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Qutline

0 What is “Network Science” and its challenges
0 Major contributions of Network Workbench (NWB)
O Present the underlying technologies — NWB tool architecture

J Hand on NWB tool

1 Review some large scale network analysis and visualization
works
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Network Science

Basic Concepts

O Network or Graph or Matrix
(J Nodes or Vertices

L Edges or Links

O Undirected vs. Directed network
A<—> B A->B<>B->A
source target source target
1 3 1 3
1 5 3 1
2 7 2 7
2 3 2 3

O Weighted vs. Unweighted network
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Network Science (cont.)

More Basic Concepts
O Symmetric vs. Asymmetric matrix
Ann Bob Chris David

Ann 0O 3 2 1 Ann O
Bob 3 0 2 3 Bob 1
Chris2 2 0 1 Chris 1
David 1 3 1 0 David 2

Undirected network == Symmetric matrix
Directed network == Asymmetric matrix
Two-mode vs. One-mode network

Self loop

Multiple edges

Multigraph

DCOoO0D0D0O
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Co-word space of
the top 50 highly
frequent and bursty
words used in the
top 10% most highly
cited PNAS

publications in 1982-

2001.

Mane & Bérner. (2004)
PNAS, 101(Suppl. 1):
5287-5290.
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Network Science

O Physicists study large scale network data such as
Internet. In this case, each node represents a website,
an edge between two nodes indicates that one website
contains a URL link pointing to another website.

(O Store network data as an edge list
O Study network Structure
» Scale Free — a power law degree distribution
» Random — a poisson distribution
» Small World -- a network with a small shortest path
and a clustering coefficient significantly higher than

that of a random network with similar nodes and
edges
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Network Science (cont.)

1 Biologists study gene or protein networks. In this
context, each node represents a gene or a protein,
edges between two nodes indicate the interactions
between gene-gene or protein-protein.

 Store network data in various formats: edge list, nwb
format, GraphML format, etc.

O Some sample datasets are provided in the nwb tool

4 Using various layout algorithms to visualize a network
with different annotations (look at a network from
different view)

Network Workbench (http./nwb.slis.indiana.edu). 10




Network Science (cont.)

 Social Scientists study interactions among people.
O Usually small datasets less than 100 nodes
O Rich attribute information for nodes and edges

O Store network data in various formats: GraphML, Pajek
.net, matrix

1 Some sample datasets are provided in the nwb tool
O Network Analysis
» Remove nodes:
Run High Degree Node Deletion on a BA network
» Remove edges:

Run Pathfinder Network Scaling on the terror
network
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Network Science (cont.)

Network Science

“A science concerned with the study of networks, be they
biological, technological, or scholarly networks. It contrasts,
compares, and integrates techniques and algorithms
developed in disciplines as diverse as mathematics,
statistics, physics, social network analysis, information
science, and computer science.”

Bdérner, Katy, Sanyal, Soma and Vespignani, Alessandro. (2007) Network
Science. In Blaise Cronin (Ed.), Annual Review of Information Science &
Technology, Volume 41, Medford, NJ: Information Today, Inc./American Society
for Information Science and Technology, chapter 12, pp. 537-607.
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Challenges in Network Science Research

dData
» Different data formats
» Different data models
QAlgorithms

» Different research purposes (preprocessing,
modeling, analysis, visualization, clustering)

» Different implementations of the same algorithm
» Different programming languages

Match between Data and Algorithms

dDifferent communities and practices

A Different tools (Pajek, UCINet, Guess, Cytoscape, R,
NWB tool)

Network Workbench (http./nwb.slis.indiana.edu). 13




Major Deliverables

0 Network Workbench (NWB) Tool

» A network analysis, modeling, and visualization toolkit for physics,
biomedical, and social science research.
» Can install and run on multiple Operating Systems.

» Uses Cyberinfrastructure Shell Framework underneath.

O Cyberinfrastructure Shell (CIShell)

» An open source, software framework for the integration and utilization of
datasets, algorithms, tools, and computing resources.

» Uses OSGi and Equinox

0 NWB Community Wiki

> A place for users of the NWB Tool, the Cyberinfrastructure Shell
(CIShell), or any other CIShell-based program to request, obtain,
contribute, and share algorithms and datasets.

