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FClock : An Adaptive Buffer Replacement Algorithm for SSD

TANG Xian MENG Xiao-Feng
(School of Information, Renmin University of China , Beijing 100872)

Abstract  Different from existing flash-aware buffer replacement policies that focus on the asym-
metry of read and write operations, the authors address the “discrepancy” of the asymmetry for
different flash disks, which is the fact that exists for a long time, while has drawn little attention
by researchers since most existing flash-aware buffer replacement polices are somewhat based on
the assumption that the cost of read operation is neglectable compared with that of write opera-
tion. This paper proposes an adaptive replacement policy (FClock) which has two ring-shaped da-
ta structures, i. e. CC (their content remain unchanged) and DC (their content is modified), to
manage clean pages and dirty pages in the buffer, respectively. When selecting a victim page,
FClock uses cost-based heuristics to fairly make trade off between clean pages and dirty pages,
and hence, can work well for different type of flash disks of large discrepancy. Further, for the
problem of “correlated references” to database, virtual memory and file systems, this paper pro-
poses a reference counter based on “average hit distance” to control the reference frequency. The
experimental results on different traces and flash disks show that FClock not only adaptively
tunes itself to workloads of different access patterns, but also works well for different kind of

flash disks compared with existing methods.
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o WP EEE 0. T 0<<{=1,M] Hash & r,
1A S B R X B T A ASZE S s 18 2 A
HEEE R {=0.5;

G Pila) ry (B 5Ce)) ,rm By I.T {H 4 52 0.5,
BT r A mh K o LHAFRALE 5 A Hash
P CRFRAAE

) Pim] r (W 5D, r W) I, T {555 J& 0.6.
BT st il 78 Hash 3 AR A S Hh iy

AR E 345 BNARALE LW T A 3. 381 A LA
B PR 2. T 2>0=0.5, 1] Hash &+
r B RO B 3 XL TAEAE y 2, [ Hash &£
o B R E R N 6. a3 b R
Hhi=1;

(T Jila) rs (B 5C2)) o rs B T.T fE 43 51 2 0.7.
HI T rs i JE A s 72 Hash 38 b 4% HAE BA 1 i)
AR E 5 AFBEERALE LW T A 5. 380 AT LA
B W R 1l T 1=8=1, 0] Hash & ry
1A R B S XL T(EAE S 1, [ i Hash &
rs AR B o 7 B Ja iR B ar T B R R
t=1.

TR S vh BE B 1Y 7 B AE FClock v
update() fFER.
3.4 FClock &%

FClock Sk 1) BRI 1 iR, £ v
X ARG BB B[ CCUDC | <<s, 2R iE K 1 p
B (L 1 H iy Case TD , AR 48 %] p 79352
(8~10 ) HWHH (12~ 14 fP) #AEL M SSD |
PR CC 8 DC b B 5 1E 5 15 47 51 fy
T RS HI(E. IR p fi L B p€ CCU DC. X B 55
¥ 1Y Case LA pe CCUFE 1 41) U] CC 18 45
BEARYEOM 1R E ¥ Hoar b ER B 05 B p €
DC55 2 47) . W] DC W2 # /e B0 1,985 4 H
AR B E O, W R R AR SR 2 write I H p€ CC
G 341 UK p AN CC Hr B3| DC . £255 4 17, 4
Hp WA EEE AN T e UK p 595 A
TR 1. B JSTESS 5 A7 SR 1 X5 i v R 2 A (R

#ik 1. FClock(page p, type T).

/*FClock TE IR F L il KRB 0L p WHo & . T 2R

X p HIEEVEZE A AT DL S read B # write */

Case I, p€CCUDC /% p Wi dr e/
. if (p&€CCO) then {Rec<— Rec+1;5 CC.F < 03}
.else {Rpc<— Rpe+1; DC.F<—03;}
. if (T=write and p& CC) then Move p to DC;
Af (p. I =0 then {p.C<p.CH+1; }
. update(®);
Case II: p& CCUDC /% p WA i =/
6. if (|CCUDC|=s) then evictPage();
7.1 (T=read) then
8. Ree< Ree +15 Mee< Mee +1;
9. fetch p from the disk;
10. Insert (p,CC);
11. else
12. Rpe< Rpe+1;
13. fetch p from the disk;
14. Insert (p,DC);

S A



it "

Bl

Eird 2010 4F

FUR
5

15. update(Q) ;

1. evictPage(O)

1. B<Cec /(Cee +Cpe)

Case I. |CC| <Bs /*DC jg . )\ DC W R B 58 71 = /

2. Mpe< Mpe+1;

3. Let ¢ be the page pointed by clock hand of DC (or

SCpe) s

4. while (¢.C>0) do {q.C<—q.C—1; g< q——next;}

5. write ¢’s content to SSD; delete g;

Case II. |CC|=ps /#CC 3. ) CC H 38 5 505 v+ /

6. Let ¢ be the page pointed by clock hand of CC (or

SCee) s

7. while (¢.C >0) do {q.C<q.C—1; q<q—>next;}

8. delete g;

IR 2. Insert(p,clockx).

