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Online Reorganization of B" tree in a Scalable
and Highly Available Database Cluster

Chung Ho Lee'- Hea Young Bae'!

ABSTRACT

On-line reorganization in a shared nothing database cluster is crucial to the performance of the database system in a dynamic environment
like WWW where the number of users grows rapidly and changing access patterns may exhibit high skew. In the existing method of on-line
reorganization have a drawback that needs excessive data migrations in case more than two nodes within a cluster have overload at the same
time.In this paper, we propose an advanced B tree based on-line reorganization method that solves data skew on multi-nodes. Our method
facilitates fast and efficient data migration by including spare nodes that are added to cluster through on-line scaling. Also we apply CSB tree
(Cache Sensitive B” tree) to our method instead of B’ tree for fast select and update queries. We conducted performance study and implemented
the method on Ultra Fault-Tolerant Database Cluster developed for high scalability and availability. Empirical results demonstrate that our
proposed method is indeed effective and fast than the existing method.

FIQE : 2-212 THZX(On-line reorganization), 2-2t2 #AH(On-line scaling), 49! Xj M (index reorganization), HO|E{HIOIA 2
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Atololl ¥-3} EFgol FAH H9o| L2 =(Source Node)
¢} B3 mZ(Target Node) Atolol] o] 512 do|Ed] gt
g ot (¢aEE 1) HolE o]FL AT L2t
=& Meste gaggelth 4 FRsrt dAd
ZrolA extract_key(O2te -8 53l &4 HoleE
e} transmit()THeE F4E B3 dlolEHE B4 x=2
AEh B &3 dolyel tisiAE delete_branchO#}hE
T & EA AAZL ZHAEHE TS
Node)& 843} A717] $13) online_scaling()

Algoritm Remove_Branch (}
PE : an array that records load and index information in each PE
(Processing Element) ;
THRESHOLD : minimum value of overload PE; // %43 24
< % A @
THRESHOLD_GAP : threshold of gap between source and destina-
tion load
// sl 2o @A g
Source_PE : an array that records No of overloaded PE; // #%
7t 2R w=o W W
NUM_Source_PE : number of overloaded PE ;
nze F
NUM_Source_PE = 0 ;
/* Determine the source PE %/
for(int i=1;1 < NUM_PE ; i++) {
if ( ( PE[i].Load > THRESHOLD ) {
Source_PEINUM_Source PE] = i ;
NUM_Source_PE++ ;
}
}
if (NUM_Source_PE == 0) exit ;
3% &8
for (int j =0 ; j <NUM_Source_PE ; j++) { // Z3l7F 2Adsl
»EE ik 3

/AR5 A

/a7t 2 =271 ¢

source 1 = Source PE[] ;

if ( PE[source 1 +1].Load > PE[sourcel -1].Load )

/) RE7 e Y =2 BY w22 Y
destination = sourcel-1;

else

destination = sourcel +1;

/AR xEAE FAlY AR5yt AW A
if ( | PE [source 1].Load - PE [destination].Load | < THRESHOLD
_GAP) {
if ( PE [source 1 + 1].Load > PE [source 1 -1].Load )
source 2 = sourcel +1;
else
source 2 = sourcel -1;

if (source 1 > source2) { //source 13} source 25 2 &3+
o2 A4
temp = source?2 ;
source 2 = sourcel ;
source 1 = temp ;

