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/ Networks \

A network N = (V, L, P, W) consists of:

e agraph G = (V, L), where V is the set of vertices, A is the set of arcs,
£ is the set of edges, and £ = £ U A is the set of links. n = card(V),
m = card(L)

e P vertex value functions / properties: p: YV — A
e )V line value functions / weights: w: L — B

In November 1996 we started the development of Pajek — a program, for

analysis and visualization of large networks. The latest version of Pajek

1s freely available, for noncommercial use, at its home page:
http://vlado.fmf.uni-1j.si/pub/networks/pajek/

de Nooy, W., Mrvar, A. and Batagelj V.. Exploratory Social Network

\Analysis with Pajek, CUP,2005. /
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4 N

Large Networks

Networks are used in social sciences from thirties (Moreno). Most networks
collected till 1990 are small (some tens of vertices). Development of IT
in nineties enabled collection of /arge networks — several thousands or
millions of vertices. Large networks are usually sparse m << n?.

network size | n=|V| | m=|L| | source

ODLIS dictionary 61K 2909 18419 | ODLIS online
Citations SOM 168K 4470 12731 | Garfield’s collection
Molecula 1ATN 74K 5020 5128 | Brookhaven PDB
Comput. geometry 140K 7343 11898 | BiBTgX bibliographies
English words 2-8 520K 52652 89038 | Knuth’s English words

Internet traceroutes 1.7M 124651 207214 | Internet Mapping Project
Franklin genealogy  12M 203909 195650 | Roperld.com gedcoms
World-Wide-Web 3.6M 325729 1497135 | Notre Dame Networks

Actors 3.9M 392400 1342595 | Notre Dame Networks
US patents 82M | 3774768 | 16522438 | Nber
SI internet 38M | 5547916 | 62259968 | Najdi Si

N /
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http://www.najdi.si/
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Approaches to large networks

In analysis of a /arge network (several thousands or millions of vertices,
the network can be stored in computer memory) we can’t display it in its
totality; also there are only few algorithms available.

To analyze a large network we can use statistical approach or we can
identify smaller (sub) networks that can be analyzed further using more
sophisticated methods.

- /
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/ Degrees \

degree of vertex v, deg(v) = number

b
of lines with v as end-vertex;
a d c indegree of vertex v, indeg(v) =
O 08

number of lines with v as terminal

fcl? > vertex (end-vertex is both initial and
; terminal);

l ] outdegree of vertex v, outdeg(v) =

o o number of lines with v as initial vertex.

k

n =12, m = 23, indeg(e) = 3, outdeg(e) = 5, deg(e) =6
Z indeg(v) = Zoutdeg(v) = |A| + 2|&], Z deg(v) = 2|L| — |&]
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Pajek and R

Pajek 0.89 (and later) supports the use of external programs (menu
Tools). It provides a special support for statistical program R.
In Pajek we determine the degrees of vertices and submit them to R

info/network/general

Net /Partitions/Degree/All

Partition/Make Vector

Tools/Program R/Send to R/Current Vector

In R we determine their distribution and plot it

summary (v2)

t <- tabulate (v2)

c <— t[t>0]

1 <= (l:length(t)) [t>0]

plot (1,c,log=’'xy’,main="degree distribution’,
xlab="deg’,ylab=" freq’)

Attention! The vertices of degree O are not considered by tabulate. Use
t <—- tabulate (v2+1)

- /
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Erdos and Rényi’s random graphs

Erdds and Rény1 defined a random graph
as follows: every possible line 1s included
in a graph with a given probabilty p.

) In Pajek’s
‘«é’:"\ Net /Random Network/Erdos—Renyi
S / .
57
TSl )
e zan

g i‘ ‘\\\
9y L."»"g‘?
e any/ %

instead of probability p a more intuitive

| .»' (’(%.’? ‘ﬁ&'v‘ X
‘F i’ ".I‘//A '
Q

\ o ‘" N
\\!‘ SaraNd
Vw== §‘,

average degree 1s used

— 1
deg=— d
g =— 3 deg(v)

It holds p = —™— and, for simple graphs, also deg = 27"”

mmaa;

Random graph in picture has 100 vertices and average degree 3.

N /
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Degree distribution

Random graph degree distribution, n=100000, degav=30 US Patents degree distribution
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Real-life networks are usually not random in the Erd0s/Rény1 sense. The
analysis of their distributions gave a new view about their structure — Watts
(Small worlds), Barabasi (nd/networks, Linked). /
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Decompositions

—— The main goals in the design of Pajek are:
'. 5.4 3 e to support abstraction by (recursive)
S 7 T decomposition of a large network into

QO

N7 = S

' \“ m

hierarchy several smaller networks that can be

treated further using more sophisti-

O OQ
cated methods;
local e to provide the user with some powerful

reduction visualization tools;
m e to implement a selection of efficient
ratic algorithms for analysis of
mter—lmks subguadratic algorithms for analysis o
cut-out context large networks.

With Pajek we can: find clusters (components, neighbourhoods of ‘important’ vertices,
cores, etc.) in a network, extract vertices that belong to the same clusters and sizow them

separately, possibly with the parts of the context (detailed local view), shrink vertices in

clusters and show relations among clusters (global view).

/
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4 N

Connectivity

strong

. Vertex u is reachable from vertex v iff
there exists a walk with initial vertex v
and terminal vertex wu.

Vertex v 1s weakly connected with ver-
tex u iff there exists a semiwalk with v

and u as its end-vertices.

Vertex v is strongly connected with ver-

tex u 1ff they are mutually reachable.

~i,

j \weak /

component

Weak and strong connectivity are equivalence relations.

Equivalence classes induce weak/strong components.

N /
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-

N

~

Weak components

Reordering the vertices of network
such that the vertices from the same
class of weak partition are put to-
gether we get a matrix representa-
tion consisting of diagonal blocks —
weak components.

Most problems can be solved sepa-
rately on each component and after-
ward these solutions combined into
final solution.

/
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/ Reduction (condensation) \
kO
1l
abed

ehjl oi

If we shrink every strong component of a given graph into a vertex, delete
all loops and i1dentify parallel arcs the obtained reduced graph is acyclic.

For every acyclic graph an ordering / level function ¢ : )V — N exists s.t.

(u,v) € A=i(u) <i(v).
N /

4P HOP ## &« X
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Reduction — Example

Net / Components / Strong [1]

Operations / Shrink Network / Partition [1][0]

Net / Transform / Remove / Loops [yes]

Net / Partitions / Depth / Acyclic

Partition / Make Permutation

Permutation / Inverse

select partition [Strong Components]

Operations / Functional Composition / PartitionxPermutation
Partition / Make Permutation

select [original network]

File / Network / Export Matrix to EPS / Using Permutation

@

- Hl

~|TtlQe | o T o |— — =

—_ 0 € o |l @ 0 o Tl|I O «| x
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/ Cuts \

The standard approach to find interesting groups inside a network was based

on properties/weights — they can be measured or computed from network
structure (for example Kleinberg’s hubs and authorities).

The vertex-cut of a network N = (V, L, p), p: V — R, at selected level ¢
is a subnetwork N (¢) = (V', L(V’), p), determined by the set

Vi={veV:p) >t}

and L(V') is the set of lines from L that have both endpoints in V.

The line-cut of anetwork N = (V, L, w), w : V — R, at selected level ¢ is
a subnetwork N (¢) = (V(L'), L', w), determined by the set

L' ={ee L :w(e) >t}

Qld V(L) is the set of all endpoints of the lines from L’. /
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-~

(reen — commerce. Two companies are linked with an edge if they have announced a joint venture, strategic alliance or other partnership.

