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ABSTRACT

Due to the advantages of fast read/write operation and low power consumption, SSD(Solid State Drive) is now widely adopted as
storage device of smart phone, laptop computer, server, efc. However, the shortcomings of SSD such as limited number of write
operations and asymmetric read/write operation lead to the problem of shorfened life span of SSD. Therefore, the block replacement
policy of SSD used as cache for HDD is very important. The existing solutions for improving the lifespan of SSD including the LARC
scheme tfypically employ the LRU algorithm fo manage the SSD blocks, which may increase the miss rate in SSD due to the
replacement of frequently used block instead of rarely used block. In this paper we propose a novel block replacement scheme which
considers the block reuse interval to effectively handle various data read/write patterns. The proposed scheme replaces the block in
SSD based on the recency decided by reuse interval and age along with hit rafio. Computer simulation using workload frace files
reveals that the proposed scheme consistently improves the performance and lifespan of SSD by increasing the hit ratio and decreasing
the number of write operations compared to the existing schemes including LARC.

= keyword : Solid State Drive, Block Replacement, Reuse distance, Block priority, Ghost queue

1.4 2 A2l o] F A E 2 BE HFE Al2" ] AF
S 91 F2g oItk 2 NAND ZA]
AW 24 W7k FEOAIE 2A02 8 AEDA 2] 7]1¥ke] SSD(Solid State Drive)[1-3]2] S22 213
etz FAel AEA siEnkde] HvH L Sich
L J1Z9] sl Ag= F ¢ 9= AR
" Gollege of Information Communication and Engincering, Sungkyunkwan SSDE 71| ShEH2AE AR T AREAR
University, Suwon, Korea. HDDS] 7|A1Ad Q45 BF AAS A ¥k &5 voF
" Corresponding author (youn7147 @skku.edu) Qo AT E3 SSDE 7|Fe] d=r]Aze)
ived 18 August 2015, Reviewed 22 August 2015, Accepted . B
I8 Soaber 208 S A Mwstel, 249 23 A W volel Al Fhsale,
Q7= BRI, ATATAT 712ATAY Q012RIAIA ARY, Ang, AEH 22X =2]F WAl e
2040257), (2013R1A1A2060398), AHA A=}, v) e dzx}st gl glo]gl eFgAlo A WRE] A
ABEN/EATATAME ] ARBANE  ATNLAY lolEt Pgel Hetrtel, N Ef” | H2e &4
(1391105003)¢] Y302 Fa 5|3l S 7gke] 7] wi o, 2357t 7hsdtthe ool Tk 1
Journal of Internet Computing and Services(JICS) 2015. Oct.: 16(5): 19-27 19

http://dx.doi.org/10.7472/jksii.2015.16.5.19



Hybrid SSD AlAE

h} —— =
HEZ 2837t g ke dwiu= FX) 9} o)A N, 71E @Ry s A BF AT 5
Aol WA HLHT ik AW, o}A7HR] SSDe] © A%, LARCZ X2 ES o3 43] sSDol| LRUAH S o] &
9] 37+ & 7}40] HDDO HlE] E=& AAolth ulzhA] 37] w2, thekdl wlolg 97), 227] B3 EHHC
Z X NAND Z AW 2] 719ke] SSD9} HDDE FA9 2 Y23A Eals EAHo) qlo] A% kAol A}
AHESE AlZ7E 3 QAT [14]. ol 9 22 A A Atk
FA2He BEXE o)Al A AHE Fuha} B =RMe B2 AAHE 214S 183 A4

&

o
e
E ERdaE

HDDA & AHE-81HA]
ZHPAH R HE A

oW QA Y, Yo' A5 AL
SDE gwsith SSDE A

Fzsk7] flel &8

[92]

s A]~€o] HDDE =3z A
A A ZHAccess latency)s #4383 4= Qlth 1A
¢ =50] SSDell fli= A, o1& WA Hl(miss) 7k
AP e, A BlaR Qe Alx" ] Ag5A s
= U AbolF(cycle)dl ©127] wEo)l WIH3] AMEEH =
& A3 SSDol| fAI5k= Aol SSDe &84S Sl
st7] flsl vl F8sck

