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Abstract: Different from existing flash-aware buffer replacement policies that focus on the asymmetry of read and
write operations, this paper addresses the “discrepancy” of the asymmetry for different flash disks which has existed
for a long time. The study proposes an adaptive replacement policy (CBLRU), which assigns to each page a
weighted value that combines the 10 cost and the influence of pages staying in the buffer. When selecting a victim
page, the one with the minimum weighted value will be selected as the victim page, thus, one can avoid the problem
of occupying the valid buffer space by dirty pages that are not used for a long time. Moreover, as the cost of read
and write operations will be adjusted according to different flash disks, CBLRU can wisely tune itself and adapt to
different kinds of flash disks. Finally, a theorem is proposed addressing the stability of the relationship between
pages, based on which CBLRU organizes all data pages into two LRU lists: one for clean pages and the other for
dirty pages, and then the CPU complexity is reduced form O(klogk) to O(1). The experimental results show that
compared with existing buffer-aware replacement algorithms, CBLRU is very efficient when being used for
different kinds of flash disks.
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Fig.1 Normalized proportion of time consumed by random write (RW) and random read (RR)
operations for NAND flash disks
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55 OAT I B0 SR BB N A7 B AL AC A Sz 3z /s T BRI S AR AN [ AR ST S A (BB PN A 1R 32 5 AR A A7
7822 57 RS AN ] N A7 B S AR A7 8 K 22 5 1) 1), 24 306 % 5 46 U CBLRU . Jf Ao 46 PRI S B 4 R i3 0T
e 3 AL ) PR A, A 152 TOANAE T 2 () EAT 2~V R 6, T J8E S AT J vy R A Pk e B T, mT LS
TP R TN A7 A

AR 1] S RDBUAR O AR JE o0 b AT 20 AT 5 2 A R AU 9 CBLRU 534,58 3 7 il 1 S B 46 1k
ARSI B TR AT R doe e Je 45 4

1 #HXIE

1.1 AEEFHES

A7 — M4 29 NOR ZUF1 NAND !B F4.NOR M [N A7 .15 5 EPROM il SRAM — £, % A 1) otk R4
SR FURE H N S SR A AT (execute in place, fATFR XIP), N B2 FE ] LA B 246 N A7 9 $147;NOR
0 DA 150 B AR v (2 5 N R SR R e . A /S, — T SR AR A AR D R0 2> 5 1R 4504 . NAND INAE S G
L FH (¥ AR A2 — AN 11O 452 1 Sk P il A\ S . I AA B (solid state disk, [&7F% SSD) i i 4l FH 11 52
NAND 7485

NAND U NFF R A 3 PRIE AR 5. ‘5 R BRI SR 'S5 02 LA 00k S 7 AT B4 R B 2 LA
AT AT EEAE, — AN HUE AL S 64 AN TUNAND BUES A SR JRUHD 537, o SR AN T 145 50, st e i) i 0 .
VAT 7 55 S AR 0 HL INAE S A BRAE 40 T R B S R R B 2 S Tk RE T BE S B A AR E
T I G o S e HEAT A0 1 S RO SR A 2 S T R O B R D ) R T AP B A 4 AR K 'S R
R R AE Y ST Mo A e A AR 3 -

0T S R DN AU P A7 B, DA A G A R — AN SR S R AR AU R B 45 1 Th i, O (A B 4 A 1)
SRR P B L AR A J2 0 H R R N AE B B2 (FTL), & — IR AE g £E SSD 11 ROM (5 A R FTL 1 2 B4R 2
H 0T — B DU 5 4 SR TR A B — AN SRR 1S R U LR FTL R A — A N S ke st
Y2 45 b B R4 B Ak 2 T (R S AR R W R AE R GUR S I A, T AE SSD 1K 5 R AMEAE il g AT 4k B FTL
1) S A0 15 5 HAAR IR ¥ % AH DG, ER I R R0, 0 FH P 52 B 1.

12 ZHRXEBERRST

SR )T LR GRS R ARk A%, 00 2 B A7 (B v D) RV A7 (UM B A7 66 A I, i g i 5% SSD). 28 b X
) A B TR 8 I T A A, 3 — MRS R AR [ D /D 1) s

M RGE T BRAE — AR TURT 28 X 0 T S R T D RO R G HE 4 I 5 1 480 T

(1) AR R TR A7 gz P X

(2) A UESRTTTAE AT & o IX b ) B BUAR P 75 A0l 45

(3) 75 U, 4 S Ao S L B — N T

(4) A E TR BT, W) NI 3K 00T ), 1 500 B 4 DU N 25 B Rl A A SR S S NI SR L.

oo i B E AT I T O(L) AR 5 . R i, AR EE — AN SR TR A 28 (3) 25 19 CPU ARAN F1 SR (4) 5 I AM
ERAEACN 4L

P QPR AR —BIE LT CPU B AEARM AN T AMFEAE R UL/, SEBR b, U I AE H LA 2 4
TURE BT a0 S 58 (3) 20 B AR AR KW 16 A 23 2 e 31 R S 1k .