> All algorithms and datasets that are available via the NWB Tool have
been well documented in the Community Wiki.

Network Workbench (http./nwb.slis.indiana.edu). 14




Main == | algorithms | ==
People
MY Tool Analyze Data Algorithms

Lipdate Sites
Custom Fillings

Datasets

Algorithms Analyze Data

Load Data

Sample Data

Analyze Data
Measurement

Local
EdgefHode Lewsal

Mode Degras L
.l
MNode Indegres i
-
Mode Dutdegres i
hilaz Flows Edge

Cegres Distributions
Undirected Degres
'l
Distribution *

Indegree Distribution
&

Outdegrees
.l
Distribution

Degree Correlations

Undirected k-Mearest
Meighbor 5
Directed F-Mearast
Meighbor 5

One Point

Measurement
Local

Print | Search: | |[Ga

Analyze Data / Home Fage

This section is for algorithms that can analyze data. Examples would be Betweenness
Centrality, attack Tolerance, etc...

EdgesMode Level
Mode Degree 2
Hode Indeqgres L
Hode S utdegres &

Max Flow Edge-
Degree Distributions

Indegree Distribution &
Dutdeqgree Distribution o2
Cegree Correlations

Directed kK-Mearest Meighbaor Lo
One Paint Correlations @
Clustering Coefficient
W atts Strogatz Clustering Coefficient L
Weatts Strogatz Clustering Coefficient Cwer k s
Mewrnan Clustering Coefficient-

Mewrnan Clustering Coefficient Ouwear k-
COther Local Measurements

Distribution of Wweights—

k-Core Count
Coherence for Weighted Graphs-
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A Workbench for Network 5ci

Community Wiki (cont.)

Main
Feople
MWE Tool

Lpdate Sites
icustom Fillings

Datasets
Algorithms

Related Work
FAQ

Statistics

DIEGE IT!
rﬁ reddit| suEHIT |

|..| DEL.IGIG.US |
| RSS

Custom Fillings / Home Page

Custom Fillings

Many scientists use a very specific subset of algorithms and datasets in their work.
Here, we link to custom fillings designed by different researchers. Descriptions of
custom fillings frequently resemble learning modules providing an easy introduction into
the working styles of different sciences.

Physics
Analysis of Large-Scale Networks by Soma Sanyal

Biology
Analysis of Biological Networks by Cesar A. Hidalgo R.

Scientometrics
Modeling the Co-Evolution of Co-Author and Paper-Citation Networks by Soma

Sanyal & Katy Borner

Internet Research
Error and Attack Tolerance of Networks by Katy Borner and Hardik Sheth
Search Performance of P2P Networks by Hardik Sheth and Katy Bdrner

Others
Data Conversion Service by Weixia (Bonnie) Huang & Bruce Herr

Network Workbench (http./nwb.slis.indiana.edu). 16




NWB Tool Major Deliverables

Download from http://nwb.slis.indiana.edu/software.html

Major features in v0.6.0 Release

>
>

VV YV VY

Y VY

Installs and runs on Windows, Linux x86 and Mac osx.

Provides over 50 modeling, analysis and visualization algorithms. Half of
them are written in Fortran, others in Java.

Supports large scale network modeling and analysis (over 100,000 nodes)
Supports various visualization layouts with node/edge annotation.
Provides several sample datasets with various formats.

Supports multiple ways to introduce a network to the NWB tool.

Supports the loading, processing and saving of four basic file formats:
GraphML, Pajek .net, XGMML and NWB. Can load and view TreeML, edge
list, etc.

Supports automatically Data Conversion.

Provides a Scheduler to monitor and control the progress of running
algorithms.

Integrates a 2D plotting tool -- Gnuplot.