[
Vertex-cut: Krebs Internet Industries, core=6
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o ®
O. ) '. o
(] ® . @ ¢ » ) °
o ® [ ) o ®
o %0 %00,
® o o i °
e o )
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Each vertex represents a company that competes in the Internet industry, 1998 do 2001. n = 219, m = 631. red — content, blue — infrastructure,

~
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/ Cuts / Pajek commands \

Vertex-cut:

File/Pajek Project File/Read [Krebs.paj]
Net /Partitions/Core/All

Partition/Make Vector
Draw/Draw—-Partition-Vector
Layout/Energy/Kamada—-Kawai
Operations/Extract from Network/Partition [6]
[select Types ... as First partition]
[select All core ... as Second partition]
Partitions/Extract Second from First [6]
Draw/Draw—Partition
Layout/Energy/Kamada-Kawai

Line-cut:

[select Krebs ... network]

Net /Count/3-Rings/Undirected

Info/Network/Line Values
Net/Transform/Remove/Lines with Values/lower than [5]
Net /Partitions/Degree/All

Partition/Make Vector

Operations/Extract from Network/Partition [1-x]
[select Types ... as First partition]

[select All Degree ... as Second partition]
Partitions/Extract Second from First [1-—x]
Draw/Draw—Partition

\\ifyout/Energy/Kamada—Kawai 4///
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Simple analysis using cuts

We look at the components of N (¢).

Their number and sizes depend on ¢. Usually there are many small
components. Often we consider only components of size at least k£ and
not exceeding K. The components of size smaller than £ are discarded as
‘noninteresting’; and the components of size larger than K are cut again at
some higher level.

The values of thresholds ¢, £ and K are determined by inspecting the
distribution of vertex/arc-values and the distribution of component sizes
and considering additional knowledge on the nature of network or goals of

analysis.

We developed some new and efficiently computable properties/weights.

N /
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Citation weights

The citation network analysis
started in 1964 with the paper of
Garfield et al. In 1989 Hummon
and Doreian proposed three
indices — weights of arcs that are
proportional to the number of
different source-sink paths passing
through the arc. We developed
algorithms to efficiently compute
these indices.

Main subnetwork (arc cut at level
0.007) of the SOM (selforganizing
maps) citation network (4470 ver-
tices, 12731 arcs).

See paper.
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/

geometry.

\See paper.

Cores and generalized cores

%.Arkin
.J‘Mitchell
C;{A,Bem
Q).Eppsteln

Cb.Dthin Cé.Suri OJ,o'Rourke

Cgl.Hershberger

Q Chazelle
Q.Seideq%'mmov Q.Guibas Q,Snoeyink
.Edelsbrunner
.Sharir (}- Agarwal
Cﬁ.F’oIIack
Q.Pach CEJ.Halperm
CE.Welzl CR/\.Overmars
QA. Ki Id
O,l.Matousek —
.Yap QA.deBerg

CE.L).Schwarzkoy:.'f

Q.Icking
OR.Klein

%.Goodrlch

..I,Vitter

C}’.Bose

Q.Tuussaim

Q .Urrutia

e A.Garg @ vismara

Q .diBattista

Q.Tamassla

Q.Liol{a

Q.Preparata

Q) Ql.Boissonnal
.Devillers

%.Yvinec

QA.Teillaud

Q.Czyzowicz

CL.Gupla
CR/lemid C}Q.Janardan

@ \aji

..I,Schwerdt

The notion of core was in-
troduced by Seidman in 1983.
Vertices belonging to a k-core
have to be linked to at least &
other vertices of the core. A
very efficient algorithm exists
for determining cores.

The notion of core can be ex-
tended to other vertex func-
tions and for several of them
the corresponding cores can be
efficiently determined.

Figure presents the pg-core at level 46 of the collaboration network (7343 vertices, 11898
edges, edge weight counts the number of common works) in the field of computational

Sunbelt XXVIII, St. Pete Beach, Florida, USA, 22-27 January, 2008
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Cores and generalized cores / Core 10
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Cores and generalized cores / Pajek commands

File/Network/Read [Geom.net]
Net/Partitions/Core/All

Info/Partition

Operations/Extract from Network/Partition [13—x]
Draw/Draw—Partition
Layout/Energy/Kamada-Kawai

Options/Values of lines/Similarities
Layout/Energy/Kamada-Kawai

Operations/Extract from Network/Partition [21]
Draw

Layout/Energy/Kamada-Kawai

Options/Values of lines/Forget
Layout/Energy/Kamada-Kawai

[select Geom.net]

Net /Vector/PCore/Sum/All

Info/Vector

Vector/Make Partition/by Intervals/Selected Thresholds [45]
Info/Partition

Operations/Extract from Network/Partition [2]

Draw

Options/Values of lines/Similarities
Layout/Energy/Fruchterman-Reingold

N /
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/ k-rings

a weight of edges as

wi(e) = # of different k-rings containing the edge e € F

edge cut for the weight ws.
We can assign to a given graph a friangular network in
which every line of the original graph gets as its weight
the number of triangles that contain it. The triangular
weights provide us, combined with islands, with a very

\efﬁcient way to 1dentify dense parts of a graph.

~

A k-ring is a simple closed chain of length k. Using k-rings we can define

Since for a complete graph K., r > k > 3 we have
wi(K,) = (r — 2)!/(r — k)!, the edges belonging to
cliques have large weights. Therefore these weights
can be used to identify the dense parts of a network.
For example: all r-cliques of a network belong to r — 2-

o

(@)

22
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4 N

Triangular connectivity

Related to triangular network is the notion of friangular connectivity

that can be used to operationalize the notion of strong ties.

These notions can be generalized to short cycle connectivity (see paper).

N /
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‘WORMALD, NICHOLAS C. ® ASKAR, RENU C. CSHELAH, SAHARON

Q(LEITMAN, DANIEL J.

OFAUDREE, RALPH J. e

COLBOURN, CHARLES J.

OJACOBSON, MICHAEL S.

.PHELPS, KEVIN T.

=

Edge-cut at level 16 of triangular network of Erdos
collaboration graph

OMCKAY, BRENDAN D. .HEDETNIEMI, STEPHEN T. OMAGIDOR, MENACHEM

CEHUNG, FAN RONG K. O
Ceaxs\vichaEL E. GRAHAM, RONALD L.
CARONOV, BORIS
CLINIAL, NATHAN ACH, JANOS
ChOLLACK, RICHARD M. a,
ot o ENNING, MICHAEL A.
RANKL, PETER (5 SPENCER, JOEL H.
RO HOGH OELLERMANN, ORTRUD R.
OVASZ, LASZLO o
OMLOS, JANOS .
CEUREDI, ZOLTAN o SGPPARR, WAYNE D
Chapal, L a0 TUZA ZS0LT ) ALAVI, YOUSEF
SZEME(I)?BEDI, ENDRE o CHARTRAND, GARY
ARARY, FRA
O ficLSBAS, BELA ' UBICKI, GRZEGOR
SXYKLOS CSCHWENK, ALLEN JOHN ~
“RoDL, VOITECH
CNESETRIL, JAROSLAV @:0sA, ALEXANDER
CGYAREAS, ANDRAS
q SSHE'-P' RICHARD H. @5 1INSON, DOUGLAS ROBERT
EHEL, JENO CHEN, GUANTAO

q\IIULLIN, RONALD C.

without Erdos,
n = 6926,
m = 11343
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/

Directed 3-rings

In directed networks there are two types of 3-rings:

JAAN

cyclic transitive

The 3-rings weights were implemented in Pajek in May 2002.

N

/
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Edge-cut at level 11 of transitive network of ODLIS
dictionary graph

/Oserial

publication

American Library Directory
transaction log

iadical
uggestion[box
review

f frequency

issue

series

Library Literature colophon

fiction
bibliographic record O/Oabstract

editor

title

table of contents /TOC .
invoice index
endpaper copyright
collation
Opublisher

folio
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/ Islands \

If we represent a given or computed value of vertices / lines as a height of

vertices / lines and we immerse the network into a water up to selected level
we get islands. Varying the level we get different islands. Islands are very
general and efficient approach to determine the important” subnetworks in
a given network.

