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Analysis of two-mode networks

A two-mode network or affiliation network is a structure N' = (U, V, A, w),
where {/ and )V are disjoint sets of vertices, A is the set of arcs with
the 1nitial vertex in the set (/ and the terminal vertex in the set )V, and

w : A — Ris aweight. If no weight is defined we can assume a constant
weight w(u,v) = 1 for all arcs (u,v) € A. The set .A can be viewed also
as arelation A C U x V.

A two-mode network can be formally represented by rectangular matrix
W = [wuv]u XV -

o {w(u,v) (u,v) € A

0 otherwise

- /
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Approaches to two-mode network analysis

For direct analysis of two-mode networks we can use the eigen-vector
approach — a two-mode variant of Kleinberg’s hubs and authorities. The

weight vector (x,y) on I/ U V is determined by relations y = Wx and
x=W'y.

Two new direct methods will be presented in this lecture: rwo-mode cores
and 4-rings. In the next lecture we shall also describe the clustering and
blockmodeling in two-mode networks.

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

IMDh
= =) h

Earth'’s Biggest Movie Database™

FREE TRIAL!

MOVIE / TV
NEWS
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Home | Top Movies | Photos | Independent Film | Browse | Help

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

Tops at the Box Office

1 The Fogy

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

= Elizabethtown

4 Flightplan

& |n Her Shoes

Fomore

Opening this Week

= Doorm

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
mowie, 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
our "Pitch Your Picture" competition (please note gatme

SHOWTIMES
B TICKETS

IMDb pro

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

be eligible to be entered into
rules and restrictions). We are now accepting
subtmissions (voting will commmence on the 14th). Tze

= Where the Truth Lies

* K i . : Wednesday, 19 October 2005:
o W Sl (Sl use existing screen captures, posters, or stills from other ¥
* Shopgirl ~ o S e e 1 P

only vour original ideas and your original images. Do not

12th Annual Graph Drawing Contest, 2005. The IMDB network is two-mode and has
1324748 = 428440 4 896308 vertices and 3792390 arcs.
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The subset of vertices C C Vis a (p, q)-core in a two-mode network
N = (Vl,V2;£), Y =V UVyiff

a. in the induced subnetwork K = (C1,Cy; L(C)), C1 = CNVy, Co =
C'N Vs itholds Vo € C : degy(v) > pand Vv € C5 : degy-(v) > q;

Two-mode cores

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

o (p1 <p)A (1 <q2)=C(p1,q1) € C(p2,q2)

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

k 1t 1s a lattice. /
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Algorithm for two-mode cores

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

9

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

e ’border line’ in the (p, g)-table.

- /
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Table (p, q : n1, ny) for Internet Movie Database

1 1590: 1590 1 | 16 39: 2173 678 | 44 14: 29 83
2 516: 788 3 | 17 35: 2791 995 | 46 13: 29 94
3 212: 1705 18 | 18 32: 2684 1080 | 49 12: 26 95
4 151: 4330 154 | 19 30: 2395 1063 | 52 11: 16 79
5 131: 4282 209 | 20 28: 2216 1087 | 56 10: 34 162
6 115: 3635 223 | 21 26: 1988 1087 | 62 9: 31 177
7 101: 3224 244 | 22 24: 1854 1153 | 66 8: 29 198
8 88: 2860 263 | 24 23: 34 39 | 72 7: 22 203
9  77: 3467 393 | 27 22: 31 38 | 96 6: 7 114
10  69: 3150 428 | 29 20: 35 52 | 119 5: 6 137
11  63: 2442 382 | 32 19: 34 57 | 141 4: 8 258
12 56: 2479 454 | 35 18: 33 61 | 186 3: 3 186
13 50: 3330 716 | 36 17: 33 65 | 247 2: 2 247
14  46: 2460 596 | 39 16: 29 70 | 1334 1: 1 1334
15  42: 2663 739 | 42 15: 28 76 |

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

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)
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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

YY)

()

0000‘0000300000000000‘0000000000‘000

e

$P0400b00sb0sstbreed,

ECPR Summer School, Ljubljana, July 30 — August 16, 2008 4 } |< ® N { - R



: Network Analysis / Two mode networks

V. Batagelj

(2,516)-Hard core

e
foujbs and Aras 5, The

i

Sexbrioon The

o ki Tos o B

iRt lcpers
G

R85 ot cinema:The o Video 0

T

i
Frr—
e
e
T
e
=

k4

s
i —

e
G

i

MMM

st n s

2 opor
o

e s

R
3w oos]

o

AR

1N W N\
uvuv!uuuuvu!vuvuvuv»!uuuuvu!!vuvuvu!uuv!vuuuvuvuvu!uuvvv!uuvuvu!vuvuvuv!uuuu

