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Example 1: Austrian road map
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showing

a part of a 

customer record, 

a detailed map of 

connections in a 

neighborhood, etc.

Example 2: Electrical utility application of GISExample 2: Electrical utility application of GIS

(Longley et al. 2001, p.28)
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GIS Application

for managing

the assets of a 

water utility

Longley et al., 2001, p.28)

Example 3: Water UtilityExample 3: Water Utility
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LogisticsLogistics

►► Many applications of GIS in transportation and logistics, e.g.Many applications of GIS in transportation and logistics, e.g.

�� Infrastructure maintenanceInfrastructure maintenance

�� Travel planningTravel planning

�� RoutingRouting

�� Vehicle trackingVehicle tracking

►► Two componentsTwo components

�� Static Static –– infrastructureinfrastructure

�� Dynamic Dynamic -- vehiclesvehicles
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Planning for Emergency EvacuationPlanning for Emergency Evacuation

►► Major natural and humanMajor natural and human--induced events may necessitate area induced events may necessitate area 
evacuationsevacuations

►► GIS can be used to create effective evacuation vulnerability GIS can be used to create effective evacuation vulnerability 
maps based onmaps based on
�� Distribution of populationDistribution of population

�� Street mapStreet map

►► Model demand and impact of bottlenecks on speed of Model demand and impact of bottlenecks on speed of 
evacuation using standard GIS network tools evacuation using standard GIS network tools 
�� Adjacency, connectivity, shortest path network calculationAdjacency, connectivity, shortest path network calculation
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ContentsContents

►► SpatialSpatial datadata modellingmodelling

►► Fundamental Fundamental spatialspatial conceptsconcepts

�� GeometryGeometry and and TopologyTopology

�� MetricMetric spacesspaces

�� Graph Graph theorytheory

�� NetworkNetwork spacesspaces

►► ApplicationsApplications of of networknetwork modelsmodels
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Spatial data concepts and modelsSpatial data concepts and models

Reality

Objects or 

Entities

Smooth, continuous

spatial variation

Continuous

smooth fields

Set of discrete objects,

their attributes and relations

tessellation
(raster data models, TINs)

continuous math. functions

Sets of simpler objects

(atomic entities), their
attributes and relations

(vector data models)

Conceptual models

Data models

Representations
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Five Ms of Applied GISFive Ms of Applied GIS

►►MappingMapping

►►MeasuringMeasuring

►►MonitoringMonitoring

►►ModelingModeling

►►ManagingManaging

25 May 2006 Network Modells in GIS - A. Car 10

GeoDataGeoData ModelingModeling

Real World

People
Interpretation and

Explanation

Operational GIS
Analysis and
Presentation

GIS Data Model
Description and
Representation

LineLine

BuildingBuilding

Pump HousePump House HouseHouse

StreetStreet Water
Line

Water
Line

FeatureFeature

PolygonPolygon
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Fundamental spatial conceptsFundamental spatial concepts

►► Spatial data models formally describe the meaning Spatial data models formally describe the meaning 

(semantics) of spatial concepts(semantics) of spatial concepts

►► Formal description is necessary, because Formal description is necessary, because 

computer systems are essentially formal systems computer systems are essentially formal systems 

(i.e. they manipulate symbols according to formal (i.e. they manipulate symbols according to formal 

rules)rules)

Spatial object =  attributes + Spatial object =  attributes + geometrygeometry + time+ time

►►WellWell--defined mathematical concepts such asdefined mathematical concepts such as

metric, topology and order metric, topology and order 

are used to solve geometrical problems are used to solve geometrical problems 
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Geometrical questionsGeometrical questions

►► How far is it from Villach to Zagreb?How far is it from Villach to Zagreb?

►► How long is the river How long is the river SavaSava??

►► In which direction lies In which direction lies BedekovcinaBedekovcina??

►►What is the area of What is the area of HrvatskoHrvatsko ZagorjeZagorje??

►►Which slope on Which slope on SljemeSljeme is the most suitable for a is the most suitable for a 

snowboard halfsnowboard half--pipe?pipe?

►► Do Austria and Croatia cover equally big areas?Do Austria and Croatia cover equally big areas?

