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Building Adaptive Webs that co-evolve with user communities

m Extraction of co-occurrence (associative) networks
» Represent associative knowledge

m |dentification of implicit associations in hetworks
» Discovery of relevant items

m Adaptive network architecture
» Evolving organization
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similarity and proximity relations

fuzzy graphs

BSimilarity Relation

» A reflexive, symmetric, and transitive binary fuzzy relation
Luis Rocha — Also known as an equivalence relation.
BProximity Relation

» A reflexive and symmetric binary fuzzy relation

— Also known as a compatibility relation
— The transitive closure of a proximity relation is a similarity relation.

Similarity

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




extraction of co-occurrence networks

from document relations

m Document x Keyterms X (Keywords)
» Keyterm Co-Occurrence ' '
m Document x Document
» Co-Citation or Hyperlink structure
m Document x Author
» Co-Authorship (Collaboration Network)
m Genes x MeSH Keyterms
» Genel/keyterm Co-Occurrence

Luis Rocha

R:X*XY

(suswnooq) 4

Given a binary relation R between sets Y and 1 we extract two proximity relations:
XYP(x;. x;) IS the probability that both x; and x; are related in R to the same element
ve Y. Conversely, I’XYP(v. v)Is the probability that both »; and v, are related in R to
the same element x € .\ o _, |
B N Tk _} 'y (rk, i N T _}
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Rocha, 1999, LJGS 27, 457
T Rocha and Bollen, 2001. In: Design Principles far the Inmune
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proximity measures

produce associative (probabillistic) networks

X (Keywords) \E‘ (r:, 7., ) X (Keywords)
i %, ! J

X1 'P{_ XL X, ]| = ”“;1 | . a

2 e v 2| XYP:X~X

k=1

Luis Rocha

(SjuaWwn20q) 1

}’J{P{_ Vb, )=

V4

Y (Documents)

YXP:YxY
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people document proximity

J4q from document relations

v\ P(people names)

- 318 names of terrorists
A[ X[) from unclassified database

Luis Rocha

(siuswnooq) 7y

PDP(p, p;) Is the probability that both persons p, and p, co-occur in the same
document d= D. Conversely, DPP(d, d)is the probability that both documents
d; and d, contain the same person p € P.

H
a, | D lag, na, )
DPP(d,.d,)= =
D lag, vag )
k=1

Rocha, 2002. LAUR 02-6557

rochai@lanl.gov
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terrorist networks

318 names from unclassified L LTSRN Jmp—
database LY dmumﬂ,.d4;~\ ._
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architecture

Library 2

Library 1
Falder 1

Luis Rocha
2004

» Libraries = Folders = Links
— A hbhrary/personality is associated with a given
area of interest and consists of one or more
folclers.
— A folder contains related types of links within a
library
— A linkis a URL.

rocha@lanl.gov
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With Tiago Simas, Andreas Rechtsteinel
Chien-feng Huang

mylibrary.lanl.gov
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most frequent ISSN

occurences In personalities

Fhysical review letters
Fhysical Heview B
Fhysical review E
Physical review A General physics
] Journal of physical chemistry B
Luis Rocha Computers & geosciences
2004 Scientific American

Journal of the American Chemical Society
Journal of Chemical Physics
Feviews of modern physics
Bioinformatics
IEEE trans. on geoscience and remaote sensing
PrAS _
Journal of computational physics Ry S
Advances inwater resources
Journal of applied geophysics Mature

- - Fhysics of plasmas
ipppl_lled BTl 2 Accounts of chemical research

Advanced Materials
Journal of physics Condensed matter
Journal of computational biology

FregJency of ISSK per Ugers

JLETICY

Log [

Journal of physical chemistry A
Fhil. mag. B Physics of condensed matter

Bul.of Environmental Contamination and Toxicology

Journal of applied physics Biochemical journal o
Armerican journal of physics Computer physn:s communications | |
Analytical chemnistry ACM transactions on modeling and computer simulation

DLk i aterials science & engineering A
Chemical physics Physical review C Muclear physics
M| A Advances in physics
- - Inorganic chemistry
EEEQ?,:EE,JE%E?S'ES (TS Trends in BioTechnology
Physical review A Feview of Scientific [nstruments
SCience

— — — — — — — — —
] —& —& —a —u —a —u —a

— — — — — — —
o Y |
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ISSN and personality proximity

Jéd from co-occurrence in mylibrary.lanl.gov

ISSN

326 personalities with at least one ISSN
A-Px] 253 users with at least one ISSN
<l 623 [SSN occuring at least twice

Alljeuos.ad

Given a binary relation 4 between sets of Personalities P and ISSN I we extract
two proximity relations: PIP(p,. p,) Is the probability that both personalities p, and p,
link to the same ISSN 1. Conversely, IPP(i,, i) is the probability that both ISSN i,
and i, co-occur in the same personality (given that one of them occurs) p  P.