Network Workbench (http./nwb.slis.indiana.edu). 17




NWB Tool — Data Formats

Converters and Conversion Services Between Various Data Formats

(file:application/pajek )

filertextiedge

file:texd mwb

(file:textigraphml+anl ]

(prefuse data Tree f—————m{prefuse.data Graph )

(file textitreernl+anl ) (edu.uciics jung graph Graph ]

(edu berkeley guir prefuse graph Graph )

(filetexthgmml+ml )

Network Workbench (http./nwb.slis.indiana.edu). 18




Integrating and Implementing Algorithms

Modeling and Network Generation Statistical Measurement
Random Network Model Edge/Node level
Random node degree

BC value of nodes/edges
Preferential Attachment Algorithms Max flow edge
Barabasi-Albert Model Hub/Authority value for nodes

Dorogovtsev-Mendes-Samukhin Distribution of node distances (Hop plot)
Fitness Local (directed and weighted versions)

Vertices/edges deletion Clustering Coefficient (Watts Strogatz)
Clustering Coefficient (Newman)

Copying strategy k-Core Count

Finite vertex capacity
TARL

Rewiring algorithms
Rewiring based on degree distribution
Watts Strogatz Small World Model

Peer-to-Peer Models

Structured
CAN Model
Chord Model

Unstructured

PRU Model
Hypergrid Model

Network Workbench (http./nwb.slis.indiana.edu).

Distributions (Plot and gamma, and R"2)

Degree Distributions (in, out, total) (Directed/TotalDegree Distribution)
Degree Correlations (in-out, out-out, out-in, in-in, total-total)

Clustering Coefficient over k
Coherence for weighted graphs
Distribution of weights
Probability of degree distribution
Global

Density

Square of Adjacency Matrix
Giant Component

Strongly Connected Component
Betweenness Centrality
Diameter

Shortest Path = Geodesic Distance
Average Path Length

Motif Identification

Page Rank

Closeness centrality
Reach centrality
Eigenvector centrality
Minimum Spanning Tree

19



More Algorithms

Searching on Networks
Search

k Random-Walk Search
Depth First Search

p-rand Breadth-First Search
P2P

CAN Search

Chord Search

Epidemics Spreading
SIR
SIS

Graph Matching On Networks
Simple Match

Similarity Flooding
ABSURDIST

Network Workbench (http./nwb.slis.indiana.edu).

Clustering on Networks
Based on Attributes
Hierarchical Clustering
Single Link

Complete Link

Average Link

Ward's Algorithm

Based on Network Structure
Newman Girvan
Clauset-Newman-Moore

Newman

Cecconi-Parisi

Simulated annealing of modularity
Caldarelli

Weak Component Clustering
vanDongen (random walk)

Cfinder (Clique percolation method)

Reichardt, Bornholdt (g-potts model)

Visualization of Networks
Distribution

Scatterplot

Histogram

Geospatial

Circle layout

Grid-based

Dendrogram

Treemap

Hyperbolic tree

Radial Tree

Sparse Matrix Visualization
Kamada-Kawaii
Fruchterman-Rheingold
Orthogonal Layout

k-core visualization

20



A Workbench for Metwork Scloniiss

NWB Tool — Algorithms (Implemented)

Category Algorithm Language Analysis Algorithm Language
Random Node Deletion JAVA Node Betweenness Centrality FORTRAN
Preprocessing | High Degree Node Deletion JAVA Average Shortest Path FORTRAN
Pathfinder Network Scaling | JAVA Connected Components FORTRAN
Diameter FORTRAN
Directory Hierarchy Reader JAVA Page Rank FORTRAN
Erdos-Reényi Random FORTRAN Shortest Path Distribution FORTRAN
Barabasi-Albert Scale-Free FORTRAN Watts-Strogatz Clustering Coefficient FORTRAN
Watts-Strogatz Small World FORTRAN Watts-Strogatz Clustering Coefficient Versus Degree | FORTRAN
Chord JAVA Directed k-Nearest Neighbor FORTRAN
Undirected k-Nearest Neighbor FORTRAN
CAN JAVA
Modeling Indegree Distribution FORTRAN
AR S Outdegree Distribution FORTRAN
PRU JAVA Node Indegree FORTRAN
TARL JAVA Node Outdegree FORTRAN
Tree Map JAVA One-point Degree Correlations FORTRAN
Tree Viz JAVA Undirected Degree Distribution FORTRAN
. L - Node Degree FORTRAN
Visualization Radial Tree / Graph JAVA k Random-Walk Search JAVA
Kamada-Kawai JAVA Random Breadth First Search JAVA
Force Directed JAVA CAN Search JAVA
Spring JAVA Chord Search JAVA
Fruchterman-Reingold JAVA Weak Component Clustering JAVA
Circular JAVA Tool: GnuPlot

Network Workbench (htto./nwb.slis.indiana.edu).

