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B
asic

N
otions

N
etw

ork

L
et�

�
���
�� �
��	���� �

�

be
a

finite
setof

units
or

units.
T

he
units

are
related

by
binary

relations

�
�
�
���
� �
�� ������

w
hich

determ
ine

a
netw

ork�
�

� �� ��� ���	���� ���

In
the

follow
ing

w
e

restrict
our

discussion
to

a
single

relation�

described
by

a

corresponding
binary

m
atrix�

�
� ��� � 
� 


w
here

��� �
�� 

��
� � �
�

!
"# $
% &' ()%

In
som

e
applications���

can
be

a
nonnegative

realnum
ber

expressing
the

strength

of
the

relation�

betw
een

units�
� and�
� .



E
xam

ple:
Student

G
overnm

ent
T

he
StudentG

overnm
ent

netw
ork

consists
of

com
m

unication
interactions

am
ong

tw
elve

m
em

bers
and

advisors
of

the
Student

G
overnm

ent
at

the
U

niversity
in

L
jubljana

(T
ina

H
lebec,

1993).
T

he
results

of
the

m
easurem

ent
are

not
real

interactions
am

ong
actors

but
cognition

about
com

m
unication

interactions.
D

ata

w
ere

collected
w

ith
face

to
face

interview
s.

Interview
s

w
ere

conducted
in

M
ay

1992.

C
om

m
unication

flow
am

ong
actors

w
as

identified
by

the
follow

ing
question:

O
f

the
m

em
bers

and
advisors

of
the

StudentG
overnm

ent,w
hom

do
you

(m
ostoften)

talk
w

ith?

T
he

contentof
the

com
m

unication
flow

w
as

lim
ited

to
the

m
atters

of
the

Student

G
overnm

ent.
T

he
tim

e
fram

e
w

as
also

defined:
the

question
w

as
referred

to
the

six

m
onths

period.
O

ne
respondentrefused

to
cooperate

in
the

experim
ent.

A
s

he
w

as

notconsidered
in

the
analysis,the

netw
ork

consists
of

eleven
actors.
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C
luster,clustering

O
ne

of
the

m
ain

procedural
goals

of
blockm

odeling
is

to
identify,

in
a

given

netw
ork,

clusters
(classes)

of
units

that
share

structural
characteristics

defined
in

term
s

of�
.T

he
units

w
ithin

a
cluster

have
the

sam
e

or
sim

ilar
connection

patterns

to
other

units.T
hey

form
a

clustering

* �
�,+
�� +
�� ���� +
-�

w
hich

is
a

partition
of

the
set �

:

� +
� ��

./ �0�1
+
�32+
� �4

E
ach

partition
determ

ines
an

equivalence
relation

(and
vice

versa).
L

etus
denote

by 5

the
relation

determ
ined

by
partition*

.



B
lock

A
clustering*

partitions
also

the
relation�

into
blocks

�� +�� +
� � ��2+
� �+
�

E
ach

such
block

consists
of

units
belonging

to
clusters+

�

and+
�

and
all

arcs

leading
from

cluster+
�

to
cluster+
� .

If. �
0 ,

a
block�� +�� +

��

is
called

a

diagonalblock.

B
lockm

odeland
B

lockm
odeling

T
he

goal
of

blockm
odeling

is
to

reduce
a

large,
potentially

incoherent
netw

ork

to
a

sm
aller

com
prehensible

structure
that

can
be

interpreted
m

ore
readily.

B
lockm

odeling,
as

an
em

pirical
procedure,

is
based

on
the

idea
that

units
in

a

netw
ork

can
be

grouped
according

to
the

extent
to

w
hich

they
are

equivalent,

according
to

som
e

m
eaningfuldefinition

of
equivalence.



B
lockm

odeling
Schem

e



G
eneralized

B
lockm

odeling

A
blockm

odelconsists
ofstructures

obtained
by

identifying
allunits

from
the

sam
e

cluster
of

the
clustering*

.
For

an
exactdefinition

of
a

blockm
odelw

e
have

to
be

precise
also

aboutw
hich

blocks
produce

an
arc

in
the

reduced
graph

and
w

hich
do

not,and
of

w
hattype.

Som
e

types
of

connections
are

presented
in

the
figure

on
the

nextslide.

A
block

is
sym

m
etric

if6 7
�8:9
+
� �+
�<;
� 7�8�=
8 � 7
�

N
ote

thatfornondiagonalblocks
this

condition
involves

a
pairofblocks�� +

�� +
� �

and�� +� � +
�� .

