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distances on graphs

measured from associative “knowledge” graphs
d 15 a distance function on set X 1f 1t 1s a nonnegative, symimetric, real-valued
function such that d(x, x) = 0 (Shore & Sawyer 1993)
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dix. x;)=0

d(x, x;) = 1, 1f there 1s an edge

d(x;, x;) = dx;, x;) + ... +dx;, xp) 1, | |
if there 1s a path In real-valued weighted graphs, derived

Due to the symmetry requirement, distance functions can be semi-metric

distance functions vield non-directed d(’]{h ]{._,_) = L‘?_rr(.]flﬁ ]1;3_) 4 L{(‘]{}_} ]1;1_)

distance graphs i} | | -

d(xy, x,) < d(xy, x5)+ d(x;, x,) Semi-metric

Metric: the smallest distance between In graphs used to store

nodes Is always the most direct path "knowledge’, what does
indi It mean?
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operations

infermatics A(x) X 9 [0‘:1' 1]
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Standard Fuzzy Operations
A(x)y=1- A(x)

(ANB)(x) = min[A(x). B(x)]

(AUB)x) = max[A(x):, B(x)]

m Follows
» |Involution, commutativity,

fuzzy sets

Fuzziness

Degree of
Membership/Truth

associativity, distributivity,
|dentity, De Morgan's Laws, etc
m Does not Follow

» Laws of contradiction and
excluded middle

An A+
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Ai) X =10, 1]
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fuzzy sets

a-cut: Crisp
set at
threshold a




De Morgan's Laws

AnB=Au B
AuB=AnB
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i(a,b) = ab
ab

dual fuzzy set operations

i(a,b) - a+ b- ab

u(la,b)=a+ b- ab
a+b-2ab
1- ab

rocha@indiana. edu
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m Complement, Intersection and Union
must follow De Morgan's Laws plus:

» Complement
— Boundary Conditions: ¢f0)=1 and <{1)=0
— Monotonicity: if azb then cla)=clb)
— Continuity
— Involutive: ¢(c(a}) = a
» |[ntersection (T-Norm)
— Boundary condition: ia, 1)= a
— Monotonicity: if b=d then fa.b)=
— Comutativity: £a.b) = ib.,a)
— Associativity: fa. (b d)=iia bl d)
— Continuity
— Strict Monotonicity: if al<a2 and b1<b2
then a1l b1)<ia2 b2)
— Subidempotency: fa.alza
Union (T-Conorm)
— Boundary condition: wia, 0)=
— Monotonicity: if b=d then &{a.b)=
— Comutativity: wia.b) = wb.a)
— Associativity: 4la wib d=aiwia b)) d)
— Continuity
— Strict Monotonicity: if al<a?2 and b1<b?
then 4ial bli<ufa2 b?)
— Supendempotency: wla,al=a

i(a.d)

dla,d)

1-a

N a

Sugeno
Com pl em ent:
As(-1,0




fuzzy graphs

broperties

B Reflexive
» 1t R(x.x)=1torallxe X

informatics — every element of .\ is maximally associated with
luis rocha 2007 itself
BSymmetric

g . -~ I 1“\“‘11\“ a ”j'”“.i;
» 1ff R(x, y) =R(y,x) forall x, y € X !

1'||||||||||||||||||||||||||||||||||||||||||||||”

— Matrices require only (72°-72)/2 elements to be Max-Min Transitivity
defined

> 1ff R(x, 2) 2 max,_,mmn[R(x, ), R(y, 2)] for

allx, ze X

— For each indirect connection between x and =
through some v, the weight of the connection is the
smallest of each connection (x to v and v to Z).
Finally, the weight of the connection between x and
Z, Is the largest of all indirect connections through all
v (strongest path defined by weakest link)

B (Max-Min) Transitive a<b<c

a -::j:d -::Z:.E-
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composition of fuzzy graphs

Max-Min Composition: £ oX =max min(r,,7.) = 7',

where ry denotes R(x ., X;)
) | The max-min composition of matrices Is performed in the
,‘;Jggl,:;ﬂ;ég% same way as the numerical counterpart, except that
multiplication and summation are substituted by the n (e.g.
Min) and U (e.g. Max) operations respectively.

BT ransitive closure of a relation R(.Y, .\)

» The relation that is transitive, contains K(_\". .\'), and whose elements

have the smallest possible membership weights that still allow the first
two requirements.

