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Networks
A networkN = (V, L, P, W)
consists of:

g ° agraph g = (V7£), wherey

i e is the set of vertices and =
RV £ U A'is the set of lines (links,
o e Y ties). Undirected lines are
o qm,z%mgj:l; : . callededgesand directed lines
VAU Q;w .} ququ 2= Aare calledarcs
n = cardV), m = card £)
Urutia @
- ) e P vertex value functions
.

propertiesp: VY — A

e WV line value function$
weights:w: L — B

N /
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/ Cuts \

e Thevertex-cutof a network\ = (V, L, p), p: V — IR, at selected
levelt is a subnetworld/(¢) = (V', L(V'), p), determined by

Vi={veV:pl) >t}
andL(V') is the set of lines front that have both endpoints .

e Theline-cutof a networkNV = (V, L, w), w: L — IR, at selected level
t is a subnetworlV(¢) = (V(L'), L', w), determined by

L' ={ee L:w(e) >t}
and)(L') is the set of all endpoints of the lines frof.

e The line-cut at levet is a vertex-cut at the same level for

p(v) = ax w(v, u)
k where we preserve only lines with(e) > t. /
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Simple analysis using cuts

e After making a cut at selected levielve look at the components of the
N (t). Their number and sizes dependonJsually there are many
small and some large components. Often we consider only compongnts
of size at leask and not exceeding’. The components of size smallef
thank are discarded as noninteresting, and the components of siZe
larger thank™ are cut again at some higher level.

e The values of thresholds £ and K are determined by inspecting
the distribution of vertex/line values and the distribution of compongnt
sizes and considering additional knowledge about the nature of network
or goals of analysis.

N /
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Cuts and islands

N
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Vertex islands

e Nonempty subset of verticésC V is avertex islandglif

— the corresponding induced subgraplc = (C, £(C)) is connected,
and

— the values of the vertices in the neighborhood’ @fre less than or
equal to the values of vertices frafm

a < mi
e )p(U) < min p(v)

e Vertex islandC C V is aregular vertex islangdif the stronger condition
holds:

ma, u) < minp(v
UGN(%)p( ) < minp(v)

N /
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Some properties of vertex islands

~

The sets of vertices of connected components of vertex-cut at sele¢ted

levelt are regular vertex islands.

The setH,, () of all regular vertex islands of netwos¥ is a complete

hierarchy:

— two islands are disjoint or one of them is a subset of the other

— each vertex belongs to at least one island

Vertex islands are invariant for the strictly increasing transformations

of the propertyp.

Two linked vertices cannot belong to two disjoint regular vertex islangs.

/
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Algorithm for determining maximal regular vertex islands

~

of limited size

We sink the network into the water, then we lower the water level step
by step.

Each time a new vertex appears from the water, we check with which
of the already visible islands is connected.

We join these islands and the vertewbtaining a new (larger) island.
These islands areubisland<f the new island.
Vertexw Is aport of the new island (the vertex with the smallest valug).

This can be done i®(max(nlogn,m)) time.

/
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algorithm: hierarchy of islands ...

islands := ()

sort) in decreasing order according o

for eachv € V (in the obtained ordeildo begin
island := new I sland()
1sland.port := v
island.subislands := {i € islands: 1N N(v) # 0}
islands := islands U {island} \ island.subislands
for eachi € island.subislands doi.regular := p(i.port) > p(v)
determine the type afsland

end

for eachi € islands doi.regular := true

N /
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... algorithm: list of islands

L:=10(
while islands # () do begin
selectisland € islands
islands := islands \ {island}
if |island| < min then deleteisland
else if|island| > max V —island.regular then begin
1slands := i1slands U 1sland.subislands
deleteisland
end
elsel := L U {island}
end

/
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Simple vertex islands

The set of vertice€ C V is alocal vertex peakif it is a regular vertex
Island and all of its vertices have the same value.

Vertex island with a single local vertex peak is callegi@ple vertex
Island
The types of vertex islands:

— FLAT — all vertices have the same value

— SINGLE — island has a single local vertex peak

— MULTI —island has more than one local vertex peaks

Only the islands of typELAT or SINGLE are simple islands.

