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Abstract Recently, main memory access is a performance bottleneck for many computer
applications. Cache memory is introduced in order to reduce memory access latency. However, it is
possible for cache memory to reduce memory access latency, when desired data are located on cache.
CST tree is proposed to solve this problem by improving T tree. However, when doing a range search,
CST tree has to search unnecessary nodes. Therefore, this paper proposes CST” tree which has the
merit of CST tree and is possible to do a range search by linking data nodes with linked lists. By
experiments, we show that CST" is 4~10 times as fast as CST and CSB".

In addition, rebuilding an index is an essential step for the database recovery from system failure.
In this paper, we propose a fast tree index rebuilding algorithm called MaxPL. MaxPL has no
node-split overhead and employs a parallelism for reading the data records and inserting the keys into
the index. We show that MaxPL is 2~11 times as fast as sequential insert and batch insert.
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% 2 Example of a Range Query on T Tree
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1™ 3 The Example of a Range Query on T Tree
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1% 5 Example of CST Tree Search
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CST+ _NodeBlock

{
Array of Maximal Keys;
Pointer to a Control Block;
i
CST+ _CtriBlock
{
K Pointers to Data Nodes;
Pointer to the Parent;
Pointer to the Child Node Groups;
}
CST+ _DataNode
{
Keys;
Record IDs;

Prev Pointer;
Next Pointer;
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1% 6 The Data Structure of CST+ Tree
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28 7 Example of CST® Tree Search
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//traverse Node Groups
CST+ Search (min, max, tree)
min : min key to find
max ' max key to find
tree : CST+ Tree
compareKey:key to compare from a tree
while (compareKey is not NULL)
il min <= compareKey )
lastMarkNode = data node
corresponding to current key;
compareKey = the key of left sub tree;
else
compareKey = the key of right sub tree;
endif
endwhile
// Binary Search in DataNode
if (lastMarkNode is not NULL)
dataNode = data node from lastMarkNode;
key = search key corresponding to min in
the data node;
if ( max <= key )
if(key is NULL )
return Not Found;
endif
return key;
else
rangeSearch( key, max, tree )
endif
endif
END

Algorithml. CST" Tree Search Phase 1

rangeSearch (key, max, tree)
valueStore = array of values searched;
keyPtr = pointer of key;

count = index of array;
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for each elements of DataNode
value = key value of (keyPtr + 1)th
IR value <= max )
*(valueStore+ count) = value;
keyPtr = next keyPtr;
else
return *(valueStore);
endif
endfor
END

Algorithm2. CST" Tree Search Phase 2
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2% 8 CST' Insert without Tree Creation
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Root Node Insert key = 97

Block

Node Block

- This NodeBlock is created
\}w-_‘., <This value is from a pareat
NodeBlock

Leaf Node Group

% 9 CST' Insert with Tree Creation
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CST#*_insert ( key,tree)
dataNode=find a data node to insert key into tree;
If (dataNode != NULL )
insert key to dataNode;
if (key >= the maximal key of dataNode)
modify the key of the current node group
maximal key;
end if
else //when dataNode is full
delete the minimal key of dataNode & store
it to tempKey;
insert key to dataNode;
markedNode = Nodeblock node of the
dataNode;
leftSubtree=get the left subtree of
dataNode;
if (leftSubtree is NULL )
iIf (JeftSubtree needs to create a new node
group)
Add a new node group as left subtree of
current dataNode;
leftSubtree=add a data node to the new node
group;
replace markedDataNode's next pointer to

leftSubtree’s prev pointer;
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replace leftSubtree’s prev pointer to
markedDataNode’s next pointer;
RID = binary search in the dataNode;
CST+_insert (tempKey,leftSubtree) ;
CST+_BalancingTree (parent of new node
group);
else
leftSubtree =add a data node to current node
group;
CST+_insert (tempKey,leftSubtree);
balanceCheck();
end if
else CST+ _insert (tempKey,leftSubtree);
endif
endif
END

Algorithm3. CST+ Tree Insert
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2% 11 CST' Delete with Node Deletion
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CST+_Delete( key, tree)
dataNode=find a data node to delete key into tree;
delete key in dataNode
if (dataNode is undertflow )
leftSubtree = get the left subtree of dataNode;
if (eftSubtree is NULL)
rightSubtree=get the right subtree of dataNode;
if (rightSubtree is NULL)
if ( # of keys in dataNode == 0)
find current dataNode’s prev pointer dataNode;
replace finded dataNode's next pointer to
current dataNode's next pointer:
replace linked dataNodes's prev pointer to
finded dataNode's next pointer;
drop current dataNode:
modify the node group;
balance node group;
if (# of keys of the current node group == ()
find current dataNode’s prev pointer dataNode;
replace finded dataNode's next pointer to
current dataNode’s next pointer;
replace linked dataNodes's prev pointer to
finded dataNode’s next pointer;
drop current node group;
CST+ _BalancingTree();
endif
else
if (key was the maximal key in dataNode)
modify the maximal key:
end if
end if
else //rightSubtree is not NULL
tempKey=get the minmal key in rightSubtree:
insert tempKey to dataNode;
CST+ _Delete(tempKey,rightSubtree);
end if
else //current node group has a left subtree
tempKey=get the maximal key in leftSubtree:
insert tempKey to dataNode:
CST+ _Delete(tempKey,rightSubtree);
end if
else //not underflow
if (key is the maximal key in dataNode)
modify the key of the node group corresponding to
dataNode;
end if
END

Algorithm4. CST+ Tree Delete
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1% 12 Parallel Index Recovery

1. Insertmaximatkey values
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readingData
find the total numRecs to be rebuild
while{1)
read a records and numRecs——;
mutex_lock(mutex);
put the record key to sharedMem:;
mutex_unlock(mutex);
send a signal to the fillDataNode thead;
end while
End

Algorithmb. CST+ Tree Recovery-ReadingData

fillDataNode
while(1)
mutex_lock(mutex);
while( inserted Key is not NULL)
thread_cond_wait(mutex);

readKey = inserted Key;
insertKey2CST+;
end while
End

Algorithm6. CST" Tree Recovery-filling Data to
DataNode
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