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Embedded Node Cache Management for Hybrid Storage Systems

IR S
Byun Si Woo, Hur Moon Haeng, Roh Chang Bae

Abstract — The conventional hard disk has been the dominant database storage system for over 25 years. Recently,
hybrid systems which incorporate the advantages of flash memory into the conventional hard disks are considered to be
the next dominant storage systems to support databases for desktops and server computers. Their features are satisfying
the requirements like enhanced data 1/0, energy consumption and reduced boot time, and they are sufficient to hybrid
storage systems as major database storages. However, we need to improve traditional index node management schemes
based on B-Tree due to the relatively slow characteristics of hard disk operations, as compared to flash memory. In
order to achieve this goal, we propose a new index node management scheme called FNC-Tree. FNC-Tree-based index
node management enhanced search and update performance by caching data objects in unused free area of flash leaf
nodes to reduce slow hard disk I/Os in index access processes.

Key Words : Hybrid Hard Disk, Flash Caching, Storage System, Tree Index, Flash Memory

M= 0 Be ABEY UolH FAA x= AY EE ALH
w7 gk

Ayt 259 Fh, HE daar gt $U Axgels
AgEE AUAA A% videldrh ey WME Yaa A 2. el A7
4 gl FEER FhRIE A% AgE, dxas s
ol AAAZFE md 15%A ST JAET 9rh wE) A dole AF AadA AMEHE AnbAQ Al
=S 219} CPU= mid 50% 7(4)1:‘_01 HH]-» = 7“}\1 [ R ?}E} ]m‘)ﬂ Eﬂﬂ 7}7'—04 a+E HEE“ Ha —‘——’1-7]] D]"‘ﬂ
2olth B 109 FeF olel@ A S® Aol 56w of )W ML ALEA vl vz AR A9 Aoz =
4 wolA AL &, oee AAH B4 e & S UE TR
5 Aolo] oate} sE taar AR B Aol mgs  AEHeE H2A N A % AR 71Ed JEE d
A €, za9) g 159 d2a 33E AxsHe Aeld, U2
AR 4% FUY 43 Fuol7iEel dFsge) wel, g V0T MR 2 W8oR A Y 2 A
B ARE vdelz vlEd se tsaz gase Fga R AT 71EE O3 Pacl gess, CPU £ A

WREs nAdes #add Hdg 2dg T wR- ZIT% Zolx, HAage WEY FHE AHEsE Fo] F23)
et e Uz RE uEe] 43 ANDA BEe PR o AEstn &% vaa 7 A dale]l A v

“

>t

AT gl wmH AL dAHE sk gtk Zdol e st obFy VO ¥WHE we] ¥F3iriel
WA s geze dg oed APPEA pes = FE FUdA dud sl A3 PR e =3
A% BE3 AP A% gl Fheu AAMY w7 T AT F ¥ 2 Fed vind R A7 R4S
224 48, 49, 4%, UFA4 544 we wge yx TAUHEE SAA Az 2fd 54 2Hsq A=
S gtk we B4 v ola@ she gaae w  HEEACE dE
stof A8 AN JulHew e AN WA L, L0 i ol mal AlaH
ﬂd)—é?ﬂj}ﬂ Ade AN Uk ) . gaza 7l A9 @ A AladeaE A4 Ae b
__Hi. i{;()ﬂ_xfgytg};} ao%g%ii:m:i iii}_ i;:ﬁ a2 HAEe Hasar] Yty wx9 AVE Y3 #HelA
e selmale M A aton M ol 9 g A7y dl5e 4¥sn, HESW we dEAE
T UAEE golEg= A Alzdo] e Jddx xro _ i
A o] gojof fEsith @ xzo we At Bol
¢ 39 BE A= AAscl 7] gEo) A Aol @
Az 2 A4 AEl 45 FRE ARD A Uz AN AR
A

« F @ B REABK oA Do)go B Bag - T “2el 1 olgld AM 4% AsfruE Hza HId

98 4% Azt @R o 7] W] @ x=0] ¥ AE



28 Y wges HARD[3] FE B-Tree, B'-Treel4]
Ade Ad2rt go] AIEHY, F3IF MAoZE R-Tree,
R*-Tree[5]A €] Al&H 1 Attt R-TreeAdd] A2 o
WMo taa Zid Moz A v HEHE AEFX
e TN A922 FEHJUY R-Treets Y A4 2
dAal, Eao W e FEyA) dake] F3PE A,
U3 $xz @2 AErt @45 BT A7E He Rl
ek tjxz 7gk A2"oME o2 e d4tEe] PN 58
& JEte tzze A4 Ago 1FBEe glon, iz
EAQS A 188 R-Treex v 7|9 Az="dA A=z
¢ FaAHolc}

22 o9l oo J1uk Aol mal AlAH

el owEe] 7 A 2 A Al2ge gaa se A
28 b3t tiId) HIE Azo] hE FoE7] o
el 84 o BE 4e& RAdF 5 do 28U EAE
ANl2g Aol AdHE T AEHY FHoish TG P4
ojtt. t2a 7wk AR Alxde tfaAd HolHE dYo