We developed very efficient algorithms to determine the islands hierarchy
and to list all the islands of selected sizes.

\See details. /
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jonn

) specialist
edmund

help

offutt . Romie Jlorida

. pfc
barksdale e

state

&

Islands - Reuters terror news

QO pakistani (O herald

Q organi}ation §) boston
weapon

i (O congressional
. ALl . newspaper 9
chemical
U bin_laden
- (" audi-born - £ leader
uniform
e Qissidey ; (D necessary
firefighter Qjet o Jissidefft (T taliban
bi
el 1, afghanistan O airpol
Felfe Quknite-wieldng o XD agent
world of
f {J thursday @i
h Q commenrgjal Qocial O néflistan
phone - ;
irliner :
© Qyhijadger (J special -
terrorism
cell . country . war

() embassy

. =
! @) hefdquarters
\\ Fapparg q
‘ cheyenne .
‘ K = d O africa
\ {Fsouth

Orate (4 ndws B o)
{ Ynew_york . group
@) responsibili
@) O conference (Lamerican
maypr_giuliani

O landmark O debris

O { FPeople

( thousand
center () buildng
Qtoll
O large

district U death

Using CRA S. Corman
and K. Dooley produced
the Reuters terror news
network that is based on
all stories released dur-
ing 66 consecutive days by
the news agency Reuters
concerning the September
11 attack on the US. The
vertices of a network are
words (terms); there is an
edge between two words
iff they appear in the same
text unit. The weight of an
edge is its frequency. It has
n = 13332 vertices and
m = 243447 edges.
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//”

(C'sg =30 islands. Rolex

-

Islands — US patents

[1] 0 139793 29670 9288 3966 1827 997 578 362 250
[11] 190 125 104 71 47 37 36 33 21 23
[21] 17 16 8 7 13 10 10 5 5 5
[31] 12 3 g 3 3 3 2 6 6 2
[41] 1 3 4 1 5 2 1 1 1 1
[51] 2 3 3 2 0 0 0 0 0 1
[61] 0 0 0 0 1 0 0 2 0 0
[71] 0 0 1 1 0 0 0 1 0 0
[81] 2 0 0 0 0 1 2 0 0 7

As an example, let us look at Nber network of US Patents. It has 3774768
vertices and 16522438 arcs (1 loop). We computed SPC weights in i1t and
determined all (2,90)-1slands. The reduced network has 470137 vertices,
307472 arcs and for different k: C5 =187610, C5 =8859,C37 =101,

~
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/ Island size distribution \
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5855814

5683624

5308538

4877547

4797228

4659502

4550981

4526704

4386007

4340498

4149413

4082428

C 3960752 2

3675987

2544659

Main path and main island of Patents

5016989

4877547 4820839 4832462

i
FEREEE

@770503 4797228
713190 4704220 4657695
] 4659502
@ssB15D
4526704
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4195918 4 £4261650
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Table 1: Patents on the liquid-crystal display

