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The source of the original data is theernet Movie Database

We transformed the contest data intBajek temporal network with some additional vec-
tors and partitions describing the properties of vertices.

imdb.net - imdb network in Pajek format

imdbL.net - imdb network with long names

imdb.clu - type partition of vertices

imdb.nam - long names

imdb.vec - year

large.net - largest weak component with long names

large.vec - years for large
largeT.clu - type partition for large
largeB.clu - bipartition for large

The file imdb.clu contains the following classes:

0 Actor 11 Crime

1 Drama 12 Sci-Fi

2 Short 13 Horror

3 Documentary 14 War

4 Comedy 15 Fantasy
5 Western 16 Romance
6 Family 17 Adventure
7 Mystery 18 Animation
8 Thriller 19 Action

9 Adult 20 Musical
10 Music 21 Film-Noir
99 Unknown

ThePajek data files are available &ajek ’s data setpage.


http://www.imdb.com/
http://vlado.fmf.uni-lj.si/pub/networks/data/

Basic characteristics of IMDB

The IMDB network is bipartite (2-mode) and h&324748 = 428440 + 896308 vertices and
3792390 arcs.

9927 of the arcs in the network are multiple (parallel) arcs. Here is their distribution.
multiplicity  frequency
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The nature of the appearance of multiple arcs can be seen from the Eiginere all arcs
with multiplicity at least 8 are displayed.

In the analyses that follow, we decided to treat multiple arcs as single.

The IMDB network consists of 132714 weak components. Here is the distribution of their
sizes.

Size Freq Size Freq
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Identifying interesting parts of bipartite networks

There are few direct specialized methods for analyzing bipartite (2-mode) networks, especially
large ones. Also, because of the size of the IMDB network, the standard reduction of the entire
network to one or the other derived 1-mode network was not an option. The only special method
available inPajek was the adapted versionlofibs and authoritieavhich did not produce very
interesting results. We started to think about some new methods. Last August we developed
and implemented iPajek two new methods for analysis of bipartite networks:

e bipartite version of cores {», ¢)-cores

e 4-rings weights on lines

For details se®agstuhl seminar 05361 / Batagel

(p, q)-cores

The subset of verticeS C V' is a(p, ¢)-corein a bipartite (2-mode) network = (13, Vs; L),
V =V, UV, iff

a. in the induced subnetwork = (Cy,Cy; L(C)), C; = CNVy, Co = C N Vs it holds
Vo € C : degg(v) > pandVu € Cy : degy(v) > q;

b. C'is the maximal subset df satisfying conditiora.
The basic properties of bipartite cores are:

e C(0,0)=V

e K(p,q) is not always connected

o (p1 <p)A(n < @)= C(p1,q1) € C(pas q2)

There exists a very efficieii?(m) algorithm to determinép, ¢)-cores.

Since there are mariy, ¢)-cores, we must answer the question of how to select the interest-
ing ones among them. To help the user in these decisions, we implememeptkn a Table
of cores’ characteristics:; = |Ci(p,q)|, n2 = |Ca(p, ¢)| andk — number of components in
K(p,q). We look for(p, q)-cores where

e n; + ny < selected threshold
e big jumps fromC(p — 1,¢) andC(p,q — 1) to C(p, q).

We selected (247,2)-core, (27,22)-core and (2,516)-core. From the labels we can see that
the corresponding topics are wrestling and pornography.


http://www.dagstuhl.de/05361
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Table 1:(p, g : ny,n3) for IMDB

22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

24: 1854 1153 | 43 14:

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

47
34
42
31
31
36
35
35
35
34
34
34
33
33
33
30
29
29
28
28

56 | 44 14:
39 | 45 13:
53 | 46 13:
38 | 47 12:
38 | 48 12:
53 | 49 12:
52 | 50 11:
59 | 51 11:
59 | 52 11:
57 | 53 10:
62 | 54 10:
62 | 55 10:
61 | 56 10:
65 | 57 9
75 | 58 9
73159 O
70 | 60 O
77 | 61 9:
76 | 62 9
76 | 63 8:

29
29
30
29
29
28
26
27
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



White, Leon

Zhukov. Boris (1)
VL
jarmior

A
Lo Yot
Siom Lance

Sem S
ot

ka

i
o
Seagee” %h?ﬁ?s
§%’ﬂfbenya"

VeManon. Vince
McManon, Shane
Matihews. Bairen (1)
VarunAridrew (i)

it

i
Vare]aHober:
larella, Josﬁﬁ A
i

Eoeo
Syt
EEVEsgo8 ol ichae!
e

:
e
fite

', Davi
. Bian
Benni

n

=

i

Knight, is (1)

W

Joes Michael 0cvy
ﬁ" n (X)

Iohesom &
e i
B

YAt
ﬂ&a&’é‘s, von
HEla Rabt witiam
v Semie
i, Sans

Michael

L
e
gﬂ.ﬂmmy(\)
Harris, Ron (I
e Ben
Harris, Brian (1
Hardy, M:

e

Eind 18
e

hetié, James £
%elﬁnﬂ, Adam (1)
istaino, Rico

|
|
g
|
4
4
|
|
g
g
g
g
9
4
|
|
9
)
-
-
4
i
|
8
q
8
y
)
y
y
3
Y
A
3
y
3
\
\
|
y
|

i

0 it ci i b il i liliiiiiiiiiilils

]
Vackth Aitre

L L
s (R
U Lot
mnme Carlene (If)
e
SN

)

Figure 2:(247,2)-core
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4-rings

A k-ring is a simple closed chain of lengkh Usingk-rings we can define a weight of edges as
wg(e) = # of differentk-rings containing the edgec F

Since for a complete graphi,, » > k& > 3 we havew,(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: alt-cliques of a network belong to— 2-edge cut for the weights.