LRU(H & T AFD4] A 712, Al A €3
5o 2N 71 Bol AR T 9t AT LRUE ]
olE] AT ukd3ly] wj ol Elo|El7} AZHH o2
N3] AREE A ok Al2E] S M= F§eR] B2
Aol otk wabx LRULYl LEUS,6), 2Q[7],
LIRS[8], ARC[9,15]5-2] theFst WA &arzglFo] A+
ATH10,11]. 919 Al EA2|FES Hybrid A7gAI2H]
o &3y, e SSDe] FESS AlTTOoEZN B
£ 22 AAAZEE HASFo 2N 2" H5S

o =
Aol ol sl ssDe| 4

o 39

v, =2

o e ]

=

%

™

HAZ 5 QAT 2] 3

o] ¥EEE FAlHo] vk &9 5 7] Ak A
=% Workload2 7]ZthH] 1008] ©]4+ SSD =4S @3
AlZith kA SSDO] TR & FAAI7IHA Al2F ] A
55  #A71E LARC[l|(Lazy  Adaptive  Cache
Replacement) @8] 50] A<t %Uth. LARCE SSDE

HDD9| A2 AMHE3te] SSDO| 2 A|A" 9] H5S
R =g

LARCE IdH2H EE
o] Azt W2 A 7sk= LRU ¢l
Ghost Queues #|¢tate] ¢ W 424

o] SSDell &FE7] el =5

F8 olgdhe

T =2

E

3 2223 SSDA*7]

AZE Ul o o428

AAFS B

=

I

2290
==

Al %3] BRI(Block Replacement Algorithm with Interval
Reuse) &L 2| &S A Qteteh Altel= ¢alElH2 LARC
o 58l SSDE A E AHE-SH= Hybrid A% 25

24 (Recency) ¥} 3| E-&Hit ratio)= 7|WHO2
Y% (Frequency) & 128 55 A gtk o] ¢
S 53 A5 2ol B O34 g2
A Us g o, AF 2olA] ¢

T OA—
2 B3, A5 2ol E52 SSDhe :
A5 = 7HAe)

A A s ASsEI
Workload 7]14+9] Trace[13]5 ©]£-3lo] A&t o,
Eo A8 oAl 7HA €aL21E<] LRU, LFU, 2Q, ARC,
LARCH A5 vl 43 A3, Altst=
N gAl 7HA 9 A Ly ERT
(Hit ratio)} W& 227]-&(Write ratio)S K
Z Y4V PZRT Hybrid AZA2ES ¢
SSD9| FHE AT

B =2 thed 2ol A" 28 s 7EY

o el Lolioh 3 AE A oket=

= A3
7MY A 2 A AGE Bt v

He Zdes Aeth

r
Mo
flo

=
=]

ol tal A8l 71=stal, 47l
1

A
I
EJ
©
fd

o

e[}

A
fd

offt
:?1:,'
2
s
o

o)
o
il
wn
ox

=2,

LRU 2 F[E]S 71 8ol AHEH
4 HDD®] 7|A 2 SSDE Al-&-3}
Itk LRU &28&

2 ks R
A A
o L
e o

fu
X
rir

>

rir

A A HEE F

&rglFelth LRUKY

o

2,

ol
oo 8

e
el

= U AR

o

20

2015. 10



T
<<
=3
=
w
w
(w)
3
>
i
mlo
e
=
>

LRFUY Y 2] 5[6]2 LRUS LFUL Y 2 &5& 283 &
e AR HolAe] A 715S 3] =
24 5 ZAE 2Ase 2 1&%013}. Q¢
712 A2 AR 715S 7o s BEd 855 2
o, BEE FHolAle o] 2gM WEE &AM
Ashe daLglFolth 2Q% =
<&} 3} FIFO history 29 0.2 £ 3579 748 28l

lo
}l_“
I;N

=g

ARC(Adaptive Replacement Cache)@ 2|5 [9]>
o AME BES #eske 299 A5 ASE B5S
AGshe 2P0 R i AE o] Alo]|2E FAHOE X
A3t} ARC &5 L8 2o A EE3 &)
T AMSE B9 718 28R Uy #HEsith