T2 (8) 20 I ANE 110 A i3

(i) ZEvir X Hh G 25 PR 2 )30 ) K T

(i) B TV P BN 1, i SR R AR TUER R BB 1,1, 1y (M SND;

© PEBEBSAITT  hip:/ www. jos. org. cn



2954 Journal of Software #4k \Vol.22, No.12, December 2011

(iii) ik r(L<i<N)M /o Rk C, .
) Ak B A HS A T 1) )3 ) (R A AE 1O BRAEAR A
Crotal = ZiN:lei (1)

SE(4) S0 R R E bR SN 1) n AN T 10 B AR, 24035 SR T 7 28 i X o I AT DA 45 B O

Y7 [ A7 19 110 AR A C,=0, 18 1k, 24 2X(2) T BATRI AL
Crowa = Z?:lcr; @

¥ M KT R R M AN B4 0T rh A MASSOE BOPE 2 i X R AT T8 5, AR b X5 (Bl A7 i AR i
Cw TR, WM N 1 X AR T Cr 267 AH N (K, 8% 1 (K R AR AR F Cp R CR 3o, T INAE AR A
JI C R CE 27 S T BEAE A U, O 5 RO RE A U S A B2 5 AR ML AL B € = CR AR ()& AR
@), cl Mcl g ¢ Fox:

Cl. = ZLC,}, =M'(CP +C)+(M -M")CP =MCL + MCE =kMC(1< k < 2) (3)

DALt - R A8 K U, B e AN BB T 11O 3 VEARMY ClRgy 1T LATEL T i > T8 2 AR B M, B A A 3k T2
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ro.bkw=4,r3.bkw=3,r,.bkw=2,rs.okw=1, 4 BSUE V155 A 70, 2 vp X RS 4 1 4() o,

r F=Read r F=Read r F=Read r F=Read r F=Read r,.bkw=5,r,.bkw=4,r;.bkw=3,
5 [w=1 4lw=05 | °|w=033] 2|w=025| ! |w=0.2 r2.bkw=2,rs.bkw=1
(a) Buffer status after reading in ry to rs
r F=Write " F=Read r F=Read r F=Read é F=Read r1.bkw=6,r,.bkw=5,r;.bkw=4,
4lw=100 | '®[w=05 | ®[w=025]"%|w=02 | ! |w=0.16 r4.bkw=1,rs.bkw=2
(b) Buffer status after modify ry
r F=Write r F=Read r F=Read . F=Read . F=Read r F=Read r1.bkw=7,r,.bkw=6,r3.bkw=5,
4 w=50 6lw=1 Slw=033 | 3[w=0.2 | 2|w=0.16 1Iw=0.15 | rs.bkw=2,rs.bkw=3,rg.bkw=1

(c) Buffer status after read in rg

Fig.4 Illustration of the organization of buffer pages
K4 Zeh X B il 2UR =8

PR R RUT IR 14,16, FF BRGNS 14 0N AT THAE S g R rg 2 J5 122 20 DRS4S i B 4(b)
K a)fis e 4C)H, R TN re, 5 BB —ANE e 0L, T i Lo B UL I BU, g B L AE re BN,
T rg.W<rg W,rg 3% I AUE KN BN ry 2 J5.CBLRU ik LA 1.

&% 1. CBLRU(page r, Buffer B) I*r &R K UL, B &R X/
if isin(B,r) then AW v R WA IPIX B
if r is to be modified then
r.F=Write
r.W«r.Cost IARFE L G ARIC r.F Al AR B 115280 S Cost

Remove from B the last page p that has the minimum value W
if p.F=Write then
: Write the content of p into flash disk
9: Fetchrinto B
10: r.F=Read; r.W«r.Cost IHRYE S AR r.F A AN MY [ 352885 Cost
11: r.bkw<1;
12: for each page p of B except r do
13: p.bkw++; p.W«—p.C/p.bkw
14: Adjust the order of all pages in B according to their W

SR LS LAT I S s SR 00 r o2 S AEZE R X B AP A 8, IR SR 2 4T 51 3 AT IR 1 75 2B 5 r R e
FAR SRR ARG AL 4 4TI r P RN B S A B 4 v WL AR v ANAE B AR UIFESE 6 17 1 56 A B ik #%
A B3z /I8 PRV HCHE 0T p A Oy 4 0 an S p oA A8 50T, BT p. F=Write, JI7E 565 8 47 1 K p 10N 2585 Bl IR A7 SR S5 0 5
9 ATBEANTER UL r JFAEER 10 4745 r AR RIRAEL. 55 10 47K rbkw AR 1,00 T B rb ) 4 ) 8080 0, 7658 12 47

1
2
3
4
5. else
6
7
8
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B r. W<r W AR 23 20(5) AT 40, 40 22 r 2 /1,1y bkw>ry.bkw.

