Software Engineering Group
Department of Computer Science
Nanjing University
http://%eg.nju.edu.cn

NJU Software
Engineering Group

Technical Report No. NJU-SEG-2014-CJ-002

— PR OUAL O IR Ak BR A T v

sk¥y, EME, KR, AL

Postprint Version. Originally Published in: #{f54%, 2014,25(2):314-325
[doi: 10.13328/j.cnki.jos.004528]

Most of the papers available from this document appear in print, and the corresponding copyright is held by the

publisher. While the papers can be used for personal use, redistribution or reprinting for commercial purposes is
prohibited.


http://seg.nju.edu.cn/

A2 4] ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2014,25(2):314-325 [doi: 10.13328/j.cnki.jos.004528] http://www.jos.org.cn
OV [E R Bt AT 9 BT ROB BT A Tel/Fax: +86-10-62562563

— 1k B IR TR S HE R 75 5%
¥ ' IRE, % X' #Fu’

VSNV R B X B S S8 = (P UK, FIRT 210046)
CEWE TR MH R, &/ 00853)
SiiRTIR (e

%, E-mail: lzwang@nju.edu.cn

LAt 2 4 G B 1 430 ) ) A P 6 M B e bt WA DA AR S 1] 69 B B8R e Mk m R b R AN E
A SRR @ e R A — AN E 2T E R AR A T ik SR B R A B AR, R WiZ Tk
i 2T 5 9N T 48 B0 A G RS AR T E R 693 b i bt 5k K KB 7 @ AT AR B LA T

WY R TG IREGT R T WKL B HAAG — E N A A G T 63 ak B3 & ek B Ok 8T T

AR W 6T A, FFIR & N G Ak %
IR A Ak A R
HREESES: TP316

B35 A% X Zhang Q, Wang LZ, Zhang T, Shao ZL. Q ddress translation method for flash memory. Ruan Jian Xue
Bao/Journal of Software, 2014,25(2):314-325 (in Chinese) : w.jes,org.cn/1000-9825/4528.htm

Optimized Address Translation Method for Flas Y
ZHANG Qi', WANG Lin-Zhang', ZHANG Tian', SHAO Z%Li

!(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjin 046, China)

*(Department of Computing, The Hong Kong Polytechnic University, Hongkong 008584 China)
Corresponding author: WANG Lin-Zhang, E-mail: lzwang@nju.edu.cn

Abstract: NAND flash memory has been widely used in various embedded systems. Due to out-of-place” update constraints, a

reduce the garbage collection overhead from translation pages, a translation page based data-assemblage strategy is designed tog#éup
pages corresponding to the same translation page into one data block, reducing the cost of translation page update during gar]

collection to the minimal level. The presented scheme is evaluated using a set of benchmarks and is compared to a representati
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work. Experimental results show that the new techniques can achieve significant reduction in the extra translation operations and improve
the system response time.

Key words: flash memory; address translation; storage system; embedded system
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Table 1 Samsung 4G MLC NAND flash specification
%1 =5 4G MLC NAND N A7#A%

ZH LI
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0OB K/)N(B) 64
He K/MKB) 256(data)+8(O0OBs)
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5 BUI [F] (ps) 800
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] YRS IR (IR 5000
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AR NANIIRGE FLAT 1 % 00 3, (Al A2 0 — 6 o R
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Xt 2 4 . L(MLC)NAN JEG BRI 10 000 Ve 4 G B sz s s YooK T R AU ) B

JA I B, TG A AL ATATREHLHR LA A [ DR P BARE, D200 B 5 3 11 s DRl AT 1 3%
EFe
AT RN 3 B E NAND [N A7 JZ(FTL) BN AT N A7 e 2L T S0 R G N A7 9K Bl =

