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Introduction

 Framework Programmes are the main
funding tools of European Union to
support research

* (4-year funding schemes, currently FP7)

 Inter-national collaborations encouraged
(practically forced)



“Instruments”

Different schemes with varying targets

— STREP: Collaboration for research of ~8-10
partners

— IP: Integrated Projects, Large collaborations
of ~20 partners

— MCA: Marie-Curie Actions, Exchange of
students, postdocs, usually 2 partners

- SSA, CP, CPR ...



FP5 data (1998-2002)

84267 partners in 16558 contracts
27219 unique partners
147 countries

FP6 data (2002-2006)

69237 partners in 8861 contracts
19984 unique partners
154 countries



FP6 data

Instrument | Number of Projects | Number of partners | Partners/Project
(not unique)
STREP 2139 20023 9.36
P 696 17046 24.4
NOE 170 5078 29.8
MCA 3627 7169 1.97
SSA 1271 7560 5.9
CA 462 6666 14.4
1 85 945 11.1
13 11 293 26
CRAFT 348 3290 9.45
CLR 52 1069 20.5
Total 8861 69139 7.8




Why use these data?

 Reliable data: all collaborations are listed

« PRACTICAL PURPOSES:

— Using network theory can take us beyond
usual statistical analysis

« THEORETICAL PURPOSES:

— Easy to observe under different scales
» Relate directly networks and fractality




In how many projects did a
University participate during FP57
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In how many projects did a
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In how many projects did a
University participate during FP57
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Assuming random connections
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Degree distribution, P(k):
Probability that a node (partner) has k links (partnerships) with other nodes



Assuming random connections
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Degree distribution
of the projected network (FP5)
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Bipartite network
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24982 partners in the largest cluster (27219 total)
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Degree distribution
of the projected network (FP5)
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Coarse-grained networks (FP5)

[Partners, cities, province
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Degree distribution
of the projected network
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Conclusion: Enhanced collaboration with time



P(k)

Degree distributions for
collaborations in different

Instruments
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Degree distributions for
collaborations in different

INstruments
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Weights (number of collaborations
with a partner)

We consider as link weight
the number of collaborations between two partners



Weights
(average number of collaborations
with a partner)
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Weight of the strongest link

Strongest links
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What Is a
minimum spanning tree ?

e Add links In increasing weight order, as long as
they do not form loops. Continue until all nodes
are included.

e Here, weights are the number of collaborations
between two countries



FP6 Minimum Spanning Tree
(countries)




FP6 Minimum Spanning Tree
(countries)

© 15 EU members




FP6 Minimum Spanning Tree
(countries)

© 15 EU members
O 25 EU members
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We construct the MST for collaboration between countries in a given thematic area. Then
we focus on a given country, say Germany, and measure what percentage of the MST
nodes are connected to Germany. This shows how ‘central” Germany is in a given
thematic area. We repeat the same for UK. France and Italy. For example, in 3.
Nanoscience 65% of the nodes are directly connected to Germany, while in 4. Aero-
Space more than 80% are connected to France.
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1. LIFE

[} 500 km

g

El Maghreb

Alger

El Djazair

S

[Martinique |
(F)
Paramaribo
i F
Suriname (F) Réunion (F)
Brasil
Rossija
Moskva ®
5
.,
Lo,
X
Minsk ~’
\l
<N,
Belarus o S 2
i ey,
T el A ) k] ~,
N e
* Kyiv %
T
Ukraina

v';]aqva

m'ln.l‘h-\L

Qe

3

T e~ “  Agores (P)

e

a

Mncel:s ® “

=’ Canarias (E)ﬂ; ]

g e
. oﬁO ﬂ .

qqqqq \__,_f’"'\

Sakartvelo

Taird
s

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)