/xp NBAE I s clocka T UL CC B DC */
1. if Cclockx.F=>A|clockx|) then
/x2S BUEAELO, T ] % /

2. add p to SC.pu.

3. else add p to clockx;

4. clockx.F <—clockx.F+1.

TN 2R G o DXL 2 K dR i e AR
T — B BT A 28 10 9 5 A TR) . n SR 880808 o B8 eh, 00
FClock 7883k 1 W56 6 FT7 S A evictPage()
M CC B DC ik £ — > Bl TOE AT B 4. eviet
Page Iy B AARBRAE Lk A8 1, FOREA B AR A0 355 05 vk
C7E 3. 2 WHitAy T Ui ARG TES 7~ 14 17 4R
X p BTN SSD A p JFHE HIE A CC 5
H DC w R AESS 15 47 58T 2 i o B s 1 1.

£ FClock #, #5 %4fs 54 A CC(DC) B, 3
T InsertO i #L7E4 1 72 HIW CC(DO W) F {8
CH M Sl — Wi v IS A 1Y 3% S DUBR 2R 8O » an
B F>2A|clockx |, ) FClock 1A N H B B B4 T 77
Wt X e 8 A7 B [\ i A & CC (DO /Y 5 B
SCec (SCpe) s 344 p B SCee (SCpe) H s 75 W H 42
TEHS 3 416 p A CC(DO) H. 1 3 F 35 SCec (SCpe)
J& CC(DO) 1 — 4% 1255 4 47 CC(DO) 1y ik 3T
BF 1Lk B Insert op A 0 A 7 IMEAELO. 1]
X [H].

R P A Ry D5 | R R e S S I SIS S I ]
o HLBIT

(D ila] r, B N SSD 132 A -4 BRI
BAERAIEA CC 5 DC b, [ I RS0 1 /5
15 A7 T 3. 3 A 43 iy 5 o §=0.

(2) Pila] ry o Befir b AL PR R[] (D).

B Uil r . WIAEF L 1 A5 4 AT IR
r I=1>8=0, 0 r,.C i 1, W& 5Co) B SR 5
B CHIEA 1.

WD i) r . |+ r I=0<<¢=1, 0] r,.C
PRFFAAS I 5D Frn 8 I B8 S R9fE R 0. 5.

) Pila] ry o BEfi . AL vy B AL BEAR ] A0 5
() FiR s CARFEARAS 7y .C=0.

(6) Pila] ry i . RGBS L T T RO T
Bl 5Ce) i) Hash &, 0150 r 197G 2007 B 4 3, #E 1M
A I=2>C=0.5, A r.C=r,.C+1=2,10
B 5D PR SRIGTER L 158 S AT ¢=1.

(OY5E ry g tp. B F i I=128=1,H I 7.
Chn 1, aniE 5Ce) iR, b g A2 158 5 47 38
¢=1.
3.5 &5 W

FClock [ [ 38 i M 4 B0 76 7 7 17 = (1) JE F48
M1 B R W, Y T AR R — S B TUET, FClock
M CC 5% DC W4 & B 1 2 AR o A1 SF ik
BAEHERIL. YR ER 2R, CC &1818 14
KM, DC 218184 K. It FClock BEAR 47 b A4k
PR — INAF S B AS KT FR M DL A TR TN A7 132 5 R X
FRYERY B K 22 56k, v] DLW B OR [A] 26 7 g SSD
F s 54, B F FClock 78 313 AR 4 B[R] B 25 18 T 49
P 1 A8 BV . FClock AT L& I AN [R] i 77 B s
. (2)FClock i i - 34 iy v B 85 > 42 1 B 405 0L 1)
ST E, AT DA A5 %5 1) i B8 T 51 AR
) L 12 T AN 2 RS 1 i, PTG e R ML 2 ik
PR A 1 (] B A K BsF ) 5 A0 07 [ 7 5040 T A
e 4 17 ] R () BT LA Gk G B O R N 1 el ik
CLOCK 53 fr 1 J 19 6 FH 854 02 4 1sf 8] 3 B8 PN A7
) . 1 CFLRU J%¢ CFDC #f k. FClock #% /& T
I8 IF B ool Dt 4 LRU,CFLRU K& CFDC
AEAE Y 8 4 ] [0) A

