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The Problem:
Being Lost in Space

15 Century: One person can make majot contributions to many areas of science

Mankind’s Knowledge

_ e Human Brain
8 ————————————
J D —————————

- contribute

Amount of knowledge
on brain can mange

Leonardo Da Vinci
(1452-1519)




20" Century: One person can make major contributions to a few areas of science

Mankind’s Knowledge

Human Brain
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Albert Einstein
(1879-1955 )

21t Century: One petson can make major contributions to a specific area of science
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21 Century: One person can make majot contributions to a specific area of science
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The Great Wave Off Kanag

A Solution:

Science Maps




Places & Spaces: Mapping
Science

a science exhibit that introduces
people to maps of sciences,
their makers and users.
Scimaps.org

Exhibit Curators:

Dr. Katy Borner &

Julie Smith

The Power of Maps

Four Early Maps of Our World
VERSUS
Six Early Maps of Science

(1st Iteration of Places & Spaces Exhibit - 2005)
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How would a map of science look?

What metaphors would work best?
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The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science
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(2" Tteration of Places & Spaces Exhibit - 2006)
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How would a reference system for all of

science look?

What dimensions would it have?
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Impact US Patent Hierarchy Prior Art
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Impact US Pate Prior Art
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Nanotechnology

at the upper
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Nanotechnology

Nanotechnology
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

(3 Tteration of Places & Spaces Exhibit - 2007)

K/T Boundary 66 Ma
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Named Stor

Warnings & Graphical Mational Fadar
Forecasts Forecasts Maps

To view local information, select area of interest and click on the image below.
- - - x

Rivers | Air Quality | Satellite | Climate

B"B?Jﬁf&ﬁﬂ?ﬁiﬁ§5r5f’5|:1|5'f?-f;9da|%:ﬁ‘é’ .g!n]'glggi%gl Prediction Center
are

Prepared by Fries based on HPC, SPC, and TPC forecasts.

Aug 30 2005,

ilable online at
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Behind the Scene:

* People

* Scholarly Data Integration

* Network Science &
(Google) Maps

22
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Behind the Scene:

* Scholarly Data Integration

Challenges - Interlink $ Input &
Publication/Patent Citation Output

Grants Patents Papers in Area A Papers in Area B

Time

Scholarly Knowledge o

Citation Links —p
Need to interlink
» Grants and papers/patents.

N

» Grants/papers/patents and their PIs/authors/inventors, etc.

Use resulting networks to
» Count #papers, Hcitations, etc.

N

» Determine strength of co-P1/authot/inventor relations, etc.

24



SDB PHYSREV

Indiana University
Bloomington, IN 47405, USA.

DESIGN BY ELISHA HARDY

Scholarly Database: Web Interface

Search across publications, patents, grants.
Download records and/or (evolving) co-author, papet-citation networks.
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SD_B SCHOLARLY DATABASE

Scholarly Database: # Records & Years Covered

Datasets available via the Scholarly Database (* future feature)

Dataset # Records Years Covered Updated Restricted
Access

Medline 13,149,741 1965-2005 Yes

PhysRev 398,005 1893-2006 Yes
PNAS 16,167 1997-2002 Yes
JCR 59,078 1974, 1979, 1984, Yes

1989 1994-2004

USPTO 3,179,930 1976-2004 Yes*

NSF 174,835 1985-2003 Yes*

NIH 1,043,804 1972-2002 Yes*

Total 18,021,560 1893-2006 4 3

SB[ SCHOLARLY DATABASE
Medline Publications
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US Patents

Vermont,
New Hampshire
RnodeIsland|

Satellite

Behind the Scene:

* Network Science &
(Google) Maps
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Shell Building Market Places not Cathedrals

» Requires the design & implementation of ‘software glue’ that can interlink
datasets and algorithms written in different languages using different data
formats.

AN

» The smaller the glue or “CI Shell’, the more likely it can be maintained.
» Dataset and algorithm ‘plugins’ are provided by application holdets/ community.
» Applications resemble custom fillings’.

29



Cyberinfrastructure Shell (CIShell)

CIShell is an ‘empty shell” that supports

» REasy integration of new datasets and algorithms by algorithm developers and

» Easy usage of algorithms by algorithm users.

Its plug-and-play architecture supports the integration and utilization of diverse
» Datasets, e.g., stored in files, databases, steaming data.

