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Axiom O
Real World = Models of parts of the world

Human thinking

The human mind thinks about relations between
objects, thinks, concepts, agents, ...

1 — j§ oriented

Relations 4+ Objects — Network, graph

— Emergence creates new structures and func-
tions by cooperation

— Nonlocal phenomena arise out of local inter-
actions



Bridges between Probability Theory and Graph
T heory

— Bridge 1: The Probabilistic Method
Ramsey 1930 Erdos-Renyi 1959
“Complete disorder is impossible”
(2, A,P) ~ probability space of random graphs

P ~ graph property

Platonic existence proof of

P(P)>0= graphs satisfying property P

— Bridge 2: Graphs (and non negative symmetric
real matrices) as probabilistic manifolds

G = (V7 E) (MT,Gag)
MT,G ~ RN-1
V=N T ~ random walk

gi; ~ commute time
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In classical graph theory:
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The shortest-path distance, insensitive to
the structure of the graph:

d(i,j)=minl (W (i > )).

w(r) .

The distance = “a Feynman path integral”

sensitive to the global structure of the graph.
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The future poverty
hiding in cities

MARCUS CHOWN
IF YOU worry that your
neighbourhood is going downhill,
there could be a way to spot the
signs before it happens. You
might unwittingly be living in
an area designed to foster crime,
deprivation and ghettoisation,
according to two mathematicians
who have developed a method to
spot hidden areas of geographical
isolation in the urbanlandscape.
Many neighbourhoods
are cut off from other parts
of the city by poor transport
links and haphazard urban
planning, which can often lead
to social ills. “Geographical
fsolatlon is a prime cause of social
deprivation, economic inactivity
and crime,” says Dimitry
Volchenkov at the University
of Bielefeld in Germany.
Sociologists think that
{solation worsens an area’s
economic prospects by reducing
opportunitles for commerce, and
engenders a sense of isolation in
inhabitants, both of which can

8 | NewScientist |3 November 2007

fuel poverty and crime. For
example, Laura Vaughan at
University College London
analysed street-by-street poverty
in London over the past century
and showed that inaccessible
areas attract poorer inhabitants
(World Architecture, vol 185, p 88).

Unfortunately, urban planners
and governments have often
failed to take such isolation into
account when shaping the city
landscape, not least because
isolation can sometimes be
difficult to quantify in the
complex fabric of a major city.

Now Volchenkov and colleague
Philippe Blanchard have created
an algorithm that aims to capture
aneighbourhood's inaccessibility,
which they claim could expose
hidden islands of future
deprivation in citfes (http://arxiv.
org/abs/0710.3021).

To test thelr equations,
Volchenkov and Blanchard
analysed how easy itis togetto
various places on the labyrinthine
network of canals in Venice, Italy.
They chose the city because its

96 canals, which snake around
122 small islands, provided a
simple model to test the method.
For their calculations, they
imagined gondoliers dispersing
randomly along the canals, as if
they were drunk. This allowed
them to work out the average
number of random turns at
junctions it would take to reach
any particular place in Venice
from various starting points.

Not surprisingly, the Grand
Canal, the giant Giudecca Canal
and the Venetian Lagoon were
the most connected, says
Volchenkov (see Map). In contrast,
the researchers found that one
district — the Venetian Ghetto -
jumped out as by far the most
isolated, despite being apparently
well connected to the rest of
the city. “On average, it took
300 random steps to reach,
far more than the average of
100 steps for other places in
Venice,” says Volchenkov.

The Ghetto was created in
March 1516 to separate Jews from
the Christian majority of Venice.
It persisted until 1797, when
Napoleon conquered the city and
demolished the Ghetto's gates.
“You would never guess that the
Ghetto was the most isolated
district from the geography of
Venice,” says Volchenkov.

Although Venice was a simple
place to analyse, Volchenkov

says that their method could
easily be used to identify
isolated neighbourhoods in big
cities with a complex web of
roads, walkways and public
transport systems.

For example, he believes that
the Bowery, which was a deprived
district of New York for most of
the 20th century, might have
been isolated from nearby areas
at the time. “In existing cities,
efforts should be made to

“Geographical isolation is a prime
cause of social deprivation,
economic inactivity and crime,
but can be hard to quantify”

reconnect isolated districts,
perhaps by building tunnels
and bridges,” Volchenkov says.
Geoffrey Ingarfield, a housing
expert at Middlesex University
in London, points to an example
inthe UK where planners
did the opposite in the 1970s,
upgrading a major road and
splitting a neighbourhood
in two. “The widening of the
A13 in Newham, London,
completely isolated the area to
the immediate south, causing
shops and the last secondary
school to close,” he says. “Unable
to cross the road, the people to
the south became more isolated
and socially deprived.” @

