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Alexandra Schuler/ Marion Laging-Glaser:
Analyse von Snoopy Comics

A network is based on two
sets — set of nodes (ver-
tices), that represent the se-
lected units, and set of links
(lines), that represent ties be-
tween units. They determine
a graph. A link can be di-
rected— an arc, or undirected
—an edge.

Additional data about nodes
or links can be known — their
properties (attributes). For
example: name/label, type,
value, ...

Network = Graph + Data

The data can be measured or computed.
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http://www.soziologie.uni-freiburg.de/jenki/lectures/2001/snoopy/default.htm
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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 nodes, A is
S the set of arcs, £ is the set of edges,and L= U A is
networks the set of links.

Temporal n= ’V|, m= |£|

networks

Mt ¢ P node value functions / properties: p: V — A
relationa

B e W link value functions / weights: w: £ — B

Two-mode
networks

Descriptions
of networks

Properties

igraph in R
Pajek and R
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Graph
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Networks ite b 1o i
oppost unit, actor — node, vertex

Descrinti arcs N parallel . . .

of networke. arcs tie, line — link, edge, arc
Properti ; ;

e “ 0g arc = directed link, (a, d)
ypes o . L.

noworks / ais the initial node,
Temporal & f d iS the termina/ nOde.
networks

Multi edge = undirected link,
relational /

networks (CI d)

Two-mode k ) I{Di ¢ and d are end nodes.
networks node ] ‘::(‘)’da:e

igraph in R
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netJSON and
Graph

V. Batagelj Rnet, info



Graph / Sets — NET
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V = {a’b7c’d7e7f7g7h7i’j’k7/}

b
Networks A = {(ab),(ad),(af),(b,a),
of ok a d\c% (b,f),(c,b),(c,c),(c, 9,
O 0g
fT

FREEIIES (C, g)2»(ev C)’(ea f)v(e’ h)v
ek (f, k), (h,d),(h,1),(, h),
Te[npoLa\ h (I? e)7(l’ g)’(l7 h)}

_ ! E = {(b:e)(c:d),(e:g),(f: h)]
Multi- (o) o
O s
Two-mode £ = .A U (‘:
networks
igraph in R A = 0 — undirected graph; £ = () — directed graph.

ajek: local: GraphSet; TinaSet;
Pajek: local: Grapt ; Set;

Pajek and R .
WWW: GraphSet / net; TinaSet / net, picture picture.

netJSON and
Graph
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http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphSet.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphSet.net
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaSet.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaSet.net
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Tina.pdf
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NA(a) = {bv d7 f}
b Na(b) = {a,f}
NA(C) = {b7 ¢g, g}
p d z Na(e) ={c,f,h
o 08 Na(f) = {k
Na(h) = {d, I}
s Na(j) = {h}
h ! NA(I) = {ea 9, h}
o o Ne(e) = {b,g}
¢ ; T Ne(e)={d}
Ne(f) = {h}

Pajek: local: GraphlList; Tinalist;
WWW: GraphList /net; TinalList / net.

N(v) = Na(v) U Ng(v), also  Nout(v), Nin(v)

Starin v, S(v) is the set of all links with v as their initial node.
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http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphList.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphList.net
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaList.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaList.net

Graph / Neighbors — NET

Rnet, info
V. Batagelj *Vertices 12
1 "a" 0.1020 0.3226
b 2 "b" 0.2860 0.0876
3 "c" 0.5322 0.2304
Networks 4 "d"  0.3259 0.3917
ioti 5 "e" 0.5543 0.4770
Descriptions G nen 0.1552 0.6406
of networks 7 "g" 0.8293 0.3249
. a 8 "h" 0.4479 0.6866
Properties 9 min 0.8204 0.8203
Og 10 "j" 0.4789 0.9055
Types of 11 "k" 0.1175 0.9032
networks 12 "1" 0.7095 0.6475
*Arcslist
Temporal f 1 2 4 6
networks 2 1 6
3 2 3 7 71
Multi- 5 3 6.8
relational g 1}} »
networks / 10 8
12 5 7 8
Two-mode O *Edgeslist
networks k o 2 5
] 3 4
igraphin R ] L 5 7
. 6 8
Pajek and R

netJSON and
Graph
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V. Batagelj abcdefghiijklI
al010101000000O0
Networks b|100011000000O0
Descriptions c|011100200000
of networks d|{001000000O0CO00O0
Properties e|/011001110000
T f|00000001T0010
ypes of
networks g000010000000
Temporal h|00010100000O0H1
networks i 10000000OO0COO0O0ODO
Multi- fj1]0000000100O00O0
fSatong k|000000000000O
networks
/| {000010110000O0
Two-mode
networks
EE @ Pajek: local: GraphMat; TinaMat, picture picture;
Pajek and R WWW: GraphMat / net; TinaMat / net, paij.