71Z¢] LRU, LFU, LRFU, 2Q, ARC 52| E2x4 7]
WEL SSDE HDD9 AIE AHE-8H= Hybrid A% A
2" A Hg=lo] de] AREA 9ok Iy o] s
7IMEL F5 RAMY CPU 7N (Cache) A S ol 7
Qe 7o)k whEhA A ghE 227 A AFE 2 )
= SSD9| ¥4 54E %%81 FHFA B 9 ¥
2152 Hybrid AGA| 250 AEetti, 227] ko] @
o] A3 SSD FHo] FashE Aol AUtk ol g
TARE s dsty] f18te] SSD9| 227] Asts FH A s)s)
A, A2E s 417171 918 LARC Eare|Eol
At R o™, 227814 LARCEIZE thal A6

718k

2.2 LARC

SSDe] 227] Asks FHAslsl7] 913, Lazy Adaptive
Replacement Cache(LARC) &1 2]&S 714 HA SSDE
BEHOE ARS8 A F A IR A
S TH12]. A= RAM} 7Fo] SSDE A28 v iLe] =
A& ko) 7w T2 " S gSDE HDD2 7) A
W 2= o)t B2, 3 WAl o) Wl RAMS 5
X4 HDDS) S A4A 2 AHgshs i, o
BE 958 452 AT 5 Ak A%, DRAMS
A A, 1% gt se dudon

Hg onla
??4_3}7101] HEE Bo] & ¥y OME‘r

B} 01 LR

tolele] F&4E BAetA] X3ith oY of &, LAR

43 E]F> SSDE HDDO AR ARg-3te EH7olA <
TE XYtk 1Y 12 Hybrid-SSD 374& HojFt)

35D

¥

HDD

(2% 1) Hybrid-SSD 2+
(Figure 1) The environment of Hybrid-SSD

LARCZ I EEE AF SHHA 4+ E5S Ghost
cacheE ©]-8-3}] CacheollA] WZ3t}. Ghost cache= Hl
ol E%¢] 2"HAet A73h= LRU Queue ©]Tt}. HDD

of A4 E5o] ¢yl S AW SSDE o|F3l7] Hel
S SSDof| e THES S ZA] Ghost cachedl] A%
# o} Ghost cachel %‘—C— E5ol Wl ¢ 2ydE AL,
AF »d BEOo7 7k3E3 SSDE o EA7Ith SSD
A= LRU A& 01%5}"4 i ig=d

LARCOIA EFo] 84=HW 7P} WA SSD EF
Queued| 83 ¥ B5o] YA AMeT) vk 94 ¥
E5o] 9JO9™, SSD Queue ¢ MRUSIAZ 8A4H E5
< wixEch wbHEe SSDOl LA H EFo] glud,
Ghost Queue®] 24 H EFo] JJE=A] 2=t} TeF 9
H E5o] glow, HDDOlA 84 H E54JHE 7

ot o 71elA A1 Z712] Ghost Queues ©
HDD®] 7|9+ 2 Ghost Queue= 7 ¢] 2= HDDY &
=& A7) "o, SSD S ekte] mH|siAH, 1
= 5}—— Ghost Queues= LRUA o) ]3] 3+ ¥ AA 2%
o] AFT F AT AlTko] UF FolA, SSDY A5

—;LDWQE A7) FA o] ok wEbA] LARC
o]Z &) 43l7] 98l, Ghost Queue] T71E T2 O
A3 dAaEES AsiAth Pﬁé% EEo] SSD
73%01] LARCY 2|52 HDDY| = &

tQueueoﬂ Heth o] 4 & ol

Jo
et
oM,

il

S
G =Min(09*S .G +—*L
g in( I Gq) O

21



Hybrid SSD A|ABIS 2|6t X

A

HhAe] 2 E E50] SSD Queued] %1 749 Ghost
Queve =717} ofef ¢} o] AT
G, =Max(0.1*S,,G, —L)
S, -G, 0))
9 FREFE B3 B59) slEAR| me} HHO