1 ‘ Candidate countries




0 500 km - :
e
q_
. s < Agores (P)
e
-
Madeira (P) o,
7 ‘e
- AL,
i
Canarias (E) ]
T 9 ﬂ ") ';.
g A
? @ O Martinique
: F)
Paramaribo
o F
yl Suriname (F) Réunion (F)
I Brasil
(]
I I I I Rossija
Moskva &
L
\-«
Lo
Minsk r‘-’
Bel \\ SN,
elarus I
N
_ 1 ey,
7T T A ‘\,\_/\J-»-«‘.\
* Kyiv "’(‘
Ukraina ‘?
—
d
l
!
oldgva N
higindtn b i
. L ;
wwwww e
Sakartvelo -_|
Thilisie ,—— 4
Azghi’vsﬂ"
Haiastah_
3 El Djazai i .
El Maghreb ; jazair Libnan ; °*"™ a
| an ¢ 7
{ /I )’- Dimashq,” .

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




2. IST
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3. Nano
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5. Food
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6. Susta

[} 500 km

v';]aqva

m'ln.l‘h-\L

Romania

Bucuresti @

Alger

El Maghreb El Djazair

/4}\%
?
H
7
¢
/
i

Jeeds

=)
: w&:\ Acores (P)

e

a

Madeira (P)

P ~h
\ = |
2 T
- Canarias (E) ﬂ o
Yowy, 4%
? @ O Martinique
: F)
Paramaribo
- r, Surinﬂm% (F) Réunion (F)
. 2
I ab I e Brasil
I l Rossija
Moskva ®
L
\-«
Lo,
Minsk r‘-’
\l o~
Belarus A g
. i ey,
7T T A 1\&\_/\-.""\"‘*.,\
* Kyiv %
e
Ukraina

B uth f
ris i e Dimashas” \,

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

qqqqq \__,_,‘ﬁr"'\

Sakartvelo

Taird
s

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km = <
e
q_
- T e “  Agores (P)
e
Madeira ;r) “
t 54 . »
Canarias (E) /| |o.
) 9 e
[ ] ﬁ ﬂ &
? L O Martinique
¢ (F)
Paramaribo
. f Surinﬂm% (F) Reunion (F)
- - ~
6. Sustainable
L]
Rossija
Moskva ®
)f\.-
¢ ,\v-u
1\ A
xl 7
. =1 by
Minsk r\\-’ \"\_)
Belarus t\’\“rl'\a ‘[::azaqsum
e e (v
S PRV ) 1=
r EF \/\_/\.H-\,—«,_,\ \,\F\_\
 Kyiv %
Ukraina 3
—

v';]aqva

m'h..l‘h-\L

/'f‘\.-.\

e

Sakartvelo 1\

Romania

Bucuresti @

# b 3 3 B i . o Ankara
= : ' ' y AP & Tarkiye
,/1‘*\

]

{

Alger

El Maghreb El Djazair

&
7 Souriya 7
n ¢ 7

M
e e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




0 500 km =
L |

g

7. Citizens

Alger

El Maghreb El Djazair

/4}\%
?
H
7
¢
/
i

Romania

Bucuresti @

Belarus

i
T el A )

[Martinique |
(F)
Paramaribo
o F
Suriname (F) Réunion (F)
Brasil
Rossija
Moskva ®
5
\-«
Lo,
X
J’"’
\1 <N,
I
e
by,
k] ~
RN N
N
* Kyiv %
T
Ukraina

v';]aqva

m'ln.l‘h-\L

3

Qe

=)
: w&:\ Acores (P)

e

a

Madeira (P)
y £

g e
. ogo ﬂ .

Canarias (E) ﬂ; ]

Acupwoia
ia
oﬁiﬁs’m
Libna

ris Beyrouth

qqqqq \__,_,‘ﬁr"'\
Sakartvelo

Taird
s

&
7 Souriya 7
n ¢ 7

M
e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km = <
@
q_
- T e “  Agores (P)
e
-
Madeira g-] "
t 5 . )
H
Canarias (E) ]
: 9 i
[ ] ﬁ ﬂ &
? L O Martinique
¢ (F)
Paramaribo
. f Surinﬂmi%’ (F) Reunion (F)
- - . o
/. Citizens
L]
Rossija
Moskva &
v
i ’v-u"
.’w r/
. s
ey 3
. > N
Minsk ;\\-’ =2
Belarus rLH'\ ‘[::azaqstan
g S, /
=TT A ) 2 2
s \/\_/\.H-\,—«,_,\ \,\F\_\
® Kyiv <
Ukraina 3
—
I’
{
o,

oldgva .