e EEN B Graph G is simple if in the corresponding matrix all entries are 0
Graph ort.
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http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphMat.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/GraphMat.net
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaMat.pdf
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/TinaMat.net
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Tina.paj

Graph / Matrix — MAT

Rnet, info
*Vertices 12
V. Batagelj 1 "a" 0.1020 0.3226
2 "p" 0.2860 0.0876
b 3 "en 0.5322 0.2304
Networks 4 ngn 0.3259 0.3917
Descriptions 5 "en 0.5543 0.4770
of notworks un 0oz oeaoe
7 g . .324
3 8 "h" 0.4479 0.6866
HIRELEE a g min 0.8204 0.8203
Types of og 10 "3" 0.4789 0.9055
T 11 "k" 0.1175 0.9032
12 "1 0.7095 0.6475
Temporal *Matrix
netwpmks f 010101000000
100011000000
Multi- 011100200000
relational 001000000000
networks l 011001110000
000000010010
Two-mode 00001O0O0O0OO0OO0OO0CO
networks ko O 000101000001
- i 000000000O0GO0DO
igraph in R ] 000000010000
: 000000000O0GO0DO
Pajek and R 000010110000

netJSON and
Graph

V. Batagelj Rnet, info



Rnet, info

V. Batagelj

Networks

Descriptions
of networks

Properties

Types of
networks

Temporal
networks

Multi-
relational
networks

Two-mode
networks

igraph in R
Pajek and R

netJSON and
Graph

Node Properties / CLU, VEC, PER

All three types of files have the same structure:

xvertices n nis the number of nodes
V4 node 1 has value v,
Vn

cLustering — partition of nodes — nominal or ordinal data about
nodes

v; € N : node i belongs to the cluster/group v;;

VECtor — numeric data about nodes

v; € R : the property has value v; on node i;

PERmMutation — ordering of nodes

v; € N : node i is at the v;-th position.

When collecting the network data consider to provide as much
properties as possible.

V. Batagelj Rnet, info



Example: Wolfe Monkey Data

Rnet, info
V. Batagelj inter.net | inter.net sex.clu age.vec rank.per
*Vertices 20 1 6 5 *vertices 20 *vertices 20 *vertices 20
1 "nmo1" 17 3 1 15 1
Networks 2 "nD2" 1 08 7 1 10 2
3 "np3" 1 9o 1 1 10 3
Descriptions 4 "nD4" 1 10 3 1 8 4
of networks 5 mos 1 11 3 : 7 >
6 "f06" 2 15 10
: 7 "fo7" 1z T 2 5 1
Properties 8 "fo08" T 2 11 6
9 "f09" 115 & 2 8 12
Types of 10 "f10" 11 1 2 9 9
networks 11 "f11" 117 1 2 16 7
12 "f12" 118 1 2 10 8
13 "f13" 2 14 18
Temporal 14 "f1a" 3 i g > 5 19
networks 15 "f15" 5 5 3 2 7 20
: 16 "f16" 5 ¢ 1 2 11 13
Multi- 17 "f17" 5 3 3 2 7 14
relational ig :Hg: > 8 2 g 12 12
networks 20 "f20" 208 2 4 17
*Edges
Two-mode 1 2 2 11 5
networks 1 3 10 g ié g
14 4 2 14 2
igraph in R T
Pajek and R
netJSON and 3 .
Graph Important note: 0 is not allowed as node number.
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Pajek’s Project File / PAJ

Rnet, info

¥ Bl All types of data can be combined into a single file — Pajek’s
ot prOJectf!Ie file.pa. .

. The easiest way to do this is:

Descriptions

f ks . . .
o e e read all data files in Pajek,
Properties
Types of e compute some additional data,
networks
T e delete (dispose) some data,
networks . . .
o e save all as a project file with
relational File/Pajek Project File/Save.
networks
Two-mode Next time you can restore everything with a single
networks File/Pajek Project File/Read.
igraph in R
Pajok and R Wolfe network as a Pajek’s project file (PDF/paj).
netJSON and
Graph
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./net/wolfe/wolfe.paj
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Networks

Descriptions

of networks T
Properties 1 P/O\q

Types of / \

networks /

o
Temporal
networks é

Multi-
relational

networks Graphs: path Ps, cycle C;, star Sg in complete graph K.

Two-mode
networks

igraph in R
Pajek and R
netJSON and
Graph
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Special graphs — path, cycle, star, complete
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Representations of properties

Properties of nodes P and links W can be measured in different
scales: numerical, ordinal and nominal. They can be input as
data or computed from the network.