Agstnz Fojo] s Zsich wrde] vl WEE] dielf .

o2t viEeol 448 Helsst AR Paa Au
A% Axgae Ge 9, 27 Pae] Yash

wiel wWxel 7Rk Q) AlidolME Yubd o R T-Tree -

7h 1A HolHE AR AN F& 4% o, y
24 Hgsin G AThE] T-Treer o7 A7 %
°l 2¥& 7tA 2 OlogN)el E2 £37} 7b5 ¥ AVL-Tree
o whe AN 54¢ AT en, § kB o] 2 A
HolHg AXn AFEgo] & B-Treed] HAE &4 7}
AR Yk T-Tree: #e AGEe} W2z 189 443
g W dEde) B4 gy FEZ FHA AhT)

daa s e xxe H2 47 taas 109
S9 Zorpz E9 Holt A%vel 2 & WS 4
AN Aele dIHE AY/AHAY =28 2] A3
MRS Wk w29 AFT Aol AR 2 4%e
Eoh mebd dolsk ¢ WAl AN EAE AN AW/
Aol VO #1848 Ha3t sgch W), Wzel s 4l
A2 Hge EAHE k=9 WRe F42E YS5oE uE
ol =2A Yok weq vaa kAN Hzse
23 WA 93 B8 FRE O ol #8314 g vz
1% A e Paa g AR e w=e) §3¢
MANA E29] ol MIAFE xS A4S FAol
b5t

3. stolBalS Mg Tas YN LS A B

B-Tree AFe] 4A2 dolelo] 4y, 24, #4& 58
Aoz AHesty] Aste 7bF de AHgsEE N FRejr)
B-Treeq] A4, A, fUAYL B2 =80 Hyxxn
2o A gt 71¥H o2 B-Treet 3§ xZo] g ¥
A FE FA doly BE FRE & k= Qo] HHY
% 2y B'-Tree® 3 kto] dojg #d ARG ¥37
B3 YT xsd o]F AZPh F, FUH ==edME &F
g M MRS ARz, A zA 4% Zgo] Eof
Aok 28, 2= x2odE M dA49 E& glo] vlz ¢
AHQA Aol bed AT Aok waky EA Wzl

‘__rl
Z Z7kolr}

AelozME 712 B-Tree Bt}% B'-Tree?t v A& st
t}.

283 B'-Treedl X $£%e 499 gES Adstn A4
st AEHAS Fste] EHE 43 69%AE A UL
W7t 7HE Z8AHY Roz FAHF/UTE F wtd Hoig
%ol AFsd AN LR ZolEx P EL&S ¥4
gk 4], AAAl =29 WEol YE HI¥sle @e 9
»#»7] AaL fE3to ARHow ] £40] AT} = PP
Afr&(avg fill factor)o] 69% Y w 7} ¢tA=H0] Ad~ g
Wi s AFA4E 84 Fux ddx A4s 3 £
o ElA Jdga FAHA o] HEHFEo) ©Fo] B -Tree
& ZA3A =} oj2d B4 A9 71et B'-Treed 3t
ZAAgE o] &2 [4)e] FAAH ez Z HyE|of glet

ded viep Zo), A MR = tjazd bjsld
a7kl 1 WEZolnn AulHom AHAFLke] FHaHA
2rh 9, slelBeEls = tjxze] zHe %o HolEHE
Qg Saa Wzed golHWolAs MY Hajstm
I4%F BEE 9% #x . sAg, dHolge AFrL
433 oy, 48 e e tjaaz W optt g F
doleiMol 2ol A ul ¢ Mus FEEHE NI FE wxof
N2y Aoz FAA R $A8a, 49 HE x
o) A2 44 dolge U¥ Wysine s faaz
Welok drh E=, A dlolE FolHE dRgto] vjg w
#e) HasEe FF, AZME ZFeEs EAEeg o)E
n st of g,

A3 uie} Zo] vlED ML §§
F HT 9% PETHE dEZH(F]9 XAH)FT3L
At olu, 7 =9 UM 31%2 AF FHe
7ted AEF AUE 98t 7l FRoE AL F3
th & 3 dEY 4YE& 59 A= @

oH FJ‘O
=
lo
il
1)
Jo
o
o

B Afa e olaig Zd4 vrdgdy 4F e T8
gt g~ xEo dolHE AN ZA == AN
(Flash Node Caching) 71®8-& A|¢t3c). B 71¥9 7j& o}
oldole ulZ A FF FUY 31% HF FHE ¢o)/2
7 AANZE &3 Holth FYA wEg
Jtesteg FE3 AMNEAMY AF NS dE F ey,
71E 44 #BRAM) H2 g !
Aol /MR, HRAY AL w2 gojy &4
1A £ vk g97] e gz vste wlg mril
EYA WReEE ¥ FHY G glo] €Sy 8oz &
SHojoF gt E3, FHo Y =t A7 AdEI} A
4=, oy o] iy A dEgg Fudln, FJ dE
A2 AFsE HER I3 AL gE enders @4
81 gedh agn F7 deES AFE w o xsd] o
g FA g 277 @9 FE =, oy s dHo)H
T O X Qe Zo] HAse 2o 3tk wetd dEg
A EZI"stE dHolHE Al AAsy] % dWmel F7)
el 27] datel BHgdtmz EA wRrRe &7 At
45 7ZAaA ¢7180 =i A WY 27
=5 23T 9 ol Z slo|lBIL A A" AF
ol 713t

