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[Abstract]

In this paper, we propose an efficient disk buffer replacement policy which improves hit ratio and
reduces writing operations of flash based storages. The flash based storage has many advantages,
including a small form factor, non-volatility and high reliability, but there are problems caused by own
limitations, like not-in-place update, short life cycle and asymmetric /O latencies. To redeem these
problems, this paper proposes the write weighted probability of reference(2WPR) policy. 2WPR policy
predicts re-referencing probability and calculates localities of each page. Furthermore, by weighting write
operations to every pages, 2WPR can reduce write operations to flash based storage. In addition, we
can improve the performance with higher hit ratio and reduce the number of write operations and
consequently shorten the latencies of each operation. The results show that our policy provides
improvements of up to 10% for the hit ratio with the reduction of up to 5% for the flash writing

operation compared with other policies.

» Key words: Buffer replacement policy, Flash based storage, Localities of pages, Weighted write,
Probability of reference
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I. Introduction

ZZA] o 22|(Flash memory)= ZF YHTE AlA
Rlof| A ZhHgeh= A% AR 5 shuo|tt. Z2iA] tl2e)=
o] BojA to|gg BEL & Ol vgdy A%
SR dFoln 7R og ARREA HolHE 2l A]
2 4 Qo) E3F HE S tlea]ls dehAQl A7) o
A30] vjs] A £=7t whay Agst X Pt 4
Udol =t 4= 2=t (1] ol& d8rEQl A%
oAl % shuel A7) gAaser ge] S2&/71AA ZR|17F
ZFE]o] QU] 7] miZolt}. o] S 7= g
=4 He2]=  SSD(Solid  State  Drive)Q}
USB(Universal Serial Bus) Wj&22], 78|11 StjXstE
Y55 B2 g0 dHite AR|oA o] &&7] Felst
o olAY TR S5 viEFor SA] Hl2a]of tfis]
A&AQ1 A7t o] 2ojAl Aut, AN =7 Fojutal 714
AA| Fopx|t] ARERF Eot AR} ke FAlolTt [2].

ZA] Hl2e) 2 M= A Rl 71E0] Hol o] &
EE AP7] gAF 7)ere] A% AR U 2 7] 5S4
= 71t A R 542 Aite] SR def A 97t
20 A2| {27t S gsiths Aot Z2iA] 2e)=
H7] © A7) ALEZ 28 o Ho]X] TR = A2fshd A
Al Aol Ae 55 TR0t o] oI}, TabA] AN A
AR T &57F O AAbE] Blol] TRl o g e} &
R 542 ofu] A& gof| sl Hojxr] Aikz &
4 itk Aot} oA AAlE A §ix] S} BhE2 ofo]
tlolg7} EAllsh E50] A2 HIojEE 27] HaliAe=
WA ol S50l A7 Hlolg g AAlshe d4to] A=
of. Al §iA] £ 2t 250 disl £33 & = A
AAte] 147t AlgtElth= Aot o] S| plwele] &
B Agtog o]ojxin. Aoz ZA] HRe]= 22 A}
2] ot AMA|| o] & 27] AtKErase-before-write)o] T
OMARE, & ARl o7} WoldLE AJARIS] s
o] st&sh= A xRttt [3].

W2 ATollA o]l A lwele] e A FAIE ol

2str] sl Hla3 vl E F7lstl ol & w2 2 Qe
Ha3 v w2 YAS ofy gt gA3 H He
RS0 SR FAL2 Al HiRo AgHoR
P diks deteto] Sl Bl 8= 3 4
e =2de Aot

{4 o9 Xp7| A9t E2fA] tle]o] S4do] &
5] th27] g2l AP] 4AIjA o] FE= AT
w2 A A Hlzoll iz AZsh]ols 727t

a0, o] th2o] A2 Axo] A7 Weio] ARk

3 =golAE o2idt WaAol et Ajze fad b
o 2] Aol 2WPR(Write Weighted Probability of
Reference)Z A|Qtett}. 2WPR A& T)A T wijo]] A
== Holx|of] tifsh o] 2ol 2tRd 7He/d & 31t A
Hd= 27 FAsH, a0 7Y At HoX| R &
Al W] 2 EJAAZ S S5l A3 W ARd 7t
70l ¥ =2 Holx &2 AFAIZIY. L At 2WPRE
a3 WEHE ¢ agXos H2jste F2fA] W22
2B T A =2 HE AFE5 245
A2EI0] A5 Al AR

2 =Y e Tt At 2%0M =S4 ol ze]
O] £/t SSD, A7 wm 2] ZgAtof tigh ¢ AL
270t 3ol = o aeXor gAd WEHE Wt
7] 9ol 2 ALollA AQksh= 2WPR dalejEo] 4 a4
off thsll AR .2 7]egitt. 4ol ARtk gA3
s 2] Ao tigt d5= TRt A ZE ol8st
Bt opRgeg b= AEo] dis Alestit.

