Introduction to Network Analysis (INA)

Spring 2017/18

Homework #0
This homework is easy and is meant to get you started with network analysis. Although the
homework will not be graded, it will still be taken into account for course participation. All
questions and comments regarding the homework should be directed to Piazza.

Submission details
This homework is due on February 27th at 3:00pm, while late days expire on March 2nd
at 10:00am. The homework must be submitted as a hard-copy in the submission box in front
of R 2.49 and also as an electronic version to eUcilnica. It can be prepared in either English
or Slovene and either written by hand or typed on a computer. The hard-copy should include
(1) this cover sheet with filled out time of the submission and signed honor code, (2) short
answers to the questions, which can also demand proofs, tables, plots, diagrams and other, and
(3) a printout of all the code required to complete the exercises. The electronic submission
should include only (1) answers to the questions in a single file and (2) all the code in a format
of the specific programming language. Note that hard-copies will be graded, while electronic
submissions will be used for plagiarism detection. The homework is considered submitted only
when both versions have been submitted. Failing to include this honor code in the submission
will result in 10% deduction. Failing to submit all the developed code to eUcilnica will result
in 50% deduction.

Honor code
The students are strongly encouraged to discuss the homework with other classmates and form
study groups. Yet, each student must then solve the homework by herself or himself without
the help of others and should be able to redo the homework at a later time. In other words,
the students are encouraged to collaborate, but should not copy from one another. Referring
to any solutions obtained from classmates, course books, previous years, found online or other,
is considered an honor code violation. Also, stating any part of the solutions in class or on
Piazza is considered an honor code violation. Finally, failing to name the correct study group
members, or filling out the wrong date or time of the submission, is also considered an honor
code violation. Honor code violation will not be tolerated. Any student violating the honor
code will be reported to faculty disciplinary committee and vice dean for education.

Name & SID:
Study group:
Date & time:
I acknowledge and accept the honor code.
Signature:
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Network software (4 points)

Throughout the course you will be analyzing networks. This can be done using either some
programming library or a software tool. As you will be required to analyze large networks
and also implement some algorithms on your own, you should first select some network library.
However, at least in the case of small networks, it is commonly beneficial to be able to get a
quick insight into the network structure just by visualizing it. For this purpose, you should also
select some network software. Below is a list of most popular network libraries and software. For
most of them you will be able to find tutorials, documentation, code examples, discussion groups
and other online. It is strongly recommended that you select a library for the programming
language you are most comfortable with. Note also that your selection is not obligatory and
you can switch to any other library or tool during the semester.
SNAP C/C++ library for network analysis
Snap.py Python interface for SNAP library
NetworkX Python library for network analysis and visualization
graph-tool Python library for network analysis and visualization
igraph R, Python and C/C++ library for network analysis and visualization
JGraphT Java library for network analysis and visualization
JUNG Java library for network analysis and visualization
LNA Java library for network analysis (available upon request)
Most popular network software is Gephi, Pajek, visone, Graphviz and UCINET.
Here is the Zachary karate club network in edge list, Pajek and LNA formats (Figure 1).
This is a simple undirected network. Using your programming library, load the network and
print out the number of nodes and links in the network. Using your software tool, try to neatly
visualize the network and export or print-screen the figure.

Figure 1: Zachary karate club network cake
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What to submit?
Name selected network programming library and software tool. Very briefly explain your
choice. State the number of nodes and links in the karate club network, and print out all code
you have used (2 points). Include a visualization of the network (2 points).
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Network collection (4 points)

Within the course you will be analyzing randomly generated synthetic graphs and real-world
networks. Prior to the analysis of real-world networks, one must first collect the network and
clean it. Contrary to what you might expect, often more time is spent on collecting the network
than on analyzing it afterwards.

2.1

Your own network

Map out a network on your own. Try to be creative and collect a network that you have
not seen in lectures or labs. For instance, see https://podatki.gov.si. The network can be
anything, but since you will be analyzing it below, try to make it interesting. You might also
use it for your course project. Compute the number of nodes and links, and the average degree
in your network using either your network library or software tool.

2.2

Synthetic random graphs

Any network library or tool surely includes an option to generate the simplest possible synthetic graph called the Erdős-Rényi random graph [ER59]. Create a random graph with the
same number of nodes as in your network and set any other required parameter thus to best fit
your network. Compute the number of nodes and links, and the average degree in a generated
random graph.