Liquid crystal display

Table 2: Patents on the liquid-crystal display

Table 3: Patents on the liquid-crystal display

patent date [ author(s) and title patent date [ author(s) and ttle patent date [ author(s) and title
2541659 | Mar 13, 1951 | Dreyer. Dichroic light-polarizing sheet and the like and the 1083797 | Apr 11, 1978 | Oh. Nematic liquid crystal compositions 1511044 | Apr 30, 1085 | Gunjima, et al. I-(Trans-d-alkylcyclohexyl)-2-(trans-T-(p-sub
formation and use thereof 4113647 | Sep 12, 1978 | Coates, et al. Liquid crystalline materials stituted phenyl) cyclohexyl)ethane and liquid crystal mixture
2682562 | Jun 29, 1954 | Wender, et al. Reduction of aromatic carbinols 4118335 | Oct 3, 1978 | Krause, et al. Liquid crystalline materials of reduced viscosity 4526704 | Jul 2, 1985 | Petrzilka, et al. Multiring liquid crystal esters
3322485 | May 30, 1967 | Williams. Electro-optical elements utilazing an organic 4130502 | Dec 19, 1978 | Eidenschink, et al. Liquid crystalline cyclohexane derivatives 4550981 | Nov 5, 1985 | Petrzilka, et al. Liquid crystalline esters and mixtures
nematic compound 4149413 | Apr 17, 1979 | Gray, et al. Optically active liquid crystal mixtures and 4558151 | Dec 10, 1985 | Takatsu, et al. Nematic liquid crystalline compounds
3636168 | Jan 18, 1972 | Josephson. Preparation of polynuclear aromatic compounds liquid crystal devices containing them 4583826 | Apr 22, 1986 | Petrzilka, et al. Phenylethanes
3666948 | May 30, 1972 vitz, et al. Liquid crystal termal imaging 4154697 | May 15, 1979 | ider (‘hmk et al. Liquid crystalline hexahydroterphenyl 4621901 | Nov 11, 1986 ilka, et al. Novel liquid crystal mixtures
aving an undisturbed image on a disturbed bac 4630896 | Dec 23, 1986 Benzonitriles
3675087 | Jul 11, 1972 | Rafuse. Liquid crystal compositions and devices 4195916 | Apr 1, 1980 al compounds 4657695 | Apr 14, 1987 i i
3691755 | Sep 19, 1972 rd. Clock with digital display 4198130 | Apr 15, 1980 | Boller, et al. Liquid crystal mixtures 4659502 | Apr 21, 1987
3697150 | Oct 10, 1972 :ms in which an electrophoretic- 4202791 | May 13, 1980 | Sato, et al. Nematic liquid crystalline materials 4695131 | Sep 22, 1987
rsed throughout a liquid 4229315 | Oct 21, 1980 | Krause, et al. Liquid crystalline cyclohexane derivatives
crystal to reduce the turn-off time 4261652 | Apr 14, 1981 | Gr al. Liquid crystal compounds and materials and 4704227 | Nov 3, 1987 | Krause, et al. Liquid Llyatd Lompolmdb
3731986 | May 8, 1973 | Fergason. Display devices utilizing liquid crystal light ontaining them 4709030 24, 1987 | Petrzilka, et al. Novel liquid crystal mixtures
modulation 4290900 Sep 22, 1981 | Kanbe. Ester compound 4710315 , 1987 | Schad, et al. Anisotropic compounds and liquid crystal
3767289 | Oct 23, 1973 | Aviram, et al. Class of stable trans-stilbene compounds, 42! ot 6, 1981 | Deutscher, et al. Liquid crystal compounds mixtures therewith
some displaying nematic mesophases at or near room 4302 1981 | Eidenschink, et al. Fluorophenylcyclohexanes, the preparation 4713197 | Dec 15, 1987 | Eidenschink, et al. Nitrogen-containing heterocyclic compounds
temperature and others in a range up to 100°C thereof and their use as (Umpumntb of liquid crystal dielectrics 4719032 | Jan 12, 1988 et al. ohexane derivatives
3773747 | Nov 20, 1973 | Steinstrasser. Substituted azoxy benzene compounds 4330426 | May 18, 1982 | Eidenschink, et al. Cyclohexylbiphenyls, their preparation and 4721367 | Jan 26, 1988 et al. qu id crystal
3795436 | Mar 5, 1974 | Boller, et al. Nematogenic material which exhibit the Kerr use in dielectrics and @l e(houp(\cal d!spla» elements 4752414 | Jun 21, 1988 ing heterocyclic compounds
effect at isotropic temperatures 4310498 | Jul 20, 1982 | Sugimori. Halogenated ester derivative 4770503 | Sep 13, 1988 X lline compounds
3796479 | Mar 12, 1974 | Helfrich, et al. Electro-optical light-modulation cell 4349452 | Sep 14, 1982 | Osman, ot al. Cyclohexyleyclohexanoates 4795579 | Jan 3, 1989 \,mhm et al. alkoxy-4"-hydroxydiphenyls and
utilizing a nematogenic material which exhibits the Kerr 4357078 | Nov 2, 1982 | Carr, et al. Liquid crystal compounds containing an alicyclic their derivatives, thur production process and
effect at isotropic temperatures ring and oxh]l)mng a'low dielectric anisotropy and liquid their use in liquid crystal display devices
3872140 | Mar 18, 1975 | Klanderman, et al. Liquid crystalline compositions and crystal materials and devices incorporating such compounds 4797228 | Jan 10, 1989 | Goto, et al. Cyclohexane derivative and liquid crystal
method 4361494 | Nov 30, 1982 | Osman, et al. Anisotropic cyclohexyl cyclohexylmethy cthers (omposltlou containing same
3876286 Doumhcr et al. Use of nematic liquid crystalline substances 4368135 | Jan 11, 1983 | Osman. Anisotropic compounds w i 4820839 | Apr 11, 1989 | Krause, et al. Nitrogen-containing heterocyclic esters
3881806 Suzuki. Electro-optical display device DC-anisotropy and low optical anisotropy 4832462 | May 23, 1989 | Clark, et 41. Liquid crystal devices
3891307 Tsukamoto, et al. Phase control of the voltages applied to 4386007 | May 31, 1983 | Krause, et al. Liquid crystalline naphthalene derivatives 4877547 | Oct 31, 1989 | Weber, et al. Liquid crystal display clement
opposite electrodes for a cholesteric to nematic phase 4387038 | Jun 7, 1983 Trans-4™-alkyleyclohexyl) benzoic acid 4957349 | Sep 18, 1990 | Clerc, et al. Active matrix screen for the color display of
transition display iphenylyl esters television pictures, control system and process for producing
3947375 | Mar 30, 1976 | Gray, et al. L|qu|d crystal materials and devices 4387039 | Jun 7, 1983 (trans-4"-alkylcyclohexyl)-cyclohexane said screen
3954653 | May 4, 1976 | Yamazal stal composition having high dielectric nobiphenyl ester 5016988 | May 21, 1991 | limura. Liquid crystal display device with a birefringent
anisotropy and display device incorporating same 4400293 | Aug 23, 1983 > st ohexylphenyl derivatives compensator
3960752 | Jun 1, 1976 | Klanderman, et al. Liquid crystal compositions 4415470 | Nov 15, 1983 | Eidenschink, et al. Liquid talline fluorine-containing 5016989 | May 21, 1991 | Okada. Liquid crystal element with improved contrast and
3975286 | Aug 17, 1976 | Oh. Low voltage actuated field effect liquid crystals cyclohexylbiphenyls and dielectrics and electro-optical display brightness
compositions and method of synthes elements based thereon 5122295 | Jun 16, 1992 | Weber, et al. Matrix liquid crystal display
4000084 | Dec 28, 1976 et dl qumd crystal mixtures for electro-optical 4419263 |  Dec 6, 1983 | Praefcke, et al. Liquid crystalline cyclohexylcarbonitrile 5124824 | Jun 23, 1992 | Kozaki, et al. Liquid crystal display device comprising a
 dev rcmrzl;mou compensation layer having a maximum principal
4011173 | Mar 8, 1977 ser. Modified nematic mixtures with 4422951 | Dec 27, 1983 t al. Liquid crystal benzene derivatives refractive index in the thickness direction
positive dielectric anisotropy 4455443 | Jun 19, 1984 u, et al. Nematic halogen Compound 5171469 | Dec 15, 1992 | Hittich, et al. Liquid-crystal matrix display
4013582 | Mar 22, 1977 | Gavrilovic. Liquid crystal compounds and electro-optic 4456712 | Jun 26, 1984 | Christie, et al. Bismaleimide triazine composition 5283677 | Feb 1, 1994 | Sagawa, et al. Liquid crystal display with ground regions
devices incorporating them 4460770 | Jul 17, 1984 | Petrzilka, et al. Liquid crystal mixture between terminal groups
4017416 | Apr 12, 1977 | Inukai, et al. P-cyanophenyl 4-alkyl-4'-biphenylcarboxylate, 4472293 | Sep 18, 1984 | Sugimori, et al. High temperature liquid crystal substances of 5308538 | May 3, 1994 | Weber, et al. Supertwist liquid-crystal display
method for preparing same and liquid crystal compositions four rings and liquid crystal compositions containing the same 5374374 | Dec 20, 1994 | Weber, et al. Supertwist liquid-crystal display
using same 4472592 | Sep 18, 1984 | Takatsu, et al. Nematic liquid crystalline compounds 5543077 | Aug 6, 1996 | Rieger, e > al composition
4020505 | Jun 14, 1977 | Ross, ct al. Novel liquid erystal compounds and electro-optic 4480117 | Oct 30, 1984 | Takatsu, et al. Nematic liquid crystalline compounds 5555116 | Sep 10, 1996 | Ishikawa, et al. Liquid crys splay having adjacent
devices incorporating them 4502974 | Mar 5, 1985 | Sugimori, et al. High temperature liquid-crystalline ester electrode terminals set equal in length
4032470 | Jun 28, 1977 | Bloom, et al. Electro-optic device compounds 5683624 | Nov 4, 1997 | Sekiguchi, et al. Liquid crystal composition
4077260 | Mar 7, 1978 | Gray, et al. Optically active cyano-biphenyl compounds and 4510069 | Apr 9, 1985 | Eidenschink, et al. Cyclohexane derivatives 5855814 | Jan 5, 1999 | Matsui, et al. Liquid crystal compositions and liquid crystal
liquid crystal materials containing them display elements
4082428 | Apr 4, 1978 | Hsu. L al composition and method
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Islands — The Edinburgh Associative Thesaurus

n = 23219, m = 325624, transitivity weight
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4 N

Islands / Pajek commands

File/Network/Read [eatRS.net]

Net /Partitions/Islands/Generate Network with Islands [On]
Net/Partitions/Islands/Line Weights Simple [2 50]
Partition/Canonical Partition - Decreasing Frequencies
Info/Partition

Operations/Extract from Network/Partition [1-38]
Draw/Draw—-Partition—-Vector
Layout/Energy/Kamada—-Kawai/Free

[manually distribute components over the available space]
Options/Transform/Fit area

The procedure for ’triangular islands’ i1s similar

File/Network/Read [eatRS.net]

Net /Count/3-Rings/Directed/Transitive
Net/Partitions/Islands/Generate Network with Islands [On]
Net /Partitions/Islands/Line Weights Simple [2 50]

N /
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Internet Movie Database http://www.imdb.com/

Earth'’s Biggest Movie Database™

Search the IMDb

FREE TRIAL!

MOVIE / TV MESSAGE | SHOWTIMES
NEWS BOARDS B TICKETS

Al -

| go |
Mare searches | Tips
I D bPro. com free trial
AD WEB SEARCH

| go |
Pawered by A3, com

Tops at the Box Office

1 The Fogy

- Wallace & Gromit in The
Curse of the Were-Rahbbit

= Elizabethtown

4 Flightplan

& |n Her Shoes

Fotnote

Opening this Week

= Doorm

= Where the Truth Lies
* Kiss Kiss, Bang Bang
* Shopgirl

The internet Movie Database

Visited by over 30 million movie lovers each month!

Welcome to the Intermet Movie Database, the higgest,
best, most award-winning movie site on the planet. Want
to make IMDb your home page? Drag this link onto your #
Home button.