HE— 05 B r 22 5 ry bkw+1>1, bkw+1, AR r 22 5 r W<r, W,

FIE AT A0, r W W g BT IR EE 50 RAE R r Al J5 R EFARAR AL K. O

SEH 1 BTN TR P X R R I SR T AT I A AR b B SR TR S IR R R FEA R T
FRABs A0 U A Ak R SR U S B 08 ZR AR ORFEAS AR R T8 5 R e A BROK 7 R G A B SR T s HL I
J7 T e 5 B R A 3 U1 TR T, R b A R A A T i, T DAL 5 /0 PR A ST T 1) R, T R T
AT LA AR B AN SO e B BB T AE SR e, R SRR T r B g Z TR R IO AE S r
BB AT B, TS ¢ VA8 380 A 05 1) 7 B XA A 500 1 IS 14 AT H 7 B VE I I B) 5 2% BE BRAIG A O(K) kA
G P DRI R/, AT AN S50 1) B 1) 52 2% B2 B O(K).

HE— 22 82 R I, T ke sk DORME S0 oy T H 4000 PR Nk, ARl o B 1, B IR AL 3 SR T JE #0675
PATHE 128 1AAT B HE 3, 75 TR R 2 R 0 — /N B8 T N R R A 08 05 4 08 BB O ik e,
WS90 1 AT AT LATS B 33E — 25 19 T Ab X I, 2 X I A1 2R a0 18] 5 BT 7 (R 3R 7 LIS T, W3R 7R A8 50 TT, 5 AN BA 271
FAY BA 3k Ay g 2o 300 AL B DR PR B0 D0). R I 36 e 480 i), DL T LG A R A A 371 3 7 A B8R O R B T B A
B3/ R H s YORITT

[RIRIR[RIR[R[R[R]
(wiw]w]w]w]w]w[w]

Fig.5 Organization of buffer pages
K5 e X427

MM R H LR B 5 TR )7 2 LR AN A5 O(K). 31X 2 PRI O B i 4k B 3K 5L 5 75 ZEAR A 1 1)
551247 V58 13 47 YR A i X b A S DURIRLAEL. 0 T BTG IT 1) 52 2% 2, 5 LM TR A [ (L) A e AL 3L T
T SR T 1 38 BA S (R MR AN AL T 2(2) AT A A ok Ak B R SR BT A8 oSBT A B TR 1) ) 2

TETE 2. ry FlI ry b 22 b X P B P N EE 00, 91 HL . F=ro. F.35 ry.bkw>ro.bkw, U r. W<r, W,

IE B BHE TG F (X BB Read B Write H1 1 — AN % ry.F=r,.F=Read, )l ry.Cost=r,.Cost. {R 3 AU
FA G5, r  Wr W 7 3,24 ry F=r,.F=Write I}, A AL ri.W<r, W, O

B 2 Yol T AR ro Fero. R A A EHE TR R AR 2 S 1, M i sk TUI 1) 5 BE 2500 1, Rt
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X T 55 (L) A 1) R A A4 A 35 4D 97 SR D DR Ay 70 A 2 BA 51 v A e KB, 75 7 B T30 0 A B A 2710 £ A Sk A5 e B
HLRE T 58 (2) A 1) R AR 2 B 1,45 IR AL B SR A, 2% 3 X o At BT 14 AH 7 B DR AN AR R, O T A A
YR ) B 5 ZEAG SUIT A O BT A 1) L, AT T IN—AN AR o B C BRI AR PR — AN SR BTRS,C BqEn 1, 1)
I R AN B T TN — AN 7 TR I ) A 8 T, S 3 T S — R A DA 348 SR DT I ) ) B [, T (8 B AR B O
4D A TR, T 2 224 7 (0 B 38 (. X E it ) LA CBLRU S35 (¥ i 1] 52 2% B M O(K) AR 2] O(1). 57k 2 2 Bdk 11
CBLRU Hk%.

% 2. CBLRU(page r, Counter C, Buffer B)  /*r ik 11,C J2 11 4 8%,B J2 2 X */

1: ifisIn(B,r) then AW r R BAEGEMIX B

2 if isIn(RQ,r) then IV r 2 A7 S A% RQ

3 if r is to be modified then QeWQ  //HIk RS2 5 Ex) r PUAT 15 Ak

4: else Q«<-RQ

5: else Q«<WQ

6 SetStatus(r,Q,C,B) T8 BT r PR IR LN Q BB KAV &
7: else

8 if B is full then

9: if not Empty(RQ) and not Empty(WQ) then

10: r.«<RQ.GetLastPage() 156 11 4T ~28 16 47 LLE PN BA A1) )2 350 P A s DL AU
11: r,«<WQ.GetLastPage()

12: if r..W>r,.W then 1. W=r1.Cost/(C—ry.T),r,. W )3+ S AH 7]

13: p<r;

14: else p<ry

15: else

16: if Empty(RQ) then p=WQ.GetLastPage()

17: else p=RQ.GetLastPage()

18: if p.F=Write then Write the content of p into flash disk

19: Fetch r into B and insert it to the head of RQ

20: r.T<«C++

i1 #2. SetStatus(page r, Queue Q, Counter C, Buffer B)
1 r.T«C++

2:  Move r to the head of Q

Sk 2 K R TURME o 0T 2 B DTN BER g i v AR p X b AR 5 2 AT~28 5 AT 3% r B BN (1
BAF,JE4E 25 6 41T U H SetStatus IEREACEE r (RSBl U0 r ASEE G2 R X R I HLZ i O 2S IAE 3R 9 47 ~56 18 4T
T 3 L 2 252 BA A7 ARV e A 3 8 B S I (AU, 32 R ASAEL /I PR B0 0T LU R AR B AR 2R 19 AT AN A B
B 1 I HAE A R 2B F RQ (4 BA Sk RIVTT 33 72, 70 55 12 47 BU BB I A, He 48 o8 SRAE %47 ) T O e .