In Pajek numerical properties of nodes are represented by
vectors, nominal properties by partitions or as labels of nodes.
Numerical property can be displayed as size (width and height) of
node (figure), as its coordinate; and a nominal property as color or
shape of the figure, or as a node’s /abel (content, size and color).

We can assign in Pajek numerical values to links. They can be
displayed as value, thickness or grey level. Nominal vales can be
assigned as label, color or line pattern (see Pajek manual, section
4.3).
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http://vlado.fmf.uni-lj.si/pub/networks/pajek/doc/pajekman.pdf

Some related operations

Rnet, info = e
V. Batagelj (et 0 Operations/Network+Vector/Transform/Put C
ORI @20 Network/Create Vector/Get Coordinate
Nt it Vetor  Scond Voo [Draw] Options i
Networks Network + Fist Patition + FistVector v [Draw] Layout /Energy/Kamada—Kawal/Free
e et S [Draw] Export/2D/EPS-PS
Descriptions
of networks
Properties Transform e
Values of Lines e
Types of Mark Vertices Using
networks ;
Colors sackeround
Temporal Layout WVertices.
networks ScrollBar On/Off Wertices Border
— B
Multi- Previous/Next Arcs
relational Select &l Font
TR Partition Colors
Relation Calors
Two-mode oot
networks
igraph in R Dl Veiex Coors
DefalGrepsede
Pajek and R Defaul Greybod 2
Wertex Colors <- Relation Colars
netJSON and
Graph

u]
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1l
n
it
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Display of properties — school (Moody)
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Networks

‘The Social Structurs of “Countryside” School Distriet ‘The Social Stmucture of “Countrs

Descriptions
of networks

Painis Cotared by Grade I peinisCokee b Face o vibite
© muk

® Mixedomer

Properties

Types of
networks

Temporal
networks

Multi-
relational
networks

Two-mode
networks

igraph in R
Pajek and R
netJSON and
Graph
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http://www.soc.sbs.ohio-state.edu/jwm/

Types of networks

Rnet, info
V. Batagelj Besides ordinary (directed, undirected, mixed) networks some
extended types of networks are also used:
Networks
Deswilons e 2-mode networks, bipartite (valued) graphs — networks
of networks between two disjoint sets of nodes.
Properties . .
Types of e multi-relational networks.
networks . .
ST e temporal networks, dynamic graphs — networks changing

networks over time.
Multi-

relational e specialized networks: representation of genealogies as
networks p-graphs; Petri’s nets, ...

Two-mode . . .

networks The network (input) file formats should provide means to express
igraph in R all these types of networks. All interesting data should be

Pajek and R recorded (respecting privacy).

netJSON and

Graph
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http://eclectic.ss.uci.edu/~drwhite/pgraph/p-graphs.html

Temporal networks

Rnet, info

In a temporal network the presence/activity of node/link can
change through time. Pajek supports two types of descriptions
Networks of temporal networks based on presence and on events.

Descriptions
of networks

V. Batagelj

Properties

Types of
networks

Temporal
networks

Multi-
relational
networks

Two-mode
networks

igraph in R
Pajek and R

4 Moody:
netJSON and : Drug users in Colorado Springs, 5

Graph years B
[m] = = =

V. Batagelj Rnet, info


http://www.soc.sbs.ohio-state.edu/jwm/

Temporal network

Rnet, info

V. Batagelj Temporal network
Networks NT = (V7 L,P,W, T)

Descriptions is obtained if the time T is attached to an ordinary network. T is a

f network . .

S set of time pointst € T.

Properties

Types of In temporal network nodes v € V and links / € £ are not

netwers necessarily present or active in all time points. If a link /(u, v) is

e active in time point ¢ then also its endnodes u and v should be

ey active in time t.

relational . . . . .

networks We will denote the network consisting of links and nodes active in

Two-mode time t € T by N(t) and call it a time slice in time point t. To get
k . . . .

Jemene time slices in Pajek use

igraph in R

Pajek and R Network/Temporal Network/Generate in time

netJSON and

Graph
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Temporal networks

*Vertices 3

1 "a" [5-10,12-14]
2 "b" [1-3,7]

3 "e" [4_*]

*Edges
121 [7]
1 31 [6-8]

Time.net.

V. Batagelj

— presence

Node a is present in time points 5, 6,
7,8,9,10and 12, 13, 14.

Edge (1 : 3) is present in time points
6,7,8.

* means ‘infinity’.
A link is present, if both its
endnodes are present.