Honda Civic and IMDb Want You to "Pitch
Your Picture" Today!

m" You have the idea for your
tnowie. T ou even have the
m. poster. Mow, Honda Civic and
INMDb want wou to "Pitch Your
m Picture." Submit vour poster

for yvour made-up mowie, along

@ with the tagline, and yvou may
be eligible to be entered into
our "Pitch Your Picture" competition (please note gatme

IMDb pro

)
= - - S S S SSSSSSEESSSSSSSSSSSSSSSSSESSSEEEES

Home | Top Movies | Photos | Independent Film | Browse | Help

Login | Register to personalize

Movie and TV News

Wed 19 October 2005:
Cealebrity Hews
» Kidman Photographer

Wing DNA Appeal
+ Bizemore Has His
Probation Reinstated
» Madonna Thanks ABBA
for the hluzic
Studio Briefing
* 'Fog Ohsoures Box Office

» Achwarzene goer Wants
To Terminate Video Crame
Lawrzuit

» Jackson Dumpe 'King
Kong Music

rules and restrictions). We are now accepting
subtmissions (voting will commmence on the 14th). Tze
only vour original ideas and your original images. Do not
use existing screen captures, posters, or stills from other

el 4 - ERER 4

Born Today

MWednesday, 19 October 2005:

PR —

12th Annual Graph Drawing Contest, 2005. The IMDB network is bipartite (2-mode) and has
1324748 = 428440 4 896308 vertices and 3792390 arcs.
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/

The subset of vertices C C V is a (p, q)-core in a bipartite (2-mode)
network N = (V1,Va; L), V = V3 U Vs iff

Bipartite cores

a. in the induced subnetwork K = (C1,Cy; L(C)), C; = C NV, Co

b. C'is the maximal subset of V' satisfying condition a.
Properties of bipartite cores:
e ((0,0)=V
e K(p,q) is not always connected

o (p1 <pP2) A (1 <q2) = C(p1,91) C C(p2,q2)

k 1t 1s a lattice.

C'N Vs itholds Vv € Cy : degy(v) > pand Vv € Cy : degp(v) > q;

e C ={C(p,q) : p,q € N} If all nonempty elements of C are different

~

/

36
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/

To determine a (p, q)-core the procedure similar to the ordinary core

Algorithm for bipartite cores

procedure can be used:

repeat
remove from the first set all vertices of degree less than p,
and from the second set all vertices of degree less than g
until no vertex was deleted

It can be implemented to run in O(m) time.

Interesting (p, q)-cores? Table of cores’ characteristics ny = |C1(p, q)

no = |Cs(p, q)| and k — number of components in K (p, q):
e n1 + no < selected threshold

e big jumps from C(p — 1,¢q) and C'(p,q — 1) to C(p, q).

-

9

~

/
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//”

\\\?1 26:

1 1590:
2 5lo6:
3 212:
4 151:
5 131:
6 115:
7 101:
8 88:
9 77
10 69:
11 63:
12 56:
13 50:
14 46:
15 42
16 39:
17 35:
18 32
19 30:
20 28:

1590

7188
1705
4330
4282
3635
3224
2860
34677
3150
2442
2479
3330
2460
2663
2173
2791
2684
2395
2216
1988

1

3

18
154
209
223
244
263
393
428
382
454
716
596
739
6778
995
1080
1063
1087
1087

22
23
24
25
26
2°7
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

1854 1153
47 56
34 39
42 53
31 38
31 38
36 53
35 52
35 59
35 59
34 57
34 62
34 62
33 61
33 65
33 75
30 73
29 70
29 77
28 76
28 76

43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

14:
14:
13:
13:
12:
12:
12:
11:
11:
11:
10:
10:
10:
10:

9:

oo W W W W O

Table (p, g : n1,ny) for Internet Movie Database

24 :
23:
23
22
22
22
20:
20:
19:
19:
19:
18:
18:
18:
17:
16:
16:
16:
15:
15:
15:

29
29
30
29
29
28
26
277
26
16
35
35
34
34
35
33
33
32
31
31
31

83

83

95

94
101
100

95
111
110

79
162
162
162
162
187
180
180
178
177
177
202

~

/
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(247,2)-core and (27,22)-core

YY)

)

l

0000‘0000300000000000‘0000000000‘000

e

$P0400b00sb0sstbreed,

Taylor, Scott (1X)
Van Dam, Rob
Matthews, Darren (I1)
LoMonaco, Mark
Hughes, Devon
Huffman, Booker
Heyman, Paul
Hebner, Earl
McMahon, Stephanie
Keibler, Stacy
Wight, Paul
Simmons, Ron (1)
Senerca, Pete
Ross, Jim (lIl)
Rock, The

Reso, Jason
McMahon, Vince
McMahon, Shane
Martin, Andrew (Il)
Levesque, Paul Michael
Layfield, John
Lawler, Jerry
Jericho, Chris
Jacobs, Glen
Hardy, Matt

Hardy, Jeff (1)
Gunn, Billy (I1)
Guerrero, Eddie
Copeland, Adam (1)
Cole, Michael (V)
Calaway, Mark
Bloom, Matt (1)
Benoit, Chris (1)
Austin, Steve (1V)
Anoai, Solofatu
Angle, Kurt
Stratus, Trish
Dumas, Amy
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IMDB cores / Pajek commands

See How to deal with very large networks?

Options/Read-Write/Read-Save vertices labels [Off]
Read/Network [IMDB.net] 1:40

Info/Memory

Net /Partitions/Core/2-Mode Review

Net /Partitions/Core/2-Mode [27 22]

Info/Partition

Operations/Extract from Network/Partition [Yes 1]
Net /Partitions/2-Mode

Net/Transform/Add/Vertices Labels from File [IMDB.nam]
Draw/Draw—-Partition

Layers/in y direction

Options/Transform/Rotate 2D [90]

Different result (because of multiple lines)

Net /Components/Weak [2]

Draw/Draw—-Partition
Net/Transform/Remove/Multiple lines/Single line
Net/Partitions/Core/2-Mode [27 22]
Operations/Extract from Network/Partition [Yes 1]
Draw/Draw—-Partition

N /
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4 N

4-rings and analysis of 2-mode networks

In bipartite (2-mode) network there are no 3-rings. The densest substruc-
tures are complete bipartite subgraphs K, ,. They contain many 4-rings.

9 w00

The 4-rings weights were implemented in

/]

A
./ \./ .7 N\

Pajek only recently, in August 2005.

\

N /
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4 N

Directed 4-rings

There are 4 types of directed 4-rings:

¢ >® © >@® O- ® © >@
A A A A A
Y Y Y
@< o © >® © >® © >@
cyclic transitive genealogical diamond

In the case of transitive rings Pajek provides a special weight counting on
how many transitive rings the arc is a shortcut.

N /
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~

Simple line islands in IMDB for w;,

We obtained 12465 simple line islands on 56086 vertices. Here is their size

distribution.
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Qesten, Brad

Rrando, Hevin Qchoenberg

‘ obbins, Peter (I)

¥ AN

\" %J E)t Loglf]zl

al Puriipkin, Chérli

CR/I Elson, Kare
erer, Sally

Qy Named Charlie Brown

tra ‘ Bae

t"

t's

Qhea, Stephen

, Jeremy

Qauer, Brent

pher (1) harlie Brown and Snoa/ Show

eilly, Earl 'Rocky’

harlie Brown Celebration
arl|e Brown

. iflg of Charhe B own Chrlstmas

rlie Bro .
PAIl Stars! ife Is a Circus, Charlie Brown

ace for Your Life, Charlie Brown

e My Valentine, Charlie Brown

t's Magic, Charlie Brown

ou're a Good Sport, Charlie Brown

t's a Mystery, Charlie Brown
s an Adventure, Charlie Brown

Flashbeagle, Charlie Brown

lay It Again, Charlie Brown
s This Goodbye, Charlie Brown?
harlie Brown Thanksgiving

€ Easter Beagle, Charlie Brown

Example: Islands for w, / Charlie Brown and Adult

O Boy, T.T.