» Algorithms, e.g., data processing, analysis, modeling, visualization.

AN

» Interfaces, e.g., remote services, scripting engines, peet-to-peer clients.

AN

» Services, e.g., workflow support, scheduler.

Hence, it can be used for custom UI/Toolkit development.

Network Workbench: A Large-Scale Network Analysis, Modeling and Visualization Toolkit for Biomedical, Social o
Science and Physics Research. NST 115-0513650 award (Katy Borner, Albert-Iaszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert (Senior Personnel), §1,120,926) Sept. 05 - Aug. 08.

bttp:/  nwb.slis.indiana.edn

i

CIShell — Needs of Algorithm Developers
& Users

BCI

Developers

’CH bell Wizards CIShell

P
[—
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Alliance

‘%?,C |5 el CIShell - Technical Details

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

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

> Successfully used in the industry from high-end servers to embedded mobile devices since 7
years.

»  Alliance membets include IBM (Eclipse), Sun, Intel, Oracle, Motorola, NEC and many
others.

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

Advantages of Using OSGi
» Any CIShell algotithm is a service that can be used in any OSGi-framework based system.

» Using OSGi, running CIShells/tools can connected via RPC/RMI supporting peet-to-peet
sharing of data, algorithms, and computing power.

Ideally, CIShell becomes a standard for creating OSGi Services for algorithms. Developed
Tools/CI, e.g., IVC & NWB, provide a reference GUI for undetlying setvices.

31



‘gg: C lf) h (_"] I CIShell — Technical Details

CIShell layer cake.

[ ———
Applications or
Services

Refarence
Applicatlon

Solutlons .
Reference
Service
Implementations
<

Interfaces

il

\%‘5’9(: |Shel| CIShell - Deployment

Data-Algorithm Repositories

I:I |:| Peer-to-Peer

Server-Client

CIShell applications can be deployed as distributed data and algorithm repositories, stand alone
applications, peer-to-peer architectures, and server-client architectures.
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W Network Workbench (NWB)

Investigators: Katy Borner, Albert-Laszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert

Software Team: Lead: Weixia (Bonnie) Huang

Developers: Bruce Herr, Ben Markines, Santo Fortunato, Cesar
Hidalgo, Ramya Sabbineni, Vivek S. Thakre, & Russell Duhon

Goal: Develop a large-scale network analysis, modeling and visualization
toolkit for biomedical, social science and physics research.

Amount: $1,120,926 NSF 11S-0513650 award. )

Duration: Sept. 2005 - Aug. 2008 @\

Website: http://nwb.slis.indiana.edu YN

33



W NWB Advisory Board

» James Hendler (Semantic Web)

> Jason Leigh (CI)

» Neo Martinez (Biology)

» Michael Macy, Cotnell Univetsity (Sociology)

» Ultik Brandes (Graph Theory)

> Mark Gerstein, Yale University (Bioinformatics)
> Stephen North (AT&T)

Vg

Tom Snijders, University of Groningen (Social Science)

il

Aihigibeibeagia.  NWB CI Deliverables

Glue:

» ClShell Core programmer team lead by Bonnie Huang

Tools, Services & Portals:

» NWB Tool Lead by Alex Vespignani with input from other Pls
» SciMaps Setvice Online  Lead by Katy Borner
» Bio Portal Lead by Laszlo Barabasi & Santiago Schnell

All three are prototypical instantiations of CIShell serving as reference
implementations.

Documentation/Registry/Market Place:
» NWB Community Wiki Lead by Katy Borner

34



W NWB Tool: Interface Elements

Load Data Select Preferences List of Data Models

Console

Visualize Data

Scheduler—'>

Ttk Htepad gt .
" *=—— Open Text Files

Network Workbench: Software - Netscape | m] 5[

. File |Edit View Go Bookmarks Tools Window Help

{
| ‘ q Q @ Q [l http: jrwb slis indiana, sdufsof tware, htrl o]

J] @, | 48 Home [W] Netscaps Cly Search|
|

v

1 A Wo ch for Network Scientists (LoGIN)

People  Data ESTIRTEICE Resources Papers Events  Positions  Contact

NWE Tool

NWB Toel 0.3.0 Release
Note: save the download as jar o DO JLOAD
Please read MyWE Tool 0.3.0 Release Motes