}

destination = online_scaling() ;
¢ EY xT 44

/e 23 B8 A=

}

else source 2 =source 1l ;
7j [e}
oTT

/A e shpstr wAsA Be

1718 CHIOEHIOIA SHAEOAM BTEE| M219 2-at21 M= 718 807

/% two to two Reorganization */ //71&9] 7|3 5UsA
43
if (source 1 == source 2) {
Keys = extract_keys ( PE [source 11.Root ) ;
&4 do]HE FEe
//HOlHE B3 w22 FAAM EARE] ARl AIET
transmit { destination, add_branch ( Keys) ;
/a2 22N &2 dolHE AT
delete_branch( PE [source 1]1.Root ) ;
}
/* two to three Reorganization */
else{ // At 71'Fo o3 3
Keys 1 = extract_keys ( PE [source 11.Root ) ; /22 xE1
A &4 dolgE F&3th
Keys 2 = extract_keys ( PE {source 21.Root ) ; // & =E2
A &4 diolHE F&ch
JEOIEE BY w2 AN EHnsg Aol 4bqldith
transmit (destination, add_branch ( Keysl ) ;
transmit (destination, add_branch ( Keys2) ;

/2 B4

/) a2 =214 vlolEE ”11]5}7] Mol Al Az}
rebuild_CSBTree ( PE [source 1] )

/ 22e =E 20004 HolH & ’#11]5}7] ol Al Az
rebuild_CSBTree ( PE [source 2] ) ;

delete_branch ( PE [source 1].Root )
dlo]e & AbAlgh.

delete_branch ( PE [source 2].Root )
Holel & 2hA| gt}

/A =E 1A £
/) s 2T 2004 &7

}
} // end of for
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= #3E 483 (Two to Three Reorganization).

Algoritm Add_Branch ( Keys )

n : the number of index entries in the root node of index at
destination

Keys : a set of keys transmitted from source PE

//BA mEo A Bsly] Ao WA 2YE BE Aze A
de Ay

Prew = bulk_load ( Keys ) ;

/* Integrate new index with the index of destination PE */

if (IsRight ( Pnew, PE [destinationl.Root)) // ©1%¥ del€7} 7

E xno 2% RFo] HE F¢
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PE [destination].Root ~> Pnni = PE[destination]. Root —> Py ;
for (i =n~1;i>=0;i—) {
PE [destination}.Root > Pi1 = PE{destination].Root > P; ;
PE [destination). Root —> Ki.1 = PE[destination] Root —>K; ;
}
PE [destination].Root ~> Py = Prew ;
PE [destination].Root ~> Ko = find_separator ( ) ;
}
else { //°158 dolgl7l 7]1& =29 A% FFo] H
PE [destination].Root ~> Ka = find_separator () ;
PE [destination].Root ~> Pust = Prew ;

e

2%

}

rebuild_CSBTree ( PE [destination] ) ; /419 Az=

(Y125 2) S cof Molo)| 0lSE HIO|HE &Rls 2az

ik

(d38)E e AArEZHE o5
load( )2t 432 & J2$ A9S WA o|n CSB™-

2, gé% Al

sta Aol A

Algoritm rebuild CSBTree ( PE [Target] )

/*addData : ©|EA1 A HolE7} Q& 29 HA9 wE Fhw/
If ( side == right) {
if (nKey == 1)
addData = PE[Targetl.root —> firstChild ;
else
addData = S.root -> firstChild + PE [Target].root —> nKey #*
offset ;

PE [Target].root —> firstChild -> nKey = PE [Target].root ->
firstChild -> nKey - 1 ;
}
else {
addData = PE [Target].root -> firstChild ;
new node = malloc ( 2 * order * offset + sizeof (nKey)
+ sizeof (firstChild) ) ;
new node = PE [Target]root -> firstChildE A|l&§ RE x=25
PE [Target].root —> firstChild ~> nKey = PE [Target].root —>
firstChild -> nKey - 1 ;
PE [Target].root > firstChild = new node ;

(¢

o
0x
orr
0! |
N

e
o
=2
X
fr
N

[
0,
e
rlo

e St
o,

I

o,

N

AR

il

X

o
o o o
olf off

2,

o

A,

i

HU il
3
o

=g el ol 3

A Gl &, Lo

o o
N
fa
ogl
°
it

=
wE ol ARE WA gEGE o)A

31E ol&ste FIPHAT
]"1 Agg g dolg
AzA 7195 v)@
011*194 7)¥k Qo] A= ot
EZdA CSB'EZZ ¥WAT
Bbett, 2e Aol Abg

i r°"