What to submit?
2.1 Briefly explain your network. What are the nodes and what are the links? State the
number of nodes and links, and the average degree in your network (2 points). Print out
any code you might have used.
2.2 How did you set the random graph parameters? State the number of nodes and links, and
the average degree in a generated random graph (2 points). Print out any code you might
have used.
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Network analysis (4 points)

Commonly not all nodes in a network are equally important (Figure 2). PageRank [BP98]
is probably the most well known measure of node importance and it should be included in any
serious network library (as the Erdős-Rényi random graph above). PageRank is actually the
algorithm that made Google famous.

2

Introduction to Network Analysis (INA)

Homework #0

Key$ForType

EndpointMetadata$EndpointType
Key

KeyMap

KeyElementParser
PortElementParser
StringElementParser
EdgeElementParser
ElementParserRegistry

GraphMLDocument

UnknownElementParser
PortMetadata
ElementParser
Metadata
EndpointMetadata
EdgeMetadata

AbstractElementParser

DataElementParser

GraphMetadata$EdgeDefault
ParserContext
DataMetadata
AbstractMetadata

EndpointElementParser

Metadata$MetadataType

NodeElementParser

GraphMLReader2

GraphMetadata

NodeMetadata

FilterUtils
HyperEdgeElementParser
GraphElementParser
HyperEdgeMetadata

EigenvectorCentrality

PageRank
GraphMLReader
GraphReader
DelegateToEdgeTransformer
PageRankWithPriors
KStepMarkov

MapSettableTransformer
BarycenterScorer

GraphMLWriter

UniformDegreeWeight

BFSDistanceLabeler
DistanceStatistics

DistanceCentralityScorer

VEPair
Hypergraph

DegreeScorer

UnweightedShortestPath

AbstractIterativeScorerWithPriors
VertexScoreTransformer

RealMatrixElementOperations

ClosenessCentrality
VoltageScorer
SettableTransformer

HITSWithPriors
Distance

MatrixElementOperations

SetHypergraph
GraphEventListener
BasicVertexLabelRenderer$InsidePositioner
BasicVertexLabelRenderer$OutsidePositioner

VertexScorer
ShortestPath

Graphs$UnmodifiableGraph

SortedSparseMultigraph

DijkstraDistance
AbstractIterativeScorer
OrderedKAryTree

OrderedSparseMultigraph

UniformInOut
PajekNetReader

AbstractTypedGraph
Renderer$VertexLabel$NOOP$1

UndirectedSparseGraph
GraphEvent$Type
Graphs$UnmodifiableUndirectedGraph

FoldingTransformer

MultiGraph

GraphMatrixOperations

Graphs$UnmodifiableDirectedGraph

GraphEvent

Renderer$VertexLabel$Positioner
DirectedSparseGraph
UndirectedSparseMultigraph
Graphs$SynchronizedGraph

Renderer$VertexLabel$Position

HITS
Graphs$UnmodifiableAbstractGraph
ObservableGraph

MixedRandomGraphGenerator

Graphs$UnmodifiableForest

DijkstraShortestPath

EvolvingGraphGenerator

EdgeType
DefaultVertexLabelRenderer

SparseMultigraph
DelegateForest

Graphs$SynchronizedUndirectedGraph
Pair

GraphEvent$Edge

KPartiteGraph

BarabasiAlbertGenerator

ShortestPathUtils

DirectedSparseMultigraph

GraphEvent$Vertex

AnnotationRenderer

DirectionTransformer
DefaultEdgeLabelRenderer

Tree
GraphDecorator

SatelliteTranslatingGraphMousePlugin
Renderer$VertexLabel$NOOP

UndirectedGraph
UndirectedOrderedSparseMultigraph
DirectedOrderedSparseMultigraph