2 Ghost Queue?] F71E 2o ZMN 34402 SSD
27] QFE 29 F o} 7|E drHFEY 45

T A AT SRR LARCE SSD &5
UAAE ARESFAL Qlod,
Aol ZFHHCE
st SHAI7E Ak wEks
o] LRUAH thalel] E5¢] 71 2
ool X (Age)ot #A A~ A
F2 (Reuse interval)S 7]HFO. 2

e
92}
|72}
w]
x ]

oy oX
(o ol

™
by e
b

Y

g i
10 oo
0-.>1« o,
ol
o
i sy X

H
ox

HDD A 5]
ARG 273 A2 A}
F REE TGO

Hybrid SSD A2
A Qtgtet,

ofp rlr ML x oh ok > W orlr ox [¥ Rl
o it 38 (M ofp Ok ¢ off X

A,
38
r
rlr ot

SSDE HDDY] A& AL&-a}

o A3k SSD £ BF PPAIE 1S

3. AAHE 14 et B wA 79

B Fo M Aete 71yl s AA3 71E gk
SSDE HDD®| FMAIZ A3l Hybrid A2 225 ol A
AgtslE 71WLE SSD S| ESS AL EZN A AE
A5S A3, 227 I4E H235e 24 SSD 4
< ARZAIZITE AFE 7HE a94F S 2 SSD 2+7] 3
FE 4237 YelA, 7129 A7E LARCS] Ghost
Queve AH S AME3ITh HDDOl IE B0 %2
oW 2E A, 23" E=9) veld o] B (Metadata)
= Ghost Queued] A3y, IRUE B SO 2 Fesit)
A 75k= Ghost Queueol]l A 2.3 o]
Ao AF AU HEOR 71573
271tk SSD Queue= EE2
glom, o] HEHHoHE B =
o] 4 A|¢H3 BRI ¢ 2|5l <& #eldt). o=
A 2ol BES SSDo) HlwH o2 QY FL A%

T g 1=

-

3, SSD&

Mo lo

=3

=

i

A J|E 25 WH| T
3.1 A|AH 3H

J¥ 2& BRIZZHEY Al2% 29=E, 7 HDD,
Ghost Queue, SSD Queue® A H T E50] 24€ 7
5, 7H& A SSD Queved] 8 H EFo] A Fe

t}. SSD Queued] £ E EFo] §l& Af, I o
Ghost Queve®] S E EF0] JI=A =tk 99 &
o] Ghost Queuedl] ITHH, 8% EFo] A%¥ HDD
oA SSDE &7tk wiHel] 24 % E5o] SSD Queuet
Ghost Queueo] §1& 7%, £4¥ E=-S Ghost Queues]
MRU$|A| el #1748k},
SSD Queue
)
High Low
Score Score
Block 41‘
Reql"eSt Ghost Queue
v
MRU LRU

(3% 2) BRIZDE|IZS| A|AH DE

(Figure 2) The system model of BRI algorithm

BRIZYE|FS FH 542 A 7|58 vy o= 7}
T 8AHE B5S pEse Aotk B3og
ZA = Ghost QueueS SSDol &33l7] 93 LHE
AHEEC E 4], BRI ¥ 8|S B E BEFQg &
7] A4E Zo|T JESS =9 & Utk

9 32 A|Qrg BRIZ Y EF9 EF%o|t) SSDe]
EF 93k 7] A4S F0]7] 9341, Ghost Queue?]
AOIA(G)E TAHLE A3} Ghost Queuew LRU

A o5 #a] = 7] W&o, Ghost Queued] Alo] =7}
ASFE WEHNMA AL O7IAE 9n|E
Ghost Queue®] 7= 5 A&l we} SSDE] 2
7] g ARHOE EY F e AVE AR
t}. SSDel EEo] A44® Fo= BRI WA A <

&9 a B8,
22 2015. 10



Hybrid SSD A|AEIE 2|st X

Tnitializ
G, =015,

Request

Sat G by

Max[0.1%5;, P Zatblock priosty seore
G S/

Removs the lowast
Y popularity of Blockin
55D

Set Gy by
B[O, G(5,/6)]