m'h..l‘h-\L

-.....-’\__,_fr"'\

Romania -~
Sakartvelo 1\

Bucuresti @

Tirkiye

i
Rabat ’ky Alger
4 2 s
El Maghreb EVDjazair " Souriya
n ¢ 7

¢

7
¢
/
1

M
e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




[} 500 km

g

Euratom

Alger

El Djazair

El Maghreb

S

@ e
s
C v @
P Agores (P)
T
-
Madeira (P)
2 s
\ = A=
Canarias (E)
a Q ﬂ (F!‘L -
g A
@ O Martinique
F)
Paramaribo
Surin-mi‘;:’ (F) Réunion (F)
Brasil
Rossija
Moskva &
L
\‘1
Lo
Minsk r‘-’
\1 <N,
Belarus ,-'*‘r 2
L i by
7T T A 1\&\_/\-.""\"‘*.,\
® Kyiv %
e
Ukraina

v';]aqva

m'ln.l‘h-\L

qqqqq ey ,‘ﬁ""\
Sakartvelo

Taird
s

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)

1 ‘ Candidate countries




[} 500 km

g

Euratom

Alger

El Maghreb El Djazair

ALR
?
H
7
¢
/
i

Romania

¢ .
s
C 7 @
P Agores (P)
e
-
Madeira (P) o,
8 ‘e
‘-\ — L,
i
El
. Canarias (E) ] o
Q Og ﬂ " .'
y @ (igiee]
F)
Paramaribo
o F
Suriname ( ) Réunion (F)
Brasil
Rossija
Moskva &
=
Lo
o~
\| <N,
r
N
1 ey,
k] ~
P SN
RN e |
® Kyiv "’r‘
Ukraina ‘?
—
d
l
!
oldgva Y
higindtn i e
. L /
e
wwwww Ny Lo
Sakartvelo -_]

M
e Dimashas” \,

&
7 Souriya 7
an ¢ rd

Thilisi e =~}
Azgﬁ’ygan

Haiastah_

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




[} 500 km

g

Horizontal

El Maghreb

Alger

El Djazair

S

[Martinique |
(F)
Paramaribo
i F
Suriname (F) Réunion (F)
Brasil
Rossija
Moskva ®
5
.,
Lo,
X
Minsk ~’
\l
<N,
Belarus o S 2
i ey,
T el A ) k] ~,
N e
* Kyiv %
T
Ukraina

v';]aqva

m'ln.l‘h-\L

Qe

3

T e~ “  Agores (P)

e

a

Mncel:s ® “

: Canarias (E) ﬂ;

g e
. oﬁO ﬂ .

qqqqq ey ,‘ﬁ""\
Sakartvelo

Taird
s

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km = <
@
q_
- T e “  Agores (P)
e
-
Madeira ;r) =
\ oz L,
i
Canarias (E) ]
: 9 IS
[ ] ﬁ ﬂ &
? L O Martinique
¢ (F)
Paramaribo
; f Suriname (F) Réunion {F)
- .
Horizontal Dl
-
Rossija
Moskva &
v
i ’v-u"
.’\ r/
~ ;
. S <
Minsk r\\-’ \"\_)
Belarus Uy ‘[Qazaqstan
L S, ?
=TT A ) b 2
g \/\_/\.H-\,—«,_,\ \,\F\_\
 Kyiv %
Ukraina 3
—
I’
{
o,
oldgva .
higind N -
. L 3 J
gl
Romania Rl

Alger

El Maghreb El Djazair

ALR
?
?
1
|
/
i

Bucuresti @

Sakartvelo 1\

Tirkiye

&
7 Souriya 7
an ¢ 7

M
e Dimashas” \,

TEERBTITERETIFITH T Member states of the European Union (2007)

‘ Candidate countries




Mobility

[} 500 km

g

Alger

El Maghreb El Djazair

S

w7

Y )

T e~ “  Agores (P)

e

a

Mncel:s ® “

: Canarias (E) ﬂ;

g e
. oﬁO ﬂ .