Rnet, info


http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Time.net

Temporal networks — events

Rnet, info .
*Vertices 3
. Event Explanation *Events
V. Batagelj TI T initial events — following events happen when TI 1
time point  starts AV 2 "b"
TE t end events — followmg events happen when
Networks time point t is finishe TE 3
AVVNS ﬁréd veréex v with label n and properties s HV 2
HV v ide node v
Descriptions sV v gh?v;l nOdde v TI 4
DV v elete node v nan
of networks AAUVS add arc (u, v) with properties s AV 3 e
. HA UV hide arc (u, v) TI 5
Properties SAUV show arc (u, v) AV 1 "a"
DA UV dgljetedarc((u, v)) h TI 6
AEUVS add edge (u : v) with properties s
Types of HE UV hide edge (u : v) AE 1 3 1
networks SEUV show edge (u : v) TI 7
DE UV delete edge (u : v)
Temporal cvvs change property of node v to s SV 2
CAUVS change property of arc (u, v) to s AE 1 2 1
networks CEUVS change property of edge (u : v)to s TE 7
CTuv change (un)directedness of link (u, v)
Multi- couv change direction of arc (u, v) DE 1 2
PEUVS replace pair of arcs (u, v) and (v, u) by single edge (u : v) DV 2
relational with properties 8
networks apuvs | add pair of arcs (u, v)and (v, u) TE
gmlh propem?s s ( ) and " DE 1 3
DP UV elete pair of arcs (u, v) an
Two-mode EPUVS replace edge (u : v) by pair o$ arcs (u, v) and (v, u) TE 10
networks with properties s HV 1
s can be empty. TI 12
igraph in R In case of parallel links : k denotes the k-th link — HE:3 14 37 hides SV 1
the third edge linking nodes 14 and 37. TE 14
Pajek and R . . . . DV 1
netJSON and Time.tim. Friends.tim.
Graph File/Network/Read Time Events
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http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Time.tim
http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Friends.tim
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Temporal networks / September 11

@ cxie

@ security
@irport @ bin_laden
@ miss
@ thousand @ var
@ terrorist ° ®ac
embass;
Py ® people @ airline )
ower
|
@ win united_states
© e
® ik @ devastate
@ higker @ oo P
@ deadly
@ airliner @ oeco
V. Batagelj Rnet, info

Steve Corman with collab-
orators from Arizona State
University transformed,
using his Centering Res-
onance Analysis (CRA),
daily Reuters news (66
days) about  Septem-
ber 11th into a temporal
network of words coappear-
ance.


http://locks.asu.edu/terror/
http://vlado.fmf.uni-lj.si/pub/networks/doc/Terror/deg50/deg50001.htm
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Multi-relational networks

A multi-relational network is denoted by
N=0W,(L1, Lo, ..., Lk), P, W)

and contains different relations £; (sets of links) over the same set
of nodes. Also the weights from WV are defined on different
relations or their union.

Examples of such networks are: Transportation system in a city
(stations, lines); WordNet (words, semantic relations: synonymy,
antonymy, hyponymy, meronymy,...), KEDS networks (states,
relations between states: Visit, Ask information, Warn, Expel
person,...), ...

V. Batagelj Rnet, info


http://vlado.fmf.uni-lj.si/pub/networks/data/dic/Wordnet/Wordnet.zip
http://vlado.fmf.uni-lj.si/pub/networks/data/KEDS/

... Multi-relational networks

Rnet, info The relation can be assigned to a link as follows:

el e add to a keyword for description of links (xarcs, redges,

Networks xarcslist, redgeslist, xmatrix) the number of
relation followed by its name:

Descriptions
of networks
Properties xarcslist :3 "sent a letter to"
T f
ke e All links controlled by this keyword belong to the specified
Temporal relation. (Sampson, SampsonL)
networks
Multi- e Any link controlled by xarcs or xedges can be assigned to
relatonal selected relation by starting its description by the number of
. this relation.
wo-mode
networks
igraph in R 3: 47 14 5
Pajek and R . . .
Link with endnodes 47 and 14 and weight 5 belongs to
netJSON and

Graph relation 3.

V. Batagelj Rnet, info


http://vlado.fmf.uni-lj.si/pub/networks/pajek/data/Sampson.net
http://vlado.fmf.uni-lj.si/pub/networks/pajek/data/SampsonL.net
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Computer-assisted text analysis

An often used way to obtain networks is the computer-assisted
text analysis (CaTA).

Terms considered in TA are collected in a dictionary (it can be
fixed in advance, or built dynamically). The main two problems
with terms are equivalence (different words representing the
same term) and ambiguity (same word representing different
terms). Because of these the coding — transformation of raw text
data into formal description —is done often manually or
semiautomaticly. As units of TA we usually consider clauses,
statements, paragraphs, news, messages, . ..

Till now the thematic and semantic TA mainly used statistical
methods for analysis of the coded data.

In thematic TA the units are coded as rectangular matrix

Text units x Concepts which can be considered as a two-mode
network.