Bl LAB B L2 X R/ Ay 4, 508 T AR S 1,5 B0 T AR S 2,060 TR 7 271 I1,F2,3,14,14,I3,05,0,I'5,Tg
M5 ARSI AR FE U B 6 B i (G rfy 40 4 4 HE 28 s I i3 28 v (0 5030 L R 4 S HE SR VR B B T i 3 v
PRV BCH T, 5 1R R HE R 7 (902 2 AT B R TR D). 20N ry,rora 1 J5 RS W B 6(@) TR BT ry Ji, 3K
WAE C=6,ZZ 1 DORE W 6(b) TR B TLSE 13 J7,C=7, B MW RS 6(c)Fin. N —AN T B3N 1 505 v
rs, BT rs ANFELE P X AP, 75 B — AN B 4 0 MR 579 2 038 9 47~5 18 47, L ML S BA B RIME e A 51 () 5
A BA R TCE PRk — A B ARYE I 2 58 12 AT IR A 2K r.W=ry. Cost/(C—r1.T)=1/6,r,.W=r,.Cost/(C-r,.T)=
2/2=1. 1T ri.W<rg W, BRIHORE 1o 48 B B2 N s B2 0 XOIRZS W 1] 6(d) BT 7s 3221 SR B2 rp 1 rs RS 49 ) 1 ¥ 6(e)
B 6(F)FT. B, 4 BRAE re B, tH T re ANAEZZ PP IX v, 2y 4 T SRR — A B 0 AR IR 5% 2, B2 r fl ry
PRI R AR /N R AT B T . W=1/2=0.5,111 r, W=2/5=0.4, A I r, B 4% 1 S et SRS RN re, B
P 6(0) BT/ VT 1y A8 SO0, A U B B ER T B ) e A 05 A 0 B et 22 b X A T 7 R 22 b X
A 2k ).

FYAN T ELES C 1WA 2 B 0 E0HI T 7 () AN 22 O, dn SR AN n LA s 1, W] 6 2 A= a v S ) 17 .

IR 1 T S DU a8 T B R P N B TT 1o, rg, B r P P ro W W 1 T>r,.T.
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iE Bl T r.F=r,.F, )] ry.Cost=r,.Cost.

T r. W W AR 23 20(5) 7T %01, ry.bkw<r,. bkw.

M4 53 2,r,.bkw=C—r..T, B ry. T=C—ry.bkw,r,. T=C—r,.bkw.

1T ro.bkw<r,.bkw, K1 r. T>r,.T. O
2 2. HE el B o BT A S i, AN BA Sk 22 BA 2, B4 LI T (4% B 47

E B - p T R TR AE BA ) e ) s A B 4 B HE e AR S 1B T T R IR B A . O

C=6] |[r:iT=3[r:T=2][ 1, i T=1]

(b) After modifying ry

=

{r]T=4iry i1=3]r, ' T=2[ 1, IT=1]

(a) The initial status

c=7 c=8] |{rs][T=7}r, iT=2 [C=9] |[r]T=8frs | T=7
; : rs (T=6
(c) After modifying r3 (d) After reading in rs (e) rp is hit
[c=10] [e=u1] frs [T=10f rs [T=0] r, i T=8]
r; i T=6
() rs is hit (g) After reading in rg

Fig.6 Illustration of the optimized CBLRU for sequence ry,r,r3,r4,54,r3,I's,r2,15,1'6

K6 AL CBLRU SEiLATHRAEF A1 ry,ro,r3,0a,04,F3, 15,1215, N I A2 M IXCIRAS AL AY

HEVE 107 ] — AN i OB A R A A B OB ORI T (O T #E1e 2 W35 B 17 A Bk )
G BB A B TR TR 4% R AR O O BT A R v B s B e AR O T R AT A
Phax- T —Fiiin. T 75 5K T BB DORER /S T B A B0 002 18] T8 2 22 0, rya 10 P A Ei08k ST BA B R BA Sk I8
R T EBOK I B 5T rvin AP EdlE SRR AR IC R T AN I8 50 e T =P T AL, 358 1
2ol DU IR U5 1) A58 G 17 24975 70 AR I BEAL DT A 3 S 2 A5 e T =i T 8K, T 08 20 Hc3ls DO 34 U ) 3K
I B AT Bl DU KA D0, B 00 B0 D0 2 DA 3 U5 I K 38 R v B R T 1 48 K DALk, AT T i 2 19
SetStatus(r,Q,C,B)if i AT S50, LA B v 20t B et (10 15 D0 AT T ok R o T —rnin. T IR AN, o200 1 5E
AR AR 5 AR S IR S D0 T 5 sk D G2 DR/ G RE 1P 58 1 AT HIT e T —Fain. TS oK 2 75 RO (A