Martinique
(F)
Paramaribo
i F
- r' Suriname (F) Réunion (F)
Brasil
Rossija
Moskva ®
5
.,
L]
X
Minsk ~’
\l
<N,
Belarus o S 2
i ey,
T e M) 3 N,
sl
* Kyiv %
T
Ukraina

oldova

m'ln.l‘h-\L

Acupwoia
. ia
K"ﬂpoﬁ%’“’ *, Souriya
Kypro: Libnan ¢ e

ibris Maposis

qqqqq \__,_f’"'\

Sakartvelo

Taird
s

o
e

M
e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)

1 ‘ Candidate countries




0 500 km =

g

Paramaribo
i F
; f Suriname (F) Réunion {F)
- - :
MObI I Ity Brasil
Rossija
Moskva &
=
?’ ,v-u"
5 ¢
A /f
b, -~
. = <
Minsk ;\\-’ o~
Belarus L o7, ‘[::azaqsum
i ey, {
T el A ) ) e l_-‘,
TR, e
* Kyiv r_’r_
Ukraina 3
—

v';]aqva

m'h..l‘h-\L

Romania

Bucuresti @

Alger

El Maghreb El Djazair

ALR
?
?
1
|
/
i

@

Qe

=)
¢ eE;:\ Acores (P)

e

a

Madeira (P)
\ £

\
Ty A

Canarias (E) ﬂ;

Martinique
(F)

® Ankara

Tirkiye

Libna

Sakartvelo 1\

&
7 Souriya 7
n ¢ 7

M
e e Dimashas” \,

-..._,_’\__,_fr"'\

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




0 500 km =
L |

g

Policy support

Alger

El Maghreb El Djazair

/4}\%
?
H
7
¢
/
i

Romania

Bucuresti @

Belarus

i
T el A )

[Martinique |
(F)
Paramaribo
o F
Suriname (F) Réunion (F)
Brasil
Rossija
Moskva ®
5
\-«
Lo,
X
J’"’
\1 <N,
I
e
by,
k] ~
RN N
N
* Kyiv %
T
Ukraina

v';]aqva

m'ln.l‘h-\L

3

Qe

=)
: w&:\ Acores (P)

e

a

Madeira (P)
y £

g e
. ogo ﬂ .

Canarias (E) ﬂ; ]

Acupwoia
ia
oﬁiﬁs’m
Libna

ris Beyrouth

qqqqq \__,_,‘ﬁr"'\
Sakartvelo

Taird
s

&
7 Souriya 7
n ¢ 7

M
e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km =2 .
Qs
.

=)
¢ eQ‘:\ Acores (P)

e
Madeira g-] “.
' [ |
« Canarias (E) ﬂ

g e
. oﬁ O ﬂ .

Martinique
F)

g

Paramaribo
o =
; f Suriname (F) Réunion {F)
= - pa
Pollcy support
Rossija
Moskva &
=
,v-u"
s
w\-‘ ;
b, -~
Pl N,
Minsk ;\\-’ o~
Belarus r\’\“rl'\a ‘[::azaqstan
i ey, {
T el A ) ) e l_-‘,
N S ~ RN
® Kyiv Z, S,
T o,
Ukraina 3
—
/

-.....-’\__,_fr"'\

Romania -~
Sakartvelo 1\

Bucuresti @

A By N ) & ) \ " " i - \ > - hﬂ '7
«F EsPaﬁa ; Citta ot
¢ 4 - S E fet - B = ~ 2 '.I- L ) ™ @ Ankara

Tirkiye

Alger
Rabat pd

uni Ar. Tia s
4 S e i - gfkosia s
El Maghreb | Bl Diazair { KOmpOe~t Lonoss-+, souriya /
¢ ¢ Tounis ‘ K pros Libnah / o
{ ¥ = E ibris i e Dimashg” Y,

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




[} 500 km 3

Qe

T e “  Agores (P)

e

a

Madeira (P)
\ T -

Canarias (E) ﬂ;

9 o
. oﬁo ﬂ .