BasicVertexLabelRenderer
VertexLabelAsShapeRenderer

AbstractGraph
MinimumSpanningForest2

Graphs$UnmodifiableTree

Filter
Metrics

VertexPredicateFilter

KKLayout

SparseGraph

BasicEdgeArrowRenderingSupport

Annotation$Layer

EdgePredicateFilter

DelegateTree
Graphs$SynchronizedAbstractGraph

KleinbergSmallWorldGenerator

MinimumSpanningForest

LensTranslatingGraphMousePlugin

Graphs$SynchronizedDirectedGraph
Graphs$SynchronizedTree

BasicEdgeRenderer

AnnotationManager
EdgeArrowRenderingSupport

Forest
RandomWalkBetweenness

Renderer$VertexLabel

GraphGenerator
StructuralHoles

AnnotationControls

CenterEdgeArrowRenderingSupport

Graphs

Annotation

StaticLayout

ErdosRenyiGenerator

TreeUtils

Graphs$SynchronizedForest
ReshapingEdgeRenderer
VertexLabelRenderer

DirectedGraph

TranslatingGraphMousePlugin

PajekNetWriter

Lattice2DGenerator

RadialTreeLayout

Renderer$EdgeLabel$NOOP
ShapePickSupport$Style

Graph

RadiusGraphElementAccessor

Renderer$Edge

CircleLayout

BetweennessCentrality

BalloonLayout

BicomponentClusterer
TreeCollapser
ViewTranslatingGraphMousePlugin

RadiusPickSupport

BasicRenderer

EppsteinPowerLawGenerator

EdgeLabelRenderer

AnnotationPaintable

BasicVertexRenderer

SatelliteScalingGraphMousePlugin
LayoutLensShapePickSupport

FRLayout

AbstractLayout
ClassicPickSupport

KNeighborhoodFilter

SpringLayout2

TreeLayout

PersistentLayout

WeakComponentClusterer
VertexPartition

RandomWalkSTBetweenness

FRLayout2

AnimatedPickingGraphMousePlugin

SatelliteAnimatedPickingGraphMousePlugin

CachingLayout

Renderer$EdgeLabel

Renderer$Edge$NOOP

ShapePickSupport
AnnotatingGraphMousePlugin

TriadicCensus

Layout
Graphics2DWrapper

ClosestShapePickSupport

KNeighborhoodFilter$EdgeType

VertexPartitionCollapser
LayoutDecorator

Renderer$Vertex$NOOP

LayoutScalingControl

LabelEditingGraphMousePlugin

ISOMLayout

FRLayout

RenderContext

EdgeBetweennessClusterer
AggregateLayout

ViewLensShapePickSupport

IterativeContext

StructurallyEquivalent

PrimMinimumSpanningTree

PersistentLayoutImpl

ScalingGraphMousePlugin

DAGLayout

PickingGraphMousePlugin

Renderer$Vertex

TransformingImageVertexIconRenderer

ViewScalingControl

ObservableCachingLayout

Renderer
AbstractGraphMousePlugin

BasicEdgeLabelRenderer

LayoutDecorator

WeightedNIPaths

SpringLayout

GraphCollapser

GraphElementAccessor

MatrixFile
VisualizationServer
EditingPopupGraphMousePlugin
KStepMarkov

EditingGraphMousePlugin$EdgePaintable

CrossoverScalingControl

BetweennessCentrality
ScalingControl

AbstractLayout
EdmondsKarpMaxFlow

BoundingRectanglePaintable

VoltageClusterer

BoundingRectangleCollector

PluggableRenderContext

AbstractPopupGraphMousePlugin
ShearingGraphMousePlugin

Animator
LayoutEventBroadcaster

VisualizationImageServer

GraphFile

Caching
GraphicsDecorator

LayoutTransition

GradientVertexRenderer

MarkovCentrality
TestGraphs

EditingGraphMousePlugin

EditingModalGraphMouse

AbstractRanker

AbsoluteCrossoverScalingControl

Layout

GraphElementAccessor

PredicatedParallelEdgeIndexFunction

BasicVisualizationServer

AnnotatingGraphMousePlugin$LensPaintable

SatelliteVisualizationViewer

PickableVertexIconTransformer

DefaultVisualizationModel
ISOMLayout

VisualizationModel
AnnotatingModalGraphMouse

PickingGraphMousePlugin$LensPaintable

RotatingGraphMousePlugin

SatelliteShearingGraphMousePlugin

PickedState

VisRunner

VisualizationServer$Paintable

RadiusGraphElementAccessor
SpringLayout

PickVertexBehavior

IncidentEdgeIndexFunction
VisualizationViewer

IterativeProcess

MultiPickedState
LensMagnificationGraphMousePlugin

ChangeEventSupport

EdgeScorer

PluggableRenderContext