M AELER I AF IR P 413X I T 45 T B A 0 I R I 00, R 2R3 5 AT 2B 6 ATACHBA It &R
p A r B S A7 B BT R C B i L B C+ pk=Chax, WAL S 8 47~55 10 AT K0 s A 5 Je G b X TP T
Bl TR T AR DS rvin. TSZ BRIz 4T, DAL B Cyax—ok s TG A4 A3 C LB TR T 8. 00,3 72 1
AR BAT~E 1047 IR HAAT BE 28 S KI(Cax—pK). RLIG JRE 28 84T L 55 9 4T I 18] 52 2% 55 20 O(K), H1 T k<< (Cmax—pK),
AR LSRN T 2R B4 S O(L).
3372 1. SetStatus(page r, Queue Q, Counter C, Buffer B)
P*rJ2iE Rl 2 r TEAEZ S W I BAF I 1)k G 3R, C A2 T4 B R X/
1: if Fya T=uin. T<< ok then Hpax B Oy B TS WTHT— BEPTR
2 r. T« C++
3: Move r to the head of Q
4: else
p<the first page of Q
por HAS e p Rl v 16 TAE R ARSI Q Hh i &
if C+pk:CMAX then
for each page p in B do
p.T<p.T-ryin. T
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10 C«C—ryinT
24 4

CBLRU [ H3& N PE B e A BT FL A T AR () 5 e S 2 75 T — AN 4 DU, CBLRU M\ R i A 1) B
16 SN B HR AR B 5 T AN 2 T b i R A0 1 B 4 0 Y S B VR R N, L BA B 4 3 5 AR R M U 18 B
BAF1) 2% 128 25 725 K BRI itk CBLRU 6 % 118 - 1t b 3L [R] — DA A7 132 5 ARAN B AN o B LA B AN ) PR A7 52 5 AR AR AN hd Bk ik
2T PR LK 2 S T LA B AS ] R 1 DR A A A b vk CBLRU (1 138 B E AR BILAE 7T LAAR 46 3t Ak 285 37
AU A AN PR A B LI R CBLRU AR 8 500 TT 1A AR >R b 8 5 480 T, 3 A A £6f 43 250 T 1) 8 44
R SR 576 4 AN ).

3 KIEEM

31 RWHM. TRMERMRFAE

ARSI S H 2 R E CBLRU SV X AN A1 5 AN IR I A0 6 1 A R vk R AT B P A SSD AT 5K
%0:(1) = AL MCAQE32G5APP, fij fffi i I, /] FD1 £ 7K;(2) =/ MCAQE32G8APP-0XA, ] FD2 % 7K.FD1 fl FD2
BN B A E A 1 LL 43 2 1:118 A 102,35 5 A v Lhalid SSD AR T W5 3, 8e il i $hAT— 8 =
FR 5 R AR 5 I S R SR A A ST S8 T FH B3 oK B R T I P AN D A7 A 6 0 152 5 1 e A7 AE R R 22
FE X R FDL S B MLC 2828 (15 NAND 5 J#4) ¢, 1 FD2 J& 1 SLC 282 (15 NAND 5 F 1) . 2 P il I8 77 B
B ARV 2 B H P A PR AR AT

FHAROER 55 1) 52, FRAT TSR SCHR 17158 H RSB, R B B AT Il R AT S T 4 b i 46 SR SR 1B AT LA B LRU,
CFLRUM, CFDCM A SC 4 Hi iy CBLRULFTAT 14 4 s #1511 Visual C++52 L. 5256 1p R AT T4 CFLRU 43 v
CE DB L RNTBEN R X KNI 75%, 4 CFDC F B 3 X7 BB 11N BE D 22 b X fY) 50%, %5 CFDC
(R SR AR /IN" B Ry 643X L8 S H0H 15 Xof 7 SR S 46 v SR FH PR B0

B AT Bl P S KB 64MBL A2 T 32 000 NI TR T 2KBL 22 v X K /N Y A
2 000~8 000 ™ H ¥ DT A< 3C S 4oy v AU 2R v HHs DU K/ 2 2KB AN Bt B 5 64 AN %t ot

T R R TS i AS AL S R AOHE JEE AR S8 AT I 1 B0HE BT 1) A, B ATT R SCER BT FE Ry kAT
M AR T 4 FhfEE Zipf 2340 IR A, g5 B L L H 32/ B9 21 v (1 “x%/y %™ 3 7 X
T DK R A U T AT SR K X% BEERAE L y% ok AR AR R 51 B Xl y % 4 7 g Aol ) A AR ok it
1E Y% I T AT %11,

Table 1 Statistics of the traces used in our experiment

R 1 LB IS S HE &

Trace ID Total request Ratio of read to write Locality
T1 3000 000 90%/10% 60%/40%
T2 3000 000 80%/20% 50%/50%
T3 3000 000 60%/40% 60%/40%
T4 3000 000 80%/20% 80%/20%

