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Cache Sensitive T-tree Main Memory Index for Range Query Search

Sang-Jun Choif, Jong-Hak Lee”

ABSTRACT

Recently, advances in speed of the CPU have for out-paced advances in memory speed. Main-memory
access is increasingly a performance bottleneck for main-memory database systems. To reduce memory
access speed, cache memory have incorporated in the memory subsystem. However cache memories
can reduce the memory speed only when the requested data is found in the cache. We propose a new
cache sensitive T—tree index structure called as CST"-tree for range query search. The CST -tree re-
duces the number of cache miss occurrences by loading the reduced internal nodes that do not have
index entries. And it supports the sequential access of index entries for range query by connecting ad-
jacent terminal nodes and internal index nodes. For performance evaluation, we have developed a cost
model, and compared our CST"—tree with existing CST-tree, that is the conventional cache sensitive
T-tree, and T -tree, that is conventional the range query search T-tree, by using the cost model. The
results indicate that cache miss occurrence of CST ~tree is decreased by 20~309% over tha: of CST-tree
in a single value search, and it is decreased by 10~20% over that of T -tree in a range juery search.
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CS5T* Search (Inode, key)
//Inode : internal node
/AAmin @ min key of internal node
//Imax . max key of internal node
//key © key to find
while (Inode is not NULL)
if (key < Imin)
Inode = Internal node of left sub tree;
else if {(key > Imax)
Inode = Internal node of right sub tree;
else (Imin <= key <= Imax)
Trnode_llnode ();
endif
endwhile
Tnode_IInode ()
if (key is NULL)
return Not Found;
else
return Key;
endif
END
END

J7 6. CST-Ea| ohelz| gt A4 gma|E

CST* RangeSearch (min, max)
//min : min key to find
//max : max key to find
//value @ value of searched key
//valueStore : array of searched value
//keyPtr © pointer of key
//eount : index of array
CST* Search (Inode, min)
valueStore = value of rin;
for each element of Tnode_llnode
value = key value of (keyPtr + 1)th
if (value <= max)
*(valueStore + count) = value;
keyPtr = next keyPtr;
else
return *{valueStore);
endif
endfor
END
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CSTx Insert(key, Tnode, IInode, Pnode)
//key : key to insert
//Tnode : terminal node
//lInode : internal index node
//Pnode : parents node
if (Tnode is not FULL || IInode is not FULL)
insert key;
else if (Tnode is FULL)
create Pnode;
Hnode = Tnode;
Pnode.interPtr = IInode’s address;
Pnode.Imin = IInode’s min;
Pnode.Imax = IInode’s max;
if (key > PnodeImax && Pnode.rightPtr
is NULL)
create Tnode;
Pnode.rightPtr = Tnode’s address;
insert key in Tnode;
[Inode.linkPtr = Tnode's address;
else if (key > Pnodelmax &&
Pnode.rightPtr is not NULL)
CST=# Insert (key, Tnode, IInode,
Pnode);
else if (key < Pnodelmin && Pnode.liftPtr
is NULL)
create Tnode;
PnodeleftPtr = Tnode’s address;
insert key in Tnode;
TnodelinkPtr = IInode’s address;
esle if (key < PnodeImin && PnodeliftPtr
is not NULL)
CST= Insert (key, Tnode, IInode,
Pnode);
else if (PnodeImin <= key <= PnodelImax
&& Pnode leftPtr is NULL)
create Tnode;
Pnode leftPtr = Tnode’s address;
Tnode.linkPtr = IInode’s address;
insert IInode’s min key in Tnode;
insert key in IInode;
else if (Pnode.Imin <= key <= Pnode.
Imax && Pnode.leftPtr is not NULL)
CST= Insert (key, Tnode, Ilnode,
Pnode);
insert key in Ilnode;
endif
else (Ilnode is Full)
move to left Tnode;
CST= Insert (Ilnode’s min key, Tnode,
IInode, Pnode);
insert key in IInode;
endif
END
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CST* Delete (key, Tnode, IInode, Pnode)
//key : key to delete
//Tnode : terminal node
//lInode - internal index node
//Pnode : parents node
CST* Search (Inode, min)
if (key is NULL)
return Not Found;
else if (key is not NULL)
delete key;
if (Tnode is empty)
delete Tnode;
if (PnodeleftPtr = NULL &&
Pnode.rightPtr = NULL)
Tnode = IInode;
Tnode connecting to Pnode’s
Pnode;
Tnode.linkPtr = Pnode’s
Pnode.interPtr;
delete Inode;
endif
else if (IInode is empty && Pnode.leftPtr
is not NULL)
Pnode.interPtr = Pnode IftPtr;
IInode = Pnode.leftTnode;
Pnode.leftPtr = NULL;
Pnode.Imin = Ilnode’s min key;
Pnode.Imax = lInode’s max key;
IInode linkPtr = Pnode.rightTnode’s
address;
else (IInode is empty && Pnode.leftPtr is
NULL) .
Tnode = Pnode.rightTnode;
Tnode connecting to Pnode’s Pnode;
Tnode.linkPtr = Pnode’s Pnode.interPtr;
delete Inode;
endif
endif
END
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