Examples: M.M. Miller: VBPro, H. Klein: Text Analysis/ TextQuest.

V. Batagelj Rnet, info


http://mmmiller.com/vbpro/vbpro.html
http://www.textanalysis.info/
http://www.textquest.de/eindex.html
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...approaches to CaTA

In semantic TA the units (often clauses) are encoded according to
the S-V-O (Subject- Verb-Object) model or its improvements.

verb
O >@
subject object

Examples: Roberto Franzosi; KEDS, Tabari, KEDS / Gulf.
This coding can be directly considered as network with Subjects
U Objects as nodes and links (arcs) labeled with Verbs.

See also RDF triples in semantic web, SPARQL.

V. Batagelj Rnet, info


http://www.fp.rdg.ac.uk/sociology/people/academic/roberto/publications/socmeth89.pdf
http://web.ku.edu/keds/
http://web.ku.edu/keds/software.dir/tabari.html
http://vlado.fmf.uni-lj.si/pub/networks/pajek/data/KEDS/
http://en.wikipedia.org/wiki/Resource_Description_Framework
http://www.w3.org/RDF/
http://en.wikipedia.org/wiki/SPARQL

Multi-relational temporal network —
KEDS/WEIS

Rnet, info % Recoded by WEISmonths, Sun Nov 28 21:57:00 2004
from http://www.ku.edu/ keds/data.dir/balk.html
vertices 325

oo

. *
V. Batagelj 1 "AFGY [1-%]
2 "AFR" [1-+]
2 "ALB" [lif%
"ALBMED" [l-x
Networks 5 WALOM [1-+]
Descriptions g%g "YUGGOV" H—*%
"YUGMAC" [1-x
ollfe oS 320 "YUGMED" [I-+]
. 321 "YUGMTIN" [1-+]
Properties 322 "YUGSER" [1-%*]
[1-+]
[1-+]
Types of 1o+
networks "sx% ABANDONED"
"YIELD"
" SURRENDER"
Temporal "RETREAT®
networks
3 "MIL ENGAGEMENT"
Muilti- 4 "RIOT"
" 5 "ASSASSINATE TORTURE"
relational
networks 153 1 [4] 890402 YUG KSV 224  (RIOT) RIOT-TORN
83 1 [4] 890404 YUG ETHALB 212 (ARREST PERSON) ALB ET
1 [4] 890407 ALB ETHALB 224 (RIOT) RIOTS
Two-mode 53 1 14] 890408 ETHALB KSV 123 (INVESTIGATE)  PROBIM
networks
31 [175] 030731 GER 042  (ENDORSE) GAVE ¢
) ) 35 1 [175] 030731 UNWCT BOSSER 212 (ARREST PERSON) SENTEL
igraph in R 771 [175] 030731 VAT 043 (RALLY) RALLIED
5 1 [175] 030731 UNWCT BOSSER 013 (RETRACT) CLEARE
Pajek and R 22 1 [175] 030731 UNWCT 121 (CRITICIZE) CHARGE
295 1 [175] 030731 SER UNWCT 122 (DENIGRATE) TESTIE
95 1 [175] 030731 BOSSER UNWCT 121 (CRITICIZE) ACCUSE

netJSON and
Graph

Kansas Event Data Svstem KEDS = & =
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Two-mode networks

In a two-mode network N' = ((U, V), L, P, W) the set of nodes
consists of two disjoint sets of nodes ¢/ and V, and all the links
from £ have one endnode in I/ and the other in V. Often also a
weight w : L — R € W is given; if not, we assume w(u, v) = 1 for
all (u,v) € L.

A two-mode network can also be described by a rectangular
matrix A = [au Juxv-

o Wyy (u,v) e L
“7 o otherwise

Examples: (persons, societies, years of membership),
(buyers/consumers, goods, quantity), (parlamentarians, problems,
positive vote), (persons, journals, reading).

A two-mode network is announced by xvertices nny .

Authors and works.
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http://vlado.fmf.uni-lj.si/pub/networks/data/2mode/sandi/sandi.htm
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V. Batagelj

Classical example of two-mode net-
work are the Southern women
(Davis 1941).

