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Spatial Databases and GIS 

Solution for Sheet 6  

 

Exercise 1 (Approximations) 

1. Which topological relations may occur between two spatial objects if the given topo-

logical relation exists between their conservative/ progressive approximations? 

 

a) Disjoint 

Conservative: disjoint only. 

Progressive: disjoint, meet, overlap, covers/coveredBy, inside/contains. 

 
 

 

b) Equal 

Conservative: equal, meet, overlap, covers/coveredBy. 

 
Progressive: equal, overlap, covers/coveredBy. 
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c) Contains 

Conservative: contains, covers, meet, disjoint, overlap. 

       
Progressive: contains, covers, overlap. 

 
d) Overlap 

Conservative: overlap, meet, disjoint. 

 
Progressive: overlap, covers/coveredBy, inside/contains. 

 
 

 

2. Why do spatial indexes usually use a conservative approximation? 

Because the index is used as a filter step, so you have to be sure to get all possible re-

sults (no false negatives). 

3. Under which circumstances would a progressive approximation be more suitable 

than a conservative one? 

- If you want to find all objects that are disjoint. 

- If it’s more important to get some hits very quickly.  
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Exercise 2 (Pseodo-quadtree) 

Construct a pseudo-quadtree for the points on the right,  

1. that is balanced, i.e. all leaves are on the same level. 

It is not always possible to distribute the points uniformly to all 4 quadrants, 

But if it is you’ll find the optimal split point by choosing the median of the x- and y-

coordinates respectively. If the number of points is odd (or the median equals the 

values to its left and right), at least one of the points lie on the splitplane. In these 

cases we add or subtract 0.5 to the coordinate depending on the successor and the 

predecessor of the median. 

First step: 

x-coordinates: 

1 3 3 5 5 8 8 12 16 17 18 | 20 20 22 23 25 25 26 27 27 27 29 32  

y-coordinates: 

2 4 5 6 7 7  10 11  15 16 17 |19 19 21 21 28 28  29 29  31 31 31 32 

Splitpoint: (19.5, 18.5) 

Second step: 

x-coordinates:    y-coordinates: 

 nw: 3 3 5 | 12 16 18    21 28 29 | 31 31 32 

ne: 20 20 23 | 25 27 29   19 19 21 | 28 29 31 

sw: 1 5 | 8 8 17    2 4 5 | 7 10 

se: 22 25 26 | 27 27 32  6 7 11 | 15 16 17 

Splitpoints: (8.5, 30),(24, 24.5),(7.5, 5.5),(26.5, 13) 

 Third step: 

 If there is only one point left choose a point in the middle of the quadrant. 

  Splitpoints: (5, 33), (4, 25.5), (13, 24.5), (17, 32.5), (4, 12), (4, 2.5), (13, 4.5),

   (13, 12), (24, 15), (23, 6), (29, 8), (31, 15), (22, 29), (22, 20), (26, 20),

    (29, 30) 
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The red squares symbolize the Nil-pointers. 
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2. that has as few Nil-pointers as possible. 

As there are 23 points you need at least 6 leaves and 2 internal nodes. But a tree with 

two internal nodes has 7 pointers to leaves, so the first splitpoint has to result in one 

of the following partitions: 

a) 3 quadrants with 4 points each and one with 11 

b) 2 quadrants with 4 points each, one with 3 and one with 12 

c) 2 quadrants with 4 points each and one with 15 

d) 1 quadrant with 4 points, one with 3 and one with 16  

You may choose e.g. (14, 13) (possibility a). The nw, sw and se quadrant contain 4 

points each, so choose the median of the coordinates as splitpoint. In the ne quadrant 

look for a splitpoints that leads to 2 quadrants with 4 points and one with 3, e.g. 

(21,28), for these quadrants. Unfortunately, it is not possible to find a splitpoint for 

the nw quadrant, so that each new quadrant contains exactly one point. Therefore it 

is better to choose (28.5, 24) instead of (21, 28) as splitpoint.   

     

 
Note: This solution has 5 nil-pointers, 3 more than the theoretically optimal solution.  

 

 