1

> (e 1y ')_ Nn(2.2)

E’-(‘_—"If,;c I'?-j,k.) NU(.H‘J@ )

(Personality ISSN Proximity)

pip(n.p)=

r“hh Iml gov Rocha, Simas, Rechtsteiner and Gavrilov 2003,
htty ww.c3.1anl.c gov/~rocha LAUR 03-7357




journal network
from co-occurrence In user personalities in mylibrary.lanl.gov: [PP

*

L
*

Luis Rocha
2004

rocha@lanl.gov
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top & most frequent ISSN and their neighbors
ipp = 0.3

0031-3007--Physical review letters
. 10895-3787 --Physical review E: 014074
Luis Rocha o 0556-2805--Physical Review B: 0.3621
f“.,.-'ﬂ (;5 A ) 0034-686 1--Feviews of modern physics: 0.3333

in I—'{'.F' i) = 0556-2791--Physical review A General physics: 1.3636
PP\ s I ) =7 o 0556-2805--Physical Review B
}‘fu(fs 2 Ly ) 0031-9007--Physical review letters: 0.3621
0370-157 3--Physics reports: 0.3103
0921-4526--Physica B Condensed matter: 03462
0921-4534--Physica C Superconductivity: 03462
0034-686 1--Feviews of modern physics: 03235
0556-2731--Physical review A General physics: 0.3333
1434-6036--European physical journal B: 03077
1095-3787--Physical review E
0031-9007--Physical review letters: 0.4074
0556-2791--Physical review A General physics
0031-9007--Physical review letters: 1.3636
0a370-127 3--Physics reports: 0.3077
0556-2802--Physical Review B: 0.3333
1089-490:x% --Fhysical review C Nuclear physics: 0.349123
0034-686 1--Feviews of modern physics: 0464 3
1434-6036--European physical journal B: 0.3043
1089-5647 --Journal of physical chemistry B
0o002-7863--Journal of the American Chemical Society: 0. 3000
0021-9606--Journal of Chemical Physics: 0.6250
1089-5639--Journal of physical chemistry A 07619
00049-2614-- Chemical physics letters: 0. G000
0201-0104--Chemical physics: 0.5714
0743-7463--Langmuir, 0.3810 -7 L’;}sAlam:rs

OfA- LABOARTOAY
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recommendations based on proximity

mylibrary.lanl.gov

s PP
» Recommendations of ISSN based on co-occurrence in Personalities

— Users who linked to this journal, also linked to...
m P[P
» Recommendations of other users personalities: collaboration

— These personalities are similar to yours
» Recommendations of specific links in close personalities
— Users who read many of the same journals where interested in these links

Bollen, Johan, Lus M. Rocha [2000]. "An Adaptive Systems Approach to the Implementation and
Evaluation of Digital Library Recommmendation Systems." In: Research and Advanced
Technology tor Digital Libraries: 4th European Conference, ECDL 2000. Lectures Nofes in
Computer Science, Springer-verlag, pp.356-339

Rocha, Luis M. and Johan Bollen [2001]. "Biologically Motivated Distributed Designs for
Adaptive Knowledge Management". In: Design Principles for the Imine Svstein and other
Distributed Autonomous Svstems. L. Segel and I. Cohen (Eds.) Santa Fe Institute Series i the
Sciences of Complexaty. Oxtord Unmiversity Press, pp. 305-334

Rocha, Lus M. [2002]. "Combmation of Evidence in Recommendation Systems Characterized by
Distance Functions". In: Proceedings of the 2002 World Congress on Computational
Intelligence: FUZZ-IEEE'02. Honolulu, Hawan, May 2002. IEEE Press, pp. 203-208

rocha@lanl.gov
p-/iwww.c3.lanl.gov/~rocha




| cytokine-receptor molecule network
8 from co-occurrence proximity in AltaVista

Luis Rocha

rocha@lanl.gov
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values obtained with FaCSO

1

precision and recall

o NEAR!/

N

. NEAR NEAR/ context

NEAR context

antonyms

Luis Rocha 0.7
2004 0F

0.5

0.4

0.3

0.2 —
0.1

I !