►► ......
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Geometry (1)Geometry (1)

Geometry provides formalisms which represent Geometry provides formalisms which represent 

abstract properties of structures within the spaceabstract properties of structures within the space

�� Geometry (Greek) = measurement of the EarthGeometry (Greek) = measurement of the Earth

►► ErlangenErlangen program (Klein, 1872)program (Klein, 1872)

�� the beginning of modern treatment of geometrythe beginning of modern treatment of geometry

�� founded on notion of invariance:founded on notion of invariance:

geometries are distinguished by the group of transformations geometries are distinguished by the group of transformations 

of space under which their propositions remain trueof space under which their propositions remain true
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Geometry (2)Geometry (2)

►► Euclidean geometryEuclidean geometry –– widely widely 
used in GISused in GIS

►► embedding in a coordinated embedding in a coordinated 
space, which enables space, which enables 
measurements ofmeasurements of
�� distance (distance (““as the crow fliesas the crow flies””))

�� angleangle

�� bearing (azimuth)bearing (azimuth)

►► transforms spatial properties transforms spatial properties 
such assuch as
length, area,  shape, volume, length, area,  shape, volume, 
gradient, gradient, ……,,
into  tuples of real numbersinto  tuples of real numbers x

y

O

a

b

d(a,b) = |ab|
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TopologyTopology

►► Topology (Greek) = Topology (Greek) = 

study of form study of form 

►► TopologyTopology is the science and is the science and 

mathematics of relationshipsmathematics of relationships

usedused

�� To validate the geometry of To validate the geometry of 

entities (vector model)entities (vector model)

�� In operations such as network In operations such as network 

tracing or tracing or 

test of polygon adjacencytest of polygon adjacency

►► Topological propertiesTopological properties are are 

based on a nonbased on a non--metric metric 

informationinformation

�� ConnectivityConnectivity (e.g.  roads)(e.g.  roads)

�� OrientationOrientation (from, to)(from, to)

�� AdjacencyAdjacency

(sharing common boundary)(sharing common boundary)

�� ProximityProximity (closeness)(closeness)

�� ContainmentContainment

(e.g.  a city is within a region)(e.g.  a city is within a region)

►► ……is one which is preserved by is one which is preserved by 

topological transformations of topological transformations of 

the spacethe space
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Topology (2)Topology (2)

Why use topologically structured data?Why use topologically structured data?

=> to improve the spatial analysis in GIS=> to improve the spatial analysis in GIS

Examples:Examples:

�� an area can be computed only for a closed polygonan area can be computed only for a closed polygon

�� length of a river is a sum of lengths of its segmentslength of a river is a sum of lengths of its segments

�� All lines in a network are interconnectedAll lines in a network are interconnected

�� ......
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House

Pump
House

Pump

Meter

Valve

Hydrant

Fitting

Main

Street

Lateral

Water Facility Data TypesWater Facility Data Types
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Pump

Meter

Valve

Hydrant

Fitting

Main

Lateral

Topological Network ModelTopological Network Model
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Metric Spaces (1)Metric Spaces (1)

►►Metric spaces include the concept of distance between Metric spaces include the concept of distance between 

objects in space.objects in space.

►► A A pointsetpointset S is said to be a metric space if S is said to be a metric space if 

there exists a function, there exists a function, distancedistance, that takes , that takes 

ordered pairs (s, t) of elements of S and returns ordered pairs (s, t) of elements of S and returns 

a real number a real number distancedistance (s, t)(s, t)

that satisfies the following conditions:that satisfies the following conditions:
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Metric Spaces (2)Metric Spaces (2)

►► For each pair (s,t) in S,  For each pair (s,t) in S,  
distance (s,t) > 0distance (s,t) > 0 if s and t are distinct if s and t are distinct points,andpoints,and
distance (s,t) = 0distance (s,t) = 0 if s and t are identicalif s and t are identical

►► For each pair (s,t) in S,  the distance from s to t is equal For each pair (s,t) in S,  the distance from s to t is equal 
to the distance from t to s, to the distance from t to s, 
distance (s,t) = distance (t,s)distance (s,t) = distance (t,s)