LT
))))))

=

ey e

e,

Tors
i

e et
e -

YR N
D)D)

4P O # « ¥

ECPR Summer School, Ljubljana, July 30 — August 16, 2008



V. Batagelj: Network Analysis / Two mode networks 9

4 N

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]

N /
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/ k-rings \

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

of edges as

wg (e) = # of different k-rings containing the edge e € £

Since for each eadge e of a complete graph K,
r > k > 3 we have wi(e) = (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.

The k-rings can be efficiently determined only
for small values of £ — 3, 4, 5. The 3-rings (tri-
angular) weights were implemented in Pajek
in May 2002.

Complete graph K

On the k-rings we can also base the notion of short cycle connectivity which
onvides us with another decomposition of networks. /
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/ 4-rings and analysis of two-mode networks \

There are

(&) &) - -

N 4-rings in K, ,; and each of its edges e has
XN gt
OCNY weig

jl @
! AN

In two-mode network there are no 3-rings. The densest substructures are
complete bipartite subgraphs kK, ,. They contain many 4-rings.
7

WK 15

X

AN

O O

The 4-rings weights were implemented in Pajek in August 2005.

wy(e) = (p—1)(¢g—1)

Example: Bibliography from W. Imrich, S. Klavzar: Product graphs:
structure and recognition, JohnWiley & Sons, New York, USA, 2000.
\(PDF), (net — two-mode 674 x 314 network). /
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Example: 4-rings in two-mode network
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Example: labeled main part of 1-edge cut for w,

Watkins, M.E.
o
m. nowa-72b
‘ owitz, L.A.

ECPR Summer School, Ljubljana, July 30 — August 16, 2008
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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.

QN R R K K K K R K K R K R K K R [QN |
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Qesten, Brad

Rrando, Hevin Qchoenberg

‘ obbins, Peter (I)

~\\

\" %J E)t Loglf]zl

difiLove) Charlie Bfown
al Puriipkin, Chérli

C}ll Elson, Kare
erer, Sally

Qy Named Charlie Brown

. Trels,

t"

t's

Qhea, Stephen

, Jeremy

Qauer, Brent

pher (1) harlie Brown and Snoa/ Show

eilly, Earl 'Rocky’

harlie Brown Celebration
arl|e Brown

. ifig of " Charhe Bybwn 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: Islands for w, / Mark Twain and Abid

Sergeant Madden

Honky Tonk Hoodlum Saint, The

Unconquered

Union Pacific

o

() starisgorn, A

O Flavin, James

© saum, cliff

() Wells Fargo
O Dunn, Ralph

() You Can'tNake It with You

O ¥8yan, Emmg

(" {'san Quentin

O Chandler, Eddy
Q) Flowers, Bess

O O’Connggtrank
(_&fhole Town's Talighlg, The

(") Nancy Dhgw... Reporter

© sullivan, gffarles (1)

() Dust Be MyNgestiny 5os O Holrdé's, Stuart

(Castle on the Mugson
() Valley of ffe Giants

(OmRacket Buster: () Kid Galahad

(OmiGgGetter, The
(O miemeaiadhe Wind () They Made Me a Criminal

. - - O Mower, Jack
a orraiked 100 I\ s e

() Naughty But Nice
(wEREe Doodle Daa

(CRid From Kgisafflo, The,

(P They Driyg# Night

() Secret Servicgfof the Air

() King of the Underworld

() Bad Men of Missouri

. Adventures of Mark Twain, The
() Smashing the Money Ring

() Knockout

Sawak nus el lail

oltan, Hoda

O-utalgk el zalem. El

O“Rostom, Hind
O El Dekn, Te
O Sarhan, Shukry

O Port Said
O Riad, Hussein

Q Tarik el Saada

O_ El-Meliguy, Mahmoud

j a AN 3 / Abu Ahmad
Baha' AMmin \ asSsa /

Béyt al Faa,
aked, E

Ostéa Haésap, B

O Ibp/al ajar
O Apa bint min

O Murralkulshi, El a

O Mohtal, El skanderija... lih?

O Zalamuni el habaieb mlak, El

O Ashki limin? Matloub zawja fawran
O Ana zanbi eh?
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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

ECPR Summer School, Ljubljana, July 30 — August 16, 2008
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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.

