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Abstract
In navigation devices of today the This article looks at how commercial of the shelf (CTOS) database solutions
can be utilized to solve the dynamic point of interest problem.

This articleis relative to the following ersiors of RDM
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Introduction
Navigationsystems found in cars and handheld units provide an efficient and easy way to lookup points of
OrAles FAYR
efficiently managing map points. A typical quésythese devices is for example locating the nearest Italian

restaurant based on the current position of the vehicle. Proprietary data sets and indexing algorithms are used

AyGaSNBai

to solve these types of queries, but a major drawback with most of these dévides G K I
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prevent users from making changes and corrupting the dataset. Updates to datasets must be done in batch
mode, and the complete dataset and indexes must be rebuilt on a regular basis because new businesses are
constantly croping up and new roads and buildings are being constructed. Vendors are therefore unable to
offer customers localized datasets which could be sold at gas stations and other venues, nor can users make
route calculations on the fly to avoid dubc obstacleste accidents.

Commercial off the Shelf (COTS) Solution
COTS embedded databases are designed to manage changing datasets and indexes without the chance of data
corruption, but they have a different problenti K S &
efficiently manage pointsf-interest. If we can find a solution where COTS engines could be used, navigation
vendors would be able to design more robust devices and provide new services to their customers.
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The problem stems from the fact that a powitinterest must be indexed based on both its longitude and
latitude value where neither of the two values is favored. By default a one dimensional index will favor one of
the two values making a range query very inefficient, which is the main reasowemlgrs create their own

proprietary solutions.

Longitude VYaues
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Figure 1 is a longitude, latitude grid of all points in a system where both the longitude and latitude are coded as
4 bit values. In real world applications these values would be 32 bit but faitingicity of describing both the
problem and solution, the maps in this article will be based on 4 bit data types.

A one dimensional index, such as-amBe, will only provide an efficient longitude/latitude index in one

direction. In the figure, the lagitude values are illustrated as the most significant information so the index will
only have vertical efficiency. Think of the value in each cell as what the index sees, and the index is sorted from
low to high.

If we add a region query based on the bding box between (%) to (9, 8) this would translate to a range scan
of the index between the two values. Figure 2 illustrates exactly that.

bitdstep
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E 8 |08 | (18| 28 | 38 | @8 | (58 | G8) | (7.8) | B8 | (8.8) | (108) | (11.8) | (12.8) | (13.8) | (148) | (158)
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12 |12y | (142 | 242 [ 312) | @12 | B2 | .12 | @12 | (312) | ©0.12) |(10.12)[¢11.42)] (12.12)| (12.12)| (14,12) [ (15.12)

13 0A3) | (1.13) | (243) | (3.13) | (413) | (5.13) | (6,13) | (7,13) | (8,12) | (2.13) [(10,13)[(11,13)| (12,13)| (13 ,13) [ (14,13)| (15,13)

14 | 01D | (119 | (21D | (319D | @D | (5,19 | E,19) | F.AD | (B.14) | (9.19 [(10,14)[(11.1D| (12,1D)| (131D [ (14,14)| (15,149
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Figure 2

Not only are the yellow points returned to the application but also all the false gray points thatearly

outside the bounding box. This inefficiency is the major reason for navigational vendors implementing

proprietary solutions based on two dimensional indexing algorithms HKeeR or any of its cousins. By making

the proprietary implementation$ R 2y f &> G(KS @SyYyR2NA R2y QG ySSR (2 A
concurrency control to avoid corruption or allow mithireaded application access to the data.
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Implementation
This article will describe a solution to the two dimensional problem by mapping it toame dimension

allowing us to leverage all the investments done in the embedded database space. This not only allows the
vendors to efficiently query these pointd- interest but also allows them to dynamically add other one
dimensional information tél K S
dimensional index system.
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If you look at the previous figure, the one dimensional index is inefficient since its most significant piece of

information is taken from thedngitude values and the second most significant from the latitude, thus creating
the undesired vertical efficiency. If you translate the points into the bit pattern used by the indexing system it

will look like this:

Longtuds Values
0 1 2 3 4 5 3 7 g 9 10 1 12 13 14 15
0 nononono|onomnon 00100000(00110000 01nnnonn|mo1nnno 01100000)01110000|10000000 10010000 |10 100000| 10110000|11000000(11010000| 11100000 11110000
1 00000001|00010001 00100001 (00110001 01000001|01010001 01100001|01110001/10000001/10010001{10100001|10110001| 1100000 1{11010001{11100001{ 11110001
2 00000010|00010010 00100010(00110010 01000010|01010010 01100010|01110010/10000010/100100 1010 100010]10110010|11000010{11010010{ 11100010{ 11110010
3 nonnnml|nnmnm1 00100011/00110011 01nono1l|mmnn1| 01100011)01110011/10000011/10010011{10100011{10110011| 1100001 1{11010011{11100011{11110011
4 nnnnn1no|ono1o1no 00100100(00110100 01nnnmn|mom1no 01100100|01110100|10000100/10010100(10100100]10110100|11000100{11010100|11100100{ 11110100
5 00000101|00010101 00100101(00110101 01000101|mo10101 01100101)01110101/10000101/10010101{10100101{10110101|11000101{11010101{11100101{ 11110101
§ 6 00000110|00010110 00100110(00110110 01000110|mo101 10(01100110(01110110{10000110{10010110[10100110/10110110(11000110/11010110|11100110) 11110110
zl ; nonnn111|onmo1|1 00100 11100110111 n1non111|0101011| 01100111)01110111/10000111/10010111{10100111{ 10110111 1100011 1{11010111{11100111{ 11110111
E 8 nonmono|onmmoo 00101000(00111000 01nmunn|mo1mno 01101000)01111000|10001000/ 1001100010 101000|10111000|11001000(11011000| 11101000{ 11111000
E 9 00001001|00011001 00101001(00111001 01001001|01011001 01101001)01111001/10001001/10011001{10101001{10111001{11001001{11011001{11101001{ 11111001
10 nonmmo|onm|mo 00101010{00111010 01nmom|mo1|010 01101010|01111010/10001010/10011010{10101010] 10111010 11001010{11011010{11101010{ 11111010
1" 00001011|0001|m1 00101011(00111011 n1nmo11|0101|01| 01101011|01111011/10001011/10011011{10101011{10111011] 1100101 1{11011011{11101011{ 11111011
12 00001100|nnm1100 00101100(00111100 01001100|01011100 01101100)01111100/10001100/10011100{10101100]10111100]11001100{1101 1100|11101100{ 11111100
13 00001101|00011101 0010110100111101 01001101|01011101 01101101)01111101/10001101/10011101{10101101{10111101|11001101{1101 1101{11101101{ 11111101
14 00001110|00m|1|0 00101110(00111110 01001110|mo1|110 01101110)01111110/10001110/10011110{10101110{10111110|11001110{1101 10| 11101110{ 11111110
15 nonmm|nnn1m1 00101 11100111111 mnmm]momﬂ01101111 01111111[ 100011111001 11 11 (10101111 {101 1111 1{ 1100111 1[1101 111111101111 [ 11111111
Figure 3

The four most significariits (xxsX:Xs) stem from the Longitude value and the 4 second most significant bits
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significant bits from both dimensions, resulting in values onféme (y,XsysXay-%y1X:). If our one dimensional
|.
from both dimensions is taken into consideration. Figure 4 shows the pattern.
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! Morton, G. M. (1966), A computer Oriented Geodetic Data Base; and a New Technique in File Sequencing, Technical

Report, Ottawa, Canada: IBM Ltd.
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Figure 4

Forillustration purposes each cell has both the binary and decimal representation of\taéugs. Instead of
KFEgAy3 OSNIAOFE SFFAOASYyOe 6SQ@S y24 YIylFI3ISR (2 Ayl
random region and expect an efficiergsult. If our bounding box happened to be from@to (3,3) or (6,6) to

710 6SQR 0SS SEGNBYSte STFTAOASylG aAayOS lyeé |jdzSNE 6Af
have contiguous increasing value. E.g. th@)@o (3,3) boundihg box resulting in a range query from 0 to 15.

[ SGQa t221 G 0mSo (99 vid e wiprdibitdy warkiig on, Hovp \Eould that look?

|