NWB Toel 0.2.0 Release
Please read MWE Tool 0.2.0 Release Notes - —

Related Web Sites:

MWWE Carnrnunity Wiki
Cyberinfrastructure Shel

35



AsNeibiaibeagi NWB Tool 0.2.0: List of Algorithms

Category Algorithm Langnage Analysis Algorithm Language
Preprocessing | Directory Hierarchy Reader | JAVA Attack Tolerance JAVA
Erdés-Rényi Random FORTRAN Frror Tolerance JAVA
Barabasi-Albert Scale-Free FORTRAN Betweenness Centrality JAVA
. Site Betweenness FORTRAN
Modeling Watts-Strogatz Small World | FORTRAN .
Average Shortest Path FORTRAN
Chord JAVA Connected Components FORTRAN
CAN JAVA Diameter FORTRAN
Hypergrid JAVA Page Rank FORTRAN
PRU JAVA Shortest Path Distribution FORTRAN
Tree Map JAVA Watts-Strogatz Clustering Coefficient FORTRAN
) Watts-Strogatz Clustering Coefficient Versus Degree | FORTRAN
Tree Viz JAVA
Directed k-Nearest Neighbor FORTRAN
i 7
L Radial Tree / Graph JAVA Undirected k-Nearest Neighbor FORTRAN
Visualization , . ;
Kamada-Kawai JAvA Indegree Distribution FORTRAN
Force Directed JAVA Outdegree Distribution FORTRAN
Spring JAVA Node Indegree FORTRAN
Fruchterman-Reingold JAVA Node Outdegree FORTRAN
Circular JAVA One-point Degtee Correlations FORTRAN
Undirected Degree Distribution FORTRAN
Parallel Coordinates (demo) | JAVA . .
Node Degree FORTRAN
Tool XMGrace k Random-Walk Search JAVA
Random Breadth First Search JAVA
CAN Seacch LANA
(WB Community lome Page browse - Netscape i [=]

. Eile Edt Wiew Go Bookmarks Tools Window Help

@Q Q @ @ ‘% https: {frwb, slis.indiana. edu/community, ?n=Algorithms, HomePage |
i

/ | 48 Home [y Netscape ©\ Search ‘
@Netscape - |Enter Search Tetms |V| O Search  5*Highlight

]

) Pop:

o

Master List of Algorithms

Brint| gearch[ |6

MW Tool = available in the nwh 0.2.0 release.
Update Sites
Custorn Fillings Please feel free to add relevant algarithms.
Datasets
Algorithms Load Data Eﬂ Jung
(LEET ER) Data Formats
Sample Data THTE XGMML
:\dr:r‘ilelijgtaata I A Prefuse
Visualize Data Z_a]%f’":—atl @
phML {xml) @
Interact with Data L e GraphMt——""
HEMML B Prefuse
Relater Work CIELED
FAQ Streaming Data text/NWB Pajek
Sample Data
Statistics = e NWBModel
Sampling
Cited Reference Search
[Dreddit] svermn ] Snowball Sampling?
Respondent Driven Sarmpling
= Directory Hierarchy Reader © =
4] I 3
2B A ern] |ﬂﬁ|°-‘ﬂ@ Z

2]

bttps:/ [ nwb.slis.indiana.edu/ community
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A Potential Future:

Science Maps in Action

KIDS first ...

-
-
y

_.lm 'h.l"— '
t \
All maps of science are on sale

via
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Nanotechnology
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There are seven main fields of
science. They are.

- ﬁl_""“\
/

cience, mathematics, physics
chemi earth science, medicine,
and psychalogy. T like ta study earth
science.

Color earth science green.

Activities:
Solve the puzzle.
Navigate to ‘Earth Science’.
Identify major inventions.
Place major inventors.
Find your dream job on the map.
Why is mathematics important?

Earth scientists study the weather,
plants and trees, maring life, insects,
and much more.

N
O a—

7 Y,
“TwAN

reects. They ore interest
sok at and study.

Color in the insect.

There are mary of insects in
the warld. Bees, butterflies, and
beetles are just a few.

