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(An Efficient Spatial Index Technique based on Flash-Memory)
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Abstract Recently, with the advance of wireless internet and the frequent use of mobile devices,
demand for LBS(Location Based Service) is increasing, and research is required on spatial indexes for the
storage and maintenance of spatial data to provide efficient LBS in mobile device environments. In
addition, the use of flash memory as an auxiliary storage device is increasing in order to store large
spatial data in a mobile terminal with small storage space. However, the application of existing spatial
indexes to flash-memory lowers index performance due to the frequent updates of nodes. To solve this
problem, research is being conducted on flash-memory based spatial indexes, but the efficiency of such
spatial indexes is lowered by low utilization of buffer and flash-memory space. Accordingly, in order to
solve problems in existing flash-memory based spatial indexes, this paper proposed FR-Tree
(Flash-Memory based R-Tree) that uses the node compression technique and the delayed write operation
technique. The node compression technique of FR-Tree increased the utilization of flash-memory space
by compressing MBR(Minimum Bounding Rectangle) of spatial data using relative coordinates and MBR
size. And, the delayed write operation technique reduced the number of write operations in flash memory
by storing spatial data in the buffer temporarily and reflecting them in flash memory at once instead of
reflecting the insert, update and delete of spatial data in flash-memory for each operation. Especially, the
utilization of buffer space was enhanced by preventing the redundant storage of the same spatial data in
the buffer. Finally, we performed various performance evaluations and proved the superiority of FR-Tree
to the existing spatial indexes.
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ALGORITHM : Insert(ID id, MBR mbr)

BEGIN
NODE target < NULL
IF(baseMBR of Root Node contains mbr)
target < findClassifiedNode(mbr,target_tree.rootnode)
END IF
IF(target == NULL)
RETURN addExceptedList(id, mbr)
END IF
RSMBR rsmbr < encordingRSMBR(target.mbr, mbr)
IF('addClssifiedList(target, id, rsmbr))
RETURN FALSE
END IF
IF (isFullBuffer())
writeBufferToFlash()
END IF
END
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ALGORITHM : update(ID id, MBR mbr)

BEGIN
INTEGER save_place < findSavePlace(id)

IF(save_place is InsertBuffer)

RETURN modifyInsertBuffer(id,mbr)

END IF

IF (save_place is UpdateDataBuffer)

IF(mbr is contain MBR of node)
RETURN modifyUpdateBuffer(id,mbr)

ELSE IF(delUpdateBuffer(id, mbr))
IF(addDeleteBuffer(id))
RETURN addInsertBuffer(id,mbr)
END IF

END IF

ELSE

IF(mbr is contain MBR of node)
RETURN addUpdateBuffer(id, mbr)

ELSE IF(addDeleteBuffer(id))
RETURN addInsertBuffer(id,mbr)

END IF
END TF
RETURN FALSE
END
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ALGORITHM : delete(ID id)

BEGIN
INTEGER save_place < findSavePlace(id)
IF(save_place is InsertBuffer)

RETURN delInsertBuf(id)

ELSE [F(save_place is UpdateDataBuffer)
IF(delUpdateBuf(id))
RETURN addDeleteBuf(id)
END IF
ELSE
RETURN addDeleteBuf(id)
END IF
RETURN FALSE
END
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ALGORITHM : search(MBR window)

BEGIN
RESULT_SET
getResultFromTargetTree(window)
resultSet < getResultExceptDelete(resultSet, window)
resultSet < getResultAplliedUpdate(resultSet, window)
resultSet +

resultSet —

resultSet —
getResultFromlInsertBuffer(window)
RETURN resultSet
END
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