The 3-rings weights were implementedRajek in May 2002. However, there are no 3-
rings in the IMDB network. The densest substructures are complete bipartite subgfgphs

They contain many 4-rings.
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wy(Kpq) = (p—1)(g—1)

So we decided to implement 4-rings weightPiajek .

To identify interesting substructures we applied the simple islands procedure for the weight
wy. It takes around 3 minutes to computg weights on a 1400 MHz, 1GB RAM computer,
and 13 seconds to determine the islands.

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

There are 94 of size at least 30; and only 10 over 100. Again the largest island corresponds
to wrestling. Each island represents a special topic. We visualized only some of them.

Island Size Representative
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Table 2:(p, g : ny,n3) for IMDB

Size Freq Size Freq Size Freq Size Freq
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11 86 Accouplements pour voyeurs
12 82 Affren i Mlleb
13 76 Emmanuelle Forever

14 73 Directing Rye o

15 70 002 agenti segretissimi

16 67 Adventures of Red Ryder

17 64 Abuse me... 1: Feuchte Pppchen
18 61 Real World Reunion 2000, The
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A Musical Family Reunion _
45 45 Millennium Madness: Gangbangers of America

46 45 Zombie Planet ) _ )
47 43 Polizeiruf 110 - Abschiedslied fr Linda
48 43 Ali Baba bujang lapok
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Time slices

By extracting a time slice from the complete network, we can identify the main groups in
selected time periods. To illustrate this, we extracted the time slice 1935-1950.
There are 223 simple islands for, on 1774 vertices.

Island Size Representative
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Co-starring authors

We extracted a small subset of the actors in the IMDB network and constructed from it a dy-

namic visualisation of a 1-mode network showing the co-appearance of actors in films. This

visualisation forms the first section of an animation, downloadable from the following location:
http://www.it.usyd.edu.as/dmerrick/gd05contest/gd05-final.avi

To define a sufficiently small subgraph, we first considered only nodes in the network with
a Kevin Bacon number of 1. The Kevin Bacon number of an actor is a similar concept to the
Erdds number of a mathematician; it represents the length of the shortest path in the movie star
collaboration network from the actor to Kevin Bacon.

The data set was divided into time slices of a decade in length (e.g. 1920s, 1930s, etc.), and
the set of actors reduced in each decade to only those who had co-starred in at least 5 films with
another actor with a Kevin Bacon number of 1.

The 1-mode co-starring networks of these reduced sets of actors were constructed for each
decade, and a three-dimensional force-directed layout generated for each. Nodes in the force-
directed layout were restricted to lie on one of three concentric spheres, depending on the degree
of the node, as illustrated in Figufie. The colouring of each node was also used to indicate
the degree. The size of each node was dependant on the number of movies in which the cor-
responding actor starred in that particular decade. Similarly, the width of an edge was used to
represent the number of co-appearances between two actors in a decade.

To effectively illustrate the evolution of the co-starring network, we display smooth anima-
tions between the layouts of subsequent decades. The animations are broken into several parts
shown one after the other in time, in order to aid retention of the mental map. First, nodes and
edges not present in the first layout are faded out. Nodes present in both first and second layouts
are then animated to their new positions in the second layout. Nodes new to the second layout
burst out from the centre and come to rest in their calculated positions, and finally new edges
are faded in to show the new collaborations in the second decade.

This process was continued for all decade slices from 1911 through to 2004, and the result
can be seen in the downloadable animation.

The visualisation shows both expected and unexpected patterns. For example, nodes corre-
sponding to singers Britney Spears, Bey®kmnowles and Jennifer Lopez are highly connected,
presumably due to music videos and attendance in music industry award ceremonies. Names of
US presidents can be seen amongst a highly-connected component in the later decades, show-
ing the wide-ranging scope of the genres in the IMDB. At one stage this component of political
entities is seen to be linked to the network of movie stars through actor-cum-governor Arnold
Schwarzenegger.

A more unexpected finding was the substantial number of actors with a Kevin Bacon humber
of 1 in the early years of the twentieth century, some of whom could clearly not have co-starred
in a film with Kevin Bacon. This revealed some noise in the original contest data set. The years
of some movies had been recorded incorrectly, while edges to other movies that possessed the
same name as a movie of a prior decade were all recorded as belonging to the earlier movie.
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http://www.it.usyd.edu.au/~dmerrick/gd05contest/gd05-final.avi

Node size — # movies in deé'::?i‘dze
Edge width — # co-appearances

Figure 11:A frame from the co-starring actors animation
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A Galaxy of Movie Stars

Our final visualisation consists of a "galaxy of stars” metaphor for the movie-actor network,
and forms the second part of the animation downloadable from:

http://www.it.usyd.edu.au/ dmerrick/gd05contest/gd05-final.avi

A subset of the IMDB was selected for each year from 1907 to 2004. Actors and movies
were chosen using the following criteria:

e every actor must have starred in more than 12 movies over the whole time period
e every movie must have more than 12 actors

e each actor must have played in between 3 to 6 movies in each year

A two-dimensional force-directed layout was generated for each year's subgraph. In the
final visualisation, actor nodes in the network were depicted as stars in the night sky, and edges
as faint lines joining up "constellations” of actors (See FigiiZe Edges are present between
actor and movie nodes, but movie nodes are hidden; in this manner, collaboration between
actors can be seen. Animation is performed between each layout, in a similar manner to the
animation of the co-starring authors network (detailed in the previous section).

No labels are shown in this visualisation, but the changing frequencies of highly-connected
components can be seen as the visualisation changes over time.
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http://www.it.usyd.edu.au/~dmerrick/gd05contest/gd05-final.avi

Figure 12:A frame from the galaxy of stars animation
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