? Martinique
¢ (F)
Paramaribo
o
4 r’ Suriname (F) Reunion (F)
Research
y
. Rossija
Innovation
w\_‘
Lo,
Minsk ~’
A ~—
Belarus IL‘H R
e . ( by,
(¢ N ) 1\/\_/\__’_‘_\""\
* Kyiv (44
T

Ukraina

v';]aqva

m'ln.l‘h-\L

o /'f\.-.\
Roménia <3} /N —S N
Sakartvelo 1\
Bucuresti & Thilisi & i ;;
Haiastah_

Alger

El Djazair

Acupwoia
o osia //
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

El Maghreb

ALR
?
?
1
|
/
i

TEERBTITERETIFITH T Member states of the European Union (2007)

B | Candidate countries




0 500 km =

g

Research
Innovation

Alger

El Maghreb El Djazair

ALR
?
H
7
¢
/
i

w7

oldgva

Romania

Bucuresti &

m'h..l‘h-\L

@

(L

Q

=)
¢ eE;:\ Acores (P)

e

a

rd

Madeira (P)
[

Canarias (E) ﬂ; ]

9 e
. oﬁ O ﬂ .

L

® Ankara

Tirkiye

[Martinique |
(F)
Paramaribo
i F
Suriname ( ) Réunion (F)
\\ @ Brasil
Rossija
Moskva ®
)f\.-
[
/’ ’
\ 5
~
{
T i~
N 4
Balaria LJ_J.., L LQGZGQSMI‘\
p B
/ s‘_’\ {
T i ) Ui Lo
e \«-«.,\ A
* Kyiv % \)
% o,
Ukraina ‘?
—)
/

 Souriya

an ¢ 7

o bi N\
Pid mashe,

S )

Sakartvelo 1\

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




Infrastru

[} 500 km

g

Romania

Bucuresti @

Alger

El Maghreb El Djazair

/4}\%
?
H
7
¢
/
i

Belarus

w7

i
T el A )

’ <.
U i o S
2 1
- Canarias (E) ﬂ
g (Fs'&‘
L4 ﬂ -
@ O Martinique
(F)
Paramaribo
Surinﬂm% (F) Réunion (F)
Brasil
Rossija
Moskva ®
ﬁ\-‘
Lo,
o~
\1 <N,
I
fies [y
by,
k] ~
I -
RN ot |
* Kyiv %
T
Ukraina

oldova

m'ln.l‘h-\L

3

Qe

=)
: w&:\ Acores (P)

e

a

Madeira (P)

B uth f
ris i e Dimashas” \,

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

qqqqq \__,_,‘ﬁr"'\

Sakartvelo

Taird
s

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km

g

Infrastructure

Alger

El Maghreb El Djazair

ALR
?
¢
7
¢
{
i

v';]aqva

m'h..mL

Romania

Bucuresti @

@

o

Q

e

" e Agores (P)

a

Madeira (P)

i

rd

Canarias (E) ﬂs

9
tvy

Martinique
F)

(F)

Réunion (F)

pfhosi
Lefko:

Paramaribo
Surinﬂm%
Rossija
Moskva &
5
N
b,
&) =
Minsk 7
\\
i
Belarus P N \{
/ e,
T T A y N
N J.\,.\_\
* Kyiv <,
N
Ukraina Y
—
/

ia’
ia

Libna

 Souriya
n ¢

X
o e Dimashq,” .

o
4

\—'1.!,’\"\

Sakartvelo

Thilisie =}
Wan

Haiastah_

Taird
e

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




Science
Society

[} 500 km

v';]aqva

m'ln.l‘h-\L

Romania

Bucuresti @

El Maghreb

Alger

El Djazair

I

Ukraina

Jeeds

=)
: w&:\ Acores (P)

e

a

Madeira (P)
y £

Canarias (E) ﬂ;

g e
. ogo ﬂ .