— It yields a relation where all pairs of elements which were directly or indirectly
related in the original relation, are now directly related

Generic Composition: Ro R — Lfm(ﬁk F )=,

rocha@indiana. edu
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similarity and proximity relations

BSimilarity Relation
» A reflexive, symmetric, and transitive binary fuzzy relation
— Also known as an equivalence relation.
imformatics mProximity Relation
luis rocha 2007 » A reflexive and symmetric binary fuzzy relation

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

Proximity Similarity

rocha@indiana. edu
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extraction of co-occurrence networks

from document relations

= Document x Keyterms X (Keywords)
» Keyterm Co-Occurrence

® Document x Document
» Co-Citation or Hyperlink structure

= Document x Author

» Co-Authorship (Collaboration Network)
= Bjo-entities x Keyterms

» Gene/MeSH keyterm Co-Occurrence
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R:XxY

(sjuawnooq) 4

Given a binary relation R between sets Y and ¥ we extract two proximity relations:
XTYP(x, x;) Is the probability that both x, and x, are related in R to the same element
veY. Conversely, YXP(y, v)Is the probability that both y, and y; are related In R 1o

the same element x € .\

(e 87 ) (e 8 7 )

X}’F(x- .x-): d }’XP(yj,yj):

P

With some support constraint (""' e VT ,;.:) (”” ki VT k,j)

Rocha, 1999 LFGS 27,457
Rocha and Bollen, 2001. In: Desigrn Principles for the Tnme

rocha@indiana.edu Systewm and other Distribiged Autonomais Systems. Segel and JIYRIEAEEY
http:ffinformatics indiana. edufrocha Cohen (Edsg), 305, oI




§ produce associative (probabilistic) networks
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X (Keywords)

R:XXY

{s)uewinsoq) |

m
E(ﬂkﬁﬁk)
XYP(x x =2
1 j has)
i :

S v

1

Y (Documents)

YXP:YXY

(SJURWNDO(T) A
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represents knowledge In

associative,manner

proximity measures

X (Keywords)

XYP:X*xX




terrorist networks
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database . TSRV, ¥
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digital library web service

| ibrary 2
Library 1
Folder 1
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» Libraries = Folders = Links
— A fhraryspersonality 1s associated with a given
area of interest and consists of one or more
folders.
— A folder contains related types of links within a
library
— A fmkis a URL (typically scientific articles)

rocha@indiana. edu
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mylibrary.lanl.gov

Mathematics

i Mpssages from the Bbrary !

|
|"-'-'url. for baographicad data on trnal untd Sept. |
! 1 - send Teedback o gUEImMBNSAL BoY

||

Dustance Funcbions Fiam] x] Graph Theory

Mathemahcs Web
Resources

Databases




most frequent ISSN

occurences In user personalities

) ) Freguency of ISSN per Users
Fhysical review letters

Fhysical Review B
Fhysical review E
Physical review A General physics

= ] ; Journal of physical chemistry B
informatics Computers & geosciences

luis rocha 2007 EelalEelniar-Aes = (==1s

Journal of the American Chemical Society

Journal of Chemical Physics

Feviews of maodern physics

Eioinformatics

|EEE trans. on geoscience and remaote sensing

FHAS -
Journal of computational physics 1 DE-+00
Advances inwater resources

Journal of applied geophysics Mature

. . Physics of plasmas
ipF'pL“Ed geochemistry Accounts of chemical research

Advanced Materials

Journal of physics Condensed matter
Journal of computational biology
Eiochemical journal

Journal of physical chemistry A
Fhil. mag. B Physics of condensed matter
Bul.of Environmental Contamination and Toxicology

Journal of applied physics . o -
Arrerican journal of physics Computer physics communications

Analytical chemistry ACM transactions on modeling and computer simulation
OLik Materials science & engineering A

Chemical physics Physical review © Nuclear physics

iy Advances in physics

Inorganic chemistry

Trends in BioTechnology

Feview of Scientific Instruments

SCience

— —r — — — — e— e — et — —

Chemical physics letters
Fhysics reports
Fhysical review A
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ISSN and personality proximity

from co-occurrence in mylibrary.lanl.gov

ISSN

392 personalities with at least two ISSN
253 users with at least two |ISSN
170

imFormatics ol D ot ; :
e A:-Px] 2 unique ISSN occuring at least twice

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.