►► For each triple s,t,u in S, the sum of the distances from s For each triple s,t,u in S, the sum of the distances from s 
to t and from t to u is always at least as large as the to t and from t to u is always at least as large as the 
distance from s to u, that is:distance from s to u, that is:
distance (s,t) + distance (t,u) distance (s,t) + distance (t,u) ≥≥ distance (s,u)distance (s,u)
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Metric Spaces (3)Metric Spaces (3)

Some possible distance functionsSome possible distance functions
e.g. between the two city centers on the globe:e.g. between the two city centers on the globe:

►► Geodesic distanceGeodesic distance: : ““as the crow fliesas the crow flies””, , 
i.e. distance along the great circle of the Earth passing througi.e. distance along the great circle of the Earth passing through h 
the 2 city centers the 2 city centers 

►► Spherical Manhattan distanceSpherical Manhattan distance: the difference : the difference 
in their latitudes + difference in their longitudesin their latitudes + difference in their longitudes

►► Traveling time: the min. time that is possible to travel from onTraveling time: the min. time that is possible to travel from one e 
city to the other using a sequence of scheduled airline flightscity to the other using a sequence of scheduled airline flights

►► LexicographicLexicographic: the absolute value of the difference between : the absolute value of the difference between 
their positions in a list of cities  in a fixed gazetteertheir positions in a list of cities  in a fixed gazetteer
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Network Spaces (1) Network Spaces (1) 

►► Leonard Leonard EulerEuler, mathematician, who in 1736 solved the problem , mathematician, who in 1736 solved the problem 

of of KoenigsbergerKoenigsberger Bridges;Bridges;

the founder of the systematic study of topologythe founder of the systematic study of topology

x

y

w

z

x

y

z

w
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Network Spaces (2) Network Spaces (2) 

►► UsedUsed to to representrepresent manymany different different geographicgeographic problemsproblems, , 

e.ge.g..

�� TransportationTransportation, , logisticslogistics, , emergencyemergency managementmanagement, , hydrologyhydrology, , 

geomarketing, AM/FM, geomarketing, AM/FM, ……

►►ModellingModelling and and calculationscalculations basedbased on on 

a a graphgraph as a formal as a formal modelmodel of of thethe networknetwork

⇒⇒ GGraphraph theorytheory isis thethe focusfocus of of thisthis lecturelecture

Abstract Abstract graphgraph

NetworkNetwork representationrepresentation

Dijkstra Dijkstra algorithmalgorithm
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Data Model LevelsData Model Levels

Increasing
Abstraction

RealityReality

Conceptual ModelConceptual Model

Logical ModelLogical Model

Physical ModelPhysical Model

Human-
oriented

Computer-
oriented
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (1)(1)

►►GraphGraph GG –– a a nonnon--emptyempty setset of of nodesnodes (N) (N) togethertogether

with a with a setset of of unorderedunordered pairspairs of of distinctdistinct nodesnodes calledcalled

edgesedges (E) (also (E) (also calledcalled arcarc, , networknetwork linklink))

nini, , njnj areare nodesnodes of of GG and   and   e=nie=ni njnj isis an an egdeegde of of GG, , thenthen

ee joinsjoins nini to to njnj oror isis incidentincident with with nini and and njnj

nini and and ynjynj areare incidentincident with with ee
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

•• FiniteFinite graphgraph –– ifif bothboth thethe numbernumber of of nodesnodes and and thethe numbernumber of of 

edgesedges areare finitefinite

•• In a In a complete graphcomplete graph each pair of distinct nodes defines an each pair of distinct nodes defines an 

edgeedge

Graph Graph theorytheory: Abstract : Abstract graphsgraphs (2)(2)
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (3)(3)

►► A A selfself--looploop is an edge (is an edge (ni,njni,nj) for which ) for which nini==njnj

►► Parallel edgesParallel edges have endhave end--nodes in common, to nodes in common, to 

distinguish them, attributes like travel time or direction distinguish them, attributes like travel time or direction 

are necessaryare necessary

►► A A simple graphsimple graph

contains no parallel edges or selfcontains no parallel edges or self--loopsloops

►► A A multimulti--graphgraph

contains parallel edges but no selfcontains parallel edges but no self--loopsloops
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (4)(4)