ECPR Summer School, Ljubljana, July 30 — August 16, 2008 4 } K . >| * - R
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/ Multiplication of networks \

To a simple two-mode network N' = (Z, 7, E,w); where Z and J are sets
of vertices, £ 1s a set of edges linking 7 and 7, and w : £ — R (or some
other semiring) is a weight; we can assign a network matrix W = |w; ;]

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

Given a pair of compatible networks N4 = (Z,K,E4,w4) and Ng =

(K, J,Ep,wp) with corresponding matrices A7y x and By 7 we call a
product of networks Ny and Ng a network No = (Z,7,Ec, we), where
Ec={(,j):1€l,5€ T,ci; #0}andwe(i,j) = ¢ for (i,7) € Ec.
The product matrix C = [¢; j|zx7 = A * B is defined in the standard way

Coog = D aof - b

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

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

The standard matrix multiplication has the complexity O(|Z| - |[K]| - |T]) — it
1s too slow to be used for large networks. For sparse large networks we can
multiply faster considering only nonzero elements:

for £ in /C do
for i in N (k) do
for jin Ng(k) do
if Jc; ; thenc; ; :=c¢; j + a; p * bx
else new ¢; ; 1= a; i * bg_;

N 4(k): neighbors of vertex k in network N4
Np(k): neighbors of vertex k in network A/

In general the multiplication of large sparse networks is a ’dangerous’
operation since the result can ’explode’ — it 1s 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,é’B,wB).

Assume that the body of the loops can be computed in the constant time c.
Then the complexity of product is

C:Sj Sj Z C:C-ZdegA(k)-degB(k)

kel ’iENA(k)jGNB(k) kel

Let A4 = maxpecx deg 4 (k) and AZ = maxyecx degz(k) and consider
the well known equality

Z deg 4 (k) = ZdegA(i) = |€4
ke i€T
We get C' < c-min(|€a] - AB|E| - AL).

If at least one of the sparse networks N4 and A/g has small maximal degree
\on IC then also the resulting product network N is sparse. /
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/ More detailed complexity analysis \
Let dpin(k) = min(deg4(k),degg(k)), Amin = Mmaxgex dmin(k),

dmaz (k) = max(deg 4 (k),degg(k)), K(d) = {k € K : dpnas(k) > d},
d* = argmin,(|K(d)| < d) and K* = K(d*). Then |[K*| < d* and

C=c-) degy(k)-degg(k) =c- > dmin(k) - dmas(k)
kel kel

= C- ( Z dmzn(k) . dmax(k) + Z dmzn(k) . dmax(k))

ke kEIC\C*

S C - (Amzn ’ Z dmax(k) + d* ’ Z dmzn<k))
keK* keK\KC*

<c-d* - (Apmin - max(|I], |J]) + min(|€al, |EB]))

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. /
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//’

Anthropologists typically use a basic vocabulary of kin types to represent
genealogical relationships. One common version of the vocabulary for

Example: Kinship relations \

basic relationships:

Kin Type English Type
P Parent
Father
Mother
Child
Daughter
sSon

G Sibling
Sister
Brother
Spouse
Husband
Wife

ngo <

=T W

The genealogies are usually described in GEDCOM format. Examples

\family, Bouchards. Paper /
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/

m-grandmother -grandfather

.
.
Ry

.- mother . _

sister-in-law brother

Ore graph

f-grandfather ,+"

stepmother

.
S

sister

’grandmother In Ore graph

~

every person is represented by a
vertex,
marriages, relation
_1is a spouse of _,
are represented with edges,
and relations

_is a mother of _

/

and
d‘a‘ughter-in-law son son-in-law daughter _ iS afather of _
as arcs pointing from parents to
*A their children.
grandson
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/

Calculating Kinship relations

F: _is a father of _
M: _is a mother of _

E: _is a spouse of _

between male and female:
L: _is a male _ / 1-male, O-female

J: _is a female _ / 1-female, 0-male

FNM =0, LUJCl, LNJ

N

Pajek generates three relations when reading genealogy as Ore graph:

Additionally we must generate two binary diagonal matrices, to distinguish

=0

~
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Derived Kinship relations
Other basic relations can be obtained using macros based on identities:
_is a parent of _ P = FUM
_is a child of _ C = PT
_isason of _ S = LxC
_is a daughter of _ D = JxC
_is a husband of _ H = LxFE
_is a wife of _ W = JxFE
_is a sibling of _ G = (F'sF)n(MY«M)\I
_1is a brother of _ B = LxG
_is a sister of _ Z = JxG
_is an uncle of _ U = DBxP
_is an aunt of _ A = ZxP
_is a semi-sibling of _ Go. = (P'xP)\I
and using them other relations can be determined
_is a grand mother of _ My = M=xP
is a niece of _ Ni = DxG