II. Background & Related works

1. NAND flash memory

e el muejs 71Ee] A| fadet vage
o) ofg whe Ak Swot Fojd Ui SO AHE 7}
AR SR = 71T A WA= A4k Zele ATl
gltiRoleke ojot. dubRlog 9] <ito] 4QF=
AIZYETE 271 A4t A Q= ARto] ©f 2|t} Eot
AS71(AA]) Ak 27] AAEG & 2 k2 A
2|¢it}t. DRAMaF HE SA] B 22]o] At £ vl
Table 13 2t} [4-6]. & WKl AA] Hoj27|17F 27}
5ot Alojth e S2A] t2e= o]u] glo[E7t &
sk mlolx]ofl tigh 271 Aito] HASSIH HA X]-2-7]
ARS8 O 27] Aibs shiofgt gtk 2 <lst
of AAtR] Hoj27|7} Apg HAshE F92tH 9] ALt
3 27] ARG B X]7] AAqto] Ahg EAYS] HAIA

o A2Elo] 45 @ E@go] sttt

Table 1. Operation Latency of DRAM and NAND

. . Latenc
el B DRAM RGNS
Read Page 15 ns 21 ps
Write Page 15 ns 200 ps
Erase Block N/A 1.2 ms
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Table 2. SSD Bit Cell Type and P/E Cycles

SLC MLC TLC
Bit per cell 1 2 3
P/E cycles 10° 10* 10°

Al Bt HE EiA] HReje] 2% w0l HE &
Al TR s HIES AR 4 Qs A= 350 Ak
Zf A2 228 Aol B0 ARIE Agshl miuls WHos
HlolEE At o] mf “det AYE 2R AR
ot 224 RS S miote Aol 24 &40
7t SA7 1 Yol st A= e 224
Hl2e}= Aot £¥S 7RIl g Table 2+ 229 7
O|E Ujof] Erlist= AAtES] dofl Tt Ak HE &
Al B2je] FFeF 542 BoErt [7-10].

2. Disk buffer policy
gA3 HmHE SAE AJAROA WAIGH= 27|t 9
S WE SeA] tlze]o] EgstA] o
AL Al S4dke s1toloh gA T HmofA HEjE = o
=S WE S| Hl 2ol A WAstks
ol ol ol &l A7l H 27]0f tigt /dsol &
e HE SEA] HRE 7} 7K 2 2AY 271 A
APl A ASHE @Sl EE AT 4 Qlth 2eiu dA
3 W9l F7]s WE SA] HRejuct o A7) dizof
4 Mt tole|2 7| QUle 2ok 7Rt of
25 olg2 Al BiHE o 5EA0R PRl 4 Y=
= e At ofRoixl 9l
7129 gA 3 vy H2] MO 2 [ RU(Least Recently
Used), CF-LRU(Clean-First LRU), PT-LRU
(Probabilistic Triplicate LRU), DPW-LRU(Dynamic
Page Weight LRU), VBBMS(Virtual-Block-Based Buffer
Management Scheme) @ CLOCK 52 o2 & £ QITH
[11-16]. LRU A2 7P 2| 277HR] Ak Alo] gl H[o]
AE EIA(EvictAA o o] Ahxgt Ho|xj52 BESH
Hot. CF-LRU M2 7P 2127HR] Aad Aol glod
SAlof] 2271 AAqto] o] FoX|A] o2 S%(Clean) Ho|A|E
SR oz E|Agict 22y LRU A 31 CF-LRU %A
L5 0j2o) AER 7Hsd2 Ae] eistA] ff=tt. B,
CLOCK A#ho] AL 7} m|o]X|ut}t Second-Chances ¥
ofsto] nfEfo] AR 7he/dS LeRitt. 1eju 7] it
tish 7FeAlE FolshA] 7] diwoll A= 2} mo]X|ofct
Qa7 ARE 715432 Hofs}al ot PT-LRU A1
2 27] QU 9 9] o] ulg g o]8s] 2719] Holxls
VIRl e Qolo] thz Apget, olF 7 geid 94l

=S &3l HolX|S E|AHgt}. DPW-LRU= AR A1
E]7 vl& 3 Hofx]e] A4S et 7K = 22
FAoj| . J2ft} PT-LRUQ} DPW-LRU+= mo]