) Nalan) 200 na) N i)

pip(n.5 )= =) ipp (i i)= 5 (ﬂhkwﬁ)_NL(;-;:.;{_,)

I
=1

(Personality ISSN Proximity) (ISSN Personality Proximity)
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Jjournal network

from co-occurrence In user personalities in mylibrary.lanl.gov: |PP

bl

E{':I:'J: My g ) M

iop (1, 1,) = 2L _2at %) All Weights

T{am ‘-._.-’tlj.i} NU{I..S . )

L .
imformatics " & o
luis rocha 2007 (155N PersonalityProximity)

o=

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




IPP (Jjournal) network

co-occurrence In user personalities
/ weights
0.3
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cumulative degree distribution
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=
i
=
[n k]
=
=
i
L
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cumulative strength distribution (binned)
IPP: all weights

1000.0

TTTTIT

T
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1 I'Irlrll'

T 1 r|1||r]

—
—
—
—
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cumulative degree distribution

I TTIT I|=IIIII|T|-
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IIII|T|IIII|T|

T T TTIT 1

LILLLEL] I TTTiEe 1 1 LL! 1 II1 1

=
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cumulative strength distribution (binned)
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a-cut=0.4

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




IPP network

sub-graph with top 12 most frequent journals

®
0027-8424—Proceeadings of the National Academy of Sciences of the LUnited States of America

10685-564 7—Journal of physical chemistry B

imformatics )
luis rocha 2007 0021-9606—Joumal of Chemical Physics

0002-7863—Joumal of the American Chemical Society

0036-8075—Science

108%-0638—Joumal of physical chemisiry A

O028-08B36—Nature

0556-2791—Physical review A General physics

0031-8007-Physical review lefters

1095-3787 ; 1063-651X—FPhysical review E Stalistical physics plasmas fluids and related interdisciplinary topics

e

rocha@indiana.edu 0034-6861—-Reviews of modern physics INDIANA
hitp:ffinformatics.indiana.edufrocha UNIVERSITY




recommending items

} Integrating proximity edges

- *

_ _ _ Library 2
b MAX(IPP(i i) 2 @)

imformatics vi ellp,) Folder 1
luis rocha 2007 . 7

Retumns all journals in the network related to at least
one of the journals in personality with proximity > a

' ™

i,: MIN (1PP(i .i,)) 2 o

Vi Ef(pu)

W -

Retumns all journals in the network related to every
journal in personality with proximity at least > a

s ™

i,: AVG (1PP(i .1,)) 2 @

Vi, Ef(pu)

W -
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recommendation example

105887 /EX—EEE Transaclinns on evolulionany compulalion
imformatics

>D‘IES—D1M—FU22'_.-' sefs and systems
luis rocha 2007 ; .. o .

1034-7157HEEE intelligent systems

l 1077- H‘QEﬁ-—Elecirunlc journal l;l combinatorice

| 1083-8706—EEE transaciions on zzy systems
|
- [ | '
P ,
254-52330-4nnals ur operalions research f

|| _-.IUJEI-EEDE--Paan recogrition
| .

h_.’HEI F-7479-Soft computing
/f

rocha@indiana. edu
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1568-4539%-Furzy optimization and decision making

o]

. _ INDIANA
0024-3730—Linear algebra and iis applications UNIVERSITY



recommendations based on proximity

mylibrary.lanl.gov

informatics
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miPP

» Recommendations of ISSN based on co-occurrence in Personalities
— Users who linked to this journal, also linked to...

mpIP

» 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

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




Biocreative competition (EMBO Workshop)
a critical assessment of text mining methods in molecular biology

For each
Document l Paragraph m Task 2: Given a document, discover
Eyr— _ the portion of text most appropriate to
informatics 1 ' annotate the protein’s function, and
luis rocha 2007 R:PxW produce appropriate Gene Ontology
node for annotation