►► Dense graphs Dense graphs -- graphs where only few edges are graphs where only few edges are 

missingmissing

►► Sparse graphsSparse graphs –– graphsgraphs with with relatively few edgesrelatively few edges

►► PlanarPlanar graphgraph -- if it can be drawn in a 2D (Euclidean) if it can be drawn in a 2D (Euclidean) 

plane so that no two edges cross or intersect each plane so that no two edges cross or intersect each 

other, i.e., edges can meet only at nodesother, i.e., edges can meet only at nodes
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (5)(5)

►► Graph Graph isis a a highlyhighly abstractedabstracted modelmodel of of spatialspatial

relationshipsrelationships and and representsrepresents onlyonly connectednessconnectedness

►► PossiblePossible extensionsextensions: : directeddirected and and labeledlabeled graphsgraphs

►►DirectedDirected graphgraph ((digraphdigraph))

�� has directions assigned to its edgeshas directions assigned to its edges

�� representedrepresented as as arrowedarrowed lineslines

�� E.gE.g. . oneone--wayway streetsstreets
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

•• A A bidirectional graphbidirectional graph (or (or symmetric graphsymmetric graph) ) 

is a digraph in which is a digraph in which ∀∀ edge (edge (ni,njni,nj)  )  ∃∃ edge (edge (nj,ninj,ni))

•• A A undirected graphundirected graph -- directions of edges are removeddirections of edges are removed
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (7)(7)

►► The number of edges meeting in a node is the The number of edges meeting in a node is the degreedegree of that of that 
node. node. 
�� In a digraph the In a digraph the outdegreeoutdegree of a node is the number of edges leaving the of a node is the number of edges leaving the 

node, node, 

�� and the and the indegreeindegree of a node is the number of incoming edges to that node.of a node is the number of incoming edges to that node.

n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (8)(8)

►► If a certain number of edges and/or nodes is removed If a certain number of edges and/or nodes is removed 
from a graph, we obtain its from a graph, we obtain its subgraphsubgraph
�� Problem of Problem of isolatedisolated nodesnodes

n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (9)(9)

►► A A walkwalk in a graph is a sequence of succeeding nodesin a graph is a sequence of succeeding nodes

►► A A pathpath is a walk without any repetition of nodesis a walk without any repetition of nodes

►► A A cyclecycle is a walk where the first node of the first edge is a walk where the first node of the first edge 

coincides with the last node of the last edgecoincides with the last node of the last edge
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

n2

n1

n5

n3 n4

e2

e4

e5

e6

e7

n2

n1

n5

n3 n4

e2

e5

e6

e7
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (6)(6)

►► Connected graphConnected graph

�� A graph G is connected if any two nodes of G are connected A graph G is connected if any two nodes of G are connected 

by a path. by a path. 

�� A connected graph is strongly connected if there is at least A connected graph is strongly connected if there is at least 

one directed path from every node to every other node. one directed path from every node to every other node. 

►► Acyclic graphAcyclic graph –– a graph that has no cyclesa graph that has no cycles

►► TreeTree –– a connected acyclic grapha connected acyclic graph

�� Rooted tree, leafRooted tree, leaf

�� Directed acyclic graph (DAG)Directed acyclic graph (DAG)
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Graph Graph theorytheory: Abstract : Abstract graphsgraphs (7)(7)

►► LabeledLabeled graphgraph ((weightedweighted graphgraph) ) 

�� eacheach egdeegde isis assignedassigned a a labellabel (a (a numbernumber oror stringstring), ), 

�� oftenoften indicatedindicated nearnear thethe appropriateappropriate edgeedge

�� E.gE.g. . traveltravel time time oror distancedistance

►► A path with the minimum weight is called A path with the minimum weight is called 

the shortest paththe shortest path

�� nodes are labeled with tentative distances at each step: nodes are labeled with tentative distances at each step: 

distance labelsdistance labels are estimates of the shortest path distancesare estimates of the shortest path distances
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

2

1

2

3

4

3

3

1

3
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NetworkNetwork representationrepresentation (1)(1)

►► There are different ways to represent graphs suitable There are different ways to represent graphs suitable 

for computational purposesfor computational purposes

�� use use matricesmatrices because they capture incidence relations because they capture incidence relations 

between nodes and edges wellbetween nodes and edges well

►► The The adjacency matrixadjacency matrix A(G) of the graph G A(G) of the graph G 

�� an n x n matrix,  where n is the number of nodes in G an n x n matrix,  where n is the number of nodes in G 

�� aijaij ∈∈ A(G) A(G) 

aijaij=1  if there exists an edge from =1  if there exists an edge from nini to to njnj; ; 

aijaij=0  if there is no edge from =0  if there is no edge from nini to to njnj. . 