FRATHEFE LU R FRvEE A DR 22 b X B e SE0E 0 (1) W BEE 3R A I VR B (2) W B S B AR (R TR B (3) 384T N 1),
BAVASH iy o A R VPN b, DR Dk 15255 A QA AN X R A 75 iy HP 2R S i L 1E S W 2R 3 11 S8 AR P L SR 36 R 1) 5 4
YERET IR 45 T b 55 15 SSD B4 T4 R 45 1 11 5 B0 S5 4 4 1R B
32 LRERENT
321 EEREAMHERE KK SSD EMEREHE:

TERAEYERE L 7(@)~IK 7T(d) 7R T 3 Fh DA 7 i FIAR SCH ) CBLRU Jrikfr FD1 _LizsAT T1~T4 i
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BEMLIEL R B LA al LU 2 AR 3 S AR Lol 22 57 B KR (1:118), 5 LRU AH L, 35 [N 47 (19 851%: (CFLRU,
CFDC J CBLRU)FZEH £ (3 R B EASCHR ) CBLRU T (ke T1~T4 W8 /T CFLRU M
CFDC. 1] W, A~ 2% i WU BT (19 #4912 i E B EAT B 40, 3 30 CFLRU 1 CFDC 5 B4 HE AR 25 AN 0 B2 (¥ 4 B3
PR JRIRAE T 2938 5 B AR el i K, CBLRU  Hh H 1474 16 5 T 1 BA 271 Hh A 25 1R %5 T3 2 T+ CFLRU
F1 CEDC, I 3 38 73 H0 4 BT AR A7/ AH B, 1) S B4 PR T A | 78 CBLRU (W7 $ . CFLRU 1 CFDC /b

GEAEERE L. B 7(e)~B T(hEIR T 3 Bl v MAR SCIR () CBLRU J7ik#E FD1 _BIE4T T1~T4 I}
BENLE U L. ) AR 38 T I AE IR 5235 (CFLRU,CFDC % CBLRU)W & (15 #4E 1R v Bt /b 1 TR 4 1)
LRU k. [AI )R4 CFLRU FI CFDC 4 # e K32 00 A SCH ) CBLRU J5 4K 8 4F T CFLRU FI CFDC.
JRRAE T FDL BIEES Lol 22 5 5K, AR ST VoK A1 28 1 IX Hp £ B B8 22 (448 e 0, BRI 748 2 00 19 P 26 i 1 T
NI B T B HLS (1 2EL

BATIN A EL e B 7(30)~ 1 T() R T AR 7548 FD1 L3847 T1~T4 INHS 4T I 18] (i b 7l A Y 3 T INAE
I 4392:(CFLRU,CFDC A CBLRU)JT #3247 B 7] 32 /b F 3 FRERL I LRU S0k X RN X F FDL K, 1325
AR FHZE 118 13T HL%E 56 T DR 47 ) B 45 55055k 3t CFLRU F1 CFDC 146 & A 32 T, CBLRU $VE45 T 5 14k
E v (A TR, R b £ K 2 5 A T IR B, B 4 5 SO AR M RE 4R T TR Bk v LU % FDL Sk i, CBLRU
JiT 751247 i |] 2> F CFLRU F1 CFDC.

322 EHAERMN ZE R/ SSD Lk RE L

SRR R LR A & 8(a)~& 8(d)JE R T 3 B LA VA RIASCHE Y CBLRU A YATE FD2 LiZAT T1~T4 #f
BENL I OB (0 EL e T A 5 LRU A G, 1 T2 CFLRU M1 CFDC 75 A2 F& BEAL R AR A (0 AT 42 F 0 2% B ik
U0 DR B 7 R B AR E R BGE 2 T LRU; T CBLRU S A A T AR D 36 ¢ 5 e 0T (R A v, W] LA AT 20803k 4
CFLRU Fll CFDC AF1E 1 I L, 75 13 B 5 AE AN Z2 e /MW A7 |, CBLRU JiT 77 14 B i BT 2 H018 o 1 A
LRU #H 2z E:4, R A D H ol F R T LRU.

GEAEMERE L. B 8(e)~E 8(h) IR T 3 Bl Iy VA AR SCHR () CBLRU J7ik#E FD2 _Lig4T T1~T4 I}
BEHLS AL L. T L Hi i+ CFLRU F CFDC G4 -0 4 B e Uik ot IR b T 75 5 B R R IR B e /D e 3
#& CFLRU, i T H A He X K/ CFDC K, T 3 38 43 DX 1] v ¢ A R 32 0L, PRk CFLRU T 75 19 B 5 4 A i /b
T CFDC;{H [Al I, 2L T 75 I M) B2 IR B 2 T CFDC. AR SCHR HE 1) CBLRU 23 AR AN 7] A A7 11132 B AR AN L ok 17 3
AN RAR A HE TR, 76 3 B A E R AH 22 A KIS 3L R, 55 CFLRU F1 CFDC #H LU, 58 2 25 [ # 4F 1AL
R UL S B OB 2 2 T CFLRU 1 CFDC,{H 434X /> T LRU.

