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@ 5 Spatial Access Methods

A Speeding up queries by vvdlrected access on
relevant tuples e 7

I Query types
APoint query
ARange query
ANearest neighbour query

I Problems % :
AMaintenance of the topologlcal structurehttp ot esp e
ADensity of objects varies strongly
ADynamic reorganisation

ARepresentation of objects: points as well as extended
objects
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@ 5 Spatial Access Methods

A For onedimensional data-Bree

Upper (U) and lower (L) key value data pointer tree
node
bound for number of links
usually : 2*L = U
Insertion node pointers
A All insertions happen at the leaf nodes

A Nodes are split during insertion as soon as they contain more
than U2 keys

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

A The splitting may go all the way up to the root

Deletion
A Rebalancing necessary if node contains less than L keys
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@ 5 Spatial Access Methods

I Very efficient data structure for disk storage
AO(log n)for all operations

AEven better
I Guaranteed maximum noegccesses to locate a key[isgfm_m(#)]
i Balanced binary tree guarantees olri¢g. I
I Accessing a node is expensive on disksiuge improvement

I No degenerated cases

ASelfbalancing rarely necessary as most updates affect jus
one node

AWasted space decreased due /mf @\@\

guaranteed minimal fill factor SRR TR /B @}\
F ey

http://upload.wikimedia.org/
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@ 5 Spatial Access Methods

A B*-Tree

I Different nodes for leaf nodes and internal nodes
AData pointers only in leaf nodes

I All leafs are linked to each other-mrder

I Advantages

Almproved traversal
performance

Alncreased search
efficiency

Alncreased memory efficiency

Internal Search Nodes

Data Nodes
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5 Spatial Access Methods
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@ 5 Spatial Access Methods

A One-dimensional orderings
I Mapping multidimensional data to one dimension
I Try to preserve object proximity
I Use a uniform grid to partition the space

I Assign a unique number to each cell in a way that
AAdjacent cells get similar numbers
Alt can be defined bg recursion ofany depth

AEach cell can be refined separately without disturbing the
order of the other numbers

['b{pace filling curve
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5 Spatial Access Methods

I Examples for space filling curves:
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http://dbs.uni-leipzig.de/file/dwkap5.pdf
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@ 5 Spatial Access Methods

A Exampleof point-shaped objects: weather statior

| Attributes
A Position
AOwner
AYear of construction
AAnalog/digital

| ——
I —
R ————

http://de.wikipedia.org/
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@ 5 Spatial Access Methods

A Sorting points by Zorder

I Recursive 5
decomposition of spa¢e . |
in quadrants until every® ’
guadrant contains at - R

o

most one point

°G
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A Sorting points by 2orc
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@ 5 Spatial Access Methods

A Sorting points by Zorder
| dRecurswe__ f | °Dyy11
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A Sorting points by Zorder

I Recursive
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5 Spatial Access Methods

A Sorting points by Zorder
| Recurswe__ f \ Olepl
_decomposnlon 0 spa(,epbo101 = T
In quadrants until every 01111 H.
quadrant contains at - e 1100
: 5 K

MOost one point 0100 130
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5 Spatial Access Methods

A A more realistic example (150, 200, 250 points)
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A A more realistic example (150, 200, 250 points)
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5 Spatial Access Methods

A Efficient calculation of the-Zalue by bit
Interleaving
I The Z-value of a quadrant consists of alternating bit

from the binary representations
of its x and y coordinate values,|oio1 |o111 | 1101 | 1111

l.e.:
X-coordinate ycoordinate 0|10 | OHO [ 10D 1 1O
O\M 10 01| 0001 | 0011 | 1001 | 1011
001110 00| 0000 | 0010 | 1000 | 1010
Z-value 00 01 10 11
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@ 5 Spatial Access Methods

I Example:range query
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window: Min=16, Max=30 £l P K
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@ 5 Spatial Access Methods

A Problems

I Only suitable for points

I False positives, the solutions supplied by the index
have to be verified

I Adequacy depends on the position of the query
window \ 2 42 V2| | 24
LS| A L L
/ = . - .

S AN LY S
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@ 5 Spatial Access Methods

A Indexes can be classified according to

I Data types, which can be indexed

APoints (Point Access Method) or
extended objects (Spatial Access Method)

I Principle of space decomposition:

data-driven spacedriven
UER) (trie)

structure dependant onhe

insertion order yes no
indexing dead space no yes
guaranteed storage utilization yes no
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5.1 Quadtree

A Main principle:
I Successive decomposing of space into quadrants

I Searc

n tree whose nodes have four children each

A Decom

A Can be
objects

position may be spacer datadriven
used for points as well as for extended

A Not balanced, can degenerate W7 e

SW Se
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@ 5.1 Quadtree

A Point quadtree (datariven)

tree node
I Indexing of points key value
| Data pointers in leaf and data pointer
Internal nodes node pointer

I Insertion

ASearch ends at Nil node, replace this node with the new
node containing the element

I Deletion of internal nodes difficult
ARemove the subtree whose root is the node to be deleted
AReinsert nodes of the subtree
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@ 5.1 Quadtree

I Example:insertion

oE I

Je
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@ 5.1 Quadtree

I Example:insertion
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@ 5.1 Quadtree

I Example:insertion
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