The Venetian Ghetto is three times as isolated as the average district, despite being
geographically close to the centre of the city

www.newscientlst.com



é:éﬁwe%ﬁ& keﬁf{-ﬁeﬂ%ﬁt% Eﬁ ZW 7};@&;0@1/?5

l«{’ ( Uz P Wovds
2

N w,, W. =
D( 2y Z) 4“4)((/‘(/4// /‘(/L/)

Vv, W et Listaa
Il

/z«f‘m'md/ qué& # /'étaler'lf'uugj

Lol ltins or tdihiltne
needed to Trawdosa W, — W,

|| = #H=( davectarn i« w

D i, Mtk ) = =

5«4/4/44 /5 /J‘SIL = Zoe maeam‘&gA é‘ﬁ@ﬁ‘a//?.
vesistead +o dage

'é / é 2 /&2«4_?«4&4; R

100,040 ) - > D w, P

& =
o/ H/M{edtn'qg ’ A &24?7[‘
V' = 9 ( laeguap, )



A

- %méﬂ/ 1 gk %
’Zl{z, Z—dpé'&.'du [

(L77). ~ Lt peaefe Fiue

(L_”/J(}' v qu&'ﬁé '(% :'k?é@'qé/a«ca A;Z
2 tadow Walls M&g zt
b ad £ . ;/Qr/cﬁ'uée/g_
% A ; & janve ( tou aﬁﬁ LT

A k< N
oV

by (C/:/;)/ Y4 0), - ‘7’;&»)



o é‘ﬁmﬂ”ll'{%iﬁt /Mﬁ/-é)(
mﬁw/ﬂ/ﬁﬁ/ l//thm/ﬂﬁc/k ‘f’(‘mji')CgV Sk e 8 |
Time 15 A4 VEssowurce /

”\Jf; o= miv - W

0 Lihomogeneity of te popeation

@ t —> Ruudow yanable ef

z/;zLﬂbu‘lzm Jp( )

°’;' Pk o ~g) = o)

E (4 edqrs) « Vo [t gt

5%4%&@ gﬁfcfls
2 /7L€”"7L Soc ".“/ S?Lra ctreves
Slivat ¥, g )= 0:) €00
Mlc.é#t'f/léd"z}\/-é 9{ Kw‘;, %}-— ” dJ
frldibive Y ¥, 0;)= o) +405,)

5/‘9(,(/5 4&0/14 SEP

& /0&4[ (/‘/ag‘/?flﬂf {dé’(e/é rm‘e: §)E/P
, —7"" L i Mﬁ'/z ‘sz
@‘9 rism_ane FP[‘ ase | Tt tion gy ~ g (227 )

o a nadral phpit  terroriom Ao pRSSIVE SUpp orter

7 o wctve terrocist -
F hase fransition © s 7 M/-«’C@/( 09 collateral J//f“‘-‘fﬂg*
2 a HF( chdualbres ) p(x L '/9 Afg e weistere
N M/'/rﬁL@fj (ol idiom ~- -



FPIDEMIC PROcESCES « SEPP &P 2 6. horil 2073

— — "

.ﬁ 2;/0) ‘nlectipn slates 07{ i ot Fime & —ﬂ
2.0 edo 4,2, P5
[ non /h.,é;/’e;(/ A /"4712&/2;(/‘..

B () =fd]d~<T |
Frob 1 2.(:) = é} —_—]{/(,1; (ﬂg/g;) .,p@(z%%m)

T
%/pég/ 4’/5/ Wi S

local 4/4@«1‘69 7‘
0[ /h.{eof:zﬂ‘f
Prok ( § rifects ¢ ) = > s (infected ia Byl2)
£0¢) = 4 - (4=>)
NEHO FTE dwe-Zef H(infectel e B ()

—

éut" socizl /n][eo‘&ou
o _L_Am.é.dé...é&f
#‘{&WWQ% i?é,«éféor‘; ) < A

T/\ = & \/Ef(:_;; _f'mz‘//
= A

#‘ [ 'h-,éebfeag Vlé(%éﬁfé) =

N = A - ¢’/ g’ small
/

Hédh )[m/p( dé?(»’—@u/én@
Y infected 4t Fine ¢) )
= 4. ¢ : é

éé Ao udition 9_% /‘47224/2,( af- e

Fre valewe

I\



Y 7M“ i % \.. .

N ~ 'I / @+
i

. e

METWORK MODEL < oY [

Ra0 ColLAzosaTION N h‘.\-.

Newsletter #5

October 2008

b

R&D NETWORKS ACROSS EUROPEAN REGIONS

What determines the spatial configuration of R&D collaboration networks in
Europe at a regional level? A deeper understanding of this issue is urgently
needed for future governance of science, technology and innovation policies in the
European Union. Within the NEMO project, this issue is addressed by means of
exploratory spatial data analysis as well as spatial interaction modelling.