3
odk
=

= TROEZ SR A|9de 13E 4
QUC}. VBBMS 7ZgAe- mjofx]of] tigt <At @7 B o] 87
R B =) S =2 | WA (o e B R e[ A R
Aol k= T} FAk= gA3 B

2
2] x| gA3 v we) gASo] mpgelo] gLott o
SRISS We e tlwejo] S48 uefsia o
ok Wie ZelA] wlRals 7k A7) Ak Al
Al ehe o] A 49 BAlS shasted o Sajst

o 2oz X Aot gAE2 7idE oAAI7E Ak

III. 2WPR policy

1. 2WPR structure

& =eoME H2e] HEHE o]&sto] F2fA] oz
o] 27] At R|Astd 4 Qs 2WPR €255 Aot
gt A3 Hme A2 Holx] a7o] WA
ZF "ol x|ofl tiet & 7HsAde Altsted S48 o]
(Victim Page)& A=t QhoF s|AY mojx] 2 =i
ol HojAl= viz t2e] 2 EJARA] o & WA 7]8]
£ 7M. Fig. 12 2WPR 7dA9] L2 5 UERYLL itk

2WPR liste A2 Ho]x]of] tigh 97] 52 27| @
Ao ¥l ©f o2 MRU ¢Jx|2 &J3ict A= 7t
Hlo]x]o} A& 7HsAd AktE &5l o] Foizlch. Tref AiE
& 7¥5/d0] 7V =2 wHo|x]| 2 HYPEH, s Holx]=

S mjo]A] 2]AE°] MRU $IA|= o] &35t H.

=
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Fig. 1. 2WPR Structure
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Victim list= 2WPR listo]|A] ElA % mfo]x]50] $R]st
.} EA mjo|X]o]| thgt Al2-& QAo ¥AlgH o1} st mo]
A7} olu] Victim listof] EAHSHYH 5l H|o]x]-& 2WPR
liste] MRU x| 2 o]zA[ZIct. 5] H|o]x] 2] AEo]A]Q]
EAE 29 HolR|E SAoR gt} 12y 23 mo]x|7t
EASHR] A=t FYHAQl LRU At A 2 717
OFR|27ER] AR EIR] AT Ho]X] & AdEiste] E|Astt.
2. Page replacement in 2WPR

2WPR 7gAHof| A 8]A] mjo]x] 2 HEE]=0] 23t @4
+ 5 Al 7ol
A BIAlE AR R|97do]ct. 2WPR listo]] A7l 2
HolR|= 97] 2 27] 825 A 22 §A &
1% Slag 8t JoiRlog A7 Abg =R o

+ 1A 42 mo]x]of vlsll AJZHA X970l E1
&]o] il A mlojx| = AEid 7hg/do] Soisit.
S Aot A&E] = Holx|7F A=
APJ% 718 o sl Hlo]X &2 SRRl A
Fe= & & A, olF ol &5t AKE=
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AR 71542 5 Ul 71 24102 ARIEID 7t o]
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a (O30 Eabuy | T_El:}.'élj.'
ok 441 32 2] Al ofet 71EAlE S e
o ol Ol 3 o]
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e R it ol £a5E go] o AL A9 3
A Wolrl2 MelElo] si5Ao] 2 che molxlo] ula]
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= R}

5 Az o
DE AZ P42 YRS AR U

3 BAk2 gojgict. 7t molxle] 9] AE He L 2
7] AR g1a2 Bug Aolsit Y 3He A4 Fpe
ARTere @4 0af 1 Afo]o] glo] 550} 22 0|82
2 QU o] wf ARF A[9g2 A (1)nt ol Akt
predictl(page;) =
1+ Z r(ad page, + write (w/)*%
= 1%( (1+r(ad ‘+urn‘( ) )
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= agei 34_.7]0}1:,} D}Ok 71— u]o]x] 7}4 RAFR /\]
70 Atol7} Alckwl 12x| ok wo]x|o] uls] B A|o}
gol 2 oz Rgit. Al 1oMef ol o]S A4
25 ol HWHEE it o]
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« o1
e 1 ool = O ) ~(0,1),0<i<w
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2413 574 Holxle] 2] QA vl g S ofozel
271 Az #FE2 ARt A= oA dolt &
21 % 9] AE R52 e 4 elutel ool
43E BE 2] AL 8142 A2 Uitk A3t g A
2 42 o] ARSI 03t 1 Afolo] Zro] £5Et of
o, 27] Akl ot ZHeAl= A () Zol AE 4
et
predict3(page;) =
1+E write,,, +read, J,J/)*i—'
-1 (—0 E— -) .
e ~(0,1),1=i=w
3
S 4 QR AA 1 A4 2, TRl 24 3% BE
omum AR o) 7t 2Alolcte] At g RE

predictd =

(predict1(page;) +

predict2 (page;_ ,page;) +
predict3(page;)) ~ (0,3),1 < i < w



2WPR: Disk Buffer Replacement Algorithm Based on the Probability
of Reference to Reduce the Number of Writes in Flash Memory 5

