB, AEIS . AR

1



I A A7k RGERITERE R AL BT FE

oo ARTER,  FAR TR SR AR 2 R TE T ASF i s PP, R 17
A R AT R R[] 2 A A A UL [ — S B, A e 1) B ) R AR DL T
JUANJTTH

(D HdiAi =

P T DA A7 0L P ] S 8 550808 5 NP 5 0 A ) B i - BT 03R4 T
PRERERAE, 1000 B oK 125 A 75 2 LA S B 3T 1 Oy S4B P9 B, i G e AT 4
A5 A = 0 S TR 7 SR A% L, SRR B NIEIE (channel) [A], Pl (plane)
] FR) 57 B 51

(2) IR R

[ A A AL FE S T SR A, KRB (Bad Block Table, f&i#% BBT) 154
IR R I E N TR, FHE AR B L O RO, AR R s, e
AN ) A 50— Mok e R b4 B, R L P R AR VR O [ 25 48 1) 4 30 [T i
(Garbage Collection, f&FK GC), [FHZA# GC BEVEHAR], XhAabma v Ge o &2 T
B, DRIRE R, A1l B 3 [l WA S s 42 o R B

(3)  IRPE B SRR

TR AU FEE o R AR L P B L PRI, ORI S 5, e SR ek Ak e F %
PyEE i, — 5T, S AN T B AP L 5 R A LR IR I N A SR A
GRERAER, D7, RS AT e (AR FE T SR, AR N AR RORL ) 45 1
Lo

TEREB N 5EARB AT, ESEEN—NBEHEH. —Hm, 2
o TEAE RGN R Z AR, BEARAERE Gt gmH . AR
WIS oz T i 2 W BB & A PR, 723028 N B I G AURR A 4 1 iR 2 1
I ATRPPRECE , I, 3BT A GURE A AT AR T [ A S oA T
FRORECE; H5—J7 M, BTSRRI AT RGN e AT T S 4
i, KA RE SR (Redundant Array of Independent Disks, faif% RAID) H
P N TR A A, B A [ S S [ S 8 FF %)) (Redundant Array of
Independent SSDs, {&FK RAIS), fEAFAEHELEY 5 T id i PERES 2K (Performance
Degradation); Fal, H43ETHEX MEPEFE (Key-Value Database, &#K KV 4

2



Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways:

1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.



http://etd.xmu.edu.cn/
http://etd.calis.edu.cn/
mailto:etd@xmu.edu.cn