Scare 1 Scoare 2 Scare 3 Score 4

Precision: probability that an
Identified association Is relevant
Recall: probability that an
associlation has been identified

precision =

recall =

|
Frox 1 F'I’EI}{ 4 Priox 3

‘{I elen f?fff | |{I efhriel E‘{ﬂH

H-{rc frieved) H

H-{reﬁ*fm Ew” ( |{; elevant! H

given that it is relevant

H-tﬁ;?fm‘ma r} H

Rocha, Lms M. and Andreas Rechtsteiner [2003]. "Fast Cheap and
Synthetic Oracle (FACSO): Proxinuty Measures to caphure
r'J'th“" @ |1'f7| go Expert Knowledge in the Bibliome". Pacific Symposim on

.f._fﬂ |r-:|[-1| go vi~rocha ngcgmmeﬂgE[]ﬂg




| iIdentification of implicit associations in networks
Y semi-metric behavior

1 1

fff(xj.x}.): ‘EJ'*P(T : )—l: ff}?(j-‘jq-‘j): j"i’P(v 5 )—l
) Xi5X XP\y;. ¥

d 1s a distance function because 1t 1s a nonnegative,
symmetric, real-valued tunction such that d(k, k) = 0

Distance from a Proximity Graph is semi-IMetric
Distance from a Similarity Graph is Metric

:f]_ :ll: .

e

d(x,, x,) < d(x,, x;)+ d(x,, x,) [Evolution]

Metric wg T
d(x,, x,) = d(x,;, x;)+ d(x;, x,) / S S

Adaptive | p _
[Sﬁtemsj 44 LCC'QHI’EIGH]

Semi-metric ratio: 6.3861

Semi-metric

rocha@lanl.gov 2
wvw.c3.lanl.gov/~rocha « Los Alamos




computing semi-metric behavior

(Proximity)

. ‘ 'r;.-; X (Keywords) K (Eeywords)

Luis Rocha

R:X<Y 8| XYP.XxX

@ @ df{xz’*xj P: 1 -—1
FiDocuments) XY 'lD{Iz' o i

(s)uawnaoq) g

X (Keywords)

VYP: VoV X (Keywords)

Shortest
o Fath
d = XX (min/+)

(EIEunangT) £

d*, XxX

(SpromAY) X

zmetric
(Distance) semmi-metric (Shortest
Distance)

(SpIOMADY ) X

Measures of semi-metric behavior

rocha@lanl.gov

Fa
http://www.c3.lanl.gov/~rocha

Y
= Los Alamos




measuring semi-metric behavior
Semi-metric Measures

BSemi-metric ratio
| » Absolute measure of indirect distance XL X
Luis Rocha reduction | e | Xi0 X

f??cfz'recr 1 XX

BRelative Semi-meftric ratio
» Distance reduction against maximum contraction

) dy .. { X, )— - (11 X )
—d

X, ) y

LS( X,

mac nun

BBelow Average Ratio
» Captures semi-metric distance reductions which - -
contract to below the average distance for a Ev(:rz. X )
given node. Captures some of the cases of | |
initial - distance

Sh.::'r.tesr (*T A )

ru-mm lanl.go ras
= Los

.,.Jﬂl“-ml gov/~rocha = Ala

WATIONAL LABOAKTOAY




semi-metric analysis

applied to many data sets

B Keywords extracted from books cited in a dissertation
» |dentified novel theme associations
Luis Rocha m ARP Database

2004
» 3 million scientific articles published 1996-2000
» |dentified trends

m \Web Sites, Web logs, Word Norm, Random Graphs
» Denotes Latent Associations

Rocha, Lus M. [2002]. "Semi-metric Behavior m Document Networks and its Application to
Recommendation Systems". In: Soft Computing Agents: A New Perspective for Dvnaitic
Information Svstems. V. Loia (Ed.) International Series Frontiers m Artificial Intelligence and
Applications. IOS Press, pp. 137-163

Rocha, Lws M. [2002]. "Combmation of Evidence in Recommendation Systems Characterized by
Distance Functions". In: Proceedings of the 2002 World Congress on Computational Intelligence
FUZZ-IEEE'0Z. Honolulu, Hawan, May 2002. IEEE Press, pp. 203-208

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha
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dh . iIdentification of latent associations
-. what do semi-metric edges imply?

m Pairs with larger semi-metric behavior denote a /atent
association

» Not grounded on direct evidence provided by the relation g,

but rather implied by the overall network of associations In
this relation.

» Meaning depends on the semantics of the application

— In graphs of keyword co-occurrence in documents: associated
with novelty and can be used to identify trends.

— In social networks it may identify pairs of people, groups, etc. for
which we do not have direct evidence, in the available

documents, that a real association exists, but who could easily be
Indirectly associated.