BAT I R I 8(1)~ I 8()En T 3 Fi L /A FASCHR (1) CBLRU J7¥:7E FD2 _EizAT T1~T4 igAT
IFE] 9 b T DU BT FD2 B S E AR M AH Z AN K, 1 CFLRU F1 CEDC sk 38R ik Hoize i % T oAb 7
155, BRI 3 T T I R IE AT I LI 22 LAt U 9 3O R R LT 48 1) S AR B AR S A TR B A R AR AR
M A SCHR ¥ CBLRU 32X 3R LRU ZEAZ H 'S Ak LRU 2D, DR b 3844 P B 5 T

ZF b NS G BT UG H AR SCHEHE 9 CBLRU 8 50405 T A9 398 % 2 368 A 330 TR AT 5 3, DA e /Mib
RENEGEAN B AR, o) LAE S SURME 5000 2 AT A 7 LA AR 35 3.2.1 I SEI0 45 1, U4 e INAF I 'S
EEVEARM A 225 KA ,CBLRU 2515 B 0T LA 1o 10 A sk e, 46 T3 RT3 T B 6 A A P BE K B 28 Ak, K
ZHEDLT B T HTAERA S B KT CFLRU I CFDC H AR A5 50 T f BA A1 B IR bk v LSk 75 L CFLRU F
CFDC 4 ()1 . [R] I AR 28 3.2.2 A I SE 30 45 1L, M 40 78 IN A7 I 132 B 45 AR AN AH ZE /NI CBLRU #4545 R ik
UL A% PR FRR, DR [ R W DA 132 5 AN AH 2258 /N I A7 B 3RIHR I ke 5 CBLRU ANJALLRU, CFLRU
FI CEDC 58 4 JCA N A7 52 5 AR (¥ L 8 B 4 DA A7 f 5 208 280 %) 78 A 1 72 [ = 552 R e, B AR LRU A BAAE B 5 AR
M AH 25 8 K I TR 3R A58 45 1) 7 B8, CFLRU A1 CFDC T LAZE 32 B A M A ZE AR K IR I A5 _E 3R 1585 4 1) P g L
XS VLA AR IE N TG R B INAF. T CBLRU 23 AR AN [F) 28 2 [ A7 (1135 5 AR A 11 L 491 908 R 25008 T f A
7, R b ] DLIE FH - 45 F S 2R A A A
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4

+
IEI\ éFI

Bt R BT T DA A 1 G2 o XA BRI BEAT 2% B8 AN [ DN A7 3 S AR AN R R Pk 22 T K 22 S P D T, B £

TPHE T A A AL R I N 28 o DX PRATE CBLRULAZ SIS A AN B0 DB In — AN LA ke £ 4 17 58 20 L)
B ACH AL BE B A A7 FR) R W 2 0 R A DI, LA g /N B B K DA T e B . S C A T VA
EE, CBLRU S A8 ST A 58 U7 1) 2o GORME 25 U BE B 92 o DX IR ) B [ B, AN 22 A LA 300 o T b DX P A 2
5 1A SE I 45 R T CBLRU FEAN )RR R AF A 45 _E (¥ 1 B AL 3

Number of read (*100000)

Number of read (*100000)

Number of read (*100000)

Number of read (*100000)

25 4 mLRU = CFLRU CFDC o CBLRU
WLRU B CFLRU = CFDC BCBLRU| & mLRU ®CFLRU
3 CFDC O CBLRU @ 100%
S 3t £
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15 § § 90%
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Fig.7 Comparison of read, write and running time for different methods when executing T1 to T4 on FD1
Bl 7 AFJ7iEAE FDL RIEAT T1~T4 BF. 5 IREULISAT I ) L
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Fig.8 Comparison of read, write and running time for different methods when executing T1 to T4 on FD2
ANFJ5 e FD2 384T T1~T4 I3k, 5 U B 17 I 18] Eh g

20

15

15

15

10 +

mRU B CFLRU = CFDC @ CBLRU

Buffer size (pages)

@

ELRU B CFLRU = CFDC 8 CBLRU

Buffer size (pages)

@

ELRU B CFLRU = CFDC O CBLRU

Buffer size (pages)

)

mRU B CFLRU = CFDC @ CBLRU

4K 8K

Buffer size (pages)

0)

K 8

References:

[1
[2

Number of write (*100000)

—
=

Number of write (*100000)

=
=

Number of write (*100000)

Number of write (*100000)

12

mLRU
CFDC

HCFLRU
0 CBLRU

K
Buffer size (pages)

(b)

mLRU
CFDC

m CFLRU
0 CBLRU

Buffer size (pages)

©

uLRU = CFLRU
CFDC  GCBLRU
4K 8K

Buffer size (pages)

]
2K
]
2K
I
2K
I
2K

(M
ELRU m CFLRU
CFDC 0 CBLRU
4K 8K

Buffer size (pages)

)

Normalized running time

Normalized running time

Normalized running time

Normalized running time

2963

= RU = CFLRU

CFDC 0 CBLRU

120%
110%
100%
90% H |_|
80% . .
2K 4K 8K
Buffer size (pages)
©
mLRU mCFLRU = CFDC OCBLRU
120%
100% —
80%
60%
2K 4K 8K
Buffer size (pages)
®
mLRU ®CFLRU #CFDC @ CBLRU
110%
100% —
90%
80%
2K 4K 8K
Buffer size (pages)
(@
mLRU ®CFLRU =CFDC OCBLRU
115%
110%
105%
100% —
90% . .
2K 4K 8K