�� The matrix is symmetric if a graph is undirectedThe matrix is symmetric if a graph is undirected
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

A(G) =

0   1   1   1   0   0

0   0   0   1   0   0

0   1   0   1   0   0 

0   0   0   0   1   1

0   1   0   0   0   0

0   0   0   0   1   0
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NetworkNetwork representationrepresentation (2)(2)

►► The incidence matrix B(G) of an undirected graphThe incidence matrix B(G) of an undirected graph

�� is an n x m matrix of 0is an n x m matrix of 0’’s and 1s and 1’’s, where s, where 

n is a number of nodes and m is a number of edges. n is a number of nodes and m is a number of edges. 

►►bijbij=1 if the edge =1 if the edge ejej meets the node meets the node nini, and , and 

bijbij =0 if not=0 if not

�� In the case of digraph we distinguish between incoming and In the case of digraph we distinguish between incoming and 

outgoing edges of a node: outgoing edges of a node: 

►►bijbij =+1 if =+1 if ejej starts at starts at nini, , bijbij ==--1 if 1 if ejej ends in ends in nini, and , and 

bijbij =0 otherwise.=0 otherwise.
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n2

n1

n5

n3

n6

n4

e2

e3
e4

e5

e6

e1 e9

e7

e8

A(G) =

1   1   0   0   0   0

1   0   1   0   0   0

0   1   1   0   0   0 
0   1   0   1   0   0

0   1   0   0   1   0

0   0   1   1   0   0

0   0   0   1   1   0
0   0   0   1   0   1

0   0   0   0   1   1
An example:

Incidence matrix A(G)
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DijkstraDijkstra‘‘ss algorithmalgorithm (1)(1)

►► DijkstraDijkstra’’ss algorithmalgorithm is the best known for solving is the best known for solving 

shortest path problems. shortest path problems. 

►► It finds the shortest paths from the start node to all It finds the shortest paths from the start node to all 

other nodes in a network with nonnegative edge other nodes in a network with nonnegative edge 

lengths lengths 

�� also known as also known as singlesingle--source shortest path source shortest path problemproblem



22

25 May 2006 Network Modells in GIS - A. Car 43

DijkstraDijkstra‘‘ss algorithmalgorithm (2)(2)

►► Input: Input: 

�� G=(N,E)   G=(N,E)   undirectedundirected simple simple connectedconnected graphgraph

�� s s ∈∈ N       N       startingstarting nodenode

�� w : E w : E →→ R+  R+  weightingweighting functionfunction ((edgeedge weightsweights))

�� t : N t : N →→ R+   R+   targettarget weightingweighting functionfunction

((storesstores min min distancesdistances fromfrom s to s to eacheach nodenode in in thethe graphgraph))

►► Output:Output:

�� t : N t : N →→ R+  Graph R+  Graph weightsweights
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DijkstraDijkstra‘‘ss algorithmalgorithm (3)(3)

1.1. InitializeInitialize t(nt(n) ) ←← ∞∞ ∀∀ nn∈∈NN, , visitedvisited nodenode setset VV←←{s{s}}

2.2. Set Set t(st(s) ) ←← 00

3.3. For allFor all nn∈∈NN such such thatthat edgeedge snsn ∈∈E E dodo

4.4. Set Set t(nt(n) ) ←← w(snw(sn))

5.5. WhileWhile NN≠≠VV dodo

6.6. find find byby sortingsorting nn∈∈NN\\VV such such thatthat t(nt(n) ) isis minimisedminimised