21



Abstract Algorithm Definition

An Abstract Definition of Algorithms, Datasets and Converters

Metadata

key=value
key=value
key=value

Datal]

User-entered parameters Datal]

ClIShell Context

Network Workbench (http./nwb.slis.indiana.edu). 22




A Workbench for Metwork Schemiiss

Modeling Algorithms Input

& Network Workbench Tool

File Preprocessing Modeling  Analysis

Search  Clustering  Visualization Toaols  Help

B console

B Barabasi-aibert

\ielcome to the Mebwark, ‘Warkbench (NWE) kool that supparts the
medium, and large networks,

The Metwaork wWiorkbench project is supported in part by the MSF T3
Albert-Laszld Barabasi, Santiago Schnell, Alessandro Yespignani, St
\tool was developed by \Weixia (Bonnie) Huang, Dr. Santo Fortunakg
Cesar A, Hidalgo R., Ben Markines, Dr. Soma Sanval, Ann McCranis
and Dr. Katy Bérner,

It builds on the Cyberinfrastructure Shell (hitp:/ /cishell.org) de
Cyherinfrastructure for Mebwork Science Center, bath at Indiana 1
For more information on the Mekbwork arkbench project, see hitp

Barabasi-Alberk

Mumber of nodes 1000
Links set by new node ».?,J

eed of random number generator

https:/ /nwb.slis.indiana.edu,/community,.

Barabasi-albert Scale-Free was selected,

Author(s): &.-L. Barabasi and . Albert,

Implementer(s): Santo Forkunato

Integratoris): Santo Fortunako, Wieixia Huang

Reference: Barabasi, A-L. & Albert, R, (19997, Emergence of Scaling in Random Metworks, Science, 286:509-512,
|{hl:tp:,.-’,.-’Ianl.ar:-:iv.urg,.-"ahs,.-"cund—mat,.-"gg10332}

Dacu; https:/ ‘nwb.slis.indiana.edu/community /?n=ModelData.Bar ab5i-AlbertScale-Free

Input Parameters:

Seed of random number generator: 1
Links set by new node: 2

Mumber of nodes: 1000

| El scheduler |

mf £

Remave Fram List | [_]Remove completed automatically [Remwe all completed | (0

Network Workbench (http./nwb.slis.indiana.edu).

o
| 8188 Data Manager! = im

(e« List of edges of network created through tR®y Bar:

Output

TIar
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Analysis Algorithms Inputs

& Metwork Workbench Tool

File Preprocessing Modeling  Anakysis

Search Clustering  Visualization Help

! El console ]

P Clustering

Input Parameters:

Murnber of bins: 10 Clustering coefficient

The average clustering coeffick)  Mumber of bins | 10 )

ndirected K-Nearest Neighbor e iz

REE S R

Author(s): R Pastor-Satorras, &, Yazgquezs, 4. Vespignani
Implementer(s): Santo Forkunato

Inktegrator(s): Santo Forkunako, \Weixia Huang
Reference: Pastor-3atarras, R, Mazquez, A. and Yespignani, &. (20017, Dynamical and Correlation Properties of the Internet,
Physical Review Letkers, §7:253701, (http://people.ias.edu/~vyazquez/publications/internet.prl.pdf}

Cocy; https:/ /nwb.slis.indiana.edu/community / *n=AnalyzeData.Undirectedk-NearestMeighbor

‘W akts-Strogatz Clustering Coefficient was selected.

Author(s): D, J.Watks, 5.H.Strogatz

Implementer(s): Santo Forkunato

Integrator(s): Santo Forkunato, \Weixia Huang

Reference: wWatks, D, 1., Strogatz, 5. H. (1998), Collective dynamics of ‘small-world’ netwaorks, Makture, 393:440-442,
(http:/ /tam.cornell.edu,/s5_nature_smallworld.pdf)

Cocy; https:/ /nwb.slis.indiana.edu,/community / *n=AnalyzeData.ClusteringCoefficient W attsStrogatz

=

I El scheduler |

Remove From List | [ ] Remove completed automatically [Remwe all completed @:

Network Workbench (http./nwb.slis.indiana.edu).