? Martinique
: (F)
Paramaribo
o F
- r, Suriname (F) Réunion (F)
Brasil
& Rossija
Moskva ®
5
\-1
L]
X
Minsk ~’
\l
<N,
Belarus o S 2
i ey,
T e M) 3 N,
N e
* Kyiv %
T

qqqqq \__,_,‘ﬁr"'\

Sakartvelo

Taird
s

Acupwoia s
osia o
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

TEPRETTEH R Member states of the European Union (2007)
1 | Candidate countries




0 500 km =2 .
[ Qs
.

=)
¢ eE;:\ Acores (P)

e

a

Mat!el:a ® "

. Canarias (E) ﬂ; ]

g e
. oﬁ O ﬂ .

Martinique
(F)

g

Paramaribo

Surinﬂm% (F)

N AN

Science| & 7 £ Jfo “
Society ey, 4 A 7%« U=

Moskva ®

e
t yor?
N !
= ¢
ASS i
b, -~
. pl N
Minsk r\\- \"\_)
Belarus Uy ‘[Qazaqstan
o B
i ey, {
7T T e M) ) - =
NI W S S
\ N
® Kyiv <

Ukraina

v';]aqva

m'h..l‘h-\L

o’ f\.-.\
Romania

e

Sakartvelo 1\

Bucuresti @

Tirkiye

Alger

ALR
?
?
1
|
/
i

rd
o as i osia o
El Maghreb El Djazalr i Lefkosa-?, Souriya
{, Tounis S Libnagn ¢ /
3 5 : fevreuth e vimasha

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




0 500 km - é
)
B C — - ® Agores (P)
T
e
Mndelrs;l‘] =
W= o S .
2 1
ey Canarias (E)ﬂ o
Q o ﬁ ﬂ " .'
? @ O Martinique
: (F)
Paramaribo
o
- r' Suriname (F) Réunion (F)
I N Brasil
( :( ) Rossija
Moskva ®
1\_‘
Lo,
Minsk r‘-’
) ~—
Belarus ij’ \2
o . {] by,
r SN U
* Kyiv "’:‘
Ukraina

v';]aqva

m'ln.l‘h-\L

~ s
Romania -} [ J =7 —f
Sakartvelo

Taird
s

Bucuresti @

Alger

El Maghreb El Djazair

Acupwoia
o osia //
Lefkosa-, Souriya
Libnan ¢ o

B uth f
ris i e Dimashas” \,

S

TEPRETTEH R Member states of the European Union (2007)

1 ‘ Candidate countries




INCO

[} 500 km

g

Alger

El Maghreb El Djazair

ALR
?
H
7
¢
/
i

@

Qe

T e “  Agores (P)

e
Madeira (P) o,
- -
Canarias (E) 7| lou
Q ﬂ (F) "«.’
g 4%
@ O Martinique
F)
Paramaribo
Surinﬂm% (F) Réunion (F)
Brasil
Rossija
Dskva ®
e,
NI WS ~
® Kyiv "’r‘
Ukraina ‘?
-

v';]aqva

m'h..l‘h-\L

Romania

Bucuresti @

 Souriya
n ¢

M
e Dimashas” \,

o
4

\__.l_fr"'\

Sakartvelo

Thilisi e =~}
Azgﬁ’ygan

Haiastah_

Taird
s

TEPRETTEH R Member states of the European Union (2007)
! | Candidate countries




[} 500 km :

Qe

T e “  Agores (P)

e

a

Madeira (P)
\ T -

Canarias (E) ﬂ;

9 o
y 06 O ﬂ ’