FClock R AAR -3t kb BE P 51 7 BORSE 20, 24 75 22
Ab 3T 5 5| T FClock ffi ] F g Rz CC (DC) 1y
TUBR R B, ik 3] — R BT, Bp el A Bl T )%
B AE B L L 3 I, FClock 3 33 #4 ¥ CC(DC) 1+
R SCec (SCpe ) 3k Kb BT K B0 U1 1) 4 A F % B 4t
FE s T AS 2356 7 B8 LA A B i ot 7= A= 2 . A HL =2
T,CFLRU K CFDC &4 2% 18 A7 WO X 9 5% 1), 31X
— RFESS 4 TSR A A o S B TR

210 R0 R 7 A1 v R i) 45 VR 25 AR B A o R
Yt A0 B #:AE I, FClock AT L AR & M Ak B8 4% 2
AR A F NS R0 A X FR, 1
FClock AR 4k £ 17 A8 J2& 47 B 56 J5 0T 326 ¢ 5 4
T, B F K AG 21 F » FClock 4T LG 2 77 I
A B W Y. 47 2 R, CFLRU il CFDC f F
B H L AT L — E R AT LG R A
B AL 2 (14 & 30 07 {0 FClock (1) [ 38 I P £ 75 5 Fif



8 % 4% :FClock: —F i [n] SSD [ A & I 2% oft X & FL 5T %
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4.1 SLIGIRIE

AR SCHYSEE H A 2 56 UE FClock 243 41 %) A [H]
BB SSD 1A Rtk A1k B Wi FP SSD E£7
2. (1) = B MCAQE32G5APP, & i &2 W, H
FD1 % 75%; (2) = 2 MCAQE32G8APP-0XA, i FD2
/R, FDL F1 FD2 By FEMLIEES (Y L2843 )21 = 118 Fi
1:2. XA AR AL S M RE A AE B R 22 7 31X
JEN FDI J& it MLC 28 % (¥ NAND 5 B #4 5 » i
FD2 J&f SLC 28115 NAND A5 H#4) AL

XF SSD e i » 97 vl X 0 R v 1) 1 E A2 W B IR
BB L SR FTL J2 09 52 302 5% 4 M e 10
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FClock. fif A i) & 4 5K i AR Visual CH+S2EL.
TATK CFLRU Bk ip“ B X7 A9 8 1R/ 3%k
LXK/ 75% f CEFDC /™ B4 X7 [ “ 7 1
KN E IR 50 %, ¥ CEFDC iy« H 2 KN
Wh 64, ZHUL A XF I SCHk S 56 H r R % $0(A.

AR FE B SO RNV R 64MB, A Y

25
m[LRU =CLOCK oCFLRU
o o CFDC e FCLOCK
(=]
S 20f
(e}
Z
=
X 15}
) J_’_'_‘
10 + .
2K 1K 8K
28 PRI R /IS CHICHE BT AN %0
(a) T1

25

m [ .RU 8CLOCK oCFLRU
o CFDC e FCLOCK

20¢

FEK /100000

K /100000
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G XK/ B AN 40
(c) T3

T 32000 A~ py 4y BT, K U0 2KB. 28 vh XA R/
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Wl ot

FRATAE T 4 Fb 2 10 A% 0 R L L gE i s
Wk 2 fim o 5/ B R F i 0/ v 07 3R
7R ST AR SR B3 BT A T SR Y e 00 S R A
YO R R TREE "B 2 06/ 3 67 R N
i O R UG AE v T A o IR AE.
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s R R R B/ 5 JRy R
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clean pages and dirty pages, and hence, can work well for
different type of flash disks of large discrepancy. Further,
for the problem of “correlated references” to database, virtual
memory and file systems, this paper proposes a reference
counter based on “average hit distance” to control the reference
frequency. The experimental results on different traces and
flash disks show that FClock not only adaptively tunes itself to
workloads of different access patterns, but also works well for
different kind of flash disks compared with existing methods.
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of flash-based database including a series of key problems
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xing, query processing, transaction processing, buffer man-
agement, etc. The work introduced in this paper belongs to
buffer management and is very important for this project to

construct flash-based databases.