» [n recommendation system for journals now at LANL

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




semi-metric recommendations

catching strong indirect associations in mylibrary.lanl.gov

0020-16869--Inorganic chemistry 003 1-9007--Physical review letters
0031-8007--Physical review letters 074 3-7463--Langmuir |PP 3
0003-2700--Analkytical chemistry 003 1-9007--Physical review letters : F F
O096-3003--Applied mathematics and computation 003 1-9007--Physical review [etters — pal amEtEI rs
003 1-9007--Physical review letters 0022-3115--Journal of nuclear materials
Luis Rocha 1043-35301--ACM transactions on modeling and computer simulation  0031-8007--Physical review letters
2004 1364- 248X --Chemical communications 0031-9007--Physical review |etters
1064-8275--51AM journal on scientific computing 0031-3007--Physical review letters
04965- 24 25--Computational mathematics and mathematical physics 0031-3007--Physical review |etters
0031-9007--Physical review letters  13589-6454--Acta materialia
0003-7028--Applied spectroscopy 003 1-9007--Physical review letters
O031-9007--Physical review letters 0022-2461--Journal of maternials science
0031-9007--Physical review letters  135289-B462--Scripta materialia
0031-9007--Physical review letters 0022-4586--Journal of solid state chemistry
O031-8007--Physical review letters 0021-88498--Journal of applied crystallography
1097-6256--MNature neuroscience
1097-6256--Nature neuroscience
1097-6256--Nature neuroscience
1063-7796--Physics of particles and nuclei
1053-8119--MNeurolmage
O031-8007--Physical review letters
IPP 3: parameter b 0031-9007--Physical review letters
- 003 1-8007--Physical review letters
0031-9007--Physical review letters
0031-5007--Physical review letters
1097-B256--MNature neuroscience
1097-6256--MNature neuroscience
1097-6256--Nature neuroscience
1097-6256--Nature neuroscience
0022-5355--Journal of wvacuum science and technalogy

rocha@lanl.gov
h I'I'ij SJIWWWLC .-j - |r::| M | . !_l'::'.-" f~r0 |_:|"“| 9




detecting incomplete knowledge

random deletion experiments

Rt |

m Perfect Knowledge
Luis Rocha » Transitive Closure of real
graph
» Metric Distance Graph
m [ncomplete Knowledge

» Each positive
associlation Is deleted
with probability p. =

» 100 graphs for each | a2 E geovergd PDP
value of p - :

s

%o Kecovered Unif

%o Tolal Fuas

e

Full Deletion | =ss
Recovery via parameter b e i

0.3 0.£ C.5 OE a7 0.5 Lo

dal

rocha@lanl.gov
nttp://www.c3.lanl.gov/~rocha Acknowledgement: John Hogden




scientific community working on feynman diagrams
¥ as published in Physical Review, 1949-54

P(author names) P(author names)

m Collaboration Relation: C
» Who wrote a paper with whom
] O W lon:.
( T.'PXP Acknowledgment Relation: 4

» Who acknowledged, or informally
received information from whom

A:PxP

(ssweu Joyine)

(saweu Joyine),

AP(p,.p;)=

(__TPI[_ PP | =

76 Authors = 91 Authors

CP(p,. p;) is a co-collaboration AP(p;, p;) 18 a co-acknowledgment
probability. the probability that probability: the probability that two
two authors have collaborated authors have acknowledged or have
with the same authors been acknowledged by the same authors

o O wovrocha With Luis Bettencourt and David Kaiser




@Y semi-metric analysis

m P Is almost metric

» 139 papers, 76 authors

» Percentage of pairs
with positive semi-
metric ratios (rs and s
parameters). 0.667%
Percentage of pairs
with indirect distances
smaller than the
average distance of
direct edges to either
node (b parameter):
0.439%

» Very few implicit
associations

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha

co-collaboration network




co-collaboration network

5 most semi-metric pairs (rs and b parameters)

HABethe
PFeynman
R0OSS
PFeynman
KSundaresan

RPFeynman
WMVisscher

Q

)

-

-eynman

SSSchweber

-eynman

m \\Jeak co-collaboration (C'P), but
strong co-acknowledgment (4P).
» VWhile they have not co-collaborated
much in PR, they have

acknowledged or have been
acknowledged by many of the same

DABaard

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha

people

m All six authors in top pairs

» Very strong proximities to EESalpeter
(Cornell) and KMWatson (postdoc at |IAS,
prof at Indiana) in AP and with to EESalpeter
(Cornell) and FJDyson (Cornell, IAS) in CP

— Cornell and Institute of Advanced Studies




co-acknowledgment network

semi-metric analysis

t B 4P is very semi-metric
» 139 papers, 91 authors
Luis Rocha » Percentage of pairs with positive semi-metric ratios (rs and s
parameters). 18.3%
» Percentage of pairs with indirect distances smaller than the average
distance of direct edges to either node (b parameter). 30.8%