T
he

reduced
graph

can
be

presented
by

relationalm
atrix,called

also
im

age
m

atrix.
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C
haracterizations

of
T

ypes
of

B
locks

null
nul

all0
(exceptm

ay
be

diagonal)
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plete

com
all1

(exceptm
ay

be
diagonal)

row
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rre
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row
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col-regular
cre

each
colum

n
is �

-covered

row
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inant
rdo

>
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row
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be
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col-dom
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cdo

>
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n
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ay

be
diagonal)
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reg
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s
and
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non-null
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>
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1
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M
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B
lockm

odeling
and

O
ptim

ization
A

criterion
function

T
he

problem
of

establishing
a

partition
of

units
in

a
netw

ork
in

term
s

of
a

selected

type
of

equivalence
is

a
specialcase

of
clustering

problem
thatcan

be
form

ulated

as
an

optim
ization

problem
:

determ
ine

the
clustering*@?

for
w

hich

A� * ?
� �B(CDE F
A� *�

w
here*

is
a

clustering
of

a
given

set
of

units�

,G

is
the

set
of

all
feasible

clusterings
andA;

GH

IR
the

criterion
function.

O
ne

of
the

possible
w

ays
of

constructing
a

criterion
function

thatdirectly
reflects

the
considered

equivalence
is

to
m

easure
the

fit
of

a
clustering

to
an

ideal
one

w
ith

perfect
relations

w
ithin

each
cluster

and
betw

een
clusters

according
to

the

considered
equivalence.



L
ocalO

ptim
ization

For
solving

the
blockm

odeling
problem

w
e

use
a

local
optim

ization
procedure

(relocation
algorithm

):

D
eterm

ine
the

initialclustering*

;

repeat:if
in

the
neighborhood

of
the

currentclustering*

there
exists

a
clustering*@I

such
that A� * I�KJ

A� *�

then
m

ove
to

clustering*LI
.

T
he

neighborhood
in

this
local

optim
ization

procedure
is

determ
ined

by
the

follow
ing

tw
o

transform
ations:

M

m
oving

a
unit �

-

from
cluster+

N

to
cluster+

O
(transition);

M

interchanging
units�

P

and�
Q

from
differentclusters+

N

and+
O

(transposi-

tion).



B
enefits

from
O

ptim
ization

A
pproach

M
ordinary

/
inductive

blockm
odeling:

G
iven

a
netw

ork�

and
set

of
types

of

connectionR
,determ

ine
the

m
odelS

;

M

evaluation
of

the
quality

of
a

m
odel,

com
paring

different
m

odels,
analyzing

the
evolution

of
a

netw
ork

(Sam
pson

data,D
oreian

and
M

rvar
1996):

G
iven

a
netw

ork�

,a
m

odelS
,and

blockm
odelingT

,com
pute

the
corresponding

criterion
function;

M

m
odel

fitting
/

deductive
blockm

odeling:
G

iven
a

netw
ork�

,
set

of
types

R

,
and

a
m

odelS

,
determ

ineT
w

hich
m

inim
izes

the
criterion

function

(B
atagelj,Ferligoj,D

oreian,1998).

M

w
e

can
fitthe

netw
ork

to
a

partialm
odeland

analyze
the

residualafterw
ard;

M

w
e

can
also

introduce
differentconstraints

on
the

m
odel,for

exam
ple:

units7

and8

are
of

the
sam

e
type;or,types

of
units7

and8
are

notconnected;...



P
re-Specified

B
lockm

odels
T

he
pre-specified

blockm
odeling

starts
w

ith
a

blockm
odel

specified,in
term

s
of

substance,prior
to

an
analysis.

G
iven

a
netw

ork,a
setof

idealblocks
is

selected,

a
reduced

m
odel

is
form

ulated,
and

partitions
are

established
by

m
inim

izing
the

criterion
function.

T
he

pre-specified
blockm

odeling
is

supported
by

the
program

M
O

D
E

L
2

(B
atagelj,1996).

A
s

an
exam

ple
of

pre-specified
blockm

odel
w

e
present

a
sym

m
etric

acyclic

blockm
odel

of
Student

G
overnm

ent.
T

he
obtained

clustering
in

4
clusters

is

alm
ostexact–

acyclic
m

odelw
ith

sym
m

etric
clusters.

T
he

only
error

is
produced

by
the

arc�VUW��X
Y� .
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F
inalR

em
arks

T
he

current,
local

optim
ization

based,
program

s
for

generalized
blockm

odeling

can
deal

only
w

ith
netw

orks
w

ith
at

m
ost

som
e

hundreds
of

units.
W

hat
to

do

w
ith

larger
netw

orks
is

an
open

question.
For

som
e

specialized
problem

s
also

procedures
for(very)large

netw
orks

can
be

developed
(D

oreian,B
atagelj,Ferligoj,

1998).

A
nother

interesting
problem

is
the

developm
ent

of
blockm

odeling
of

valued

netw
orks.

h
t
t
p
:
/
/
v
l
a
d
o
.
f
m
f
.
u
n
i
-
l
j
.
s
i
/
p
u
b
/
n
e
t
w
o
r
k
s
/