GraphZoomScrollPane

GraphMousePlugin

DefaultParallelEdgeIndexFunction

PickedInfo

RenderContext

RelativeAuthorityRanker
SpringLayout$SpringDimensionChecker

BasicVisualizationServer$VisualizationListener

Relaxer

VisualizationViewer

SpringLayout$SpringEdgeData

AbstractPickedState
PickableVertexPaintTransformer

SpringLayout$SpringVertexData

EdgeIndexFunction

PickableVertexPaintTransformer
AbstractModalGraphMouse

EditingGraphMousePlugin$ArrowPaintable

MultiLayerTransformer

SatelliteRotatingGraphMousePlugin
ModalGraphMouse$Mode

VisualizationViewer$GraphMouse
SatelliteVisualizationViewer$ViewLens

ModalLensGraphMouse

GraphMouseListener

TransformingGraphics

ISOMLayout$ISOMVertexData

Layer

PluggableGraphMouse

DefaultChangeEventSupport
EdgeShape$IndexedRendering
PickableEdgePaintTransformer

SpringLayout$LengthFunction
AbstractLensSupport$Lens

DefaultModalGraphMouse

AbstractPerspectiveTransformSupport$Lens

BasicTransformer

MouseListenerTranslator

SpringLayout$SpringDimensionChecker

MagnifyIconGraphics

AbstractLensSupport$LensControls

EdgeShape$BentLine

EdgeShape$QuadCurve

GradientEdgePaintTransformer

ModalGraphMouse

EditingModalGraphMouse$ModeKeyAdapter

BidirectionalTransformer

HyperbolicImageLensSupport

MutableAffineTransformer
EdgeShape$CubicCurve
EdgeShape$Orthogonal

ModalSatelliteGraphMouse

TransformingFlatnessGraphics
MagnifyImageLensSupport

PerspectiveImageLensSupport

EdgeShape$Loop

ViewLensSupport
PerspectiveViewTransformSupport

ModalLensGraphMouse$ModeKeyAdapter
LayoutLensSupport

EdgeShape$Box
MutableTransformer

AbstractLensSupport

ShapeTransformer

SpringLayout$UnitLengthFunction
AffineTransformer

PerspectiveShapeTransformer
LensTransformer

AbstractEdgeShapeTransformer

AbstractPerspectiveTransformSupport
EdgeShape$Wedge

PerspectiveLayoutTransformSupport

AnnotatingModalGraphMouse$ModeKeyAdapter
DefaultModalGraphMouse$ModeKeyAdapter

MagnifyShapeTransformer

HyperbolicShapeTransformer
Context

PerspectiveTransformer

LensSupport

EdgeShape$SimpleLoop

HyperbolicTransformer

PerspectiveTransformSupport

SelfLoopEdgePredicate
ShapeFlatnessTransformer

MutableTransformerDecorator

ConstantDirectionalEdgeValueTransformer

MagnifyTransformer

EdgeShape$Line

RenderContext$UndirectedEdgeArrowPredicate
RenderContext$DirectedEdgeArrowPredicate
DirectionalEdgeArrowTransformer

Figure 2: JUNG software network with node colors corresponding to PageRank

3.1

Google’s PageRank algorithm

Using your library compute the PageRank score of all the nodes in your network and print out
the labels and scores of ten nodes with the highest PageRank score. Which nodes are the most
important according to PageRank and how would you interpret these results? Is the difference
between the first and the tenth node substantial or are all ten nodes equally important?

3.2

Comparison with random graphs

Repeat the analysis for a generated Erdős-Rényi random graph with the same parameters as
before and print out the scores of ten most important nodes according to PageRank. How do
the PageRank scores compare to those obtained for your network? Is the difference between
the first and the tenth node substantial or are all ten nodes somewhat equally important?

What to submit?
3.1 Print out the labels and scores of ten most important nodes in your network, and all the
code you have used (1 point). Provide brief answers to both questions (1 point).
3.2 Print out the scores of ten most important nodes in a generated random graph, and all the
code you have used (1 point). Provide brief answers to both questions (1 point).
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