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A reconfigurable redundant arrays of inexpensive
disks mechanism of NAND Flash

SONG Zhenlong, FANG Jian, WEI Dengping, ZHANG Xiaoming
(College of Cumputer, National University of Defense Technology, Changsha 410073, China)

Abstract; Building storage array based on the low latency, low power consumption, and high reliability NAND Flash is an efficient way to
implement high-performance storage system. However, adopting traditional redundant arrays of inexpensive disks ( RAID) techniques to build
storage array based on NAND Flash bring several problems such as wear-leveling and decreasing lifecycle of storage array caused by updating parity
code frequently. A cache-based reconfigurable RAID mechanism that dynamically constructs a new data stripe based on the non-volatile SCM is

proposed. Experimental results show that this mechanism can reduce the garbage collection overhead, improve the performance and lifecycle of

storage array based on NAND Flash efficiently.

Key words: Flash; solid state storage; redundant arrays of inexpensive disks; wear-leveling; erase

R LA [ 25 B A A B 51 ol T LI AE/D
T A R AE T LS B2 T . 5%
GERYREBLANI] , 1] 285 3 3 LT 2 Al B 21 A B B
R S, SR BTG (), A7 AE DU )
i 2405 R SORTIN, HRELEAR 2 A b SR, B
PHUERR G . 25 =, S AR RN S A it 45 (no-
and flash, NAND Flash ) H. A & {48 5 ( program/
erase ) FRfil , HIEEGUWHGA R FRVUG Flash A7)
ok 2x R, TE AL 1 8 B 33 i [ RS n 58 4
5 =, B ER AN S B T SO A7 A AR A R I 32 3
R

HRTERXT NAND i B2 (4 % 34/ 5] ( Redundant
Arrays of Inexpensive Disks, RAID) R&G L iL A
W25, STk 1] 2 NRBIH T/ NE 45T
Flash 4 it 1) RATD 28 58717 R /Y 11 RE T K [ 2L
SCHRL 2 JIATRE)] Flash 4 B85 FR L 32 0H 1 %

«  YgFS HER2014 -06 - 13

A/ RAID Jyiko SCHRE3 ] & 26T SSD [l Ay
PE Y 17 ( Cross-SSD Wear — Leveling, CSWL)
RAID 5,

N T HE— 4R R RAIDS 195 PERE, % il 2
TSR BERE )2 R RIS o (HIX SepiFoy 4R
HifE RAID 7766 R A M sh A9 @ 10 Sk
[6] #& H — Fh 2577 81 &, 7] & ( Dynamic and
Variable Size Striping-RAID, DVS-RAID) .31 DA $&
f5 RAIDS #L A5 PEBE. DVS - RAID R4S
TR A B0 R 2 2R L b G T A
A A AR B T A 95 B i [ AL, {H DVS — RAID Jy
s BN TR R 3 AL b, X AE BB
SRARH Z2 B0 2 i AR R By 25 AR 2%

N ET U R R BAEAT — A Dy Ak
T Flash ) RAID, $5 BRI 1 7R

WE 2 JroR , W IRAS AL 4 24600, 3l

E£TH % 973 119 B3 H (2012AA01A301 ) ; [F 58 A SR Fl4 5L 4 ¥E Boi H (61202118)
TEE RN R (1978—) , 3, ILAR B M, BhFRAIFSY 51, T - F 58 4= , E-mail : songzhl@ sina. com



o1 4]

RIRTE , 55 < INATREZ F vl 3R SR ‘9

strip0 , stripl , strip2 I strip3 , fF— N5 H B0 5
ANEEAT T AR, S5 DOO BT 1 I, ANRETR
1RGE R HE T REBE H RAID 72 5007 & 53 (in-place
update) , HBETE 8 — Bl e b A7 B3 o %
A5 4 BRI AT — UK 5 #R AR T BE 5 AR A 40
Jh 4 5 3t ST, R L 51 R — YRS B 4R ) B R
SE TR B T e U i B | R e 2
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BARAE SCM DL TUR X AEA#, TUR /NS Flash i85 Fr
TR/ N—5

CBR - RAID A TAEJEHELN T

(1) MK BA R, R E o &4k SCM, 4
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() AR R A, JeB B B R A7 AR 4, BNk B A i
Ba HIHMA, HRKREHFATTHEHES A
SCM 1,
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B, 2 R TUAr LT A 0, R IB st
oo M SCM s i S i, /i F AT A Mo 58, BT
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RZS A, IFAE SAMT Hoin B S AR, 724K
FE A SCM Hhit, T2 TCAY Flash v i AH B
2 SCM R G A7 A %5 11 K 1 T A e B8 70 Ek
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Pifd, Sh—FE ESS W, Y R g NI AR
PR 1B PENG B S 0] 1) 22> U e Y SCM,
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Y ) B S AR AT AR
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GC BAEh YT # . & SCA RS Fr wp A7 AH [6] 4)
HHR 5 B B4 — 4> 42 )R B ((Global Block,
GB) , B3R [nSc iy LA GB g B, 457 3% [T g 45
F T 2 Bk U5 T 1] Wi B b oA AR 1Y A
B, i e b A7 RO B 22, 7 3% [ W i O
MR I, O 1 B A U B 3 ml Wi O 4, &R
GEAEMBL I SRR R SC e T AT GB Ay
TR /D) GB,
1.2.3 SCM # 3% % vk