¢
2
m
=
2
rx
lo
olo
uft
>,
B3
2
=)

T AZHE FAste] 2l AxFe] A" Ao ulX
FEgE B 2o Y 2 MFARE Fo|7] Y
) %] 3 7 7] ¥ (Batch mean method)& AM&319] 50719 &
seedZ AEd ZAHE9 s Sk 47ty 4¥e
1000071¢) ERAR F 27] 100707F ¢57F @ o 714 ¢
AFEL FAGo RN A2E AF7L 0% VFFEe Ul

o2 3279

1“*4 A% F7HE 98 £ 2o AgA AE3
559 8y 7 =8 3
& vl Fx wie 45 dolHuelx &
At 7t w=o TR A2

53 dAA et dlojeE A2 g < 1>

LY o v

=
fm

+ 1Gbps®] WHF

=200
A2l &4
HEYA &5 1G bps

Fel2Ed] £ TR ==

g% == 32 7MH== 16

Z2AY xE9 Aad Y

PentiumIl 700 CPU, 1GB Memory

AAZ7], AAZA(C)

16KByte, 64Byte

HolE ol £4

AQle] ke A7)

64Byte (A e} FLE A7)

g3=9 5 10,000,000
7191 27KK) 4Byte
A9 F(Q 10,000
Ale] w29 717 $(m) 14

AF A #o AT ==

o~
B

1,23 456,738




=T Jtsst

ARH A B3¢ aokdeh 4w wge) FAH &
= 59 108 32340l /12 /19904 £92 883 1%

BHFH A et 7lt”°ﬂ*1” °1§j 5*] TJr
£ d9s AATdEY Aolrt o
WA s FYslr] HEolh,

9] Fo A AR 2717} 64Bytec] 22 AfAIE 1
3B B F7]|E 64Byte® &ta #lZ=9 =] ghol
4Byteo] 22 AQ19] z+ h-=dE= 14709 dlole 7] #3170
9 dlojg] AF, NE A xtd U 20 & NE ZAE
o B 2o AdS A8 v} F dAE sy UA |1
QAR, 2719 CSB'EdE AT 7)o 272 dbyteE
Zh= 10,000,00071¢] HEZEE FH2HA X8E 3F ==
o nEA FAHR EX A 18] vhA 10000712 F
< 9o HA A TANA B4 wo a7 JAF
et B4 =T Rt AFHY 28 AxF EAR
TR o7t AFH =29 doHE Y ==
2tk AAZ, FoH 4 gy w2o EJE T
o7 HAE TFAgo 2N HRELA] o
F e, oA 4
% T4 vA=Z, 1
ALgate] ®ol 49
< FEe ol &+ x=52 XH"J(Resource)oi, 3
AE B (Entity)2 298 v} 1
2 A oA Agd 2T

Oo-r g o rfo

to

o

L

mﬂ‘.

O::

i

o=

N o A
B 2
I >
il
-
o
i

bnil&l-ﬂrﬁ}ﬂ:omo},}m_e‘:lﬂ

o 4
~ [
o =
LIS
L @«
4 2
T
2 4
r,uﬁ
X g
ty o
_hﬂllmml
o

o

rulm-i‘am?‘-‘

O

o

i)

o

o
2
r'E
E
l‘U_.

