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Abstract In this paper, we propose an enhanced concurrency control algorithm that minimizes the
query delay efficiently. The factors that delay search operations and deteriorate the concurrency of
index structures are node splits and MBR updates in muiti dimensional index structures. In our
algorithm, to reduce the query delay by split operations, we optimize exclusive latching time on a split
node. It holds exclusive latches not during whole split time but only during physical node split time
that occupies small part of whole split time. Also to avoid the query delay by MBR updates we
introduce partial lock coupling(PLC) technique. The PLC technique increases concurrency by using
lock coupling only in case of MBR shrinking operations that are less frequent than MBR expansion
operations. For performance evaluation, we implement the proposed algorithm and one of the existing
link technique-based algorithms on MIDAS-1I that is a storage system of a BADA-III DBMS. We
show through various experiments that our proposed algorithm outperforms the existing algorithm in
terms of throughput and response time.
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Insert( Entry lecafentry, Nodc rootnode )

Function Begin
[(dfﬂOdL - FindNodelleafentry, rootnode, path);
( lcafentry @l *}@0 leafnode ol 'F&leo] w4l )
tree lock 85
Splil(lcafcntry, leafnode, path);
tree lock 34l
EE =29 lockS d)AlL
Function End
Elsc
leafnode?] s-latch 34,
leafnode®] x-latch 35,
lcafnodedl leafentry 4Fds
If ( lcafnode®} MBRe] 7% )
lcafnode?] x-latch 34
FixMBR( lcafnode, path );
BE 2E9 lockd Al
Function End
Elsc
leafnode®] x latch 3}
RE w229 JockS A
End If
EndIf

Function End

I3 5 A dalEe odAlHA =(Insert)

FindNode(Entry lcafentry, Node roolnode, PathStack path)

Function Begin
node = rootnode:
nodeell s-latch 855

currentlevel = nodelevel
Push [node, node.nsn] into path;
Loop

childentry [node, mbr] =nodeoll Al 223 A=} F M=,
currentlevel & 1 %A

node®] s-latch 311

node - childentry.node:

nodedl s-latch &S,

If (currentievel == leaf level)
nodeol x-lock 3%,
End If

If ( global_nsn > nodensn )
// nodedl e s latchel 9ied 39 x-lock 85
node = °1% 2% F 7P #HAH8 node HH;

End If
If ( currentlevel == leaflevel )
Exit Loop
End If
Push [node, nodensn] into paths
End Loop

Function End

a9 6 41 €aElEe] o AZ = (FindNode)



88 HE 8 =g A 1 o] ¥ of

SpliL(Entry leafentry, Node node, PathStack path )

Function Begin
node®] #aatel ¢ #8Ho[3] A4k
newnode = 2E =T @Y
newnoded] x-lock¥} x-latch 85
entries = B} EEYANE AW3}aL o]of what
newnode® olg% dEe) Ml
entries & newnode® HAL
If ( node®] latch7} x-latch?} obd )
node?] s-latch® afAstal x-lawch 85
End If
nodeol Al entries& AHASEL node A4S

node2] node.nsng newnodeol #AL
global_nsn-g &71A17)1 nodensnol &%
dl & k= AEF {nternalentry [newnode, mbr] 4d;
node 9 newnode®] x-latch &)
parentnode - POP( path )
parentnodeo) x-latch3} x-lock &%
parentnode A nodedl] thgk ?ﬂEEJE a dE=]S] MBR W73;
If ( nodez} @ =27} obd )
node?} newnode®] x-lock sl
End If
If ( internalentry®] 49122 parentnode o Yio] wha )
SplitNude( internalentry, parentnode, path )
Lnd If
parentnodedl| internalentry 4%
parentnode?] x-latch A
If ( pareninode® MBRo] ®7 )
parentnode® x-latch 3=}
FixMBR(parentnode, path ).
End If
Function End

node?} #:& newnodeol EAl node o §HE newnodeol 9

[FixMBR ¢ Node nodc, PathStack path )

Function Begin
parentnode = POP( path ); // node®] % =& AR
If ( MBRo] ZHAZE 4k ) // 4]’*“/9-@ At
parentnode®l x-lock# s-latch 8%
node] x-lock A // AHA/EE e dF AF 9
Else
parentnoded x-lock® s-latch 8%,
End If
parentnodeo A nodeot ¥ JEzZ MBR ¥©7%;
parentnode®) s-latch &A;
If { parentnode®] MBRe| 87 )
If ( MBR Z7F €4t // 4ks) 94
parentnode ] x-lock 84#;
End If
FixMBR( parentnode. path ):
End If
parentnode®} latch ¥ lock i All;
Function End

2% 8 MBR ¥7 ¢uelE9 AR =(FixMBR)
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Delete( Entry lcafentry, Node rootnode )

Function Begin
leafnode = GelEntrylocation(leafentry, rootnode, path);
leafnodedll Al leafentry 24,
If ( leafnode®) AE7F 2A9) 209%0]4 =& Node Empty )
If ( leafnode?t Empty )
parentnode = POP( path )
parenifnoded) AEF MBRE &5=2 Wih
leafnode  parentnode®] latch®}t lockS s)Al:
Function End
Else if ( lcafnode®l MBRe] ¥4 )
FixMBR( leafnode, path );
Else
leafnode?! latch®} lock 2 s Al;
End If
End If
Function End

GetEntryLocation(lcafentry, rootnode, path)
Function Begin
rootnodedl S-latch 8%
push{path.rootnode);
node = rootnode;
lf(node7}t WG =)
childentries = leafeniry & E@ah= nodel el AEAE:
Loop // childentries & 2& E2]o)] ofs]
GetEntryLocation(leafentry, childentriest+ >node, path);
End Loop
pop(path);
Elsc If(node7} @ k¥)
If(nodeol leafentry 9} YX &t o] glod)
8 B pah® nodes WL
Function End
Else
Functlion End
pop(path);
Function End

I 10 A daaE9 grtF=(Delete, GetEntryLocation)
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