Outputs
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A Workbench for Metwork Schemiiss

Eﬁﬁ Metwork Workbench Tool

File F‘reprncessmg Modeling  Analysis

Search  Clustering Tools  Help

E Console | Circular

it Data Manager = O

Specified

Implementerl{s]l: Santo Fortunato
Integrator(s): Sanko Fortunata, Weixia Huang |
Reference: Barabasi, A-L. & Albert, R. {1999}, Emergence of Sc
(http:/ /lanl.arxiv.org/abs;/cond-mat,/9910332)

Docu: https://nwb.slis.indiana.edu/community /?n=Moc

=

Radial Tree/iaraph with Annotation

Input Parameters:
Seed of random number generator: 1 Force Directed
Links set by new node: 2

Mumber of nodes: 1000 otk ebiel

.......... Fruchterman-Reingold

Load... was selected. Fruchterrman-Feingold with Annokation
Spring

Srmnall world

Fadial Tree/iGraph (Alpha) was selected.

Authoris): G, Battista, P, Eades, R, Tamassia, I. G, Tollis.

Implementer(s): Prefuse

Integrator(s): Weixia Huang

Reference: Battista, G., Eades, P., Tamassia, R., and Tallis, I. 5, {1999}, Graph Drawing: Algorithms For the Yisualization
Prentice Hall,

Docu; https:/ /nwb.slis.indiana.edu,/community / ?n=YisualizeData.RadialTree

| & scheduler

Feemave From List | [ |Remove completed automatically [Remu:uve all cornpleted l

Network Workbench (http./nwb.slis.indiana.edu).
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A Workbench for Metwork Schemiiss

MetaData of an Algorithm

Metadata

key=value
key=value

Data[] key=value

User-entered parameters Algorith m)—>Data[]

| @ rub, product % edu.iu.iv. algorit.. walidation. proper...

menu_path=HDdelingfadditinns

labhel=Barabasi-Ailbert Zcale-Free

description=Barabasi-Albert algorithm implementation

# each input f£ile will be mapped to inFile[x] [(zero based)

in data=null

# for all input files, 'null' if no input data needed
out_data=file:text/nuh

# for all output f£iles

# each output file will correspond to outFile[x] (Eeroc bhased)
service.pid=edu. iun.nwb.modeling.barabasialbert

]

[

remoteable=true

authors=A4.-L. EBarabasi and R. Alhert.

implementers=3anto Fortunato

integrators=3anto Fortunato, Weixia Huang

reference=Earabasi, A-L. & ALlhert, R. [(1299). Ewergence of ZIcaling in Random
reference_url=http://lanl.arxiv.org/abs/cond-mwat/ 9910332
docu=httpa://nwh.2lizs. indiana. edu/ comanityy Pn=Mode lData. Barabh3i-Alkhert3cale

Network Workbench (http./nwb.slis.indiana.edu).
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A 'Workbench for Metwork Sclemins

GUI Builder and MetaType Service

& Network Workbench Tool

File Preprocessing Modeling  Analysis

Search Clustering  Misualization Toaols  Help

B Cansale

Barabasi-albert Scale-Free was selected.

Authaor{si; A.-L, Barabasi and R, Albert,
Implementer(s); Santo Fortunato
Tn[‘fnrﬁl‘@ﬂ"c‘l! Qanlt;annrl'blrlual'n, Wfeiyia Hiann

Mumber of nodes

Links set by new node

Barabasi-albert

1000 2
@

Seed of random number generator 2

o=

£ nwb. product | validation, proper. .., | service, properties | config. properties =

= O

=

<?xml wersion="1.0" encoding="UTF-5" 2>

<metatype:Metabata xmlns:mwetatype="http://vwv.osgi.oryg/ ®xmlns/metatypes/vl.0.0">
<OCD namwe="Barabasi-Llbert”™ id="edu.iu.nwvbh.modeling.barabasialbert.gui™
description="Barabazi-Llbert™>
<AD name="Number of nodes" id="NumMNodes"
cype="Integer” defzault="1000" min="0"
description="Number of nodes of the network™/ >
< !=—— Put extremes of range, if unkhnown leave bhlank -->
<!—— Can be required from users for information —-->
< LD name="Links set by newv node" id="NewLinks"
type="Integer”™ default="2" min=" 2"