N

32714 %}‘45} el 4= (Active
Node)$} &3-& AS 16709 A& AH9 7F8 = (Spare
Node)2 4% Fel2Hd 10000719 M9 As s}
=, 719 7Y e BdF-329 15%0|4do] Hi o4
& 2=7F 17 HEE 29E x(})lﬂz\]?ix]u]- 2 A=
HFwse 393 BAE wUsts] 98 FA e =
= §7F N, 2, 320, -, 8707 HRE Ao g dAAT| T,
ol AtE M 7IE ¥ dolE olF I (dolE]
o] o] W& I/0 A #HolA )F FAAE. volE o F
o] A% 71E AT ARE 93ty dolg Y arjg uF
Hoz st7] Huhe frEd oz HE3stsirth

(24 9= 94 A A3 == £& WAL o), 74 7]
el A vlge] Watg yehich
7t F7VETE ARbE 7ol 71E Y]
o] dlojg o] o g AFat A4S HAFTE Bk 2 o

FE QA BA DG =5 571 FABFT R 2US

[=]

2) P Fe2E AxdNA dA D99

xxo] A2 WEIE v e Tt

TE 243 o) =244

U7HE CIOIEHICIA E2AAE0IAM BT ER) M210] 22121 T

Z 71y 809

8l sk dolE ool i} oA IF xE=R

59 W, 55 xr £ A Y xEr} d FEo]

AA7) WEolt. 71& 78Sl A, e B4 mEdA

A% £E QEF A k& FoA Rrt A2 ==
s

24 wez Aeete mou % %—% EAAY. 2 3

ExEE 54 =22 A HolEHE ojeA oz HHES
S WA g (29 9)el vERRe] 1 F

AL B = 7 3AY ASAARE F 7R B8

7t 2ol FE o B HE9 Ao

—— 7|E7|Y

—h— Aoty

Iy oS ox-uAm
(Number of Migration)
B

(38 9) SAl ARt =

0| CHE CIOJE AY=Z S

[

T RA d9eg, ddstel FAOl st A ==
o 7j=g 27, 37H,--- BN ] 7N 2Rl AxEs
LAY )5 o A HE 10000709 AR Do B Al
B BAAL SH AIFE FAAT. F, dolH olFo]
o &F Al mlAE e EASAT ol ols2 74
7o) BE ZEAY w2 &Y ol 107] o de] Fej7t 7]
o2l n Qo] el B4 GEE Yk a3 on A
B2 1070 o9 o7t &g el B3] mEE s g
Al 22T APstD QYT =5 Ee 2R FF =
B2 A9 dRREe HolHE olF AIPoEA AlLHe)
SEANE wola HA EAYLY YAFE U

(2" 1002 94 &4l 58t == 53,4, 56,7, 82
T2 W, 10000749 ERHHe] duHE T 7 EQA
Ao BT SF AREe Yl 71E 7S HolH o]g&
ahA e Aol vlel 4@ Avible Ae gAeke, @
60% &H AE Hold, Atd 7L 7IE 71 1]

8 oF 20% &

= ) gelEes

it
o
i)

INC



810 HEHM2|ES ==X D MI-DH H5=(2002.10)

10
- X oy
B 8 - 7=
g - without migration
g .
o 6
Al
o4t
(s}
2t
0100020(1)300040005000600070008000900010000
Bols

(a) 4 A R == £ =3

-4 A7y
sf = A=Ay
- without migration

™ > ol oo i okt
fer]
o1

(ms)

2}

000 00 30 200 5000 600 700 8000 9000 10000

RS
c) 48 BA AR w2 F =5
10
- ALY

W 8l - 71&E1Y
= - without migration
g
=3
Al
2t
{ms)

1000 2000 3000 4000 5000 6000 7000 8000 G000 10000
EEE

(&) I A AR w2 =7

10
ol it

g s e AEve
s - without migration
.
=2 -
(=13 8
=
Al
7+ 4f
{is)

2r

O TI00 2000 300 400 5000 6X0 700 SN0 9000 10000

ERRS
(b) AH BA HAHEd w= =4
10
A Hot7|y

% 8l - 71EY
# -m- without migration
=2
2
[=13
=]
Al
7+
{ms)

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
LR

(d 9H BA P8 == F =6

e Kisd L
8t -~ 71ENY

- without migration

> of ofo i o
(2]