» Many strong implicit associations

rocha@lanl. g
http://www.c3.lanl.gov/~rocha




dynamics of co-acknowledgment network

semi-metric analysis

1949 1930 1951

Parcenlage (%)

= = M W = 0 o -

Wra

1943 1950 1051 1052
Years

B Authors B Papers

rbd‘lh lanl.gov
http:// WwWw.C3.lanl ¢ gov/~rocha

m_{P computed for every individual
yeal between 1949 and 1954

» Papers, Authors
— (8, 13); (19, 21); (20, 20); (23, 34);
(31, 40); (38, 60)

Compared with the global AP, the

iIndividual years are more metric

— 1950 is almost completely metric
» Semi-metric behavior (%rs, %b)

— 1949: (3.9%, 2.6%)

— 1950: (0.5%, 0.0%)

— 1951: (5.3%, 4.5%)

— 1952: (2.7%, 2.3%)

— 1953: (2.1%, 3.8%)

— 1954 (7.8%, 6.9%)

Can semi-metric pairs uncover

latent and future associations?




dynamics of co-acknowledgment network

N

LFeldmar

renbor AP Value
& 0 =
4 increases in

1950 and 1953

m 4P 1949
» 13 authors, 8 papers
» Semi-metric behavior (%rs, %b)
— (3.9%, 2.6%)
» Only one pair with significative
semi-metric behaviors
— (Jsteinberger, RPFeynman)

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




dynamics of co-acknowledgment network

1951

B AP 1951

» Not very strong semimetric behawvior

» (HABethe, RMFrank): both rs and b

— Advisor/ Student at Cornell

— David Kaiser suspects Bethe learned about
the diagrams via Frank

(DBBeard, HABethe): both rs and b

— Wrote paper together in 1951

(HABethe, Mbaranger): bothrsand b

— Wrote paper together in 1953; high value of
proximity in co-collaboration network (C'F);
value of AP increases in 1952 and 1953

— High proximity in co-collaboration network. No
link in AP 1951, but AP increases in 1952 and

1953.

— No link in AP 1951, but AP increases in 1952
and 1953.

— No link in AP 1951, but AP increases in 1954.

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




active recommendation systems
adaptive webs from collective behavior

:
R

. i- .-11,';L_.

BRepresent the knowledge of
iInformation resources ahd Users as
Luis Rocha distance networks b
mDefine active conversation between |
users and information resources to
produce appropriate User
recommendations

| . _ Idw ity I-:ltv
BCollective Adaptation to discover and \\ En//

maintain evolving knowledge

User
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Usex

Aq,
et

X (Keywords)
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TalkMine

; query extraction via automatic conversation

An Algorithm to enable the communication between
users/agents and information resources, leading to
knowledge exchange, recommendation asn adaptati

Evidence Sets

A(x): L~ |0, 1] Bel(P)

Bel(2)

A Model of Bel(?)™—
Cognitive Categories 0

rocha@lanl.gov
hitp://www.c3.lanl.govi~rocha /evidence sets




TalkMine for MyLibrary

148 distributed conversation

( Mylibrary global

T(ISEN F {Personalities)

é‘i o : =iy L

Luis Rocha

[sggr_.ﬁ{ucvs.mﬁ g

User is interested in
single ISSN 1.

/ ;gsier\ Information
= Resources

User

\ Identity /

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




TalkMine for MyLlbrary

% querying
s A .
R 4 Mylibrary global N F My@g}(?)

v q u NESH P (Pers cralities)

004 | dydsd | & AL b(B)=0.3

1

. i h _IJ SS jbij;illb
@ Information || [T i, (I3SH) i
: Resources el |t foegl =B poy_ pe (i

Myl

Perspective A: The User Query
“as seen’” by MyLibrary Global

Users

Perspective B: The User Query

B g .
| scr is interested in F i) F i) “as seen’ by 2 chosen users
gl cingle [SSM i, ! :

0.8 -

0.6 - c T - _ + B s + 5 e + B ;- + B

0z2d... _REB H!EE

: p— Captures the am!aiguity"{jnonspecificity}
ocha@ianl.aov of the Linguistic “and/or A
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wvw.c3.lanl.gov/~rocha « Los Alamos




TalkMine: Categorization

Interactive spreading of interest on multiple resources

Evidence Set

}_
Luis Rocha

Spreading
Interest

; ; Uncertainty Reducing
7 (IS3H) o o ; Process
Mylibrary global

T PlTersoraliies |

o i PR
et ([laer)

-

<@uegtimn

Final Category of ltems

. _ : of Interest
rocha@lanl.gov : pas
http://www.c3.lanl.gov/~rocha « Los Alamos
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Short-Term
Categorization

