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Concurrency Control and Recovery Methods
for Multi-Dimensional Index Structures

Seok 1l Song'- Jae Soo Yoo'

ABSTRACT

In this paper, we propose an enhanced concurrency control algorithm that maximizes the concurrency of multi-dimensional index structures.
The factors that deteriorate the concurrency of index structures are node splits and minimum bounding region (MBR) updates in multi-dimensional
index structures. The proposed concurrency control algorithm introduces PLC (Partial Lock Coupling) technique to avoid lock coupling during
MBR updates. Also, a new MBR update method that allows searchers to access nodes where MBR updates are being performed is proposed.
To reduce the performance degradation by node splits the proposed algorithm holds exclusive latches not during whole split time but only during
physical node split time that occupies the smail part of a whole split process. For performance evaluation, we implement the proposed concurrency
control algorithm and one of the existing link technique-based algorithms on MIDAS-3 that is a storage system of a BADA-4 DBMS. We show
through various experiments that our proposed algorithm outperforms the existing algorithm in terms of throughput and response time. Also,
we propose a recovery protocol for our proposed concurrency control algorithm. The recovery protocol is designed to assure high concurrency

~and fast recovery.
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InsertEntry (Entry leafentry, Node rootnode)
{
leafnode := FindNode (leafentry, root, path) ;
If (overflow is occurred in leafnode due to leafentr)
{
Obtain tree lock ;
Split (leafentry, leafnode, path) ;
Release tree lock ;
Release all node locks ;
Function End ;
}
Add leafentry to leafnode ;
If (the MBR of leafnode is changed)
{
Release S-latch on leafnode. ;
FixMBR (leafnode, path) ;
Release all node locks ;
Function End
}
Release S-latch on leafnode ;
Release all node locks ;
}
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FindNode (Entry leafentry, Node node, PathStack path)
{
Obtain S-latch on node ;
currentlevel = node.level ;
Push [node, node.nsn] into path ;
For(; ;)
{
childentry {Node node, MBR MBRI := Select the child
entry
from node ;
Subtract 1 from currentlevel ;
Release S-latch on node ;
node = childentry.node ;
S-latch on node ;
If (currentlevel == leaf level)
Obtain X-lock on node ;
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If (global_nsn > node.nsn)
Select the most appropriate node from its sibling
nodes ;

If (currentlevel == leaflevel)

Exist Loop

Push [node, node.nsn] into path ;
}

}
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A wWelGAE S vggNE 5} 92
leafnode® E&3c} 282 A4F MEL == newnode
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FixMBR (Node node, PathStack path)
{
parentnode = POP (path) //decide the parent of node ;
If (MBR Shrinking) //delete operations
{
Obtain X-lock and S-latch on parentnode ;
Release X-lock on node ;
}
else
{
Obtain X-lock and S-latch on parentnode ;
}
Modify the MBR for node in parent parentnode ;
Release S-latch on parentnode ;
If (the MBR of parentnode is changed)
{
If (MBR Expansion)

Release X-lock on parentnode ;

FixMBR (parentnode, path) ;

(38 9) &gl ¢32|E - FixMBR

o Al < El&E-FixMBR
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SplitNode (Entry leafentry, Node node, PathStack path)

{
Compute split dimension and split position of node ;
newnode := allocate a new node ;
Obtain X-lock and X-latch on newnode ;
entries := with split dimension and split position,

select entries from node to be moved to newnode ;

Copy entries to newnode ;

If (node is not latched in exclusive mode)
Release S-latch of node and obtain X-latch on node ;

Delete entries from node and reorganize node ;
Copy sibling pointer of node to newnode
and set sibling pointer of node to newnode ;
Copy nodensn of node to newnode ;
Increase global_nsn and install its value as the nodensn ;
Create an internal entry internalentry [newnode, MBR] ;
Release X-latch of node and newnode ;
parentnode := POP (path) ;
Obtain S-latch and X-lock on parentnode, and modify the
MBR for node in parentnode ;

If (node is not leaf node)
Release X-lock of node and newnode ;

If (overflow occurred in parentnode due to internalentry)
{
Release S-latch and obtain X-latch on parentnode ;
SplitNode (internalentry, parentnode, path) ;
}
Add internalentry to parentnode. ;
Release X-latch on parentnode ;
1f (the MBR of parentnode is changed)
{
Release X-latch on parentnode ;
FixMBR (parentnode, path) ;
}
}
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