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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 ¢luster 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 thah two nodes within a cluster have overload at the same
timeIn this paper, we propose an advanced B’ tree baséd 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) o 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 demonstraté that our
proposed method is indeed effective and fast than the existing method,

FINE : 2-212! AES (On-line reorganization), E-219! ®A(On-line scaling), M9t P4 (Index reorganization), HIO|ElB§0jA @8
AE AlA#(Database Cluster System), T 2BM{High availability)
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Algoritrn Remove_Branch ()
PE : an array that records load and index information in each PE
(Processing Element) ;

THRESHOLD : minimum value of overload PE ;
£ A% @4 g
THRESHOLD_GAP : threshold of gap between source and destina-

tion Joad
7/ EREEE abel kA &
Source_PE : an array that records No of overloaded PE . // 3%
b W AE wrel W Wiy
NUM_Source_PE * number of overloaded PE ;

el 4

NUM_Source PE = 0 ;
/* Determine the source PE */
for(int i=1;i < NUM_PE ; i++) {
if ( ( PElil.Load > THRESHOLD ) {
Source_PEINUM_Source_PE] = 1 ;
NUM_Source PE++ ;
}
!
if (NUM_Source_PE == 0) exit ; // #387F &% nost gl
for {int j=0;j <NUM_Source PE; j++) { // #5-a7} vhdg
yruhE H} =8
source 1 = Source PE[j] ;
if ( PE[source 1 +1].Load > PE[sourcel -1].Load )
HHE7 e A k2E BE wRE MY
destination = source 1l -1 ;
else
destination = sourcel +1;

/e E A A58l gy A
if (1 PE [source 1].Load - PE [destination].Load | < THRESHOLD
_GAP) {
if ( PE [source 1 + 11.Load > PE [source 1 -1].Load )
source 2 = sourcel +1;
else
source 2 = source 1 -1 ;

A A58 44

/ #}isot g e

if { source 1 > source2) {  //source 13 source 28 S84+
o7 d3

temp = source 2 ;

sourceZ = source ] ;

source 1 = temp ;
}
destination = online_scaling() ;

2 5 xr 43

HeEel &g BE AR

)
else source 2 = sourcel |

2%

/AR sl ARHI PAEA B

/& two to two- Reorganization »/  // 7]1&4 7|98 FdsA
w5
if (source 1 ==source 2)
Keys = extract_keys ( PE [source 11 Root ) ;
&4 deol8E &9
7 511"1515 B wng g Edxze dedd 44t
transmit { destination, add_branch ( Keys ) ;
[ B & delHE g
delete_branch{ PE [source 1] Root ) ;
}
/% two to three Reorganization %/
elset // Agtd 71y o) ¢4
Keys 1 = extract_keys ( PE {source 1] Root } ; /A& =E1
oA & dole i FEHL
Keys 2 = extract_keys { PE [source 2LRoot ) ; // & =22
oA &4 dolHE FE}
A HE B3 wmk A Banmel 4l Abglet)
transmit (destination, add.branch (Keysl ),
transmit (destination, add_branch ( Keys2 ) ;

fad wE A el & A4 atr] Hel Mg AzAa.
rebuild CSBTree ( PE {source 1]) ;
At B 24 elelE B AbHsl] Al Mg YzA )
rebuild CSB Tree ( PE [source 21 ) ;

delete_branch ( PE [source IJRoot) ;  // &
dlofeb g Ahade)

delete_branch ( PE [source 2LRoot ) ;  // &2 =E 2004 &2
dlolel & hAtel,

fAaA REoA

& wE 14N &1

}
L/ end of for
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Algoritim 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

HBA wel dQlat Bgely] o] WA 2YE & A2 A
Ag A4 g

Prow = bulic_load ( Keys ) ;

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

if ( IsRight ( Pnew, PE [destination]Root ) ) // ©]5-¥ dloj&i s} 7]

& nue] REXR RRo} Hiz 4%
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PE {destination) Root ~> Pp.r = PE[destination].Root -> P, ;
for (i =n-1;1>=0;i—){
PE [destination]). Root -> Py.; = PEldestination} Root -> P ;
PE [destination] Root ~» Ki.; = PEldestination}.Root -> K ;
}
PE [destination]Root -> Py = Prey ;
PE [destination].Root -> Ko = find_separator { ) ;
}
else { //o1EE HolE7} 71& kno 9% Rie] g A
PE [destination].Root -> K. = find_separator { ) ;
PE [destination]. Root ~> Pyui = Poew ;
}
rebuild_ CSBTree ( PE [destination] ) ; /7 4919} Az

(YTRF 2) 5 =2f Molo 0/SE HIO/EE &AIE Yn2lE

(F1YF 2E 22525 olFH HolHE WA bulk.
load( )2h= #<-8 F3 M= HUE AT ol CSB'-
EY Age 48 FAUA W3 29¢ £ o
<, A48 AU BH 2o EAQge V& A4 FH
3 e AEAE A FAPt

Algoritm rebuild_CSBTree ( PE [Target] )
/*addData : o1 BAZ dolel7} At kB A4 2T Fhe
If ( side == right) {
if (nKey == 1)
addData = PE[Target].root ~> firstChild ;
else
addData = S.root -> firstChild + PE [Target].root —> nKey *
offset ;
PE [Targetl.root -> firstChild ~> nKey = PE [ Targetl.root ->
firstChild ->> nKey - 1 ;
)
else {
addData =. PE [Target)root -> firstChild ;
new node = malloc ( 2 * order * offset + sizeof (nKey)
+ sizeof (firstChild) ) ;
new node = PE [Targetlroot > firstChild® A|2¢ ¥E =28
PE [Target}.root -> firstChild -> nKey = PE [ Target].root ->
firstChild ~> nKey - 1 ;
PE [Target).root > firstChild = new node ;
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