Networks

Descriptions
of networks

P i . . .
roperties Davis.paj. Freeman’s overview.
Types of
networks Cotie Wencmra# Avp DATr# o Soctat Evrarns Rrsoarsn tx OM City Heraid
Haxwmn T
Temporal | | e | o | | | e | £ | S8 4 [ B
networks 1. Mg, ® x XX | %] x
2. Miss x XKoo XXX X ).
Multi- 3, Miss . X X|[x{x|x
4. Miss X | X KixX | X[X]|
relational 5. Misa X X foore] X Loeaa]os
networks i b e o] e R Bt
£ o EREE
- 3 x
Two-mode Pt d e Foll el 3
networks 11, Miss X|X|x|.. %
12. Miss RIXIX x| X[ X
igraph in R g Roll o3 ol o B 1 EeR
15, Mrs. Kl XX | X
i 16, Mrs. 3 4 (R O
Pajek and R s 3 § §
netJSON and i ! bt

Graph
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http://vlado.fmf.uni-lj.si/vlado/podstat/AO/net/Davis.paj
http://books.nap.edu/books/0309089522/html/39.html
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igraph Example

@

@ ©

o ©

> library (igraph)

> links <— C("A", "C", llA"’ IIG",
+ llB",llC“, "B",llA", IIB","E",
+ nenlmpan men mpn’ wpn ngn’
+ npnlmgn. mpn’wgn’ wgw wpw’
+ "F","E", "G"’ "C", "G", "F")
> L <- graph(links)

> L

IGRAPH bb7e45b DN-- 7 14 —-

+ attr: name (v/c)

+ edges from bb7e45b (vertex name
[1] A->C A->G B->C B->A B->E C->.

> plot (L)

> vcount (L)

[1]

> ecount (L)

[1] 14

> L <= L + vertex("H")

> plot (L)

igraph is library for analyzing networks. It has also an R interface.
For other R libraries for solving network analysis problems see: lan McCulloh,
Alexander Perrone: R Packages for Social Network Analysis. ESNAM. Springer

2018.
See also: sna, network, statnet, ggnet

V. Batagelj
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http://www.springer.com/gp/book/9781493971305
https://www.rdocumentation.org/packages/sna/versions/2.4
https://www.rdocumentation.org/packages/network/versions/1.13.0
http://www.statnet.org/
https://briatte.github.io/ggnet/

Rnet, info

> V(L)
V. Batagelj + 8/8 vertices, named, from 84e744b:
[1] ACGBEDTFH
> E (L)
Networks + 14/14 edges from 84e744b (vertex names
[1] A->C A->G B->C B->A B->E C->A C->E D->B D->G D->E E->A F->I
Descriptions > V(L) Sname
of networks [1] "A™ mCn w@T "wBMW wEnM o wpw wgpno wpw
: > V(L) $Sname [5] <- "John"
Properties > V(L) $color <- sample(c("yellow","cyan"),vcount (L), rep=TRUE)
> plot (L)
Types of > I;e <= V(L) [color=="yellow"]; cy <- V(L) [color=="cyan"]
networks > E(L) [ye $——% cy]$color <- "red"
> E(L) [ye $——% ye]S$Scolor <- "blue"
Temporal > E(L) [cy %$——% cylScolor <- "blue"
networks > LSname <- "Example"
Multi- > E (L) $weight <- sample(1:10,ecount (L), rep=TRUE)
relational > graph_attr_names (L)
[1] "name"
networks > graph_attr (L)
Two-mode ?T?m%Example"
networks > \]’eftex—ﬁttf—nﬁmef(m
; : [1 name color
Gl > edgefattrinames(%)
ek and R [1] "color" "weight™"
Pajek and > w <- E(L)S$weight; plot(L,edge.width=w)
netJSON and > write.graph (L, "Links.net", format="pajek")
Graph

[m] = =

V. Batagelj Rnet, info



Rnet, info

V. Batagelj

Networks

Descriptions
of networks

Properties

Types of
networks

Temporal
networks

Multi-
relational
networks

Two-mode
networks

igraph in R
Pajek and R

netJSON and
Graph

Description of networks using spreadsheet

How to describe a network A'? In principle the answer is simple —
we list its components V, £, P, and W.

The simplest way is to describe a network A/ by providing (V, P)
and (£,) in a form of two tables.

As an example, let us describe a part of network determined by
the following works:

Generalized blockmodeling, Clustering with relational constraint,
Partitioning signed social networks, The Strength of Weak Ties

There are nodes of different types (modes): persons, papers,
books, series, journals, publishers; and different relations among
them: author_of, editor_of, contained_in, cites, published_by.

Both tables are often maintained in Excel. They can be exported
as text in CSV (Comma Separated Values) format.

V. Batagelj Rnet, info


http://www.cambridge.org/tw/academic/subjects/sociology/sociology-general-interest/generalized-blockmodeling
http://link.springer.com/article/10.1007%2FBF02293706
http://www.sciencedirect.com/science/article/pii/S0378873308000397
http://www.journals.uchicago.edu/doi/abs/10.1086/225469
https://en.wikipedia.org/wiki/Comma-separated_values
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e;
"Batagelj, Vladlmlr" person SI m;;;;;;SO
"Doreian, Patrick";person;US;m;;;;;;
"Ferligoj, Anuska" ,person SI f";;;;6
"Granovetter,
"Moustaki, Irlnl" person; UK f
"Mrvar, Andrej
"Clustering w1th relatlonal constralnt",
"The Strength of Weak Ties";paper;;;1973;
"Partitioning signed social networks";pap
"Generalized Blockmodeling"; book,,,2005,24
"Psychometrlka";journal;;;;;;;;74 .8;086.1
"Social Networks" ,journal;;;;;;;;321 .4;236.5

~.