Luis Rocha

>
o
o)
9,
i\
9,

Long-Term
Memory

New [ISSN are
recognized by
Information Resources

z{:ﬂi,.ﬁ: ﬂ_;l',.i: l'
. . ) k=l
Ipp {'!1' 5 '!1': }: m -

9

Nﬂ 1- I.s 2 I:f

adaptation of associative networks

1

Mo Categories are stored as B
such, but rather constructed |

e conversation between agents
/ﬁ;‘? and information resources,

leading to agent identification

Final Category

(/ Mylibrary global N\

TIESH

S Bereaalities

1/

szf“f ‘:'FP'P =P

A

ik Set of
} L Information

T‘I

k=l

[1SSM FPersonality Froximity)
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Evidence Sets and TalkMine
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Focha Luis M. [1991] "Fuzzification of Conversation Theory" In Principia Cybernetica Conference, Free University of Brussels,
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conditional probability

&8 comparison

P, ( AR ) . .
2 ey
k=1

B/ and Fare not symmetric
» May measure a strong degree of association between two elements, when
that association is one-sided only.
» In many applications, when we think of a strong association between two
elements, we expect both directions of association to be similar.
» Distances are symmetric, proximity is the semantic inverse of distance.

1
. -+ . - —
P I[ X, |, ) P, I[ x| x ; )

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




pointwise mutual information

comparison

_ - comparision between the observed co-
P( X, AX ) occurrence probability for the two words,
- A compared with the co-occurrence probability
P(x, ). P( X ) ohe would expect to see if the two words were
- s independent

PMI(x;,x, ) = log

If the two words occur together exactly as frequently as one would expect by
chance, PMI = O, if they occur more frequently than one would expect by
chance, PMI > 0; and conversely if they occur less frequently than one would

expect by chance, PMI < 0.

}_ﬁ?ﬁd \ __ - ~ Not a pobability

[ 7 % p(x|x. ) Plx.|x | measureandis

Nix ) N | Nlxnx | A V) dependent on the size
I VP of the universal set

Plag oy )| Ny oy

Px;). A )

1 YXP(v,.v, )=

|
. =of . — .
P, ( X, | x, ) P, '[ x| ; )
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eigen analysis of IPP

Andreas Rechtsteiner and Luis Rocha

PCA of IPP_3 txt
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PCA of IPP_3

Luis Roecha ] ISSN .CDI'I'E‘latE‘d
: 100 1SSM rmost correlated with with either one of
ElgenlSsh T

the first tw

EigenlSSN, or with

neither

» VVery few [SSN
correlated with
both.

» 2 very clear main
100 I'55M most correlated .
with ElgenlSSh 1 Clfel i

1 [
-04 -0.2

PC1
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top 30 ISSN most correlated with eigenlSSN 1 and 2

EigenISSN 1: Chemistry and
Materials Science

Manostructured materials 142

Journal of materials chemistry 160

International Journal of Solids and Structures 152
International journal of refractory metals & hard materials 183
Advanced functional materials 1356

Applied organometallic chemistry 211

Journal of arganic chemistry 154

Annual review of materials science 210
Folyhedron 156

Mano Letters 118

Tetrahedron 196

Topics in current chemistry 173

Fadiation effects and defects in solids 121
European journal of inaorganic chemistry B
International journal of inorganic materials 150
Progress in solid state chemistry 202

Chemical reviews 144

EBiophysical chemistry 140

Advanced Materials 198

Muclear energy 187

Advanced engineering materials 135

Journal of Haman spectroscopy 162
Intermetallics300

Chemistry of materials4 25

Chemical Society reviews 134

Journal of hiomolecular structure & dynamics13y
Eioorganic chemistry 139

Journal of biochemical and hiophysical methods 206
Journal of inorganic hiochemistry 170
Chemphyschem 789

rocha@lanl.gov
h I'I'ij SJIWWWLC .-j - |r::| M | . !_l'::'.-" f~r0 |_:|"“| 9

EigenlSSN 2: Computer Science and

Applied Mathematics

Algorithmica 74
Science of computer programming 470
Discrete applied mathematics 884
ACM journal of experimental algorthmics 213
M athematical programming 629
Applied mathematics and computationg 0
ACM transactions on modeling and computer simulation 87
Computer languages 887
Journal of the Association for Computing Machinery 454
SIAM journal on computing? 22
M athematical and computer modellingB18
I athematics of computation 611
ACM computing surveys S8
ACM letters on programming languages and systems 219
Computers & mathematics with applications 623
Journal of computational and applied mathematics 378
Theoretical computer scienceB 849
IEEE computational science & engineering 76
Computational mathematics and modeling 224
SlAM Journal on scientific computing 220
Applied scientific research 1261
ACM trans. on programming languages and systems 1263
Journal of graph algorithms and applications 5883
Discrete mathematics 885
IEEE computer graphics and applications 1167
Computers & graphics 1168
Computer graphics 1169
ACM transactions on graphics 47
Communications on pure and applied mathematics 391
Computers & security 41

i
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PCA of IPP_3

EigenlSSN1 with other EigenlSSN
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= = B a 7 oy o [ ':E'-"- a'I'Fl.-- -\:-..fll
e LT N, e
. a