/
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Determining the type of vertex island

if |island.subislands| = 0 then island.type := FLAT
else if|island.subislands| = 1 then begin
select; € island.subislands
if i.type # FLAT then island.type := 1.type
else ifp(i.port) = p(v) then island.type := FLAT
elseisland.type := SINGLE
end
else begin
for each: € island.subislands do begin
ok := i.type = FLAT A p(i.port) = p(v)
if ok then break
end
if ok then island.type := FLAT
elseisland.type := MULTI
end

/
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Line islands

e The setof vertice§ C Visaline island ifitis a singleton (degenerated
island) or there exists a spanning tféeon C such that the values of

lines with exactly one endpoint i are less than or equal to the values
of lines of the tree’ .

max w((u;v)) < min w(e)

(u;v)EL: T GEL(T)
ueECNVEC

e Line islandC C V is areqgular line island if the stronger condition

holds:
max w((u;v)) < eérrél(nﬂw(e)
uECNVEC

N /
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Some properties of line islands

e The sets of vertices of connected components of line-cut at select
levelt are regular line islands.

e The setH,,(N) of all nondegenerated regular line islands of networ
N is hierarchy (not necessarily complete):

— two islands are disjoint or one of them is a subset of the other

e Line islands are invariant for the strictly increasing transformations
the weightw.

e Two linked vertices may belong to two disjoint regular line islands.

13
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Algorithm for determining maximal regular line islands of
limited size

e We sink the network into the water, then we lower the water level step
by step.

e Each time a new line appears from the water, we check with which|
of the already visible islands is connected (there are exactly two such
Islands).

e \We join these two islands obtaining a new (larger) island.
These islands areubislandf the new island.
Line e is aport of the new island (not necessarily the line with the
smallest value).

e This can be done id(m logn) time.

N /
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islands := {{v}:v € V}
for eachi € islands doi.port := null
sort£ in decreasing order accordingdo
for eache(u;v) € L (in the obtained ordedo begin
11 := 1sland € islands : u € island
12 :=island € islands : v € island
if 41 # 22 then begin
island := new I sland()
1sland.port := e
1sland.subislandl := 11
1sland.subisland2 := 12
islands := islands U {island} \ {i1,i2}
il.regular := il.port = null vV w(il.port) > w(e)
i2.regular := i2.port = null V w(i2.port) > w(e)
end
determine the type afsland
end
k for eacht € islands doi.regular := true

/ algorithm: hierarchy of islands ...

/
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... algorithm: list of islands

L:=10
while islands # () do begin
selectisland € subislands
subislands := subislands \ {island}
if |island| < min then deleteisland
else if|island| > max V —island.regular then begin

islands := islands U {island.subislandl, island.subisland2}

deletezsland
end
elsel := L U {island}
end

/
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Simple line islands

network, in which all lines have the same value as the line with thé¢

largest value.

e The types of line islands:

— FLAT —there exists a spanning tree, in which all lines have the sg

value as the line with the largest value.

— SINGLE — island has a single local line peak.

17

~

e The set of vertice€ C V is alocal line peakif it is a regular line
Island and there exists a spanning tree of the corresponding induced

e Line island with a single local line peak is calledianple line island

— MULTI —island has more than one local line peaks.

e Only the islands of typ€LAT or SINGLE are simple islands.
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Determining the type of line islands

pl :=il.type = FLAT A (il.port = null V w(il.port) = w(e))
p2 1= i2.type = FLAT A (i2.port = null V w(i2.port) = w(e))

if p1 A p2thenisland.type := FLAT
else ifpl V p2 then island.type := SINGLE
elseisland.type := MULTI

/
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Example: Reuters Terror News

~

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 s its frequency. It has

n = 13332 vertices and

m

243447 edges. /

2004, Karlsruhe
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Example: US Patents

~

The citation network of US patents from
1963 to 1999 Ifttp://www.nber.org/

patents/ ) is an example of very large net-
work (3774768 vertices and 16522438 arcs) the
using some special options Pajek , can still

be analyzed on PC with at least 1 G memory.

The islands algorithm was applied on Hummon
Doreian SPC weights.

The obtained main island is presented in thr
of

figure. The vertices represent patents, the size
a line is proportional to its weight. Collecting
from the United States Patent and Trademark
Office (http://patft.uspto.gov/

netahtml/srchnum.htm ) the basic data

about the patents we can see that they deal with

the 'liquid crystal displays’.

20
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Example: The Edinburgh Associative Thesaurus

of word associations as collected from subjects.

e The data were collected by asking several people to say a word wh
first comes to their mind upon receiving the stimulus word.

e The network contains 23219 vertices (words) and 325624 arcs

(stimulus—response), including 564 loops. Almost 70% of arcs
have value 1.

e The subjects were mostly undergraduates from a wide variety of Brif
universities. The age range of the subjects was from 17 to 22 with

mode of 19. The sex distribution was 64 per cent male and 36 per ¢
female. The data were collected between June 1968 and May 1971.