®| 4|0

<AD nagne="Seed of random number generator”™ id="RandomSeed”
type="Integer” default="1" min="1"

</ OCD>
<Dezignate pid="edu.iuv.nvbh.modeling.barabasialbertc™:>

<Chject ocdref="edu.iu.nwb.modeling.barabasialbert.gui™ />
</Designatex>

</metatype: Netalbatas>

Network Workbench (http./nwb.slis.indiana.edu).

description="Numher of links set by new node, wust he at least 2"/:

description="Zeed of random nhwber gensrstor, wUst be at least 1"/:
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Three User Groups

Application Users

O Scientists in the natural and social sciences (physics, biology,
chemistry, psychology, sociology, etc.)

O Their needs -- want to find the best datasets and the most
effective algorithms to conduct their research.

0 Problem — too many algorithms. Finding a correctly working piece
of code is challenging. Frequently, not only one but a sequence of
different algorithms needs to be applied to load, parse, clean,
mine, analyze, model, visualize, and print data. Today, there is no
easy way to extend a tool by adding new algorithms as needed or
to customize a tool so that it exactly fits the needs of a specific
user (group).
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Three User Groups (cont.)

Application Designers/Developers

O Computer scientists or application users that developed the
applications and tools we use today.

O They usually start by developing applications/tools that meet their
own needs, and then generalize them to satisfy the requirements of
their research community.

O Challenge -- not only need to take care of the software architecture,
the GUI design, the development of many basic components and

functionalities, but also play the role of algorithm developers.
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Three User Groups (cont.)

Algorithm Developers
O Computer scientists, statisticians and other researchers

0 They look for opportunities to disseminate their work and test the
practical utilities of their algorithms.

O Challenge -- the integration of a dataset or algorithm into an existing
application or tool requires a deep understanding of the architecture of

that application, which is non-trivial.
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OSGi — Technical Details

NWB/CIShell is built upon the Open Services Gateway Initiative (OSGi) Framework.

OSGi (http://www.osgi.org) is
O A standardized, component oriented, computing environment for networked services.

Allkiance members include IBM (Eclipse), Sun, Intel, Oracle, Motorola, NEC and many
others.

a
O Has successfully been used in the industry from high-end servers to embedded mobile
a

devices for 8 years now.

Widely adopted in open source realm, especially since Eclipse 3.0 that uses OSGi R4 for
its plugin model.

Advantages of Using OSGi
O Directly use many components provided by OSGi framework, such as service registry

O Contribute diverse algorithms to OSGi community -- any CIShell algorithm becomes a
service that can be used in any OSGi-based framework.

0 Running CIShells/tools can connect to each other via exposed ClShell-defined web
services supporting peer-to-peer sharing of data, algorithms, and computing power.

|deally, CIShell becomes a standard for creating algorithm services in OSGi
developed Tools/Cl, e.g., IVC&NWB will be using the CIShell reference GUI
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OSGi — Technical Detalls (cont.)

Service Oriented Component-based Architecture

R
Applications or
Services
Reference
Application
Solutions .
|
Reference -
Service
Implementations
T
Interfaces
)
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A Workbench for Metwork Schemiiss

NWB/CIShell Architecture

An Overview of NWB/CIShell Architecture

Applications or
Services

Reference
Application
Solutions

Reference
Service
Implementations

Interfaces

Network Biological

Workbench Tool MNetworks Portal

Reference Web

GUI ! Front-end

Scripting ECIient-Server
Engine i | Solution

Peer-to-Peer
Solution

Reference Implementations
of

Reference Implementations

of

Reference Implementations of

Other Framework

Basic Services Application Services Components
|
APIs for Algorithms APIs for APIs for SRR
and Converters Basic Services Application Services Framework
PP Components

sajejdwa ]
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Interfaces Layer — Algorithm

( An Abstract Definition of Algorithms, Datasets and Converters

|
| Metadata

key=value
Datal]

key=value
key=value

APls for Algorithms

Interfaces and Converters
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Interfaces Layer — Algorithm (cont.)