AgHozg B 7gE vl e AFgLsmz & 9w

e
l.'

I
2
X
2

r

o b

—158—



T EHe dEFI+EAE)E dol

glol, 245 MY Ezeh AYYL BF AL £ Yo
AR ANxge e AL ZA 7]@1@‘_} 2 o 2
AtE B == ANE AASE Br-Tree J8A
24}, FNC-Tree(Flash Node Caching Tree)gti slgrh

B i

-Flash Memory
Storage

Fiash Node |
Caching Tree

Internal Nodes

X <K,

Next
teaf Node

Previous

- Ledf Node

+

Hard Disk
Storage

At @ ARG shitel wEE SEBTh dolH

oal, go. -

154 T

EE AED Aol AW FE ntoM F wEE
AN PZ xndA EgeH, gz nxdA dFE =
gezel delEzt A% e B AW W ¥ne @
8 wEE X xews gUosR Ut 28 FE

s T2 xEE G839 F v aRFoAXT, 493
7} Yx xro vjstg 2 FrF AlH R 5%elstE vl
HomA, AARA UF B wteug, ¥ 714 do
Hol 7+ 283U e
o},

¥ 7iYe] gE == :11'7"‘:‘ gnt YL L= FERA
o] &l dA AWM =
vlo] E R E 74 1:1]0]!37} AZAE =R} i 2T A
F7t2 2geta gk 2ea 33_ koA dojE 7} 7
X ¥ (pointer_to_data)&
= rjAzie] 9l dolE _\;57} olvl wtE A7) AL
HA =g FARSA €t

FNC-Tree® T}& B'-Tree9} m AR E k9 dEF
AFgo] FTHREA 69% 1*1 °§-’Z‘—°1 ol& "o 3
A 50"/ }*1 Ho) 100%7HA] HE5g = AUk o] wFoez <l
Fol FojAl 7hA HMH o] Mol &EIlFsHA =
i ?H'B‘.l fl°1E13 ste gz 9Ygd -3 o NGRS
Hl Z7ro = % whgdadlA g

b

r

FU

ot

PR

2{_1‘

o

)

-_‘L.

Q

rSL'

r&

.

Ay *
o> M wE X

—-

4. 2E

P wRAE 7120 BEH A% A e bxas
e Fog 2% dold A FAZ wol AgHE Bea

o}

71 eSS

R E §HT ALY solEe= APALLE EHEG
o EF, stolHa s AFA LN dY s Ak HT F
AE A% ARE Q92 TE Jge ARG E
3tz 9 d2dAE A48 B-Tree 7IW 92 7Y E

Adske], Ak 71Ee A AL o) AR G o
ol 9HE g83te 719 27]9 dHely AY ARE F
A ZoZN AN Aad xS 59 5 r),

[11 Andy Wang, Geoff Kuenning, Peter Reiher, and
Gerald Popek, “The Conquest File System: Better
Performance Through a Disk/Persistent~-RAM Hybrid
Design”, ACM Transactions on Storages, vol. 2, no.
3, pp. 309-348, Aug 2006.

[2] Samsung, What is Hybrid HDD?http://www.samsung:
com/Products/HardDiskDrive/whitepapers/WhitePaper_
12.htm, 2007

[3] Cha S. K, J. H Park, and B. D. Park, "Xmas: An
Extensible Main-Memory Storage System,” Proc. of
6th ACM Int'l Conference on Information and
Knowledge Management, Nov. 1997.

(4] #itd, §93, 5749, 9938, JAF, "dejgHelx
A== A& EAE 2000

[5] Beckmann N. H. P. Kriegel, R. Schneider, and B.
Seeger, "The R#*Tree: An Efficient and Robust
Access Method for Points and Rectangles,” Proc. of
ACM SIGMOD Intl. Symp. on the Management of
Data, pp. 322-331, 1990. )

[6] Lehman T. J. and Carey M. J., "Query processing in
main memory database managemeént systems”, in
Proc. ACM SIGMOD Conf.,, Washington, DC, May,
1986.

AAY, TR, "oIEA HolHWo)LE AV

Wl v M0 HF 2A R[4 #I A9, R

A4egs 4 ez =3, A0E 1%, pp

1575-1578, 2003

—159—