21

e The Edinburgh Associative Thesaurus is a set of words and the coynts

ich

Ish
a
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Transitivity weight

e We would like to identify the most important themes — groups of worfds
with the strongest ties.

e For each arc we determined its weight by counting, to how many
transitive triangles it belongs (we are also interested in indirect ties)|

e There are 53 line islands of size at least 5 and at most 30. They contain
664 vertices (all together).

N /
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Selected themes in EAT
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Selected themes in EAT
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We took the number of cyclic triangles as weights on arcs.
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Island of Catherine Cookson novels
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O
dy on My Left C.Cookson - The Round Tower

c.Cookson - SilentW A e
S ' C.Cookson, D. Yallop - My Beloved Son
OC.Cookson - Heritage of Folly&fh’e Fen Tiyer \?5 o
_, “C.Cookson - Ruthless Need C.Cookson - Feathers in the Fire

® .
C.Cooks;ﬂ - The Solace (‘Sln
-~ O r/ .
/ I/ Qkfookson, Donnelly - Pure as the Lily

O . 7 .
C.Cookson - Rooney & t:iNlce/BL : Two Wonderful Novels in One Volume OC.Cookson - The Girl
/ / o/ oC.Cookson - The Fifteen Streets: A Novel
O/’// C.Cookson - Fanny McBride c.Cookson - The Cultured Handmaiden

Cookson - Bondage of Love

“c.Cookson - K. Mulholland

O . .
C.Cookson - Tilly TrotteMAn Omnibus OC.Cookson - The Harrogate Secret

C.Cookson - Tinker's Girl ©c.Cookson, W.J. Burley - The Rag Nymph

2 CATHERINE
! (OOKSON ‘;
.
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OE.J.Soukup - Facet Cutters Handbook (Gembooks)

OA.L.Matlins - The Pearl Book: The Definitive Buying Guide
How to Select, Buy, Care for & Enjoy Pearls

.Kunz, C.H.Stevenson - The Book of the Pearl: The History, Art, Science and Industry

OR.Newman - Pearl Buying Guide:
How to Evaluate, Identify and Select Pearls & Pearl Jewelry

.Landman, et al - Pearls: A Natural History
OR.Newman - Pearl Buying Guide (Gem and Jewelry Buying Guides)

OA.Forsyth, et al - Jades from China
.Ward - Pearls

1OF.Ward - Rubies & Sapphires (Fred Ward Gem Book Series)

\Y

=~CWaN,- Pf@monds, Third Edition

O, —
N F.Ward - Jade

ard - Emeralds (Fred Ward Gem Books)

7 !1 W, ;
/ oR.Keverne - Jade

4 @
Fward, C.Ward - opalsF.Ward, C.Ward - Gem Care

OJ.Rawson, etal -

OPB.Downing - Opal Adventures (Rocks, Minerals and Gemstones) Chinese Jade from the Neolithic to the Qing

OL.Zaral - Jade
OP.B.Downing - Opal Identification & Value

@) 3 . OC.Scott—CIark, A.Levy - The Stone of Heaven:
P.B.Downing - Opal Cutting Made Easy (Jewelry Crafts) Unearthing the Secret History of Imperial Green Jade

OP.B.Downing - Opal: Advanced Cutting & Setting

OP.D.Kraus - Introduction to Lapidary (Jewelry Crafts)

©) .
G.Vargas, M.Vargas - Faceting for Amateurs 93.R.Cox - Cabochon Cutting (Gembooks)

O.].R.Cox - A Gem Cutter's Handbook: Advanced Cabochon Cutting

OH.C.Dake - The Art of Gem Cultting: Including Cabochons
Faceting, Spheres, Tumbling, and Special Techniques (Gembooks)
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/ Conclusions \

e \We proposed an approach to the analysis of networks that can be ysed
also for very large networks with millions of vertices and lines.

<

e The proposed approach is very general — it can be applied to any
property of vertices (vertex islands) and to any weight on lines (lin¢
Islands).

e The islands algorithms are implementedAajek — a program (for
Windows) for large network analysis and visualization
http://vlado.fmf.uni-lj.si/pub/networks/pajek/

They are available also as a separate program at

http://vlado.fmf.uni-lj.si/pub/networks/

e The last version of these slides Is available at

K http://vlado.fmf.uni-lj.si/pub/networks/doc/mix/islands.pdf /
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