: _ » Learning set: triplets (protein, document,
» Test set: documents

M ords

W, =
WP ( LR

LA

3

r —[T.70 |
Weo=A.....0,

T Verspoor, K., J. Cohn, C. Joslyn, 5. Mniszewski, A

- Rechtstemer, L.M. Rocha, T. Simas [2005]. "Protein
GO 1d Amnotation as Term Categorization in the Gene
Ontology usmg Word Proximity Networks". BAMC
Bioinformatics, 6(Suppl 1):820. do1:10.1186/1471 -
2105-6-S1-520

rocha@indiana.edu INDIANA
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word In paragraph proximity

example document

axpress _
= document bc005868 wpp > 0.3

) » PP contains 1102 words
LOLRNENS | . Subgraph of 34 words

'uls rocha 2001 — Red nodes: words removed from
the respective GO annotation
(0007266): Rho, protein, signal, ' rwm ~-
transducer). J‘"‘ A ol
— Blue nodes: words that co-occur " f AT
very frequently (wpp > 0.5) with at
least one of the red nodes
— Green nodes: additional words
recommended with largest average - .
proximity to all input words (red ~ romotogy\J 1 1 ®

no de 5-} idetitity

WVergpoor, K., J. Coln, C. Joslyn, 5. Mimszewsla, A
Rechtsteiner, L.M. Rocha, T. Simas [2005]. "Protein
Anmnotation as Term Categorization in the Gene Ontology
using Word Proxanuty Networks". BAMC Bzﬂiﬂﬁrmcxizcs
l}i"wlllrlrl 1):S20. doi'10.1186/1471-2105-6-81-820

transmit

rocha@indiana.edu o tandem " NN TNDIANA
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Task 2.1 Results

e

Proximity-based run

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha

BioCreative

User, Run

‘perfect”

“generally”

cumulative

7, 1

25.28'%

14.31%

F2.59%

14, 1

28.16%

eA41%

J4A.57T%

20, 1

27.97%

5.30%

33.27%

4, 1

24.931%

.E8%

F1.78%

20, 2

26.02%

5.58%

31.60%

20, 3

22.21%

5.48%

27.70°%

5, 2

15.43%

2.36%

23.79%

5, 1

15.43%

I.16%

22.58%

5, 3

7.99%

22.30°%

15, 2

S.41%

18.83%

s, 1

1.21%

12..83%

7, 3

2%

32.85%

17, 1

1.77%

3.48%

15, 1

2.60%

2.09%

7, 2

2. T2%

I.r1%

18, 3

37%

5.02%

s, 3

Le5%

4d46%

18, 2

19%

Ad3T7%

18, 1

2R%

3.62%

s, 2

2.46%

3.53%

17, 2

.00%

.65%




proximity networks in Biocreative 2

m |[PS and |ISS tasks:

identify protein-protein
_ , interaction pairs and
infermatics

luis rocha 2007 LY i) ..y g s —— m““ 2 Ny passages in text

g ¥_rpdii
e
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Testing proximity network recommendation

& \With Movielens data

B\ ovielens data
- e » http://www.grouplens.org/node/73
.'J?!ﬁk‘ﬁ.::‘:%éﬁ% BDual Networks for each dataset
» Movie (tem) and User Proximity
BResults (F1 Measure)
» Top 10 Movies
— User-based: 0.213. Item-based: 0.184: VVector/Cosine: 0.212. LSI: 0.245
» Arbitrary Number
— User-based: 0.305. [tem-based: 0.294 VVector/Cosine: 0.306. LS|: 0.328
BResults (Fouss' variant of Sommers D Measure)
» Top 10 Movies
— User-based: 88.2%. [tem-based: 89.53%.Vector/Cosine: 86.02%. LSI: 91.69%
» Arbitrary Number
— User-based: 86.21%. Item-based: 87.95%.Vector/Cosine: 85.18%. LSI: 89.01

rocha@indiana. edu
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iIdentification of implicit associations in networks

semil-metric behavior

1

XYP(x,, %,

. ) 1 _
)_1:. d}*’(yl"yf)_ }’XP(}’I-:-J”;') |

dx(xz-:,xj):

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

Xy Xy Jx “T} ~ s HII  der
Ay, X)) < d(xvp x3)+ d(eg,x,) G X2) 7 A, Xy) Fd(xg, X))
Metric Semi-metric

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




computing semi-metric behavior

(Proximity)

& (Keywords) A (Keywords)

R:XXY

informatics
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XYP:XxX

@ @ r:if(:::!.,xj) =
F(Doouments)

X (Keywords)

(s1U=wnaog) f

(SPIOMAIY) X

YYD VT X (Keywords)

Metric
Closure

r}’} A <X (rmind+)

(EIEunangT) £

4, XxX

(SpIOMAIN) X

(SPIOMAIY) X

givealink.org e _ = metric —
@ rgﬁiﬂﬁffd (Distance) - semi-metric (Shortest |
hoolematrks Distance Path)
o 5;.{:5{?#15‘{?.