I want to b
grow up. Then T
all the time.

can sTudy ins
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Latest ‘Base Map’ of Science
Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI ]

Math
from 2002 taw
[
!
* 1.07M papers, 24.5M policy i statistics P Computer Tech
references, 7,300 journals . W,
O . . Economics The :
* Bibliographic coupling of compsel 4= Phys-Chem
‘ -t
papers, aggregated to cwcaton 1T Vson o prgaies = Chemistry
journals . v i
~ .. . . Psychology ' o %
P~ rain
» Initial ordination and N ¥ \ — S
. . 'sychiatr » R
clustering of journals gave 671 ™ #* sy e
MRI
clusters , — Biology
Y Bio- BioChem e )
» Coupling counts wete A D 3 A,
reaggregated at the journal y - b - icrobiology
L% 5 Plant
cluster level to calculate the P cancer
.. Disease & N = ", o Animal
* (x,y) positions for each Treaments TP,
journal cluster ¥ Virology | "#"1p Infectious Diseases

* by association, (x,y)
positions for each journal

Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding patterns of the US Department of Energy (DOE)

+ +

Math

Computer Tech

Policy Statistics

Economics
Compsci

Education Vision

Psychology

GeoScience

Biology

Microbiology

Plant
Cancer

Animal

Virology Infectious Diseases
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Science Foundation (NSF)

+ +

X Computer Tech
Policy % Statistics
3

F(:mmmm/}
Vision

Psychology

Education

GeoScience
Psychiatry

Biology
Bio- BioChem

Materials

) ) Plant

Animal

virology Infectious Diseases

Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Institutes of Health (NIH)

I Math I

Computer Tech
Policy Statistics

<

Economics
o] CompsSci

Phys-Chem

Education % Vision . Physics /@Che\m:uy

Environment

GeoScience

Biology

Animal

Virology 0 & Infectious Diseases
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... then SCIENTTI

Mapping the Evolution of Co-Authorship Networks
Ke, Visvanatly & Borner, (2004) Won 15t price at the IEEE Infol is Contest.

Weiland

Hepediey

Mapping the Evolution of
Co-Authorship Networks

Wksrnize Ket | alithor Vissrth & sty Pormg
Infabds Lab @& Indiana livecsag

88
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Mapping the Evolution of Co-Authorship Networks
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Awarded & Pending Funding of SLI F:]culty Members in January 2006
Gery Giovino
Mictosolt Research | o Tom Finhal Noshir 5. Contrastor Alsssandio Vespignani
Jean Bobinson
Albert-Laszlo Barabasi
Quest Aantis Gender Suzanne Fagg T obaces Epidemiolaay

Cle SNAyfuvkshuD Shanley W asseman

Center for Computational Diagnesfics
S i e

Robert Gioldstane
.Mndahng Soience i

Cl Research

Susan Heriing Santiago Schnel

‘Network \workbench CI

Infalis CI

¥ian Feng Wang Craig Stewart
Javed Mostafa

Mapping Cheristry

7
Health Infa Delivery

David Stark NSF Career MapSci Exhibk@NYPL

Kevin Boyack
InfoVis Learning Modules

Dan Gilpert

Todd Rowland
Legend

Data provided by Rall’ Shaw & Sarah Burton. SLIS|

Design by Katy Borner & Weimao ke, SLIS
Matthew F’e\eke\\ .

Size and color codin

a$1EI,EIEIEI OPandlng

TW\D\T fPervasweTech Research O
$100,000 .
1U Internal Funding
.NSF Funding

.Dlhar Exlernal Funding

Snehasis Mukhopaidhapay

TALISFF’

Lokman teho ElinJacob Kiduk Yang “rvonne Rogers 1,000,000
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Student Support by SLIS Faculty Members in January 2006
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Hyhbri

175

By Thomas Neirynck, 2007.
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and INDUSTRY too.

Examining the Evolution and Distribution of Patent Classifications
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Mapping Indiana’s Intellectual Space