Basic Algorithm APIs

| public interface AlgorithmFactory {

public MetaTypeProvider createParameters(Data[] data);

public Algorithm createAlgorithm( Data[] data, Dictionary parameters,
CIShellContext context);

APls for Algorithms
and Converters

Interfaces
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Templates

New Pr
| Select a wizard F{:’
— _A
Wizards;

| bvpe filker bext |

-3

----- 'Eh‘ Create code libraries from exisking jar files
----- 'Eh‘ Dakasek
----- ﬁh‘ Executable {command line) based algorithm —
458 lava-based algorithm
H- = oys
El[E? Java

@ < Back, || Mexk = || Finish |[ Cancel J

APls for Algorithms

Interfaces and Converters
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Interfaces Layer — Basic Services

Basic Services
O Preferences Service
4 Log Service
O Data Conversion Service
d GUI Builder Service

APls for Algorithms APls for
and Converters Basic Services

Interfaces
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Interfaces Layer — Application Services

[ Application Services

O Scheduler Service
O Data Manager Service

APls for Algorithms APls for APlIs for
and Converters Basic Services Application Services

Interfaces
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Interfaces Layer — Other Components

[ Other Framework Components

1 CIShellContext
O Data

APIls for Other
Framework
Components

APls for Algorithms APls for APlIs for

INEATTACEE and Converters Basic Services Application Services
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Basic Services
O Preferences Service
O Log Service
O Data Conversion Service
O GUI Builder Service

Reference
Service
Implementations

Interfaces

of
Basic Services

Reference Implementations

Services Layer — Basic Services

APls for Algorithms
and Converters

APls for
Basic Services

APlIs for
Application Services

APIls for Other
Framework
Components
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Services Layer — Application Service

( Application Services

O Scheduler Service
O Data Manager Service

Reference Reference Implementations Reference Implementations
Service of of
Implementations Basic Services Application Services
|
. APls for Other
Interfaces APIs;o(;Algo:tlthms B %PISS for. Apbli AFIS f;r - Framework
and Converters asic Services pplication Services Components
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Services Layer — Other Components

Other Framework Components
[ CIShellContext - LocalCIShellContext
1 Data - BasicData

Reference Reference Implementations Reference Implementations Reference Implementations of
Service of of Other Framework
Implementations Basic Services Application Services Components
|
. APls for Other
Interfaces APIs;o(;AIgo:tlthms B %PISS for. Apbli AFIS f;r - Framework
and Converters asic Services pplication Services Components
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Application Solutions

Reference GUI (using Eclipse RCP)

O Framework View
U Data Manager View
0 Console(log) View
O Scheduler View

4 Menu Manager

Reference Reference
Application GUI
Solutions
Reference Reference Implementations Reference Implementations Feference Implementations of
Service of of Other Framework
Implementations Basic Services Application Services Components

|

APIs for Algorithms APIs for APIs for 851 Tor B
Interfaces dc t Basic Servi Apblication Servi Framework

and Converters asic Services pplication Services Components

I—.
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Application Solutions (cont.)

Other application solutions

pplication i
Reference Reference Web Scripting Client-Server Peerto-Peer
Application GUlI ! Front-end [ | Engine i: | Solution i | Solution
Solutions | e L L
Reference Reference Implementations Reference Implementations Reference Implementations of
Service of of Other Framework v
Implementations Basic Services Application Services Components i
|
APIs for Algorithms APIs for APIs for s
Interfaces dc t Basic Servi Apblication Servi Framework
and Converters asic Services pplication Services Components
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Applications

NWB Tool

O Analyze, visualize and model network/graph
O Support most popular data formats and data conversion among them
ad Serve three communities with different practices

Applications or Network
Services Workbench Tool
Reference Reference Web Scripting | Client-Server | Peerto-Peer
Application GUlI ! Front-end | | Engine i: | Solution i | Solution
Solutions | ¥ | P It ]
Reference Reference Implementations Reference Implementations Reference Implementations of
Service of of Other Framework v
Implementations Basic Services Application Services Components i
|
APIs for Algorithms APIs for APIs for APls for Other
Interfaces dc t Basic Servi Apblication Servi Framework
and Converters asic Services pplication Services Components
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' Applications (cont.)