Alloeate the BlodcBa
to the 83D Cache Block

Remove blod: of
IRU positionin G,

Allocate Block Bnto the
MRUtlockin G,

(3% 3) BRI ¢12|Fe| sEX
(Figure 3) The flowchart of BRI algorithm

3.2 25 32k 9|
(E1 &5

(Table 1) The variables used to model
block priority

sec oY we Hel

He 39
T QA AZHcycle)
T,(n) E35ne] FHx dA 2 Az
A(n) EEn9] 9o]#|(Age)
Ii(n) BEp9) WA} i+1Ae AJA-E3HE
Al(n) AAEA B
R(n) 500 24
C(n) 50| dAx Sl
P(n) EE5n9 $8%

SSpell S 55 a0 Aestr] 93] BRI
drEFe HEd £S5 AHYdhe TR E(Prorty)E
BolsliL o5 7Hte R £5 $AeE Aot 5
T8EE =59 A2/ (Recency)? 3N (Frequency)
2 Aot =59 HAIANS A A (Reuse

Interval)#} ol o] Z|(Age)Z A eJsly, E59] FxWes
59 23R Ao

3.2.1 #z[2M(Recency)

EE9  HIZ4Recency)S AAME ZHH(Reuse
Interval) &} ol 0] %] (Age)Z A 23t} BE p9] oA

o

AT AL o] F = SSDOll drht L #Fet ARFsAL A
TAE ongtt wety £59] oojAE th 3t 2ol
AT

A(n)=T-T (n) )

B29] o]0]x|(Age)E PHAITO & AFEE o] Fof| A €]
AFAZE LEgeh weby AA9 AR RS YE
WA Fgi

J% 4= 85 4, B, C, D9 7|27 839 ojAo]
th o71ell A AR 7] 8 ely, A2 27 2F
= XU 55 49 ColAE 022, AA)=0°]t el
A<sk Ao sl Al A7 T= 140]3, 2o AL
B A7 142 T 27} 00] H7) WiREelth npasiA =
AB)=1, A(O)=2, A(D)=4°t}. S oA g 75
7P el AHEE E5S Stk AR dlelxlE &
£ 7L 7P Al AHE &
3t7] W2ol, E59 AN 44

o] o] A]

_4_4_,

FAGe] ATk oledd FARS Ads) 9, BRI
TEFS BEY AANE 7150 NS Fol AME
A 7o) nEw

<—— Requestorder

HOOLOLPIEOOLI®OOL]

D Read Operation
(ag 4) 25 7I/A0] A9 of
(Figure 4) An example of read/write requests
3.2.2 MALE 7+ (Reuse interval)
A3t 71X £5
b

&, B2 AM A 00 H)E o 2k

5 olal,ola+1],...,0[b] a<b
0, a>b @)

AL AL %

gelstr]

B
e

Ol % AR a¥E pAA AHEE BE 25 o4
NE Ea. Bebd 19 49 7

th o8 WO R 3§ BE 4,
]

o) = ‘CCDDA’7}
0\ £ oh3t 2ol 4

el

b= QIE{Hl HE 3| (162453)