4 SCM 75 [A] A 2 I, 7 SR 4 s — i Bl i
AT, AORIE SCM (IR % TAE . Hi T SCM
P LA 4 I X5 (8] Flash, R 43 V075 58
HH R/ INEE T 2l B o O I {8 T R K
B AL i 2% 20 22 480 R 402K S/ )y, il BRI
RS o

e T B A A5 ) A 45 SR W 2 i I e /0 (8 P
(Least Recently Used, LRU) , 1% % i 6E 78 43 # FH
KA U7 10 0 s T8 0 25 [ Jey 2, {68 2 A7 AR A 0
iR, EIZ S ORI INAE IR, A A
TINTFIERER &% . th TS5 A AR R IRAE 2 U)
[ PRFFY E2EF 8, H T 2098 224 p e
A G BRI S N RGBS R, T
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el AT N TAE K AT e X, T
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HERT R 4G , A5 LG I TG 1 ¥ 000 U 3 3¢ s 0 e /Dl
P RERCHE 17 B 4, 2T LRU WE HE T
(LRU and Writes Sequence Reordering, LRU -
WSR) e " 75 CFLRU &Rl E 5 1 K (9 v
PR, AT 2, LRU - WSR 9 Je e % 5
T B /D P DL, 45 G DR T i Rl
DN P 48 s o DO IR | UK ORI v
JEEE . ERPR O RS R T A A b A
DT Flash {95 4#84F , (HIX P RN 7 12: 91 R % B
S Flash 51 % 195 I B0 I SR8 AN TT 4
i AL TR SE TR A Kim 267 JRH T
FHEM R (Block Padding LRU, BPLRU) 3 %, 1%
T AR B, DL E 2 0 B P 7 5K A A it
FPEFR, I LAY $00 5 A Flash, BPLRU %
W80 T Flash 15 545 OB BR B AT, 32 o 77 i
ARG E TERE , (HIZ RN AL TP S, A58
T UUMS I T E Ay RATD HLAH

FEXS A HAY RATD ML, B2 H o fie (il
FH 4 & # 35 1% ( Least Recently Used Group),
LRUG) . LRUG 5 m& Ry %5 A TR A — DR,
Brage BERI IRy O, Wil 2 5024 — > T 5 A Bl

WO B By 0, B4 BE A B R 5 1 R B 3A
B, LR BN B B3, B e B & i A S B
W, 258 FEE 1 22 18] 0 G BE, AN SR iR Ok B
FW—NEigR oA wHy—4, 8 FR—4
PIECHE A AR ) A 2 0 B . 25 B i B T
B, B A DR R B O, IR R i T A
ZH 4%, ) B O 55 S 3 SR 1% He Al T B A N
— 2 WX AT E A R Tk A R — A
HUG DHR 43 DU B TR, A v s T o A
Kz A O

PLELS S, ters SCM A {7 1 I 28 k4l
Hfr DO ~ D3 K55 —4H,D4 D5 M5 4, D6 ~
D8 %5 =41, D9 ~ D13 R P4, 55 N A A~
TR IR e B Rk B 1 10, M5
3K D13 ~ D17 2KEF, ¥ Je &k D13 25 D13/ 4%
5 D13 [A 2y —411) D9 ~ D12 B Eeh 0, 48
J& D14 ~ D17 5 A SCM H', 5 D13’ 5 Jy ] — 41,
AR 0, BEHGEEHRWE 6 iR,

ot i e o SN

D6(50) DS8(50) | D9(80) ID10(80)[D11(80)
D12(80)[D13(80)

K5 Bk
Fig.5 Initial state

DO(70) | D1(70) | D2(70) | D3(70)

) b

K6 RS
Fig.6 State after updating

FEVERRRS 48 5 DA, LRUG 52 16 B 8
FE BB DU, B W2 B AN 8 T B0l 2 4
Y SCM ., I AR s —2H PN BB FE K 4[] Esf 77 T ) MR
B, LU IE NS ] Flash v, X R 2k
B, AT DAA T SN 2 F 321 SR #0 4R Hh 7E ] —
B Flash ity