L]

» -IChemistry and Material Science

Luis Rocha
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co-occurence web utility
Mining the “Webliome™ and “Bibliome”

e : Rocha, Luis M. and Andreas Rechtstemer [2003]. "Fast
SN S . . % ’,’ e Cheap and Synthetic Oracle (FACSO): Proximity

I LECha B PN CE IS NP [ ETRER o L PR L |

ZEE e @ et @ o W - Measures to capture Expert Knowledge i the Bibliome"
3 : ] ! H™D Ll 1 ' Ty ) '. - " Wb y i J ? :
Luis Rocha Fast, Cheap & Synthetic Oracle (FaCS0) Pacific Svinpositin on Biocomputing 2003
2{]-{}4 Srbled srrgare b M o 1 .Iu:=r ..,::|:.'.:::-\:::|;:I-::'::l. l\l:-\.l :".\.:lI 1 I||'I 'Il

BT TLETERCR ¥H Jl‘ |:r||| Hl | rTan
[TTELEIT] :-"- i E"‘-”: Trem L |:i HEHH B -\.Ilil:-1:-'I:: el [T ERRL N BTN I T BRI R R PR [P 1 T H

e ® Discovers Relevant Associations in

irkizs ||-:+I] .I'|

T — Altavista and PubMed

RN LR T p'r"i"h rl ‘I'-l- whi- acdsem— v -erbew v mubir T AL ST R
e ada N'.TJ'd:-I'_.']‘ '.h_J___ TR I"_-:-n I_-:rﬂl'n.-:-_:-ﬁm_-: .J'|:||: |:|_'

bete. 7o cac o sl Fiz selemaszede e podier Boeckin e Secal nmasuwa » US|HJ Co-oCculrrence pl":"}‘x"ﬂlty
» How often two sets of words co-occur
v 7 e [ R Trowe A Trx D F Toass 1. FIE'EI } ”...I dDCUIﬂ entS
m Retrieves Documents substantiating
the associations

Liwren Daler e IT.I.q::l - : ; - T
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e e

Fast, Cheap & Synthetic Oracle (FaCSO)

http://bimmer.c3.lanl.gov/~andreas/facso hemail beta.html

ru-mm lanl.go : . : :
tto://www.C3.lanl. e With Andreas Rechtsteinel




./ /i FaCSO on Altavista

. i- .-11,';L_.

Luis Rocha

Cytokines

|L-2 OR interleukin-2 »
|L-3 OR interleukin-3
IL-4 OR interleukin-4
|L-6 OR interleukin-6

IL- 7 OR interleukin-7
IL-8 OR interleukin-8

IL-10 OR interleukin-10
..f/'

IL-12 OR interleukin- 1

IL-13 OR interleukin-13sc”

IL-15 OR interleukin-15"
GM-CSF

IFNgamma
TNFalpha
rocha@lanl.gov

http://www.c3.lanl.govi~rocha

Immunology testcase

Receptor Molecules

CD25 OR tac

- CD122
HCD132 OR "common gamma chain”

CD123

beta

CD124

CD126

CD130 OR gp130
D127

CXCR1 OR Cdw128a

CXCR2 OR Cdw128b

Cdw210

cD212
D213a1

CD213a2

CD116

CD119

CD120a

CD120b

CCR2b

Signaling molecules:
their levels affect
response




PMI-IR

4 Scores using Altavista

Turney, P.D. (2001). "Mining the Web for Synonyms: PMI-IR versus LSA on TOEFL.”
ECML-2001, pp. 491-502.