7.7. addadd n to Vn to V

8.8. forfor allall mm∈∈NN\\VV such such thatthat edgeedge nm nm ∈∈E E dodo

9.9. t(mt(m) ) ←← min( min( t(mt(m), ), t(n)+w(nmt(n)+w(nm))))
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DijkstraDijkstra‘‘ss algorithmalgorithm (4)(4)

n2

n1

n5

n3

n6

n4

2

1

2

3

4

3

3

1

3

S =

(0, *)

(2,n1)

(1,n1)

(∞,*)

(∞,*)

(∞,*)
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DijkstraDijkstra‘‘ss algorithmalgorithm (5)(5)

n2

n1

n5

n3

n6

n4

2

1

2

3

4

3

3

1

3

S =

(0, *)

(2,n1)

(1,n1)

(∞,*)

(∞,*)

(4,n3)

(3,n3)
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DijkstraDijkstra‘‘ss algorithmalgorithm (6):(6):

n2

n1

n5

n3

n6

n4

2

1

2

3

4

3

3

1

3

S =

(0, *)

(2,n1)

(1,n1)

(∞,*)

(∞,*)

(4,n3)

25 May 2006 Network Modells in GIS - A. Car 48

DijkstraDijkstra‘‘ss algorithmalgorithm ()()

n2

n1

n5

n3

n6

n4

2

1

2

3

4

3

3

1

3

= S

(0, *)

(2,n1)

(1,n1)

(5,n2)

(6,n5)

(4,n3)

Final solution
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NetworkNetwork modelsmodels in GIS (1)in GIS (1)

NetworkNetwork operationsoperations

►► PathfindingPathfinding -- find find thethe shortestshortest, least , least costcost, , oror mostmost
efficientefficient pathpath on a on a networknetwork. . 

►► TracingTracing -- determinedetermine a a connectedconnected portionportion of a of a networknetwork
thatthat areare eithereither flowflow fromfrom thisthis connectedconnected portionportion of of thethe
networknetwork to a to a givengiven nodenode oror flowflow fromfrom a a givengiven nodenode to to 
thisthis connectedconnected portionportion of of thethe networknetwork. . 

►► AllocationAllocation -- assignassign portionsportions of a of a networknetwork to a to a locationlocation
((e.ge.g., a ., a centercenter) ) basedbased on on somesome givengiven criteriacriteria..
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NetworkNetwork modelsmodels in GIS (2)in GIS (2)

NetworkNetwork applicationsapplications

►► GeocodingGeocoding -- buildingbuilding a a relationshiprelationship betweenbetween locational locational 

datadata in a in a databasedatabase and and streetstreet addressaddress datadata thatthat areare

normallynormally in a in a tabulartabular formatformat

►► LocationLocation--allocationallocation -- determingdeterming thethe optimal optimal locationslocations

forfor a a givengiven numbernumber of of facilitiesfacilities basedbased on on somesome criteriacriteria

and and simultaneouslysimultaneously assigningassigning thethe populationpopulation to to thethe

facilitiesfacilities
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NetworkNetwork modelsmodels in GIS (3)in GIS (3)

NetworkNetwork applicationsapplications

►► Business Business logisticslogistics isis concernedconcerned with with thethe optimizationoptimization of of vehiclevehicle routingrouting
and delivery and delivery schedulingscheduling

►► SpatialSpatial interactioninteraction and and gravitygravity modelingmodeling
TheThe interactioninteraction betweenbetween different different locationslocations in in geographicgeographic spacespace and and thethe
mathematicalmathematical modelingmodeling of of thethe interactioninteraction areare importantimportant in in applicationapplication
areas such as areas such as transportationtransportation and and retailretail analysesanalyses.. GravityGravity modelsmodels areare
commonlycommonly usedused to to supportsupport thesethese analysesanalyses. . 