23



Hybrid SSD A|AEIS 2I8H MARE 2+ 7|8t 28 uH| 7|8
|0‘|:|{i:i€ O.}| s 3.2.3 2% 2% (Block Priority)
5 8% 0o FREP@)E T3 o) Bk
9N &% Aog weew, [0 e 30 9
Wb A7 aRE A BE ngl Abgo] BE A7 Py =E0)
( S@) ) ohesh P R(m) (D
By i (i - P €5 no] SEF dnitt Fotet, o &2
S(O)=HasISDAOUIED 0 gaye im gugoz ael g8 okt o
Bolw AME A7kl o8, S,(0) = (3,4)7} © =50 A sSDol &Y, Pl w2 12 27|5Hd
ool W AME B2 &M Hogre ek OF O BF0) A AR A, fel S0 e oy
FRE hez} ) = AAE 718 A58 E5 wA 7R WAL,
£ =Ee] Aijete 85 A 712 SSDell AdE &
Max, (67) = max Sn(o-j)’ Sn(o-j)io & oflo]A|(Age), MAHE ZHA(Reuse interval)} ZZER1
e , otherwise  (7) S(Frequency) Rl 7|¥He Fo] TS E8F 07 e
@ 4 gk
Ao wEw,  Max,(07) = max(3, 4)=47} ¥
ok MES A4S TR 2% 9] AAE A (D) C Blocknis g
e} o] Asbaic sloctedinSSD )
t—1 e
I(n)= ‘O.Maxma")ﬂ’ Masx, (077)#0 Ef‘»;i'
oo, otherwise  (8) T
Fiequast
re 71 A0] BEno] AHEE A ovia) B
Snol AHEE welth AALE BAS ALk, 379 A
A S wd] S8l BEnol A8 itk B
Im)s AAket
o S Uy ey oftn
Al(n)=— ¥
C( ) 1 (9) Evi{:ttl‘eb?n::.kur'lnwasl
SEPERE B CIE RER T ’1'

A8, L(A)=3, b(A)=1, LA)=27} =3 o] 9] H#-& ALt

319, AlA)=27} Ht} |9} 72 WPo R Umz £5
B, C, Dol tiall 33, AIB)=3, AI(C)=2, AI(D)=1.66°]
Hr} 19 Fro] U2 EEUFE Qo= ¢ A5 AME
EEUE ou)gitt. niXgto R EE9] HIY(Rm)S
EE9] oo]x](Age) 2t AIAME- 7H4 (Reuse interval)oll Z}2}
o] 7}FAE o] &% H et Aolst
R(n)=w,A(n)+a,1(n), (0, + @, =1) (10)

AYE R THRIAE R R A4S PIE B89
5% AF AGHTL YoM BOTE AF ALSE RO

2 g B SSDel| LT FAEHA Hrk

Allocate the requestad block
in §; and remove it from G;

(0% b) BRIZ1EZ|IES 28uA ST
(Figure 5) The flow chart for the replacement

of BRI algorithm

19 5% SSDol| &g
FErolth £ B2 4
oA =HH
=3 74/\14—(-‘;_}1:]. g_z =
SSDel| A4 %%91 P2 ARMRE S
Algkt), vhd 2 ¥ E20] SSD Queuedl] §12

RRACTLYY

222 w3
SR

pil

ml

24



Hybrid SSD A|AEIE 2|st X

< 32 19 390 MEd £MTd 98 F2Eh
% 5+ SSDe| Ui #e] &gl tsAlet =gkt
. 24" E=0] SSD Queueo] $132 Ghost Queuedl U
o, S H £58 SSD QueueE o] F gt o, Queue
7b 2 2 o, SSDell AAE B2 F Pm)o] 7P B
< 2E2S HDDE WEHY, 8% %1_ E£55 2l SSD
gty

O

¢

it

o A} A% trace™= UMass Trace Repository[13]el1A4] A&
st 3 20) AFEH traced] e JHE Qok3IATh A
&4 trace= AA Y dolE 7R FAJIL 7))
27) Q2 Hlgol Mg goR FAHOI. B AWE
215 “Websearch’ trace 52| Z7]E 4096 byteZ ] 5}
%2 ™, ‘Financial’ trace £52] I 7]& 512 byteZ A 2|3}
Atk X3k SSD Queue®] I71E F7HAI7IHA AR
o} 3HA R H S AlAtel7] flE] ol o) X|(Age) ok AA
4 7H7(Reuse interval) 2 1:1Z 4+ 24 AL 744
o oJsf AXtEE A BEF AR ABI AZ BEE AR
AEET B& 45 0] 3|Eo] 238 st A
Aol Atk mEtA 1o FARE MAstr) sl 7t
TAE wHrEA AYPE d, HEEHoE o)A
(Age)9t AAHE-717 (Reuse interval)Q] 7HX]<] H|E 7z}
312 AASE Ao] B ELS HUs INE F 9
< gelstdth