Z I % e 4aiE 91 BRSO Rt QAR

b1l B R Ay DA A7 6 480 22 () T A, DTSR RGBSR B 4 Sk D AE o ) BT B b -
SONE RT3 S DU . B RR S

5 UTZ% M 1k LSS rp RS R B S R S 5
0 0T A [ B, T 2 bl S 8 S R A 3 [T il A £ B Vi 3 IN A7 A7 it B2 1T VAUl e 2 3% [,
IR 1k B8 6 3R A5 FE O 1Y) 2 0 M A% T T 2 b il e Sy v e ii?gﬁﬁﬂmﬁﬁﬁﬁﬁﬁﬁmmﬁAﬁ
FG0 M LS I B 2 b g1k S (0 B R P Ay B e, A R T SR I PG A &, N
SR 4y L — AN B2 A B B SR T R e e b SR BRI, O A7 i 2 VRS PR B g
I Bt A7 7 T e 5, ATl R O e ) 3 (R, 2R 4 i A 7 YR A Pt sy B Al P (primary
block)Fl H &3t (log block), £ Hhe i 457 I B 2 b Hik W Sl S 75 7K 5 N 112
SEFTEE . BAR VR A WL U T R SRk R R P AT T, 1E 2 AR 3 RO o VB Highmighats He i AT 5 T,
AT B8 A2 K 5 1R 1 8 T4, DRI, VR A LS 7 42 A 38 1 R b A2 e B R0 P A T8 17 ) TETH
SRR 5T 4t ik e Bk (DFTL YY), — J T A0 FH 000 20% bt e B 9 408 46 80 2400 10 ek 2 6 1 o N
RAFHUIAR YL T DT 1k B 2 77 A2 1R K A T4 il L

LA 0, IR R 3040 17 SR RT LS N T PR A o]

W gL, AT TR 4P T — A4 JR % 4 T i 22 (global translation directory, & A% GTD).[w] e, 78 P A7 A 4 A dh hik
2% 17(cached mapping table, [ FK CMT), LAZE A7 75 4% i DT rp 5 < iy [a] (1 10k Bl S 350 4 k- Bl S 2% 4745
Sof Sk RS IR AT B e T N AF R R 4k GTD Al CMT, A7 T4 1025 B 5] I ) 35088 4 R 1 I 1) J=3 s e
PRAF T %) bk S 1 e

TEHE T 75 3K 0 DT 532 v of by -2 460 DT (1) B A 0 7 AR B MR P e R, 4 = 2k T AN 5 T

© PEESEBPSTIT hups/ www. jos. org. cn



KH P RACEY N Mk W S o ik 317
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Fig.2 Translation page update during garbage collection
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Fig.3 Page-Level address mapping cache
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Fig.4 Translation page based data-assemblage
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[RS8 e BRI EN
TPPN TPPN | TP
focr 148 TP
145 TP33
66 | TP T46 T TP0
147 TP2
148 TP4
I T2 149
PAMC Jii GTD Wi
Trans.Pace CI APN | TPPN
£ I — > 146
.1 . 66> 147
. 1 . 69 » 148

Fig.6 Translation block garbage collection
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AT AN IE S U7 ) I B AR LR S Is AT 70 1 W B0 b0 % B AR 6 R ¥ % 4 4 [R] L /) Systemdisk 1~
Systemdisk3 Jy il i Diskmon W 4E K] PC _F G AL U )13 5K . L rf, Systemdisk 1 Bl 45 3155 0 22 AN SCAF 16 # DL 45
VB, BLAT B (0 5 3 VE LB Systemdisk2 A A0ATUE 28 1 5000 8551 WSO 4 00 5000 4, TR bk LA 26 v VD i SR 3 i 4l
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Table 3 Trace used in the simulation

®3 IR AEE

iR iRk E 5 ERAE LL(%) P K K EE(KB)
Websearch 1 055 448 0.02 15.05
Financial 3 698 864 17.66 5.24
Systemdisk 1 670412 71.89 42.30
Systemdisk2 1730415 67.21 41.10
stemdisk3 875 928 63.44 47.75
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