►► DynamicDynamic segmentationsegmentation isis a a particularparticular networknetwork modelmodel usedused to to representrepresent, , 
analyzeanalyze, , queryquery, and , and displaydisplay linear linear featuresfeatures.. TheThe basicbasic differencedifference betweenbetween
dynamicdynamic segmentationsegmentation and and thethe networknetwork representationsrepresentations discusseddiscussed aboveabove
isis thatthat dynamicdynamic segmentationsegmentation has has thethe flexibilityflexibility to to associateassociate an an attributeattribute
to a to a portionportion of an of an arcarc oror severalseveral arcsarcs
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Evacuation vulnerability map of the area of Santa Barbara, Ca, USA
(Longley et al., 2001, p.49)

Network applications in GIS (4)Network applications in GIS (4)
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Network applications in GIS (5)Network applications in GIS (5)
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Optimization of optical networks considering Optimization of optical networks considering 

geoinformationgeoinformation

►► Develop a Develop a spatially spatially 

balanced score cardbalanced score card

�� formalized formalized 

expert knowledge expert knowledge 

�� base for a base for a 

cost function cost function 

used in optimizationused in optimization

►► ApproachApproach

�� Knowledge engineering Knowledge engineering 

methods (scenarios)methods (scenarios)

�� involves principles of HSRinvolves principles of HSR

=> => Design a SDSSDesign a SDSS
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Modeling Forest Road NetworksModeling Forest Road Networks

Problem: Problem: 

�� PlanningPlanning a a forestforest roadroad isis extremlyextremly time time consumingconsuming

((exploringexploring thethe area on area on footfoot))

�� No optimal No optimal solutionsolution possiblepossible whenwhen calculatingcalculating byby handhand

(no alternatives (no alternatives calculatedcalculated, suboptimal , suboptimal useuse of geodata)of geodata)

GIS

Operations Research
Mathematical Modeling

C = ƒ (x1,x2, ... xn)

Spatial
Decision
Support
System
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Fundamental spatial conceptsFundamental spatial concepts

SummarySummary

►► GeometryGeometry and and tolopogytolopogy areare necessarynecessary forfor queryquery and and 

analysisanalysis of of spatialspatial datadata

►► Geoinformation has Geoinformation has geometricgeometric and and topologicaltopological

propertiesproperties

►► „„GeometryGeometry--ToolboxToolbox““ includesincludes

setssets, relations, , relations, functionsfunctions, , graphsgraphs

►► GIS GIS usesuses different different spacesspaces: : 

e.ge.g., ., EuclideanEuclidean, , metricmetric, , oror networknetwork spacesspaces
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Example Water Facilities Data ModelExample Water Facilities Data Model

►► Start with objects and relationshipsStart with objects and relationships

►►Model as object types and relationshipsModel as object types and relationships

�� Topological networkTopological network

�� Hierarchical Hierarchical ‘‘type oftype of’’

�� Collection Collection ‘‘composed ofcomposed of’’

►► Add related attribute tables Add related attribute tables 
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Object

Feature Equipment OperationsRecord

Polygon Line Node

Building

Pump House House

Street WaterLine

Main Lateral

WaterFacility

Valve Fitting Hydrant Meter Pump

Network

Composed

Type 

Relationship 

Network 

Landbase

Water Facility Object ModelWater Facility Object Model
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Terms and Definitions (1)Terms and Definitions (1)

►► Data modelData model
�� Abstract description of realityAbstract description of reality

�� Set of constructs for representing objects and processes in the Set of constructs for representing objects and processes in the digital digital 
environmentenvironment

►► Geographical (spatial) data modelGeographical (spatial) data model
abstraction and representation of spatial phenomena according abstraction and representation of spatial phenomena according 
to a formalized concept, which is usually implemented using to a formalized concept, which is usually implemented using 
geometric primitives of points, lines, areas or geometric primitives of points, lines, areas or 
discretizeddiscretized continuous fieldscontinuous fields

►► RepresentationRepresentation
�� Focus on conceptual and scientific issuesFocus on conceptual and scientific issues
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Terms and Definitions (2)Terms and Definitions (2)

►► CognitionCognition -- acquisition and use of knowledge by an acquisition and use of knowledge by an 

individualindividual

►► Spatial cognitionSpatial cognition -- processes by which spatial processes by which spatial 

knowledge is acquired, stored and recalledknowledge is acquired, stored and recalled

►► Conceptual model of space / spatial conceptConceptual model of space / spatial concept

objects and spatial relations arranged objects and spatial relations arranged 

according to our experience and cognition according to our experience and cognition 