')

Measures of semi-metric behavior

rocha@indiana. edu

. St INDIANA
hitp:/finformatics. indiana.edufrocha UNIVERSITY
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measuring semi-metric behavior

Semi-metric Measures

mSemi-metric ratio d,... (Iz-:--?f )
» Absolute measure of indirect distance S(xl-:_xj): d
reduction

d&hﬂrresr ('xi 2 X )

mRelative Semi-metric ratio
» Distance reduction against maximum contraction

ddz’red (‘xz' > X 5 )_ ds'h.::'rresr (‘xz' > ‘xj)
_I-"S(_}:I. . Ij' ) —
dma:-: B dmin

mBelow Average Ratio
» Captures semi-metric distance reductions which
d

contract to below the average distance for a
given node. Captures some of the cases of
initial - distance

) d foxj)

shortest

rocha@indiana.edu INDIANA
hitp:/finformatics. indiana.edufrocha UNIVERSITY



semi-metric recommendations

catching strong indirect associations in mylibrary.lanl.gov

0020-1668--Inorganic chemistry 003 1-9007--Physical review letters
0031-8007--Physical review letters 074 3-7463--Langmuir
0003-2700--Analytical chemistry 0031-9007--Physical review letters IPFP 3: para meter rs
O096-3003--Applied mathematics and computation 003 1-9007--Physical review |etters -
0031-9007--Physical review letters 0022-3115--Journal of nuclear materials
110 JenEisted '049-3301--ACM transactions on modeling and computer simulation  0031-8007--Physical review letters
MR ceanrd | J64-540x--Chemical communications  0031-3007--Fhysical review [etters
1064-8275--51AM journal on scientific computing 0031-3007--Physical review letters
0965- 524 25--Computational mathematics and mathematical physics 0031-3007--Physical review |etters
0031-9007--Physical review letters  1358-B454--Acta materialia
0003-7028--Applied spectroscopy 003 1-9007--Physical review letters
O031-8007--Physical review letters 0022-2461--Journal of materials science
0031-9007--Physical review letters  1329-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-B256--MNature neuroscience
1097-6286--MNature neuroscience
1097-6256--Nature neuroscience
106 3-7796--Physics of particles and nuclel
1053-8119--Neurolmage
003 1-9007--Physical review letters
IPP 3 parameter h 0031-9007--Physical review letters
— 0031-9007--Physical review letters
003 1-9007--Physical review letters
0031-9007--Physical review letters
1097-6256--MNature neuroscience
1097-6256--MNature neuroscience
1097-62586--MNature neuroscience
1097-6256--MNature neuroscience
0022-5355--Journal of vacuum science and technology

rocha@indiana. edu
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user test
population from STB-RL and CCS-3

Answers to Pairs

informatics
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=
L
=
"
L1
=
N
=
£
T
W
=
-
=

Real (771) Random (/53)
Percentage

B50% Pairs of ISSN with high rs and b
B50% Random ISSN Pairs
m1524 answers

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




identification of latent associations

what do semiI-metric edges imply?

BPairs with larger semi-metric behavior denote a /atent association

informatics » Not grounded on direct evidence provided by the relation R, but rather implied
luis rocha 2007 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.

Focha, Luig M. [2002]. "Semi-metri ¢ Behavior in Document Networks andits Application to Ptt cnnendation
Systems". In: Soff Compiiting Agents: A New FPevspective for Dynamic nformation Systems. V. Loia (Ed.)
International Series Frontiers in Artifical Intelligence and Applications. IOS Press, pp. 137-163

Focha, Lwms M. [2002]. "Combination of Evidence in Recommendation Systems Characterized by Distance
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sclentific community working on feynman diagrams

as published in Physical Review, 1949-54

P(author names)

FP(author names)

m Collaboration Relation: C
» \WWho wrote a paper with whom
(_"F‘.[} ><P* m Acknowledgment Relation: 4 | A [} X[J

» WWho acknowledged, or informally
received information from whom

(saweu Joyne)

(€0 A €50)