() North, Peter (1)

O Byron, Tom

O Wallice, Marc

O Morgan, Jonathan (I)
© Davis, Mark (V)

O Voyeur, Vince

O Dough, Jon

OO0 OO0 OO0

© sanders, Alex (1)

@ Michaels, Sean

O Horner, Mike

&2

© Drake, Steve ()

O Silvera, Joey

O West, Randy (1)

O Jeremy, Ron
O Savage, Herschel

© Thomas, Paul (1)

gaoQQOO0O g0 0
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Example: Island for w, / Polizeiruf 110 and Starkes Team

Starkes Team, Ein

arkes Team - Eins zu Eins, Ein

Polizeiruf 110 - Ein Bild von einem M rder

Polizeiruf 110 - Kopf in der Schlinge
Polizeiruf 110 - Zerst rte Tr ume
Polizeiruf 110 - Angst um Tessa B low
Polizeiruf 110 - Rosentod

Polizeiruf 110 - Doktorspiele

Polizeiruf 110 - Jugendwahn
Polizeiruf 110 - Hei kalte Liebe

Polizeiruf 110 - Todsicher

Polizeiruf 110 - Der Spieler
Polizeiruf 110 - Mordsfreunde

Polizeiruf 110 - Kurschatten

\‘. Polizeiruf 110 - Tote erben nicht

Polizeiruf 110 - Der Pferdem rder

Polizeiruf 110 - Henkersmabhlzeit

erche, Arnfried
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S-rings

In the future we intend to implement in Pajek also weights ws. Again
there are only 4 types of directed 5-rings.
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Pattern searching

If a selected partern determined by a given graph does not occur frequently
in a sparse network the straightforward backtracking algorithm applied for
pattern searching finds all appearences of the pattern very fast even in the
case of very large networks. Pattern searching was successfully applied to
searching for patterns of atoms in molecula (carbon rings) and searching for
relinking marriages in genealogies.

| | — Three connected relinking marriages in the
Michael/Zrieva/ Junius/Georgio/ Nicola/Ragnina/ Marinus/Zrieva/
Francischa/Georgio/ Anucla/Zrieva/ Nicoleta/Zrieva/ Maria/Ragnina/

genealogy (represented as a p-graph) of ra-

gusan noble families. A solid arc indicates
the _is a son of _relation, and a dotted arc

. ) i Junius/Zrieva/ i
(o M;rlg:m;gona/ Sy indicates the _ is a daughter of _ relation
Nicolinus/Gondola/ v .
Franussa/Bona/ P - Y SarachinBonay In all three patterns a brother and a sister
o from one family found their partners in the
Magdarenacrade/ Marinus Bona/ | same other family.

o /
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-~

m:grandmother -grandfather f-grandfather -~

.
.
RN

.- mother . _ stepmother

.
.
. .

sister-in-law brother sister

daughter-in-law son-in-law daughter

3
A

grandson

N

Ore-graph

f-grandmother

~

In Ore-graph every person is repre-
sented by a vertex, marriages, rela-
tion _ is a spouse of _, are repre-
sented with edges and relations _ is
a mother of _ and _ is a father
of _ as arcs pointing from parents

to their children.

/
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/

grandson

son & daughter-in-law

}.
., sister @ | & wife

‘{V
father & stepmother ) father & mother

[ ] f-grandfather & f-grandmother

Y
@ m-grandfather & m-grandmothe couple-

\
p-graph

In p-graph vertices represent indi-

viduals or couples. In the case that

a person is not married yet (s)he is

@ soninaw & daughter represented by a vertex, otherwise
' person is represented with the part-
ner in a common vertex. There are

brother & sister-in-aw only arcs in p-graphs — they point
from children to their parents, rep-

resenting the relations FiC _ is a

daughter of _ and MiC _is a son

of _; where FiC = female in the

couple; and MiC = male in the

/
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/

~

All possible relinking marriages in p-

Relinking patterns in p-graphs

A3 graphs with 2 to 6 vertices. Patterns are
I>@ labeled as follows:
x A42 e first character — number of first
I><I f:I vertices: A — single, B — two, C
— three.
— e second character: number of ver-
W tices in pattern (2, 3, 4, 5, or 6).
£6.3 e last character: identifier (if the two

Patterns denoted by A are exactly the

AG.2
ﬂ ce first characters are identical).

B6.4 blood marriages. In every pattern the

mw number of first vertices equals to the
number of last vertices. /
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/

-

Frequencies normalized with number of couples in
p-graph x 1000.

pattern Loka Silba | Ragusa Turcs | Royal
A2 0.07 0.00 0.00 0.00 0.00
A3 0.07 0.00 0.00 0.00 2.64
A4.1 0.85 2.26 1.50 | 159.71 18.45
B4 3.82 | 11.28 10.49 98.28 6.15
A4.2 0.00 0.00 0.00 0.00 0.00
AS.1 0.64 3.16 2.00 36.86 11.42
AS5.2 0.00 0.00 0.00 0.00 0.00
B5 1.34 4.96 23.48 46.68 7.03
A6.1 1.98 | 12.63 1.00 | 169.53 11.42
A6.2 0.00 0.90 0.00 0.00 0.88
A6.3 0.00 0.00 0.00 0.00 0.00
Co6 0.71 541 9.49 36.86 4.39
B6.1 0.00 0.45 1.00 0.00 0.00
B6.2 1.91 17.59 31.47 | 130.22 10.54
B6.3 3.32 | 13.53 40.96 | 113.02 11.42
B6.4 0.00 0.00 2.50 7.37 0.00
Sum 1470 | 72.17 123.88 | 798.53 84.36

Most of the relinking marriages happened in the genealogy of Turkish nomads; the second is

Ragusa while in other genealogies they are much less frequent.

~

/
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/ Multiplication of networks \

To a simple two-mode network N' = (I, J, E,w); where I and J are sets
of vertices, E is a set of edges linking I and J, and w : E — R (or some
other semiring) is a weight; we can assign a network matrix W = |w; ;]

with elements: w; ; = w(¢, j) for (¢, j) € E and w; ; = 0 otherwise.

Given a pair of compatible networks Ny = (I, K, Ea,w4) and Ng =

(K, J, Eg,wp) with corresponding matrices Ay x and By «; we call a
product of networks N 4 and Ng a network N¢o = (I, J, Ec,wc), where
Ec={(i,j):2v€l,j€ Jc;#0}andwc(i,j) = ¢,  for (¢,5) € Ec.
The product matrix C = [¢; j|1xs = A * B is defined in the standard way

Cij = ) Gik i
ke K

In the case when I = K = .J we are dealing with ordinary one-mode

Qetworks (with square matrices). /
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/ Fast sparse matrix multiplication \

The standard matrix multiplication has the complexity O(|I| - |K| - |J|) — it
1s (usually) too slow to be used for large networks.

For sparse large networks we can multiply faster considering only nonzero
elements:

for £ in K do
for i in N (k) do
for jin Ng(k) do
if Hci,j then Cij = Cjj 1 Qi | * bk,j
else new Ci,j = Q4 |k * bk,j
N4 (k): neighbors of vertex k in network A
Np(k): neighbors of vertex k in network B

In general the multiplication of large sparse networks is a ’dangerous’
koperation since the result can “explode’ — it is not sparse. /
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Complexity of fast sparse matrix multiplication

Let A and B be matrices of networks Ny = (Z,K,E4,w4) and N =
(/C,j,SB,wB).

Assume that the body of the loops can be computed in the constant time c.
Then we can prove:

If at least one of the sparse networks N 4 and N has small maximal degree
on K then also the resulting product network N is sparse.