2 PEREMK

2.1 RIS

J T ¥ 3F CBR — RAID i 1% fig, #£ Disksim
SSD extension' ™" |- 5z 8 T RAID5 1 CBR -
RAID (J&F RAIDS ) o A S 56 Hh iS40 13 285 24 7

SRR 1 PR, S RAID 548 /N 8
L,
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Tab.1 Parameter of SSD simulator 12
" " 2 10
¥ ft ¥ i 2
. N N % = RAIDO
A 3268 BER 2ps # o CBR-RAID
PN} 4KB HER 200ps S 4 = RAIDS
i
Hkh 256KB ERRAE R 1.5ms =2 I
Boh2s TR 5% EACEERWKE 100K 0 == (B

AR EC B B F Y Trace 2275 4 4>, Tracel
His TTEA Rl R 55 o5 L A TEZR =5 55 A B FH AR 7
( On-Line Transaction Processing, OLTP) "' Trace2
o HISPEAR 55 210 TR 63 ™, Trace3 | Traced J&
Hy diskmon W R i), Hivh Trace3 £, 55 K &2 i B 132
TR FIBEHL S 35K , Traced £85I 5 152175 3k
FIN Y B 35oR o FURFE ISR 2 7R

F2 K Trace $514
Tab.2 Characteristics of 1/0 Trace

Workloads  SUESREL FHHIHRKADN 55 L)
Tracel 5 334 987 11.9KB 0.301:1
Trace2 2 909 798 222KB 4.881:1
Trace3 3 210 349 12. 6KB 0.282:1
Traced 3 244 863 18.9KB 0.384:1
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K 7 5§75 T RAIDO .CBR - RAID .RAID5 7 4
FRASTRI A 5 20 T 1 7 X AT I 1] 7 B A 5 51,
oy B RN Y as T kA, XF T Tracel Al
Trace3,CBR — RAID # %} RAID5 435l F 23% Fi
38% I YERESE T o

10

9
8
%
£
E ¢
= 5 ERAIDO
Ué i CBR-RAID
+e
Ry 3 uRAIDS
)
1- || I [
0 el

Tracel Trace2  Trace3  Trace4
K7 FEEsfTE
Fig.7 Average run time
2.2.2 #rRRE
K 8 7~ T RAIDO,CBR - RAID , RAIDS 7£ 4
FRANTR] R SR 28 AR BR RO EL B 2R ey il
FORBERRIF ] AL 8 Fral LUA i, 5 RAIDS H
BT & B 2 BENLE 1Y) Tracel £ Trace3,CBR —
RAID 35l 22% F1 46% (R4 o
2.2.3 IR EEOREL
K9 7~ T RAIDO ,CBR - RAID \RAID5 7 4

Tracel Trace2 Trace3 Trace4

B8RRI

Fig.8 Count of erase

FAS[R) B B 28 T A b 35 Il WS ] 1) B e S, L
oy R BICER B . SR T L E, DL RAIDS
F ISR R S . NI 9 H ] L Y, RAIDO
A fe /19 10 05 JF B, CBR — RAID 3R 2, Ifii
RAIDS #EAT T de 2 () 4 . ZEBE ML UG (] 119
3T, RAIDS Hliil 1 /NG iRk 51 & T RER
MY 5 A, 17 35 [ 0L 4 45 % 4 %+ CBR — RAID
4 FiR 2T CBR - RAID fil RAIDS 2%
BRI, PR A 6 28 A 35 A9 R 6 A B A %
Y, FERENLS B 2 K 0 T, CBR — RAID
A2 RAID 5 ML A RL AR L 3% 1 S -4 o

1.2
1
k<)
08
&
£ sl I | | ®RAIDO
§ CBR-RAID
"
g[ 0.4~ — — mRAIDS
0.2
0
Tracel Trace2 Trace3 Trace4
B9 sk ik
Fig.9 Garbage collection
3 #Hit

FIH NAND Flash 4% RAID C&FEVTF £ &
Ge A3 S b I (HRL 7 A 4% R ) A, A
ST Y HT BB ST AR, BE T Flash 45 M Y 7] 544
RAID SEmg A SCM ¢k, W Bodls S Hr 41 2 U0F S
A RAID H UL T Flash oo 5 b 558017 >k
HE LR A, 5256 9F B % I CBR - RAID [
Flash [5G B E 42 TH RGERIPERE , FEARHEERR X
B, 08D B RS I, Y AR X v A R
hEA R R 24 00T, 77 E 45 CBR - RAID 1y
i 5 % N A i Bk B 5 ( Flash Translation Layer,
FTL) #EA7 004k, 12200 FTL A a3 el sdid 5] A
CBR - RAID #Lil, Flash % £ B 31 i %80 52 V%
PEHE I, T LA S A B 3 [ WSO , sl
Flash (Y o Xf J5 SL7E 3% A 7 T4 4 2 5 1 JF
AT (T4% 20 W)
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