<
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Kin Type
P-Parent
F-Father
M—-Mother
C-Child
D-Daughter
S—Son
G—-Sibling
Z—Slster
B—-Brother
E—-Spouse
H-Husband
W-Wife
U-Uncle
A—-Aunt
Ge—Semi-sibling

n
mkE = Spouse
mA = Parent

N

Turks Ragusa
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.000
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.000
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.573
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1138
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Relative sizes of Kinship relations in genealogies
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/
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4 N

Two-mode network analysis by conversion to

one-mode network

Often we transform a two-mode network N = (U, V,E,w) into an

ordinary (one-mode) network N7 = (U, E1,wq) or/and Ny = (V, Eo, wo),

where £, and w; are determined by the matrix W) = WWT (%) =

> ey Wz - wi,. Evidently wiy) = wii). There is an edge (u:v) € & in
N7 iff N(u) N N(v) # . Tts weight is w1 (u, v) = wiy.

The network N> is determined in a similar way by the matrix W(?) =
WIiw.

The networks A7 and N5 are analyzed using standard methods.

N /
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/ Normalizations \

The normalization approach was developed for quick inspection of (1-

mode) networks obtained from two-mode networks — a kind of network
based data-mining.

In networks obtained from large two-mode networks there are often huge
differences in weights. Therefore it 1s not possible to compare the vertices
according to the raw data. First we have to normalize the network to make
the weights comparable.

There exist several ways how to do this. Some of them are presented in the
following table. They can be used also on other networks.

In the case of networks without loops we define the diagonal weights for
undirected networks as the sum of out-diagonal elements in the row (or
column) w,, = ) . W, and for directed networks as some mean value
of the row and column sum, for example w,, = %(Zu Wy, + D, Wuw)-
kUsually we assume that the network does not contain any isolated vertex. /
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/

Geoyw

Input,

Ming,,

MinDir,,,

... Normalizations
e GeoDeg,,
\/ wuu w'l)’l)
Wuv Output,
w’U’U
Buv Max,»

Min (W, Wy )

Wy v
wuu S w’U’U .
{ Wy MaxDir,,,

0 otherwise

by line-cuts or 1slands approaches.
Slovenian journals and magazins.

Reuters Terror News: GeoDeg, MaxDir, MinDir.

N

w’U/U

max (W, Wy )

w
{ wuv wuu S w’l)’l)
vU
0 otherwise

After a selected normalization the important parts of network are obtained

/
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http://vlado.fmf.uni-lj.si/pub/networks/doc/dagstuhl/casniki.htm
http://vlado.fmf.uni-lj.si/pub/networks/doc/Terror/GeoDeg.htm
http://vlado.fmf.uni-lj.si/pub/networks/doc/Terror/MaxDir.htm
http://vlado.fmf.uni-lj.si/pub/networks/doc/Terror/MinDir.htm
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GeoDeg normalization of Reuters terror news network

anti-american W anthrax-laced
africa A Hetter

bombing o —
@ anthrax-tainted @ anthrax-laden

g fighter
f-16 gj:tion

military

.