Cp(p.f?.pj): Ap(p.f?pj):

(C.:',k h¥ 'Sj,k)
1 91 Authors

/6 Authors

CP(p. p;) Is a co-collaboration
probability. the probability that
two authors have collaborated
with the same authors

AP(p;, p;) 18 a co-acknowledgment
probability: the probability that two
authors have acknowledged or have
been acknowledged by the same authors

rocha@indiana.edu With Luis Bettencourt

hitp:ffinformatics.indiana.edufrocha



co-collaboration network

S5 most semi-metric pairs (rs and b parameters)

HABethe RPFeynman = \Weak co-collaboration (C'P), but
_ RPFeynman WMVisscher strong co-acknowledgment (4P).
informatics VIRoss RPFeynman > \\hile they have not co-collaborated

luis rocha 2007 :
| RPFeynman SSSchweber L
acknowledged or have been

MKSundaresan  RPFeynman acknowledged by many of the same
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

\

D8Be &3

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




dynamics of co-acknowledgment network

JEeinbargar

informatics FI:F*-'-'-.-ynh\zm/ AP value

luis rocha 2007 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@indiana. edu
hitp:ffinformatics.indiana.edufrocha




Dynamics of Information Flow in Social NetworksProject
NSF HSD - Dynamics of Human Behavior

B Collected Facebook data

» Subset of [UB volunteers

Fﬂ:ﬁ:ﬂ?%gg — Questionnaires about themselves, their relationship partner, their use of
= ‘s f
facebook, et.

— Ratings. show elements of their profile pages to raters, who can rate
physical attractiveness of the photo, etc.

» Network data

— 2 time instances with user (333 and 260) profiles as well as friends at |U, and
on those who made the most recent 10 posts on their "wall."

— Other linked users scrambled from one time measurement to the other
» Testing

— Semi-metric links in co-friendship network as predictor of new friends

— Keyword content as predictor of communities, atractivhess, etc.

With Elliot Smith and Rob Goldstone

rocha@indiana. edu
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comparison with max-min transitivity
shortest paths or weakest links

Edges: largest of the

o weakest links in all paths: Similarity
Proximity

informatics X (Keywords) ALz
luis rocha 2007 -

Transitive Closure VS Y X
XYP: XxX (max/min} S || ks

For any monotonic
iIncreasing distance function

L ) Ty . U .’®

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

Shortest

- Patl
Ay X< X ik

d*, X~ X Z

{,.r,?:|: :l:_;f 411". 411"

(SPIOMAIY ) X
SPIOAMAIY ) X
(SpIOMAIY ) X

: Edges: shortest path  Edges: Smallest of the
Distance . . ) .
S (sums all edges) largest edges in each path
SRS metric ultra-metric
1immune to indirect
rocha@indiana. edu

_ _ . SPFE TN PRI, | JIANA
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effect of typical transitive closure

IPP: cumulative strenght distribution (all weights)

100000

!
=

Froximity
X (Keyaords)

T

T rrrrm

informatics

luis rocha 2007 XYP:XxX

T |1'|r|-| T T T o

=
Ed
3
in
=
=
1]
)
0
o
E
i

Similanty
X (Keywords)

Destroys
scale
free
behavior

XV S: X=X

(spIoaiasy] ¥
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comparison of the two closures

IPP: cumulative strenght distribution

100000 g

Froximity
X (K eywords)

imFormatics XYP: XxX

luis rocha 2007

& (Eewparords)

A XX 10000.0

-
L
o
i
i
o

Hi1Ed

+/UI]

sapoys

|

wiatance
Closure

J(Eewrrords)

=]
=

'r'|'|[ T I'II"Ir T I'II"II T~ T T TTTIT

d* XX

'||‘| i 1 i |- ||
14 1 1L

Preserves more of scale free behavior, while

rocha@indiana. edu still capturing indirect (transitive/latent)
http:/finformatics.indiana.edufrocha. associations in the data




distance-equivalent fuzzy graph

48 Hammacher function

- , i | metric Similarit
imformatics ab Proximity e as .
luis rocha 2007 1'( a. b) _ < semi-metric X (Keywords)

X (Keywords)

a+ b-— ab
Hammacher Intersection

- _ j_fi _1__. _TI; .::-. .. - _ '}_l’f-,' _1,_. _1,.