The spatial region-by-region
R&D network of the Fifth EU
Framework Programme (1998-
2002) is visualised in Figure 1.
The nodes represent regions
(NUTS2), and their size is re-
lated to the number of links
connected to a region. The cen-
tral hub in this spatial network
is Ile-de-France. A high density
can also be observed for south-
eastern regions of the UK,
northern Italian regions, south-
ern and western regions in Ger-
many, the Netherlands and
Switzerland as well as for the
capital regions in Greece and
Spain. The number of links to
Eastern European regions is
quite low. The maximum num-
ber of collaborations is 6,152,
referring to intraregional col-
laborations within the region of
lle-de-France, while the maxi-
mum interregional collaboration

activity (1,609 collaborations)
(continued on page 2)

Figure 1: Cross-region R&D collaborations in Europe as captured by research
projects funded by EU FP5. [Schemngell T., Barber M. (2008), Spatial Interac-
tion Modelling of Cross-Region R&D Collaborations. Empirical Evidence from
the EU Framework Programmes. Papers in Regional Science, forthcoming]

GE NEMO NEWSLETTER

The objective of the periodic NEMO Newsletter is to pro-
vide a platform of interdisciplinary information exchange
and discourse for all sciences concerned with complex
interorganisational R&D collaboration networks, and to
promote the NEMO project worldwide. The Newsletter will
offer regular insights into the NEMO project and docu-
ment its results including previews of NEMO publications.

Other continuous features include the publication of short
articles, comments on interesting links, and information
about events or publications which are located in the area
of our research. External contributions are welcome and
should be addressed to the editor, The Newsletter is pub-
lished quarterly on the NEMO website

Qp //www.nemo-net.eu
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Springer Series in Synergetics

Philippe Blanchard - Dimitri Volchenkov
Random Walks and Diffusions on Graphs and Databases
An Introduction

Most networks and databases that humans have to deal with contain
large, albeit finite number of units. Their structure, for maintaining
functional consistency of the components, is essentially not random and
calls for a precise quantilative descriplion of relations between nodes (or
data units) and all network components.

This book is an introduction, for both graduate students and newcomers
to the field, to the theory of graphs and random walks on such graphs.
The methods based on random walks and diffusions for exploring the
structure of finite connected graphs and databases are reviewed (Markov
chain analysis). This provides the necessary basis for consistently
discussing a number of applicalions such diverse as electric resistance
networks, estimation of land prices, urban planning, linguistic databases,
music, and gene expression regulatory networks.

Physics
ISSN0172-7389

ISBN #78-3.642-19591.4

i

364271950914

» springer.com
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A variety of random walks at different scales

An example of equivalence relation:

walks of the given length n starting at the same node are equivalent.

Equiprobable walks:
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e The Swadesh list contains terms which are common to all

. cultures and which concern the basic activities of humans
you (singular)

he
we K . . z
you (plural) MiL = MILK Levenshtein (Milch, Milk) =2
they
this Levenshtein distance (edit distance) is a measure of the similarity between two
that strings, the number of deletions, insertions, or substitutions required to transform
here oneinto another.
there
who K : : : TR
Y ML = MILK Normalized Levenshtein (Milch, Milk )} =2/5
what
where the edit distance divided by the number of characters of the longer of the two
when
how [
not Dist ?:F.T.QM Norm.Levenshtein (u,,v, ) €[0,1],
all n=l

many ... x# and v have the same meaning,




Distance between languages by
lexicostatistics

» Levenshtein distance (edit distance)

is @ measure of the similarity between two strings - the number of
deletions, insertions, or substitutions required to transform one into
another.

K Normalized Levenshtein distance (Milch, Milk )
\Sz.%/ = ALK by the maximal length of the two =Zlo

e The Swadesh list contains terms which are common to all cultures and
which concern the basic activities of humans.

N\.FE@ E_@H_%u I, you (singular),he, we, you (plural), they, this, etc...

~ 200

200 o
u and v have the same meaning.

Dist(L,,L,)= Norm.Levenshtein (u,,v, )€ [0,1],
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Attesting historical events

270’ J2xt

Anchor events:

e

the last Celtic migration (to the Balkans and Asia Minor) (300 BC),
the division of the Roman Empire (500 AD),

the migration of German tribes to the Danube River (100 AD),

the establishment of the Avars Khaganate (590 AD) overspreading
Slavic people who did the bulk of the fighting across Europe.

1/6* =(1.367£0.002)-10°



Can we hear first-passage times?

F. Liszt Consolation-No1 Bach_Prelude_ BWV999
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