cowardly

plane

act

life
saudi-born Q-tca_ge
twin T
itive O Sk'_"f_-.»---
110-story B @ scare

anthony

‘network

dissident

‘Biologica

williams
eurotop

wes

firefighting
pan-europe, _____,__-——-Q chief chemical
london p
edward weapon
renegade
mass
brokaw ridge
larson destructi
homeland
mercantile
access conference tional security lindsey low
exchange
restrict non-passengers condoleezZ@ solicitor-general manhattz
stock
curb-side @ specialist adviser macaulay tip
market
curbside preflight jonn terrorism pulverize southern
financial
elimination edmund 21st heap shard kandaha
district
cheyenne century extract twist ? break jag strongho
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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, Geerl Eredier 1000 NMES/51/1999 Bruxe 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 BBO5 984.html A, Mickiewicz Univers A, Minst PATKOWSKI, Ad UL H. \61-712 502235 Pozn POLSKA | 45 2
13 12 B571 135.htrl A BRITO - INDUSTRIL A BRITO VIEIRA DE BRIT(5109 E4350-11EBRSTS5253 Porto PORTUGA 46 2 CONTINEI
14 13 1813 409.htrl AL DIGITAL LMITECA.L AL LAURIE, Ben  VOYSEW4 4GB IST-2000-2533 Chisv UNITED KI B0 2 SOUTHE.
15 14 1614 409.htrl AL Digital Limited AL DIG LAURIE, Ben  Voyser\Wd 4GB IST-2000-2533 Chisv UNITED KI 60 2 SOUTHE.
16 15 1885 960.html A.P. MOLLER-MAER A.P. TECDRAGSTED, Jorr Esplan 1095 S0BETE Kope DANMARE 14 2 Kbenhaw
17 16 6731 537.htrl A S.M. A, AS.M. EMOYA GARCIA, .Carrete 43206 IST-2000-3008 Reus ESPANA 19 2 ESTE CA
18 17 8150 232.htrml AABO AKADEMI UNI AAB COTNYBACKAMWILLE 14-188 20500 ERK5-CT-199€ Turku SUOMUFIE 53 2 MANNER-
19 18 8152 BE2.htrl AABO AKADEMI UNI AAB DEFBJORKSTRAND, 3 Tykic 20521 EVIK1-CT-2002 Turku SUOMUFI 53 2
20 19 5148 959, htrl AABO AKADEMI UNI AAB Dep HUPA, Mikka  Domky 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 = {T}, : 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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... Networks from data tables

Suppose that the property q has the range 2<. For example: Authors|WasFau] =
{ S. Wasserman, K. Faust }, PubYear|WasFau| = { 1994 }, ...If Q is finite
(it can always be transformed in such set by partitioning the set O and
recoding the values) we can assign to the property q a two-mode network

Kxq=(K,Q,& w)where (k,v) € £iffv € q(k), and w(k,v) = 1.

Also, for properties q; and q; we can define a two-mode network q; X q; =
(Qi, Q;, &, w) where (u,v) € Eiff Ik € K : (¢;(k) =u A gj(k) =v), and
w(u,v) =card({k € K: (q:(k) =uAg;(k) =0v)}).

It holds [g; x Qj]T = q; Xq;and q; X q; = K x %]T * [IC X Qj] =
[a; X K] x [K X q;].

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]|*[qs X q;].

N /
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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 (SimPro.cswv).

The rows are the projects participants (idents) and colomns correspond to
different their properties. Three two-mode networks were produced from
this table using Jiirgen Pfeffer’s Text 2Pa jek program:

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

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

- /
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http://vlado.fmf.uni-lj.si/pub/networks/data/2mode/SimPro.zip
http://vlado.fmf.uni-lj.si/pub/networks/pajek/howto/text2pajek.htm
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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 — W = [projects x institutions] = P x« U
e Countries.net —S = [countries X countries] = C! x C
e Institutions.net —Q = [institutions x institutions] = W1 «W

- /
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EU projects — deleted projects

Some projects (27) from original data set have to be deleted — in the final
data set SimPro they were marked as deleted. When producing two-mode
networks we could first physicaly delete them. Instead of this, we used
another approach: we produced the cluster C'p of deleted idents and from
it a two-mode matrix D (idents X idents). Matrix D is a ’diagonal’ matrix
with value 1 for idents not belonging to C'p and 0 otherwise. Using matrix
D we can determine the network ProjInst.net by W = PT « D x U
— the deleted idents don’t contribute to the network.

- /
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Analysis of ProjInst .net

For 1dentifying 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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-

\S'[I'UC'[U.I'G .

Analysis of Countries.net

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). To determine
clusters we used Ward’s clustering
procedure with dissimilarity measure

ds (corrected Euclidean distance).

The permutation determined by hierarchy can often be improved by
changing the positions of clusters. We get a typical center-periphery

ECPR Summer School, Ljubljana, July 30 — August 16, 2008
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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
Cyprus
Turkey
Bulgaria
Ukraine
Slovenia
Romania
Slovakia
USA
Russian F.
Israel
Hungary
Ireland
CzechR.
Norway
Poland
Finland
Portugal
Denmark
Switzerlan
Austria
Sweden
Greece
Belgium
Spain

The Nether
Italia
France
United Kin
Germany
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Analysis of Institutions.net
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/ Analysis of Institutions.net \

,6.00]

Pajek - Ward [0.00,1376.93]

-
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Sign InfMy Endiote Wby Citation Alertshy Saved SearchesLog OutHelp

|S| Web Of KnOW|edges" Take the next step @

Web of Science Additional Resources
i Bearch | Cited Reference Search | Advanced Search | Search History | Marked List (0 |