Buffer size (pages)

o

Grey J. A radical view of flash disks. 2006. http://research.microsoft.com/~Gray/talks/Flash_Is_Good.ppt

Babaoglu O, Joy W. Converting a swap-based system to do paging in an architecture lacking page-reference bits. ACM SIGOPS
Operating Systems Review, 1981,15(5):78-86. [doi: 10.1145/800216.806595]

© PEREEBEARETT

http:// www. jos. org. cn



2964 Journal of Software #%4k \Vol.22, No.12, December 2011

[3] Robinson JT, Devarakonda MV. Data cache management using frequency-based replacement. In: Nutt GJ, ed. Proc. of the "90
ACM SIGMETRICS Conf. on Measurement and Modeling of Computer Systems. New York: ACM Press, 1990. 134-142. [doi:
10.1145/98457.98523]

[4] O’Neil EJ, O’Neil PE, Weikum G. The LRU-k page replacement algorithm for database disk buffering. In: Buneman P, Jajodia S,
eds. Proc. of the ACM SIGMOD Int’l Conf. on Management of Data. New York: ACM Press, 1993. 297-306. [doi: 10.1145/
170035.170081]

[5] Johnson T, Shasha D. 2Q: A low overhead high performance buffer management replacement algorithm. In: Bocca JB, ed. Proc. of
the 20th Int’l Conf. on Very Large Data Bases. San Francisco: Morgan Kaufmann Publishers, 1994, 439-450.

[6] Jiang S, Zhang XD. Making LRU friendly to weak locality workloads: A novel replacement algorithm to improve buffer cache
performance. IEEE Trans. on Computers, 2005,54(8):939-952. [doi: 10.1109/TC.2005.130]

[71 Megiddo N, Modha DS. ARC: A self-tuning, low overhead replacement cache. In: Honeyman P, ed. Proc. of the Conf. on File and
Storage Technologies (FAST 2003). Berkeley: USENIX, 2003. 115-130.

[8] Lee D, ChoiJ, Kim JH, Noh SH, Min SL, Cho Y, Kim CS. LRFU: A spectrum of policies that subsumes the least recently used and
least frequently used policies. IEEE Trans. on Computers, 2001,50(12):1352-1361. [doi: 10.1109/TC.2001.970573]

[9]1 Effelsberg W, Haerder T. Principles of database buffer management. ACM Trans. on Database Systems, 1984,9(4):560-595. [doi:
10.1145/1994.2022]

[10] Park SY, Jung D, Kang JU, Kim JS, Lee J. Cflru: A replacement algorithm for flash memory. In: Hong S, ed. Proc. of the 2006 Int’|
Conf. on Compilers, Architecture, and Synthesis for Embedded Systems. New York: ACM Press, 2006. 234—241. [doi: 10.1145/
1176760.1176789]

[11] Jo H, Kang JU, Park SY, Kim JS, Lee J. Fab: Flashaware buffer management policy for portable media players. IEEE Trans. on
Consumer Electronics, 2006,52(2):485-493. [doi: 10.1109/TCE.2006.1649669]

[12] Kim H, Ahn S. Bplru: A buffer management scheme for improving random writes in flash storage. In: Proc. of the 6th USENIX
Conf. on File and Storage Technologies. Berkely: USENIX, 2008. 239-252.

[13] Koltsidas I, Viglas SD. Flashing up the storage layer. Proc. of the VLDB Endowment, 2008,1(1):514-525. [doi: 10.1145/1453856.
1453913]

[14] Ou Y, Héerder T, Jin PQ. Cfdc: A flash-aware replacement policy for database buffer management. In: Boncz PA, ed. Proc. of the
5th Int’l Workshop on Data Management on New Hardware. New York: ACM Press, 2009. 15-20. [doi: 10.1145/1565694.
1565698]

[15] Chrobak M, Karloff HJ, Payne TH, Vishwanathan S. New results on server problems. SIAM Journal on Discrete Mathematics,
1991,4(2):172-181. [doi: 10.1137/0404017]

[16] Jin PQ, Su X, Li Z, Yue LH. A flexible simulation environment for flash-aware algorithms. In: Cheung DW, ed. Proc. of the 18th
ACM Conf. on Information and Knowledge Management. New York: ACM Press, 2009. 2093-2094. [doi: 10.1145/1645953.
1646319]

A (1978 =), 2, WL R AR 1 2, 8
RIS TR A e

PEFB(1986—), T itk 32 EHF 5T AR
o A7 HUH R

Vg (1964 —), I 1L B i LR
Jifi ,CCF 5 2 4% b1, LR 58 45358 Web %
P4 1, XML $dls 1 B 3l o) G B

FAE (1985 —), L A AR, A BERIE S AT
N N A7 B .

© HEBEERAET hipd/ www, jos. org. cn