Martinique
(F)

g

Paramaribo
o r’ Surinﬂm% (F) )
Coordination
. IR Rossija
of activities
ﬁ\.‘l-
LU
Belarus Uy
s N
=TT e M) 1\/\_/\-}\'_\'\
® Kyiv <
Ukraina :

v';]aqva

m'ln.l‘h-\L

o /'f\.-.\
Roménia <3} /N —S N
Sakartvelo 1\
Bucuresti & Thilisi & i ;;
Haiastah_

Alger

El Djazair

osia //
Lefkosar 2, Souriya
Libnan ¢ o

M
e Dimashas” \,

El Maghreb

ALR
?
?
1
|
/
i

TEERBTITERETIFITH T Member states of the European Union (2007)

B | Candidate countries




Coordin

of activities

[} 500 km 5
)

(L

=)
¢ eQ‘:\ Acores (P)

e

a

Madeira (P)
y&

L
]

Canarias (E) ﬂ;

9 e
. oﬁ O ﬂ .

Martinique
F)

g

Paramaribo
o F
- f Suriname (F) Réunion (F)
. ) o
t I Brasil
E i O I l Rossija
Moskva ®
)f\.-
H 7

"\ 5

Lo <

. Pl 5

Minsk r\‘-’ \'\-')

Belarus r.‘_\,.ff\a ‘[?azaqstﬂn
i ey, !
T i ) A k=
AR, L N
* Kyiv % \)
% o,
Ukraina ‘?
—)
/
{
o0~ N,

oldgva .

-.....-’\__,_fr"'\

Sakartvelo 1\

Thilisi e =~}
Azgﬁ’ygan

Haiastah_

Romania

Bucuresti &

p 3 B .._\- \ N
"> Espafa N o &
( £ 8 del o b = : = o F—

Tirkiye

o
Rabat k} Ay Acypuwaia S,
} El Djazair / Kompdg~'Tiona ) ;
El Maghreb | 1 ¢ 3 0sa-7, Souriya 7
¢ 4, Tounis Kypros Libnan / =
A e i
¢ § ibris et e Dimasha,” .

TEPRETTEH R Member states of the European Union (2007)

! ‘ Candidate countries




Available online at www.sciencedirect.com

"*.° ScienceDirect PHYSICA /

ELSEVIER Physica A 384 (2007) 675-683

[]

www elsevier.com/locate/physa

The network of scientific collaborations within the European
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Abstract

We use the emergent field of complex networks to analyze the network of scientific collaborations between entities
(universities, research orgamzations, industry related companies,...) which collaborate in the context of the so-called
framework programme. We demonstrate here that it is a scale-free network with an accelerated growth. which implies that
the creation of new collaborations is encouraged. Moreover, these collaborations possess hierarchical modularity.
Likewise, we lind that the information flow depends on the size ol the participants but not on geographical constraints.

©) 2007 Elsevier B.V. All rights reserved.
PACS: 05.10.—a; 89.65.—s; 89.75.—k

Keywords: Complex networks; Accelerated growth; Hierarchical modularity



CONCLUSIONS

 Network theory can help us address
guestions of importance to research
policy-makers

e The same collaboration databases reveal
significant self-organization principles



Boxing a network

How to “zoom out” of a complex network?

» Generate boxes where all

,.__.\5.1\!{7/2,'1% . nodes are within a distance IB

?Za\\i-’\‘ » Calculate number of boxes, N B
/‘{C N of size |B needed to cover the

? network

NB (IB) = IB_dB

(Song, Havlin, and Makse, Nature 2005, Nature Physics 2006)



Larger distances need fewer boxes

0,=4

N, =4

N =3 Ng(lg) ~ IB_dB

N_% —— fractal
/ "

log(lp)

N, =2

non fractal

d, > o

\ log(Ng)



Renormalization in Complex Networks

Now, regard each
box as a single ¢ = :
node and ask what  © @ = M::’ '_" =
IS the degree :

distribution of the
network of boxes b= 3 = M:ﬁ; .
at different scales

sl e e .



Renormalization of WWW network with £, =3
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Renormalization of the FP5
collaboration network

Original network
Stage 1
Stage 2
Stage 3
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Are they fractal?
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