Qofataty, 2WPRY) 8 Aere cheut 2ok

(1). 2WPR list= ol 30 &5 7Rs4o] 3o
M= 27] Atto] A3 LolL Tolx|So] A
E3H 37 KNS Bstel AL Tolx|S S
0152 WAl

(2). Victim list= 2WPR listof|A] AA%]= Ho]x]50]
(]

=
S

s |4
i)

ARSI o) 7} molAloit AAT 4 Qs T WA 7]
52 Hofspr] Y3tolct. AuHoR Are RS W o
olx0] 749 AT wmo] B o7 g 4 A Tt

3. 2WPR scenario

Fig. 29} Fig. 3& 2WPR 7|$o] ZAIsH= MAAQl &
5= 2ozt 49| Holx|7t QA=W 2WPR list 3
Victim list 250 tfsfi sHg Ho]Xx|7F EXfsh=A] &l
STt THoF 2WPR listof] 5] ESICHH sl m|o]X]= 2WPR
liste] MRU ¢JR]= &AHXIc}

Y Hm 9] Victim listofl A 5]E7} A¥SHH sl o
O]X]Z 2WPR 2| AEQ] MRUZ o]FAZIt}. o] off, 7} 2]
AEO] RIX|7} ihH 2JAEZE Ho]x] weto] Uojd
4 9tk Fig. 22 ol2igt 2|AE Ato|of Ho]x] w2hz t
Eff 9l

Fig. 32 Ho]x] ZEI} A g Hoi&Et. o
o, 7} 2JAE = S|4 H|o]X| S AlEistt). 2WPR listo] 3]
Al m|o]X]+= Victim list2 0]=35hH, Victim liste] 348

Hojxl= Al Wiz A

sHS.
=

MRU 2WPR List LRU
: .._......_.._.._.:._.i ..................................................
Page5 Paged [il| Page3 |1| Page2 Pagel Page0 |}
as [ an [l av [T ao [ a» [ ao [i
:
Step 3. | Move to MRU
---------------------------------
1 1
1 1
1 |
i Page3 Page6 1
H .y Step 2. s i
1 i
1 |
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L 1
Step 3. | Move to MRU
E S
Pagel2 Pagell Pagel0 Page9 Page8 |}| Page6
Pages an [ as [ a9 wn [ as il a9
=
MRU LRU

Victim List

Fig. 2. Page Hit in Victim List

MRU 2WPR List IRU
‘ — i i
pages Pages | | Paged [ [ Page _L Page2 _i} Pagel Pageo |}
€ Wite 1.8 an [ a» Jif a2 a8 (1.6)
Request i L —— ——
Step 3. | Migrate to MRU
MRU Victim List

Pagel7 > Pagel6 [ PagelS [ Pagel4 [ Pagell H

Step 2. | eviction

Fig. 3. Page Fault Procedure

4. 2WPR algorithm

Algorithm 12 2WPR ZA9] FAF NS Hoj&cth
M2 Holx]7F Q=S o, 2WPR listof|A] 5]E5IY]
O ol mo]Al= 2WPR liste] MRU A2 o]t}
(1-23Y). 22 mlo]x] ZE7} LAJSHAL 2WPR listo]] ¥l
ARt giokd S]A mo]x]E AZJsl Victim list2 o] 5
AlZIc} (10-118%, 168F). o] o, Victim listo]] ¥1 Z7to]
ACHH S48 mo]X| & Al=Hsl EfiA] tlee]z & AR
ot (12-1598). geF Victim listollA] S]E shItiH s
mfo]X]+= 2WPR list=2 o]z3ttt (33, 83F). Z2Lt 2WPR
listof] §1 57to] itk 5]AY m|o]x|-Z A17JsH Victim list
2 o|& ARt} (4-75Y).