(% 2) Z1/0 workload traceol 2 EZ(13)
(Table 2) The specification of I/O workload

—— BRI
=—8=— LARC

Hit Ratio

—&— LRU

——LFU

50 60 70 50 %0 100
SSD Queue Size ( x 10000 blocks)
(a) Webseach

Hit Ratio

SSD Queue Size ( x 10000 blocks)
(b) Financial

(a® 6) Traceol Z s|EE H|W
(Figure 8) The comparison of hit ratio
of the schemes with different traces

:1%1 7 T 7FA9] Tracedd S o]&-3te SSD 2+7]
S vwek Asjolth o)A 7]&dt 227] & WA 9
AL 83u¥] SSD 27] A4k S E itk SSDE
HDD®| WAIZ AH&-&l= Hybrid A 2o A &
Ae 27140 dod)= 7 2 Yotk & &
A7t AA DAGSE, SSDO] FHIAAS T &
t}. SSD 7 717t AZSFE BRIZIEES o ¢ag
TEo vE) W 27188 HoFh

Requests(x1000) ¢
Read Write Total 6:
Websearch 4578 099 4579 E “ :‘L}:LC
Financial 3046 653 3699 £ —r
o ——LFU
3% 62 F 7119 TracestS o) g-3te] O A% F T | =
o] $SD FELS HolFTh 1M B AAY AL o T
o= BRI%LIQ% ] Workload 94— SSD Queue 37] oﬂ 0 h MSSD Qllel;eﬂsize(x 15500 blnck\')m h
A A 34 GIEEG FAE FESS HoFT) o e
st olE{Ul HEst3| (16H5%) 25



Hybrid SSD A|AEIE 2|st X

A

e

2474 79 22

x| 7|

Write Ratio

10 20 30 s0
SSD Queue Size ( x 10000 blocks)
(b) Financial

(38 7) Traceodl = M7 H|w
(Figure 7) The comparison of Write ratio
of different schemes

2 oL
ro l—g mg e

-

b

i

o W o

[¥
N

Ghost Queuef]
: “fé‘% %'H 71EY] £E5 X

2

o [
R

& (Reference)

[1] S. Huang, Q. Wei, C. Chen, D. Feng, “Improving
flash-based disk cache with lazy adaptive replacement”,
in Mass Storage Systems and Technologies (MSST),
IEEE 29th Symposium on, IEEE, 2013, pp. 1-10.
http://dx.doi.org/10.1109/MSST.2013.6558447

[2] Y. Liu, X. Ge, X. Huang, D. H. Du, “MOLAR: A
Cost-Efficient, High-Performance SSD-Based Hybrid
Storage Cache”, The Computer Journal, 2015.
http://dx.doi.org/10.1093/comjnl/bxul56

[3] Q. Wei, L. Zeng, J. Chen, C. Chen, “A Popularity-Aware
Buffer Management to Improve Buffer Hit Ratio and
Write Sequentiality for Solid-State Drive”, IEEE
Transactions on Magnetics, 49(6), 2013, pp. 2786-2793.
http://dx.doi.org/10.1109/TMAG.2013.2249579

[4] A. Dan, D. Towsley, “An approximate analysis of the

LRU and FIFO buffer replacement schemes”, Proceedings

of the 1990 ACM SIGMETRICS Conference on

Measurement and Modeling of Computer Systems, 1990,

pp. 143-152.

http://dx.doi.org/10.1145/98460.98525

J.T. Robinson and M. V. Devarakonda,

management using frequency-based replacement”,

Proceedings, ACM SIGMETRICS Conference on

Measurement and Modeling of Computer Systems, 1990,

pp. 134-142.

http://dx.doi.org/10.1145/98460.98523

[6] D. Lee, J. Choi, J. H. Kim, S. H. Noh, S. L. Min, Y.
Cho, and C. S. Kim, “LRFU: A Spectrum of Policies
that Subsumes the Least Recently Used and Least
Frequently Used Policies”, IEEE Trans. Computers, vol.
50, no. 12, pp. 1352 - 1360, 2001.
http://doi.ieeecomputersociety.org/10.1109/TC.2001.970
573