2

1000 2000 3000 4000 5000 6000 7000 8OO0 9000 10000
RS

) IH A HR3t 2= £ =8

(2 10) Hof A7t =2l &

= =EdA A HE
EFAD Ag AR 9t 2ol ﬂﬂﬂ—‘:— AZtETH A
g A= dojAA "t
%

29l Az s 73 % , o go] goldsE
SHAE A AAXA Hu, 289 Ax2E TPk
B, BRE xoe RBIE S9Fo2d e REoA
o) $FANLE Fo)i A ERYM SHALE FolA
ek E3 289 23 v o] F4E dolE o] F 2
F7t EWRALE Bo] SN AR, FA] He} =59 B
3 44 "l go] A = Ay ARA 7Ye] 7|E 7
Woll vlg) B-&EAITe] o WEZd (28 10)0] Yehtsol

952 RSP A
2% w1 g A7t 4 AA)

N

N
h
)
.¢l (-4
pos
flo
4z
_%
M
2
2,
i)
-

6.2 &

2 ATE vF% doleuols FelaE AN Ag
ABOE B A2HY A AT FY 1E2A, 32
el #Pei7t SAE mEEERE A wEU £-ge &
e N ARA F74E w20 oA dolEle %S W
27 ZA%n W2zl o8 4AL FEFeA Holy



=E Jiss

£ AZAFHE /WS ALSAT AGE Jge Zeold
E & 271 el Hele WA ue Axd
Aol Astol A dloleig Mg AL F
238N mEA Y2 FYFEE FAT

27 71golM e BARY Seix
o} Z xSo B}t 138 A4S, B
3 2Hl2 98 2 5459 dHolE o]Fo] Westy, HA
Nzl oo ga FF S Azl =PAGE e

A AT &, F2EHE TAE S43 e ==
Ak wlolE] AL FHYstE o] olyn 22 S
23 NEA 2719 =28 2889 dolH AF3L 43
Ak £ ==od FFHE ALdFS IF =2 2834
$4& 53 F7He wmsof 2uishe WA s kB
B3k Bk opye 7|E FAF R AV F o o] ==
A F5s7E HAT A, 71E Tl vlE 2L Fo H
olf olFTo® wan T&HY -7l AxAE FY3}
=5 savh =g, 71E9] Z1gel = HE vlolE o] A
28 B9 B-Eg A9 A& hFUAAT At

g 7N E S 2EE FAste 4 w29 dojHuo] A
7t w2 dloje F2d FAH BAS A v 4F Hel
E#o]2 o] /A E nd T CSB-E&](Cache Sensitive
B'-Tree) H219) Azx & FystAth 22(Source) =
A B (Target) == 2 dlo[H & o] 5AZ duith A &
AL utgd e AL AN AAZ P4 A Wk o}
Yz 73 oo A e F7 A& Hol= & styTh

oA e AtE 71 s HUE AN 2 7t
i 7HgA delE Mol S 2EH Aagor sty
Ultra Fault-Tolerant Database Clusterghbs Al2®9& A &
Aoz A -9l xS FR3E ATHHY o]F 3
3 EdA Mo Hi $HAINE JFH o2 Hrleit.
] Ate] of3bd Aletd 71 o & 3
9] flolE o]Frto R #H¥-3}
of v JF SH Al
b g HRe e
Btk zey AR 1|
of o5 &&€ © ]af’ﬂ M B4o

m-l

O

e

F

ofr
%

P

>,
Ol
_°,
N
T
)
i3
=2
}=9

A

oy o
fo, o
M
il
o
QL
38,
=
Y
&
9,
e

i)
o
)
1
o
o
d
lo
il
&
30
32
o
A

-
N
&2
tlo
&
d
N
o

o
rf
N
e
flo
i
Ho

(o
m
ok

oif

rll‘ §‘.Q, L rlO

£ 8w 2 4 o
0% it %
’ S Boo ox
o P & o o> off
E ® ¥ o rulo
o > fel o2
= oo
_z o, k)
I 2 Ho
o T n
i) oin fu
02 ot [
2ok oz o
>,
A
2 )
%
o
oL
o i)
92
o

D7t HIOIHHIOIN SHAHOIM B™E2| 210 2-2+2! THZEZ 718 811

FEshed o,
4 1024

(11 K J. Ach‘yutuni, “Two Techniques for On-Line Index Modi-
fication in Shared Nothing Parallel Databases,” Proceedings
of the 1996 ACM SIGMOD, 199.