And after more detailed complexity analysis:

Let dpyin(k) = min(deg4(k),degg(k)), Amin = Mmaxkex dmin(k),
dmaz (k) = max(deg 4 (k),degg(k)), K(d) = {k € K : dpmnas(k) > d},
d* = argmin,(|K(d)| < d) and K* = K(d*).

If for the sparse networks A4 and N'p the quantities A,,,;,, and d* are small
then also the resulting product network N¢ is sparse.

N /
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2-mode network analysis by conversion to 1-mode network

Often we transform a 2-mode network into an ordinary (1-mode) network
N, = (U,&1,wyr) or/fand Ny = (V, &2, ws), where £ and w; are

determined by the matrix A®) = AAT, al}) =3, ) Guz - G, Evidently
a'y) = al}). There is an edge {u,v} € & in Ny iff N(u) N N(v) # (. Its

weight is wy (u, v) = a&lq,).

The network Ny is determined in a similar way by the matrix A(?) = ATA.

The networks N1 and N5 are analyzed using standard methods.

- /
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Networks from data tables
28 RuthDELmain.csv
A B e D E|F G H | J K L MM
1 |ldent  Mum File ORGANISATION ORINORCE Org Contact Mame  Street | ZIP Project City Country coun EU/Regian
2 11480 613.htrnl 30 PLUS SA 30 F3D ILIGMIER, Olivier 641 RL 78530 IST-2001-3440 Buc FRANCE = 20 2/ILE DE FF
3 2 1481 B13.html 30 PLUS SA 30 PLUELIGNIER, Olivier B41 Ru 78530 IST-2001-3440 Buc FRANCE = 20 2/ILE DE FF
4 3 4001 924.htrnl 30 VISION 30 430  MARIAT, Jacques Savoie 73375 502909 Le BcFRANCE | 200 2 CENTRE
5 4 1648 160.html 30 Web Technologies 3D WWEB DENMISON, Andrew  M31 4XL BMH4989519 Carrir UNITED KI B0 2 NORTH
B 5 1405 442 htrml 3E 3E | PALMERS, GeerlEredier 1000 NNE5/51/1999Bruxe BELGIQUE 8 2 REG.BRU
7 B 1007 884.htrl 4M2C PATRIC SALOTAMZC PAN/A CRANZ 12157 507255 Berlir DEUTSCH 15 2 BERLIN E
5 7 7914 991 html 5T S.c.r.l 5T S.C.RN/A C.soB 10126 Road2/E067 16 Torind TALIA | 26 2 NORD O
g 5 5590 588.htrl A 8 C 2000 S.R.L. A & SANCARLUCCI, RenzVIALE 145 IST-2001-3454 Rome [TALIA. | 26 2 LAZIO Re
10 9 G831 586.html A 2 C 2000 S.R.L. A& C20CARLUCCI, RenzViale C 145 IST-2001-3454 Rome [TALIA. | 26 2 LAZIO Re
11 10, 1647 176.html A, BENETTI MACCHIIA, BENE Federico BENETTVia Prc 54033 BRSTIS5466 Carra[TALIA | 26 2 CENTRO
12| 11 B605 984.htrml A Mickiewicz Univers A, I Inst PATKOWSKI, Ad UL, H. 161-712 502235 Pozn POLSKA | 45 2
13| 12 6571 135.html A.BRITO - INDUSTRIZA, BRITO VIEIRA DE BRITC5109,E4350-11CBRSTYS5263 Porto PORTUGA 46 2 CONTINEI
14| 13 1813 409.htrl AL DIGITAL LIMITECA.L A LLAURE, Ben  VOYSEW4 4GB IST-2000-25633 Chisv UNITED KI 60 2 SOUTHE,
15| 14 1814 409.html AL Digital Limited AL DIG LAURIE, Ben  VoyseiWWs 4GB IST-2000-2633 Chisv UNITED KI 60 2 SOUTH E,
16| 15 1885 960.html A P. MOLLER-MAER A.P. TECDRAGSTED, Jorr Esplan 1098 S0BETE Kope DANMARE 14 2 Kbenhaw
17| 16 6731 537.html A.S.M. S.A AS.M. EMOYA GARCIA, .Carrete 43206 IST-2000-3008 Reus ESPANA 19 2 ESTE CA
18| 17 8150 232.htrl AABO AKADEMI UNIAAB COTNYBACKAWILLE 14-188 20500 ERK5-CT-199€ Turku SUOMUFIE 53 2 MANMER-
18| 18 8152 BE2.htrml AABO AKADEMI UNI AAB DEFBJORKSTRAND, 3 Tykic 20521 EVK1-CT-2002 Turku SUOMIFIE 53 2
20| 19 5148 959.htrl AABO AKADEMI UNI AAB Dep HUPA, Mikko  Dornky 20500 502679 Turku SUOMUFIN 53 2 MANNER-
21 20 5151 233.html AABO AKADEMI UNIAAS DEF NYBACKAYILLY Lemmi 20500 ERKB-CT-1995 Turku SUOMIFIE 53 2 MANNER-
22| 21 125 116 htrl AACHEN UNIVERSIT AACGIEE. NEUSSL  Intzest 52072 BRPR9BOBE3 Aach DEUTSCH 15 2 NORDRHE
23| 22 123 104.htrl AACHEN UNIVERSIT AAC GIE MEISER, Lukas Intzest 52072 BRPR9YBDBSS Aach DEUTSCH 15 2 NORDRHE
24| 23 155 364.htral AACHEN UNIVERSIT AACINS RAUHUT, Burkha 18 Eilf: 52052 G1RD-CT-2000Aach DEUTSCH 15 2 NORDRHE
A data table T is a set of records T = {1} : k € K}, where K is the set of
keys. A record has the form Ty = (k,q1(k), q2(k), ..., q-(k)) where ¢; (k)
is the value of the property (attribute) q; for the key k.
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4 N

... Networks from data tables

Suppose that the property q has the range (). If () is finite (it can always be
transformed in such set by partitioning the set () and recoding the values)
we can assign to the property q a two-mode network K xq = (K, Q, E, w)
where (k,v) € Fiff ¢(k) = v, and w(k,v) = 1.

Also, for properties q; and q; we can define a two-mode network q; X q; =
(Qi, Qj, E,w) where (u,v) € Eiff 3k € K : (qi(k) = u A ¢;(k) = v),
and w(u,v) = card({k € K : (¢;(k) =uAg;(k) =v)}).

|7

We define |q; X q;]" = q; X q;.

It holds qQ; X q; = [K X qZ]T % [K X qj] = [qz X K] * [K X qj]

We can join a pair of properties q; and q; also with respect to the third

property q,: we get a two-mode network [q; Xq;|/qs = [Q; Xqs]*[dqs X q;].

N /
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4 N

EU projects on simulation

For the meeting The Age of Simulation at Ars Electronica in Linz, January
2006 a dataset of EU projects on simulation was collected by FAS research,
Vienna and stored in the form of Excel table (Rut hDELmain.csv).

The rows are the projects participants (idents) and colomns correspond to
different their properties. We produced from this table three two-mode
networks using Jiirgen Pfeffer’s Text2Pajek program:

e project.net —idents X projects = P
e country.net —idents X countries = C
e institution.net —idents X institutions = U

[idents| = 8869, |projects| = 933, |institutions| = 3438,
|countries| = 60.

- /
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4 N

EU projects — network multiplication

Since all three networks have the common set (idents) we can derive from

them using network multiplication several interesting networks:
e ProjInst.net — projects x institutions W = P? x U
e Countries.net — countries x countries S = C* x C

e Institutions.net —institutions x institutions Q = W x W

N /
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4 N

Analysis of ProjInst .net

For identifying important parts of ProjInst .net we first computed the
4-rings weights and in the obtained network we determined the line islands

Net /Count/4-rings/Undirected
Net /Partitions/Islands/Line Weights[Simple [2,200]

We obtain 101 islands. We extracted 18 islands of the size at least 5. There
are two most important islands: aviation companies and car companies.