[7] T. Johnson and D. Shasha, “2Q: A Low Overhead High

Performance Buffer Management Replacement Algorithm,”

in VLDB’%4, Proceedings of 20th International Conference

on Very Large Data Bases, September 1994, pp. 439 - 450.

http:/fwww.vldb.org/conf/1994/P439.PDF

S. Jiang, X. Zhang, “LIRS: An Efficient low inter-

reference recency set replacement policy to improve

>, 2002 ACM SIGMETRICS

Conference on Measurement and Modeling of Computer

Systems, 2002, pp. 31-42.

http://dx.doi.org/10.1145/511334.511340

N. Megiddo, D. Modha, “ARC: A Self-Tuning, Low

Overhead Replacement Cache”, in Proceedings of the 2nd

USENIX Conference on File and Storage Technologies,

2003, pp. 115-130.

http://dl.acm.org/citation.cfm?id=1090708

[10] S. Park, D. Jung, J. Kang, J. Kim, J. Lee, “CFLRU: A

Replacement  Algorithm for Flash Memory”, In
Proceedings of the international conference on Compilers,

[5]

“Data cache

3]

buffer cache performance’

[

26

2015. 10



Hybrid SSD A|2EE <(3t [ARS 2+ 7|8t 25 A 7|

architecture and synthesis for embedded systems, ACM, [13] UMass Trace Repository. [Online]. Available:
2006, pp. 234-241. http://traces.cs.umass.edu/index.php/Storage/Storage
http://dx.doi.org/10.1145/1176760.1176789 [14] F. Chen, S. Jiang, X. Zhang, “SmartSaver: Turning Flash
[11] H. Kim, S. Ahn, “BPLRU: A buffer management scheme Drive into a Disk Energy Saver for Mobile Computers,”,
for improving random writes in flash storage”, In Proceedings of the International Symposium on Low
Proceedings of the FAST, Vol8, 2008, pp. 1-14. Power Electronics and Design, pp.412-417, 2006.
http://static.usenix.org/legacy/events/fastO8/tech/full_pape http://dx.doi.org/10.1109/LPE.2006.4271878
rs/kim/kim.pdf [15] Y. Kim, J. Kim, “ARC-H: Adaptive replacement cache
[12] G. Graefe, “The five-minute rule twenty years later, and management for heterogeneous storage devices”, Journal
how flash memory changes the rules”, in Proceedings of of Systems Architecture Vol 58(2), 2012, pp. 86-97.
the 3rd international workshop on Data management on http://dx.doi.org/doi: 10.1016/j.sysarc.2011.12.002

new hardware. ACM, 2007, pp.6.
http://dx.doi.org/10.1145/1363189.1363198

OXMA =D

7 4 8 (Sanghyun Yoo)

20143 A St A B E A ah(FESEA

2014~3A AeAostn AAR7HFE TS JA A
TAlEok : fHIFAEH2 AR, BAAE

E-mail : shyunyoo@skku.edu

Z & Ef (Kyung Tae Kim)

20033 Fduign ZAFE Atk FsAh

2005 Aoadistn FREAFIE AFEFETHEE D
2013 Aoddisty ARFAFEE AFE TSI EEAD
2013~ AFAvstn PJRBANS AFus

Aok : USN, UPTV, ©l%F 54l A28 fulFe 2 FE
E-mail : kyungtackim76 @google.com

2 8 2 (Hee Yong Youn)

19773 Aetign A7) ahFEh

19799 Aetistn A713eaFe4Ah

1988'A Univ. of Messachusetts at Amherst 73 3Bl -&-8tH(3-8HA

19883 ~1990d Univ. of North Texas Zal<~

19914 ~1999'd Univ. of Texas at Arlington- 4>

2000 ~ @A Avddista AFEEFEE 1 2 fRHE2: AFEedTa A%
Tl Eok . makd ZFHE, EAAE, oT, 2EAA2H

E-mail : youn7147@skku.edu

St QIE{Yl M5t (16H53) 27