1. Conditional Probability with Altavista AND (when both terms appear in the same document)
hits| problem AND choice; |

score, (choice; | =

hitsi choice; |

i 2. Conditional probability with Altavista NEAR (when both terms appear within 10 words of each
: ; other in the same document) hits| problem WEAR choice, |

score, | cf joice, | =

hits| choice, |
3. Tends to reduce equal scores for synonyms and antonyms
hits| problem NEAR choice; IAND NOT({ problem OR choice; | NEAR "not")
hits(choice, AND NOT| choice, NEAR "not"|)

scores| choice; | =

4. Accounts for context words comntext = {context,.context,,..., context,, }

h.a'z‘_s'{.'[ problem NEAR choice, }mmte:cz AND N’]TH problem OR choice, | WEAR " no t"_} i

score, \choice, | =

fz.a'.a.‘s{cfzmr:e!- @ ontext AMND NDT{C':EEG'.!'CEJ- MEAR " no t”]'}

rochai@lanl.gov A
http://www.c3.lanl.govi~rocha VWe use NEAR « Los Alamos
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Proximity Queries

L e _ ~ Juts| problem AND choice; |
AR . | | ;
prox,| problem,choice; | =

hits( problem OR choice; |

Luis Rocha /
2004

hits( problem NEAR choice; )

prox, | problem, choice; | = ——— —
| | hits| problem OR choice; |

NEAR: co-occurrence within 10 words

hﬁa‘({ problem NEAR choice, ) NEAR comeﬂ)

proxs( problem, choice, ) = : |
f?rm( problem OR choice, ]

context = {receptor}

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




possible distances
shortest paths or weakest links

Edges: largest of the
weakest links in all Similarity

Proximit e
. - y indirect paths: X (Eeyvwords) @
Luis Rocha X (Keywords) '

Transitive Closure Tﬂ_"'{ 1_ TLF
3 il LY >

XYP:XxX (measdmin)

X (Keywords) X (Keywords) X (Keywords)

(rmind+)

Shortest g :
dy XX o 2| d*p XX Z 3| d**p XX

<Imetric
Distance semi-metric Edges: shortest Edges: Smallest of the
N i indirect path (sums largest edges in each
all edges) indirect path

rocha@lanl.gov s
http://www.c3.lanl.gov/~rocha « Los Alamos




user test
population from STB-RL and CCS-3

Answers to Pairs

:
R

. i- .-11,';L_.

Luis Rocha

il

512 I

Feal Data )

=
8

D
%]
i

Faal (771) Fandom (/53)
Percentaqge

B50% Pairs of ISSN with high rsand b
B50% Random ISSN Pairs
B1524 answers

rocha@lanl.gov
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partial deletion

Luis Rocha
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| set-theoretic operations
Jeq for evidence sets

nl

Complement 4¢(x) = {<{_f1 (x) -}r: m, {:x:}>. <{_f2 {jf:})r: 1, {:x:}>~ . <1fﬂ {j;:}:}ff ,m, {:;s:j}>}

Luis Rocha
2004

‘—1(1\} = {{f i {*E\J' Ty (”ﬂ} {17 2 {*‘-\J' 1, (1\}} {j n {\ﬂt‘} T, “‘»}

I(v) = I, (). Iy(|c [01]  F=[1- Zyt).1- (0] [0.4]

miKP )= Y m(L) m(J7)

MIN(IF T KR

x| N\ e (73
mi\ K, | = 2 mylL) H?B(t]j )
MAX( L JTJ=KE
f= [IL*IU]*J = [JL*JEF]
K= MIMIJ)= [MINI I, J, L MIN(I, Ty }]

rocha@lanl.gov pas
hitp://www.c3.lanl.gov/ K= MAX(LJ)= [MAX( 1, J, | MAX(1,.0,)| " hosflames




evidence set combination
pet-fish example

Playful, Interactive,
Companion 0.5

1
0.8 - 0.8 -
0.6 —

0.4

Cuddly, p : -. 02 -

04 ¢ |

[ 1
Parrot Dog Guppy Parrot Dog

Set-Theoretic Combinations

FET Qr Fish Fet And Fish

rocha@lanl.gov
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__ TalkMine: Inferring User Interest
148 Spreading Interest on Distance Graphs

Bl i L

b i:.;.' ik

L 7
7 ) |—adilig 7| L | .
Fi) = Uma}{e 5} Vot =Llorig enm
g=1

Luis Rocha

For each Information resource R, and the set of ISSN i, In the user's present
Interests, a spreading interest fuzzy subset F, of / Is created using d;"

m [Jser Present Interests F; (f)

» Set of ISSN

— Clicks Link
hdates Folder
ndates Personality
hdates Library

User Is Interested In |
single ISSN ; (ISSN)

rocha@lanl.gov
http://www.c3.lanl.gov/~rocha




The Interests of the User

84 Combination of several Perspectives from distinct sets of information
- '8 Resources into an Evidence Set

Given all the perspectives (IVFS) P(A), and
probabilistic weights 5(4)

£S(,) = ((PCALb(A)) Y

rocha@lanl.gov ] {I S SN'}
=N Bl .
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