Web of Science®

. Results Topic=("social network™)
Timespan=~2I1 Years. Databases=SC-EXPANDED, SSCI, ASHCIL

Fesults: 6.936 Page |1 of 694 ( Go ) bH Sort by:ILatestDate vl

i Print ) { E-mail
Refine Results LAdd to Marked List =] Analyze Results [y Creste Citation Repart

L [ Save to EndNol® web
iy mare options

Search within resutts for
I (__Search )

¥ Subject Areas (_Refine
[ socioLo e gmss)

Hide Refine

[T 1. Title: Managerial social capital, strategic orientation, and
organizational pedormance in an emerging econarny
Authoris): Acquaah b

[T PUBLIC, ENVIRONMENTAL & Source: STRATEGIC MANAGEMENT JOURNAL ‘olume: 28
QEGLPETIELEAL HIEALTL EE) Issue: 12 Pages: 1235-1255 Published: DEC 2007
[T psveHIATRY 559) Times Cited: 0
[~ ANTHROPOLOGY (233) (__Full Text )
[T PSvCHOLOGY,
MULTIDISCIP LINARY (343) [T 2. Title: "Freeter selection and a social netwark: Fram the course
more... consideration investigation of the third grade of high-school
- === Authoris): Uchida R
¥ Documentiypes’ QEInE) Source: SOCIOLOGICAL THEORY AND METHODS Volume: 22
[ aRTICLE (5028 Izsue:2 Pages: 139-153 Published: 2007
[ REVIEW (3283 Times Cited: 0

[T Bo0K REVIEW (252)

[7'3.  Title: Up close and personal: Employee networks and job
[ MEETING ABSTRACT (151)

satisfaction in a human service context

[ EDITORIAL MATERIAL (95) Author(s): Haley-Lock A

more. .. Source: SOCIAL SERVICE REVIEW ‘olume: 81 |ssue: 4 Pages:
683-707 Published: DEC 2007

b Authors Times Cited: 0

> Source Titles \_Full Text |

Searching on the Web of Science

The Web of Science — WoS
(ISI/Thomson) allows us to save
on a file the records correspond-
ing to our queries.

For example, using General
search with a query "social
network*" we get 6936 hits
(27. December 2007).

Trying to save them we are in-
formed that we can save at once at
most 500 records. We have to save
the records by parts on separate
files. At the end we concatenate
all these files into a single file.
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/ Program WoS2Pajek \

For converting WoS file into networks in Pajek’s format a program

WoS2Pajek was developed (in Python). It produces the following files:
e citation network: works x works;

e authorship (two-mode) network: works x authors, for works without
complete description only the first author is known;

e keywords (two-mode) network: works x keywords, only for works

with complete description;
e journals (two-mode) network: works X journals, field J9;
e partition of works by the publication year;

e partition of works — complete description (1) / ISI name only (0);

e vector number of pages, PG or EP — BP +1. /

-
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http://pajek.imfm.si/doku.php?id=wos2pajek

V. Batagelj: Network Analysis / Two mode networks 47

4 N

Program WoS2Pajek

The keywords are obtained from the fields TI (title), ID, DE and AR
(abstract). From the text the stopwords are removed and a list of words is
produced. The words are lemmatized using MontyLingua package.

In future versions aditional networks can be derived: works x discipline,
works X countries, ...

Network SN5

SN5 SO=(SOCIAL NETWORKS) + SO=("social networkx" +
most frequent references + around 100 social networkers

W | = 193376, |C| = 7950, | A| = 75930, |.J| = 14651, | K| = 29267

- /
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http://www.dcs.gla.ac.uk/idom/ir_resources/linguistic_utils/stop_words
http://web.media.mit.edu/~hugo/montylingua/
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Analyses: Derived networks

Let us denote the citation network with C , the (key)words network with K
and the authorship network with A.

Then AT x K is the a two-mode authors x keywords network — in how
many works author a used the (key)word £.

Similary AT x A is the collaboration network and AT x C x A is a network

of citations between authors — how many times author a cited author .

For analysis of the authors x keywords we used the bipartite (two-mode)
cores (p = 109,q = 113, n1 = 556, ny = 396). We deleted words: social,
network, study, result, use, 1, 2, 3.

For analysis of the network of citations between authors we applied the
islands procedure on lines [2,90]. We obtained 712 islands, the largest of
size 51; and for [10, 90] there are 16 islands.
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