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ÅSpeeding up queries by well-directed access on 
relevant tuples 

ïQuery types 

ÅPoint query 

ÅRange query 

ÅNearest neighbour query 

ïProblems 

ÅMaintenance of the topological structure 

ÅDensity of objects varies strongly 

ÅDynamic reorganisation 

ÅRepresentation of objects: points as well as extended 
objects 
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http://www.forst -ib-espig.de/ 



ÅFor one-dimensional data: B-Tree 

ïUpper (U) and lower (L)      
bound for number of links      
usually : 2*L = U 

ïInsertion 

ÅAll insertions happen at the leaf nodes 

ÅNodes are split during insertion as soon as they contain more 
than U-2 keys 

ÅThe median is chosen from among the leaf's elements and the 
new element 

ÅThe splitting may go all the way up to the root 

ïDeletion 

ÅRebalancing necessary if node contains less than L keys 

 

 

key value data pointer tree  
node 

node pointers 
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ïVery efficient data structure for disk storage 

ÅO(log n) for all operations 

ÅEven better  

ïGuaranteed maximum node-accesses to locate a key is 

ïBalanced binary tree guarantees only  

ïAccessing a node is expensive on disks Ą huge improvement  

ïNo degenerated cases 

ÅSelf-balancing rarely necessary as most updates affect just 

one node 

ÅWasted space decreased due to                                                     

guaranteed minimal fill factor 
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http://upload.wikimedia.org/ 



ÅB+-Tree 

ïDifferent nodes for leaf nodes and internal nodes 

ÅData pointers only in leaf nodes 

ïAll leafs are linked to each other in-order  

ïAdvantages 

ÅImproved traversal                                                   

performance 

ÅIncreased search                                                           

efficiency 

ÅIncreased memory efficiency 
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ÅWhy not use B-Tree 

or B+-Tree for 

indexing two-

dimensional data? 
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ÅOne-dimensional orderings 

ïMapping multidimensional data to one dimension 

ïTry to preserve object proximity 

ïUse a uniform grid to partition the space 

ïAssign a unique number to each cell in a way that 

ÅAdjacent cells get similar numbers 

ÅIt can be defined by a recursion of any depth 

ÅEach cell can be refined separately without disturbing the 

order of the other numbers  

Ҧ{pace filling curve 
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ïExamples for space filling curves: 
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http://dbs.uni-leipzig.de/file/dw-kap5.pdf 

Z-order            Gray code               IƛƭōŜǊǘΨǎ ŎǳǊǾŜ 



ÅExample of point-shaped objects: weather stations 

ïAttributes 

ÅPosition 

ÅOwner 

ÅYear of construction 

ÅAnalog/digital 
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 http://de.wikipedia.org/ 



ÅSorting points by Z-order 

ïRecursive      

decomposition of space         

in quadrants until every     

quadrant contains at      

most one point 
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ÅA more realistic example (150, 200, 250 points) 
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ÅEfficient calculation of the Z-value by bit-

interleaving 

ïThe Z-value of a quadrant consists of alternating bits 

from the binary representations     

of its x and y coordinate values,     

i.e.: 

x-coordinate        y-coordinate 

 

        

 

       Z-value 
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ïExample: range query 

ÅCalculate Z-values of the query     

window:  Min=16, Max=30 

ÅSearch for Min 

ÅCheck all points whose      

Z-values Ò Max 
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ÅProblems 

ïOnly suitable for points 

ïFalse positives, the solutions supplied by the index 

have to be verified 

ïAdequacy depends on the position of the query 

window 
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ÅIndexes can be classified according to 

ïData types, which can be indexed 

ÅPoints (Point Access Method) or                                  

extended objects (Spatial Access Method) 

ïPrinciple of space decomposition:  
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data-driven 
(tree)  

space-driven 
(trie) 

structure dependant on the 
insertion order 

 yes no 

indexing dead space no yes 

guaranteed  storage utilization yes no 



ÅMain principle: 

ï Successive decomposing of space into quadrants  

ïSearch tree whose nodes have four children each 

ÅDecomposition may be space- or data-driven 

ÅCan be used for points as well as for extended 

objects 

ÅNot balanced, can degenerate 
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ÅPoint quadtree (data-driven) 

ïIndexing of points 

ïData pointers in leaf and      

internal nodes 

ïInsertion 

ÅSearch ends at Nil node, replace this node with the new 

node containing the element 

ïDeletion of internal nodes difficult 

ÅRemove the subtree whose root is the node to be deleted 

ÅRe-insert nodes of the subtree 
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ïExample: insertion 
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ïExample: insertion 
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ïExample: insertion 
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