Identify
> Pockets of innovation
> Pathways from ideas to products

> Interplay of industry and academia

Aoademic
Industry

Arsdemic ws. Academic
Aczdemic vs. Industry
Industry vs. Industry

51



How to Make a Science Map

DATA ‘UN\T oF ‘I\I'EASURES LAYOUT {often one code does bath similarty and ardination steps) DISPLAY
EXTRACTION ANALYEIS
SIMILARITY [ORDINATION
SEARCHES COMMON COUNTS/FREQUENCIES  SCALAR (unit by unit rratrix) DIMENSIONALITY REDUCTION INTERACTION
15l CHOIGES Miributes @ g. terme) Direct citation Eigenvector! Eigenvalue solutions Browse
INSPEC Journal Puthor citations Co-ritation Fadtar Analysis (FA) and Pan
By Index Docurrent Co-citations Corrbined linkarge Principal Cormponents Analysis (FCA)  Zoom
Ivbdline Author By year Co-word / coderm Multi-dirmensional scaling (MDS) Fitter
Researchindex Terrm Co-dassification LEA Query
Paterts THRESHOLDS Pathfinder netwarks PFMet) Detail on dermand
o By courts WECTOR {unit by attrbute matrix) Self-organizing maps (SOM
Yector space riodel fvordsterms) indudes SOM ET-raps, etc ANALYEIS
BROADENING Latent Sernantic Analysis (wordstterms)
By ditation ind. Snoular Yalue Decorrp (SWD) CLUSTER ANALYSIS
By terms

CORRELATION (if desired) SCALAR
Pearson's R on any of above Triangulation
Farca directed placernent (FDP)

Shiffrin, Richard M. and Birner, Katy (Eds.) (2004). Mapping Knowledge Domains. Proceedings
of the National Academy of Sciences of the United States of America, 101 (Suppl_1).

Birner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). 1 isualizing Knowledge Domains. In
Blaise Cronin (Ed.), Annual Review of Information Science & Technology, 1 olume 37,
Medford, NJ: Information Today, Inc.| American Society for Information Science and

Technology, chapter 5, pp. 179-255.

PINAS

Mapping Knowledge Domains
P

Comparison of Similarity Metrics

» 18I file year 2000, SCI and
SSCI: 7,121 journals.

» Different similatity metrics
 Inter-citation (raw counts,
cosine, modified cosine,
Jaccard, RF, Pearson)
* Co-citation (raw counts,
cosine, modified cosine,

Pearson)
» Maps wete compared based on
e regional accuracy,
e the scalability of the
similarity algorithm, and

e the readability of the

c c
Cosine | Jaccard
Ic
RFavg
cc cC
Pearson K50

layouts.
Boyack, Kevin W., Klavans, R. and
Bérner, Katy. (2005). M g the

Backbone of Science. Scientometrics. 64(3),

351-374.

52



Selecting the similarity measure with the best regional accuracy

» For each similarity
measure, the VxOrd
layout was subjected to k-
means clustering using
different numbers of
clusters.

> Resulting clustet/categoty
memberships were
compared to actual
category memberships
using entropy/mutual
information method by
Gibbons & Roth, 2002.

» Increasing Z-score

Z-score

indicates increasing
distance from a random
solution.

» Most similarity measures
are within several percent
of each other.

400

380
360
- —®-- |IC Raw
340 - -& - IC Cosine
—&— IC Jaccard
—@— IC Pearson
---w-- |C RFavg
320 —-0-- CC Raw
—o— CC K50
o —-O— CC Pearson
300 === it = S
R e = S O
280 | | T
100 150 200 25

Number of k-means clusters

Boyack, Kevin W., Klavans, R. and Birner, Katy. (2005).

Mapping the Backbone of Science. Scientometrics. 64(3), 351-374.
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A ‘Backbone’ Map of Science & Social Science
@
N . . oo,
» The map is comprised of ; @ % compsa %
7,121 journals from year %Q v
2000. . R
N . . %
» Each dot is one journal m% @O%Ses ¥
Math
> An IC-Jaccard similarity g Q‘;E,‘} s,
I
measure was used. é’ & §§ @»E f% L § Mg@@%g
el
» Journals group by %vcw “ﬁ Faerosp N
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. e
Ophth P oo
Vet Med
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Structural Map: Studying Disciplinary Diffusion

» The 212 nodes tepresent clusters
of journals for different
disciplines.

» Nodes are labeled with their
dominant ISI category name.

» Circle sizes (area) denote the
number of journals in each
cluster.

» Citcle color depicts the
independence of each cluster, =
with darker colors depicting
greater independence.

> Lines denote strongest
relationships between disciplines
(citing cluster gives more than
7.5% of its total citations to the
cited cluster).
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Zoom Into Structural Map

» Clusters of journals denote
disciplines.

» Lines denote strongest
relationships between
journals
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