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Design and Implementation of a Main-Memory Database System
for Real-time Mobile GIS Application

Eun-Ho Kang'- Suk-Woo Yun'- Kyung-Chang Kim'*

ABSTRACT

As random access memory chip gets cheaper, it becomes affordable to realize main memory-based database systems. Consequently, reducing
cache misses emerges as the most important issue in current main memory databases, in which CPU speeds have been increasing at 60% per
year, compared to the memory speeds at 10% per year. In this paper, we design and implement a main-memory database system for real-time
mobile GIS. Our system is composed of 5 modules : the interface manager provides the interface for PDA users ; the memory data manager
controls spatial and non-spatial data in main-memory using virtual memory techniques ; the query manager processes spatial and non-spatial
query ; the index manager manages the MR-tree index for spatial data and the T-tree index for non-spatial index ; the GIS server interface
provides the interface with disk-based GIS. The MR-tree proposed propagates node splits upward only if one of the internal nodes on the
insertion path has empty space. Thus, the internal nodes of the MR-tree are almost 100% full. Our experimental study shows that the
two-dimensional MR-tree performs search up to 2.4 times faster than the ordinary R-tree. To use virtual memory techniques, the memory data

manager uses page tables for spatial data, non-spatial data, T-tree and MR-tree. And, it uses indirect addressing techniques for fast reloading
from disk.

FIe  FII1YFX| HiO|EHI0lA(Main-memory Database), QIE{HO[A B2|Xi(Interface Manager), 7| H|OIEf ZaXHMemory
Data Manager), 2| X2|7|(Query Processor), 219A 2Z23[J|(Index Manager), 22t HHA(Spatial index), HIZZt olgjA
(Non-Spatial Index), 7H H|22}, 37t Ho|(Spatial Query), HIZZH E2(Non-Spatial Query)
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H3. N.height-- ; P.height-- ;
H4. for (each pair of entries <Ei, Ej>
from the entries in P including Er)X{
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Ne < Eichild ; Ng; < Ej.child ;
if (Ng.height == Pheight - 2 &&
(Ng;.height == P.height -2 1! Ng; has empty rooms)) {
Make a rectangle ] including EiMBR and Ej.MBR ;
Calculate dj = area(]) - area(Ei.MBR) - area(Ej.MBR) ;
}
}
. Choose the pair <Ei, Ej> with the smallest d;
. if (both Ng and Ng have same Heights) { // P.height-2
Create a node NNew // fig. 3(c)
Add entries for Ngi and Ngj to Nvew ;
Create an entry Enew for Nuew »
Remove the entry Ej from P; Add Exew to P;
.} else { // NELheight == NFjheight-1
. Add Ei to Ng; // fig. 3(b)
Enlarge Ej.MBR so that it encloses Ei.VMBR ;
}

H9. Remove Ei from P; Add Er to P;
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