Algorithm 1. 2WPR Algorithm

LZWPR : 2WPR list

NPUt: Vit list
1. if page is in Lyypr then
2. Insert page to MRU of Lowps
3. else if page is in Lycim then
4 if there is no free space in Lower
5. victim = SelectVictim(Lower):
6. Move victim to MRU of Lyictim
7. end if
8. Insert page to MRU of Lowes
9. else
10. if there is no free space in Lower
11. victim = SelectVictim(Lwer):
12. if there is no free space in Lyicim
13. victim2 = SelectVictim(Lyictim)
14, Write victim2 to flash memory:
15. end if
16. Move victim to MRU of Lyctim
17. end if

18. Insert page to MRU of Loyprp:
19. end if
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Algorithm 2. SelectVictim Function

Table 3. Simulation Parameter

input: Lawer - ZWF.)R Ii.St
Lyictim = Victim list
output: the index of a victim page for replacement
1. If Lisin Lyctim
2. for sit = LRU to MRU
3. Select sit page in Lycim as q;
4. if g is clean
5. victim = q;
6. break:
7. end if
8. end for
9. if victim is null
10. Select LRU page in Lyim as victim;
11. end if
12. else
13. Select min probablity in Lyypr as victim;
14. end if
15. return the index of a victim;

Algorithm 2+= 3]*8 Ho]X|5 M=5H= SelectVictim
45 YERHCE THoF Victim listo A S1AY Hjo]x|& A
Elstcly 22 mjo]x]S oMo AMEelsty 22 mjo]
A7t EASHR] =rtd Victim liste] LRUO] 9|5t H]
o|A]Z AEigtt (1-11 3Y). BHHZ 2WPR listoflA] s]A8

HoJR|5 AdEiRiHH b AAH fAES o&sto &

= 7}L d& A rl, AR 7Hs7dol 71 S o]

IV. Performance evaluation

1. Experimental environment

Y250 52 BUs] Yt AdS g3z 7]
3t oJHllE L= AlEd|o]E|(Event-driven Simulator)
£ F3sto] poBE It AdE Heh AlARR 64GB
Al tl2fo]l AMBOJA 64MB7IA|O] HHE A =%

=T o] o, she} mlojx]= 4KBZ /Tt

}é% ] |;HA1-O 7]ix40] 5!,}3] XﬁHo] LRUQ} %ap\]
gl2fo] tigt 27| Aqkez ARl ARl CF-LRUZ
75ttt o] o, ded tidl Z2iA] tl2)s= Table 3
o] B4 wet [4-10]

Table 4% 7t 92250 ANS UYeph k. 92
Zrl aupsdloz 71AF Wo] o 0] 9l

719} 27] AAxto] FEfS Wi Qe SR My,

Attribute Value
Block size 64 pages
Page size 4 KB
Write latency 200 ps / page
Erase latency 1.2 ms / page
Read latency 21 us / page
Durablity 100,000
Table 4. Workloads for Simulation
Total Read/Write
Type Trace . .
operations ratio
T ascii 1,016,678 79%/21%
T2 Financiall 36,115,179 85%/15%
T3 Financial2 17,693,541 22%/78%

2, Results and Discussion
Table 52} Table 62 7+ AxRO] ZafjA] tf 2 a]jof Cfjgt
SIESY} 27] Sl 0|1 BE A4 T B F AA A
FE Holrt) oig WE= &9 2WPR Ao] Z2jiA] T
Lo 7lliAlE FEE 22 4 UdE € 4 JH 29

L Ha3 Hmo] 377 AASS SSA] HlRa]of oot

A UG L A ARIo] FRA 02 PRI 852
2 4 9o} o] 5] A3 wme] 2718 S27et 5
£ e 982 wlo] Julg 2218 7Rso] ikt A
S =g 4 9k

Fig. 4= #{me] 37]o] T2 7t 3=l =
H|wsh 7—]0]1;} Al Als &3] 2WPR AAo] o2 &
ARECE O =2 5| ESS HARHI= &S 2k & 9lr}

HRHE 1S LRU ol g 4% CR-LRU ol Bz
3% SFAME] 5|E8-S BojZxr} o]= 2WPR AAlo] ZajA]

ol2ejo] 7R RS 29 % ofye} 3|EE oA B
Aot RS Y oS ol 2WPR ARjo] 7} o
olxlo} xS o) 83 AL 7154S st o]
Al Hs 28 Ha3 Hmof RAZ 4 lte
AEEA 2 5

Fig. b ZF A== S2A] tRajo] k= 27

Arte] SIrE Zh vimo] 3782 Hlwet Zlojo). Aotd
2WPR 7JAlo] LRUQ} CF-LRU AJABEC} ZF2F s 2%,
3% o A 27] ke S| vlRelo] TS S o
2 9t} oj2fat Zuk= 2WPR ARIoA 0] 2]

Al o7k gelojsi| At 9leg SRt

Fig. 62 8 3710 T2 74 HIzcd
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