Biological Networks Portal
0 Use Web front-end solution
O For educational purpose

Applications or Network Biological
Services Workbench Tool Networks Portal
Reference Reference Web Scripting | Client-Server | Peerto-Peer
Application GUlI ! Front-end [ | Engine i: | Solution i | Solution |:
Solutions : - - o
& - i 8 E com:mt o
5
Reference Reference Implementations Reference Implementations Reference Implementations of ':’—,
Service of of Other Framework T
Implementations Basic Services Application Services Components z
|
APIs for Algorithms APIs for APIs for APls for Other
Interfaces dc t Basic Servi Apblication Servi Framework
and Converters asic Services pplication Services Components
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[
|

Algorithm Developers Need to Know

For Algorithm Developers (Java-based)

O Must implement CIShell Algorithm APIs

0 Know how to use Basic Serivces APIs, Application Serivces APIs,
CIShellContext, and Data APIs, but don’t need to take care of the
detail implementations of those services or components.

APIls for Other
Framework
Components

APls for Algorithms APls for APlIs for
and Converters Basic Services Application Services

Interfaces
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Application Designers Need to Know

Component Level
O Using OSGi service implementations from different vendors

L Each service/component can have more than one implementations

solution

— —
i (14
l 3
Reference Reference Implementations Reference Implementations Reference Implementations of ':’—,
Service of of Other Framework o
Implementations Basic Services Application Services Components -
|
. APls for Other
Interfaces APIs;OéAIng'-ltthms B APISS fon: Apbli AFIS f;r - Framework
and Converters asic Services pplication Services Components
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Application Designers Need to Know

Framework Level
O Use all implementations of algorithms and converters

O Use all implementations on the service layer

O Concentrate on application solutions
O Use or refer to the reference implementations of an application

Reference Reference Web Scripting | Client-Server | Peerto-Peer
Application GUlI ! Front-end | | Engine i: | Solution i { Solution
Solutions = o | o
_|
3
Reference Reference Implementations Reference Implementations Reference Implementations of ':’—,
Service of of Other Framework o
Implementations Basic Services Application Services Components z
|
APIs for Algorithms APIs for APIs for s
Interfaces dc t Basic Servi Apblication Servi Framework
and Converters asic Services pplication Services Components
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Application Users

O Get the most efficient algorithm implementations
O Get as many algorithms as needed
O Have tools running on multiple platforms and various application solutions

O Don’t worry about the match between the data format of a dataset vs.
algorithm input

Applications or Network Biological
Services Workbench Tool Networks Portal
Reference Reference Web Scripting | Client-Server | Peerto-Peer
Application GUlI ! Front-end [ | Engine i: | Solution i | Solution
Solutions | - o P |
N e - - e o e R SRR - R s T R e O _|
5
Reference Reference Implementations Reference Implementations Reference Implementations of ':’—,
Service of of Other Framework T
Implementations Basic Services Application Services Components z
|
APIs for Algorithms APIs for APIs for APls for Other
Interfaces dc t Basic Servi Apblication Servi Framework
and Converters asic Services pplication Services Components
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Summary

NWB tool and CIShell provide
1 A testbed for diverse algorithm implementations

O A mechanism to quickly integrate an algorithm and
disseminate it through the NWB tool and community
wiki.

A bridge between what algorithm developers can
provide and what application users need.
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Load Data

i Data Models|

8 Tool o
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Errors and Logging
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Network Analysis and Visualization

Examples
O A Map of Science (800,000 published papers)

O An Emergent Mosaic of Wikipedian Activity (659, 388
interconnected Wikipedia articles, 16,582,425 links)

 Movies and Actors: Mapping the Internet Movie Database
(302,691 movies, 896,308 unique actors, 3,792,390 links)
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Network Analysis and Visualization (cont.)

Towards Large Scale Network Analysis and Visualization

Q Visualization Challenges

 Overlay on a base map (Google Map, Science Map)

1 Network Dynamics

Network Workbench (http./nwb.slis.indiana.edu).
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Comments & Questions

Websites

Q http://nwb.slis.indiana.edu

Q https://nwb.slis.indiana.edu/community
O http://cishell.org

O http://cns-trac.slis.indiana.edu/trac/

Thank You
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