]

K X (Keywords)
X (Keywords) et )

u(a,b) = max[ﬂ,b]

With Tiago Simas

dy X< X tie et

(Spa1oM B 1D

(SPIOMAIY ) X

Z1metric

L semi-metric
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closure space
metric and ultra-metric closures on distance graphs

Proximity graphs Similarity graphs

H(Keywords)

(max.,min) transitive closure

I X (Keywords)

max min(xypf;.: 5P g )

informatics g X (Keywords) '_ D e
e ] - 17D T a - : _-
RERRRREE (< | XY P XxX (max.H,) transitive closure _ < :

maxH, (wpsoopy) |2 | TS
A k

o) T o505 )

KX (Keywords)

4

X(EKeywords)

(mun.+) metric closure L k4
d X XX > X (Keywords)

min(d;f +dj )

k —

(SPIOMAIY ) ¥

dy XX d XX

(min.max) ultra-metric closure

(SPIOMAIY ) X

>

(SPIOMAIY ) X

minma}{(dfé{ . .-:fé,{ )
Semi-metric distance graphs s

rocha@indiana. edu
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hitp:/finformatics. indiana.edufrocha UNIVERSITY
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collecting data from users with multiple personalities

Need for effective integration of various
knowledge networks

f r 7;’" A S
— Tl L L,
"f' M?— e

User Personalities

€ IEEE

WEYR}4 D

informatics
luis rocha 2007
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; distance and fuzzy graphs
: & VWhat are the best ways to conbine graph knowledge representations?

Hammacher Intersection

ab Metric closure Is not dual: no
a+ b- ab complement can satisfy de

Morgan's lawsl
u(a,b) = max[a,fa]

informatics _
luis rocha 2007 I(ﬂ= b) -

m\/Vhat fuzzy intersection/union comes closest to the metric closure
of distance graphs?
» Can we have a fuzzy union/intersection that follows De Morgan's laws
but make It as close as possible to a metric closure?

m\Vhat captures the semi-metric behavior best?”
» The metric closure or some other transitive closure?

rocha@indiana. edu
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exploring the scope of fuzzy unions

. 3¢8 Dombi family

] u(a,b)=avu b=
imFormatics
luis rocha 2007

1+

A= 0= gub-o 1

a+ b-2ab Hammacher union
1- ab

A=1= qgu b=

A= 0= agub-o max(a,,b)
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deviation to desired axiomatics

De Morgan Laws and Involutive Complement

ab

i a+ b- ab
imformatics
luis rocha 2007 1 +

u(a,b) =

i(a,b) =

Requirement for desired axiomatics

1
A - b Y

—ab [(l 1 . Unique solution for A=1

+ a +b—2ab=10

i

a+ b-2ab
1- ab

A=1=> u(a,b)=

rocha@indiana. edu
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deviation to desired axiomatics

informatics
luis rocha 2007

A=0.2

—s —JIERRDEENEDNENEERERREEENEEONONEEENERRRERORENEENOENEENENNIR
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deviation from desired axiomatics

imformatics Ao o> aub- max(a,b)

luis rocha 2007 1 /

mSmall error for max union
» May be appropriate
BNo error for Hamacher pair
» A=1
» Effect on scale-free behavior?

-0.60
20 30

Lambda

rocha@indiana. edu
hitp:ffinformatics.indiana.edufrocha




closure space
metric and ultra-metric closures on distance graphs

P _ Similarity graphs
Proximity graphs (max.min) transitive closure

A (Keywords) > ALz T
¥ (Keywords) <

informatics B (max.,H,) trans. closure ' N 7 e
luis rocha 2007 [ EEH IS 2ER TR = : < | AYS (XXX
< XVS* Y= X A (Keywords)

, :T '—E -l -~ 1-— . 1‘-
(H.H,) trans. closure A S| AL TAX
1

> -
df(:::z-,xj): -1 #_

XTP(;:!.,;:j.) (¢/+,1) 77 closure

- X (EKeywords)

h 4

X (Keywords)

* - —
d X=X
X (Keywords) X

Y

X (Keywords)

d XxX

(mun.+) metric closure|
r o

(SPIOMAIY ) X

(SPIDMAIY ) X

dy X+ X 5

d" XX

(SPIOMAIY ) X -«

(muin.max) ultra-metric closure >

>

(SpI0M N

Semi-metric distance graphs
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