[2] Roger Bamford, Rafiul Ahad and Angelo Pruscino, “A Scal-
able and Highly Available Networked Database Architec-
ture,” Proceedings of the 25th VLDB Conference, 1999.

[3] Svein Erik Brastsberg and Rune Humborstad, “Online Scal-
ing in Highly Available Database,” Proceedings of the 27"
VLDB Conference, 2001.

[4] Mohana H. Lakhamraju, Rajeev Rastogi, S. Seshadri and
S. Sudarshan, “On-line reorganization in object databases,”
Proceedings of 2000 ACM SIGMOD, pp.58-69, 2000.

[5] Mong Li Lee and Masaru Kitsuregawa, “Towards Self-
Tuning Data Placement in Parallel Database Systems,”
Proceedings of the 2000 ACM SIGMOD, 2000.

[6] Tobin J. Lehman, “A study of index structures for main
memory database management systems,” Proceedings of
the 12" VLDB, 199%.

[7]1 D. Lomet, “Replicatd indexes for distributed data,” Proceed-
ings of Conference on Parallel and Distributed Information
Systems, pp.108-119, 1996.

[8] Nagavamsi Ponnekanti and Hanuma Kodavalla, “Online In-
dex Rebuild,” Proceedings of the 2000 ACM SIGMOD, 2000.

[9] Jun Rao and Kenneth A. Ross, “Cache conscious indexing
for decision~support in main memory,” Proceedings of the
25" VLDB, 1999.

[101 Jun Rac and Kenneth A. Ross, “Making B ~Trees Cache
Conscious in Main Memory,” Proceedings of the 2000 ACM
SIGMOD, 2000.

{11] H. Schwtman, CSIM User Guide for use with CSIM Re-
vision 16, MCC, 1992.

[12] R. Vingralek, Y. Breitbart and G. Weikum, “Snow-ball : Scal-
able storage on networks of workstations,” Distributed and
Parallel Databases, 6(2), 1998.

[13] K. Watkins. Discrete event simulation in ¢. McGraw-Hill,
1993.

[14] C. Zou and B. Salzberg, “On-line reorganization of sparsely—
populated b' trees,” Proceedings of the 1996 ACM SIGMOD,
1996. g

[15] C. Zou and B. Salzberg, “Safély and Efficiently Updating
References during Online Reorganization,” Proceedings of
the 24™ VLDB Conference, 1998.



812 YEMeI=El==X D H9-DH Mb5z(2002.10)

of & &
e-mail : chlee@dblab.inha.ackr
1997 Jatigtm AAAE e £

(F3AD
19999 Astojsta ekl WAL S
E(FAD

1999~ A ekehsta st ARAL
e

BARE: ol o]
CEEED

i s &

e-mail | hybae@inha.ackr

1974 Qlgtfgtu 8523 &4
(F81h

1978'd AA et o3 ARA LS
EA4(F D

1989 sAWEta 3t AXA L
EQ0FEAh

1985 Univ. of Houston ¢ X4

1992 ~1994d A3} efstn AAA LA 4%

19823 ~ @A Azttt HAAIFEIH nF

1999¢ ~dA X5E GIS dTAH &%

20008 ~dA 55 FATHANGL et Ho ug

TAlEoF 1 24 dloE o], F3 HolE WMol YR

Az, "ent)o] dolg o2 F