"Cambrldqe UnlverSLty Press"; publlsher UK;;;;;;;534 3;238.2
bibNodes.csv

In large networks, to avoid the empty cells, we split a network to some
subnetworks — a collection.
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http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bibNodes.csv
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bibLinks.csv

from; relation;to

"Batagelj, Vladimir";authorOf;"Generalized Blockmodeling"
"Doreian, Patrick";authorOf; "Generalized Blockmodeling"
"Ferligoj, Anuska";authorOf;"Generalized Blockmodeling"
"Batagelj, Vladimir";authorOf;"Clustering with relational constu
"Ferligoj, Anuska";authorOf;"Clustering with relational constra:
"Granovetter, Mark";authorOf;"The Strength of Weak Ties"
"Granovetter, Mark";editorOf;"Structural Analysis in the Social
"Doreian, Patrick";authorOf;"Partitioning signed social network:
"Mrvar, Andrej";authorOf;"Partitioning signed social networks"
"Moustaki, Irini";editorOf;"Psychometrika™

"Doreian, Patrick";editorOf;"Social Networks"

"Generalized Blockmodeling";containedIn; "Structural Analysis in
"Clustering with relational constraint";containedIn; "Psychometr:
"The Strength of Weak Ties";containedIn;"The American Journal of
"Partitioning signed social networks";containedIn;"Social Netwo:
"Partitioning signed social networks";cites;"Generalized Blockmc
"Generalized Blockmodeling";cites; "Clustering with relational cc
"Structural Analysis in the Social Sciences";publishedBy; "Cambr:
"Psychometrika";publishedBy; "Springer"

bibLinks.csv
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http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bibLinks.csv
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To save space and improve the computing efficiency we
often replace values of categorical variables with integers.
In R this encoding is called a factorization.

We enumerate all possible values of a given categorical
variable (coding table) and afterwards replace each its value
by the corresponding index in the coding table.

This approach is used in most programs dealing with large
networks. Unfortunately the coding table is often a kind of
meta-data.

V. Batagelj Rnet, info



CSV2Pajek.R

Rnet, info
V. Batagelj # transforming CSV file to Pajek files
# by Vladimir Batagelj, June 2016
# setwd("C:/Users/batagelj/work/Python/graph/SVG/EUSN")
Networks # colC <- c(rep("character",4),rep("numeric",7)); nas=c("","NA", "NaN")
colC <- c(rep("character",4),rep("numeric",5)); nas=c("","NA", "NaN")
Descriptions nodes <- read.csv2("bibNodes.csv",encoding=’UTF-8’,colClasses=colC, na.strings=nas)
of networks n <- nrow(nodes); M <- factor (nodesS$mode); S <- factor (nodesS$sex)
mod <- levels (M); sx <- levels(S); S <- as.numeric(S); S[is.na(S)] <- 0
. links <- read.csv2("bibLinks.csv",encoding='UTF-8', colClasses*"character")
Properties F <- factor(linksS$from, levels=nodes$name, ordered=TRUE)
T <- factor (links$to, levels=nodesS$name, ordered=TRUE)
Types of R <— factor(llnks$relatlon) rel <- levels( )
net <- file("bib.net","w"); cat(’*vertices ', '\n’,file=net)
networks clu <- file("bibMode. clu" i) ; sex <- file ("bleex clu","w")
cat ("%’,file=clu); cat(’ flle sex)
Temporal for(i in 1l:length (mod) ) cat (r ,i,mod[i], file=clu)
networks cat (' \n*vertices ’,n,’\n’,file=clu)
for(i in 1l:length(sx)) cat(’ ’',i,sx[i],file=sex)
. cat (" \n*xvertices ’,n,’\n’, file=sex)
Multi- for(v in 1:n) .
relational cat (v,’ "’,nodes$name[v],’"\n’,sep='',file=net);
networks cat (M[v],’\n’,file=clu); cat(S[v],’\n’,file=sex)
for(r in 1l:length(rel)) cat(’*arcs :’,r,’” "’,rel([r],’"\n’,sep='"',file=net)
Two-mode cat (" xarcs\n’, file=net)
networks for(a in 1: nrow(lmks))
cat (R[a],’: ',F[a],’ ’,T[al,” 1 1 "',rel[R[a]],’"\n’,sep="",file=net)
. . close (net); close (clu) ; close(sex)
igraph in R
Pajek and R
netJSON and CSV2Pajek.R
Graph

u]
o)