In labels we used a new option \n.

For analysis of two-mode networks we can use also (p, ¢)—cores.

- /
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/ Analysis of ProjInst .net

RICO MATTEI

HE FINNISH ECONOMY

SINESS
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Analysis of Countries.net

\this option in Pajek. We get a typical center-periphery structure.

To obtain picture in which the
stronger lines cover weaker lines we
have to sort them

Net /Transform/Sort
lines/Line values/Ascending
For dense (sub)networks we get
better visualization by using matrix
display. In this case we also recoded
values (2,10,50).
clusters we used Ward’s clustering

To determine

procedure with dissimilarity measure

ds (corrected Euclidean distance).

The permutation determined by hierarchy can often be improved by
changing the positions of clusters — for the New Year 2006 Andrej added

/
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Pajek - Ward [0.00,4785.14]

Ecuador
Thailand
Armenia
Turkmenist
Uzbekistan

Kazakhstan
Azerbaijan
India
Macedonia
Albania
Liechtenst

Serbia-Mon
Iceland

Algeria

Morocco
Afghanista

United Kin
Germany
Italia

Analysis of Countries.net
Pajek - shadow [0.00,4.00]

Ecuador
Thailand
Armenia
Turkmenist
Uzbekistan
Moldavia
Japan
Kazakhstan
Azerbaijan
India
Macedonia
Albania
Liechtenst
Serbia-Mon
Iceland
Canada
Estonia [
China
Belarus .
Georgia
Afghanista
Morocco
Malta
Tunisia
Lebanon
Jordan
Algeria
Croatia
Latvia
Lithuania
Luxembourg
Cyprus
Turkey
Bulgaria
Ukraine
Slovenia
Romania
Slovakia
USA
Russian F.
Israel
Hungary
Ireland
Czech R.
Norway
Poland
Finland

Portugal
Denmark
Switzerlan
Austria
Sweden
Greece
Belgium
Spain

The Nether
Italia
France
United Kin
Germany

Wzﬁfﬁé

Ecuador
Thailand
Armenia
Turkmenist
Uzbekistan
Moldavia
Japan
Kazakhstan
Azerbaijan
India
Macedonia
Albania
Liechtenst
Serbia-Mon
Iceland
Canada
Estonia
China
Belarus
Georgia
Afghanista
Morocco
Malta
Tunisia
Lebanon
Jordan
Algeria
Croatia
Latvia
Lithuania
Luxembourg
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4 N

Clustering with relational constraints

We can define different types of sets of feasible clusterings for the same

relation R. Some examples of types of relational constraint ®*(R) are

type of clusterings | type of connectedness
&' (R) weakly connected units
*(R) weakly connected units that contain at most one center
®°(R) strongly connected units
¢*(R) clique
®°(R) the existence of a trail containing all the units of the cluster

Trail — all arcs are distinct.

A set of units L C C'is a center of cluster C in the clustering of type ¢*(R)
iff the subgraph induced by L is strongly connected and R(L)N(C'\ L) = (.

/
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Some graphs of dlfferent types

AAVA

a clique strongly connected umts
4 5 4

1 3

weakly connected units weakly connected units

with a center {1, 2,4}

-

/

68
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l.
2.

3.

-

2.1.
2.2.
2.3.
2.4.
2.4.

Agglomerative method for relational constraints

We can use both hierarchical and local optimization methods for solving
some types of problems with relational constraint (Ferligoj, Batagel; 1983).

k:=n; Ck):={{X}: XelU};
while 3C;, C; € C(k): (i # 7 ANy (C;, C;)) repeat
(Cp, Cq) = argmin{D(C;, C;):1 # j ANY(Cy, Cj)};
C=C,UC; k:=k—-1;
C(k) := Clk+ 1)\ {Cy, C} U{C};
determine D(C, Cy) for all Cs € C(k)
adjust the relation R as required by the clustering type

m:=k

The fusibility condition ¢ (C;, C;) is equivalent to C; RC); for tolerant,
leader and strict method; and to C; RC; A\ C; RC; for two-way method.

~

/
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Adjusting relation after joining

strict leader tolerant
ks s Z Z s @1 - tOIerant
i I $? — leader
p q (p?q) (p?q) (pyq) @4 — tWO'Way
2. . . & @5 — strict

Wym
OO
OO
"

w

©
0
—_
©
s
~
—
©
-
Neal
—
©
L0
~—
Ot

3.
S 5 S S
P q (p,q) (p,a) (psq) " s
4.
S S S S
: P q (p.q)
o

(p,q) (p,q) (p,q)

o /
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/

In the original approach a complete dissimilarity matrix is needed. To

Dissimilarities between clusters

obtain fast algorithms we propose to consider only the dissimilarities

between linked units.
Let (U,R), RCU xUbeagraphand ) C S, T CU and SNT = (.
We call a block of relation R for S and T its part R(S,T)=RNS x T.

The symmetric closure of relation R we denote with R=RUR It

A A

holds: R(S,T) = R(T,S).

For all dissimilarities between clusters D(S,T") we set:

D({s}.{}) = d(s,t) sRt

o0 otherwise

Qhere d is a selected dissimilarity between units.

~
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/

Dpin(S, 11 UTs) =

-

= min(

Minimum

Dpnin(S,T) = min

(s,t)ER(S,T)

d(s,t)

min d(s,t) =

(s,t)ER(S,T1UTS)

min  d(s,

(s,t)ER(S,T)

t),

(s,t)ER(S,T)
— min(Dmin(Sa Tl), Dmin(S7 TQ))

min  d(s,t)) =

/
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/

DmaX(SaTl UT2) —

-

=  max(

Maximum

Diax(S,T) =  max

(s,t)ER(S,T)

d(s,t)

max d(s,t) =

(s,t)ER(S, T1UTS)

(s,t)ER(S,T1)

max  d(s,t), :
(s,t)ER(S,T2)

— maX(DmaX(S, Tl),DmaX(Sa TQ))

max  d(s,t)) =

/
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Average

w : V — R —is a weight on units; for example w(v) = 1, forall v € U.

1
Da(S8,T) = —= e
w(R(S,T)) (S,t)ezj%(S,T)

A A A

’UJ(R(S, T1 U TQ)) = UJ(R(S, Tl)) -+ ’lU(R(S, Tg))
w(R(S, Ty UT2))Da(S, T1 UT2) = 3, e sy umy) U5 t) =
=D (s.t)ei(s.1) WS 8) + D26 ner(smy) U t) =

A A

= w(R(S,T1)) - Da(S, T1) + w(R(S,T5)) - Da(S,T5))

D,(S,T,UT,) = w(R(S,Ty)) D, (S.Ty)+ w(R(S,Ty))
o wRS T OT) Y wR(S, T UTy))

- /
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/ Reducibility \

The dissimilarity D has the reducibility property (Bruynooghe, 1977) ift

D(C,,C,) <min(D(C,,Cs),D(C,,Cs)) =

min(D(C,, Cs),d(Cy, Cs)) < D(C, U Cy, Cy)
or equivalently
D(C,,C,) <t, D(C,,Cs) >t, D(C,,Cs) >t = D(C,UC,,Cs) >1

Theorem 1 If a dissimilarity D has the reducibility property then hp is a

level function.

All three disimilarities have the reducibility property. In this case also the
nearest neighbor network for a given network is preserved after joining
the nearest clusters. This allows us to develop a very fast agglomerative

khierarchical clustering procedure. /
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Example: US counties 7 = 1400
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Example: US counties ¢ = 200
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/

N

What else?

In 2005 we introduced in Pa jek also support for multi-relational networks
that combined with remporal networks enable analysis of new kinds of
networks — such as KEDS networks (Kansas Event Data System or Tabart).

You can use URLSs in description of vertices (Nov 2005).
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