I
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it
N
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http://vlado.fmf.uni-lj.si/pub/vis/EUSN/CSV2Pajek.R

*vertices 16 *arcs
"Batagelj, Vladimir" 1: 1
"Doreian, Patrick"

"Ferligoj, Anuska"

"Granovetter, Mark"

"Moustaki, Irini"

"Mrvar, Andrej"

"Clustering with relational constraint"

"The Strength of Weak Ties"

"Partitioning signed social networks"
"Generalized Blockmodeling"

"Psychometrika"

12 "Social Networks"

13 "The American Journal of Sociology"

14 "Structural Analysis in the Social Sciences"
15 "Cambridge University Press"

16 "Sprlnger"

200 - OB WN
o

*arcs "authorOf"
*arcs ites"

*arcs "containedIn"
*arcs "editorOf"

xarcs :5 "publishedBy"

bib.net, bibMode.clu, bibSex.clu; bib.paj, bib.ini.

«O>» «Fr <
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"authorOf"

011
0 1 1 "authorOf"
011

"authorOf"
"authorOf"

11
1 1 "authorOf"
11

"authorOf"
1 "editorOf"

1 "authorOf"

1 "authorOf"
1 "editorOf"
1 "editorOf"

1 1 "containedIn"
1 "containedIn"
1 "containedIn"
1 "containedIn"
1 "cites"

1 "cites"

14 15 1 1 "publishedBy"
11 16 1 1 "publishedBy"
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http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bib.net
http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bibMode.clu
http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bibSex.clu
http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bib.paj
http://vlado.fmf.uni-lj.si/pub/vis/EUSN/bib.ini

Rnet, info

V. Batagelj

Networks

Descriptions
of networks

Properties

Types of
networks

Temporal
networks

Muilti-
relational
networks

Two-mode
networks

igraph in R
Pajek and R

netJSON and
Graph

Bibliographic network — picture / Pajek

containedin

The American
Journal of Sociology,

Granovetter, Mark

Structural Analysis in
the Social Sciences

V. Batagelj

Cambridge
University Press

Rnet, info

O Psy//;chometrika

Uy,
’&/,edgy
Q
2
3
Moustaki, Irini
Clustering with

relational constraint

Batagelj, Vladimir

O Springer

N
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http://vladowiki.fmf.uni-lj.si/doku.php?id=notes:net:rpaj

Temporal network data
netJSON format

Rnet, info

V. Batagelj

Networks
Descriptions For describing temporal networks we initially, extending Pajek
ornetons format, defined and used a lanus format.

Properties

Types of Recently we started to develop a new format based on JSON —
networks we named it netJSON.

Temporal
networks netJSON has two formats: a basic and a general format. Current
Multi- implementation of the TQ library supports only the basic format.

relational

networks netJSON format is supported by a Python library Nets.

Two-mode
networks

igraph in R
Pajek and R

netJSON and
Graph
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https://github.com/bavla/Nets

Informal description of the basic netJSON
format

Rnet, info
V. Batagelj { .
"netJSON": "basic",
Networks "info": {
"org":1, "nNodes":n, "nArcs":mA, "nEdges":mE,
Descriptions "simple":TF, "directed":TF, "multirel":TF, "mode":m,
SRCRIBLS "network":fName, "title":title,
Properties "time": { "Tmin":tm, "Tmax":tM, "Tlabs": {labs} 1},
"meta": [events],
Types of
networks I
. ‘ "nodes": [
empora AL "w. n "w. Al "”. " ".
networks { "id":nodeId, "lab":label, "x":x, "y":y, ... },
* % *
Multi-
relational "links": [
networks :

{ "type":arc/edge, "nl":nodeIDl, "n2":nodeID2, "rel"::
Two-mode * kK

networks ]

igraph in R }

Pajek and R

netJSON and where ... are user defined properties and *** is a sequence of such
Graph elements.

V. Batagelj Rnet, info



Basic netJSON formats

Rnet, info
V. Batagelj Lo . .
An event description can contain fields:
Networks
: { "date": date,
Efejg{w;'&zs "title": short description,
"author": name,
Properties "desc": long description,
Types of "url": URL,
networks "cite": reference,
T "copy": copyright
networks }
Multi- e H
relational for describing temporal networks a node element and a link
neers element has an additional required property tg
Two-mode
networks . . )
igraph in R Example 1, Franzosi’s violence network / UTF-8 no sig
Pajek and R
netJSON and
Graph
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http://vladowiki.fmf.uni-lj.si/doku.php?id=notes:net:json:exbasic
https://github.com/bavla/Graph/blob/master/JSON/violenceU.json
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