
M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 1/841/84

Toward Toward a a mechanistic mechanistic 
approach approach of of 

macroeconomy macroeconomy 

Marcel Ausloos
7 rue des Chartreux, B-4122 Plainevaux

Previously atPreviously at
Group for Research and Applications of Physics in Economy and SoGroup for Research and Applications of Physics in Economy and Sociologyciology

A

P E

S

G R



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 2/842/84

with
Mircea GligorMircea Gligor,, NeamtNeamt, Romania , Romania 

Janusz MiskiewiczJanusz Miskiewicz,, Wroclaw, PolandWroclaw, Poland
Francisco Francisco Redelico Redelico & & Araceli Araceli Proto,Proto, Buenos Aires, ArgentinaBuenos Aires, Argentina

Community Community extraction extraction 
through through network network 

structural structural analysisanalysis



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 3/843/84

Fluctuations and CorrelationsFluctuations and Correlations
…………………………………………………………

Countries characterized by macroCountries characterized by macro--economic economic 
indicatorsindicators

…………………………………………………………
A cluster expansionA cluster expansion--like methodlike method

…………………………………………………………
(Evolving) Weighted Networks (Evolving) Weighted Networks 

with Vectorwith Vector--like Nodeslike Nodes
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Globalization through distance correlationsGlobalization through distance correlations
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Please read/see : (1)Please read/see : (1)
�� M. M. Gligor Gligor & M. A., Cluster structure of EU& M. A., Cluster structure of EU--15 countries derived from the 15 countries derived from the 

correlation matrix  analysis of macroeconomic indices fluctuatiocorrelation matrix  analysis of macroeconomic indices fluctuations, ns, EurEur. . 
Phys. J. B  57 (2007) 139Phys. J. B  57 (2007) 139--146146

�� M. M. Gligor Gligor & M. A., Convergence and cluster structures in EU area & M. A., Convergence and cluster structures in EU area 
according to fluctuations in macroeconomic indices, J. Econ. Intaccording to fluctuations in macroeconomic indices, J. Econ. Integration 23  egration 23  
(2008) 297(2008) 297--330330

�� M. A. M. A. & M. & M. GligorGligor, Cluster Expansion Method for Evolving Weighted , Cluster Expansion Method for Evolving Weighted 
Networks Having VectorNetworks Having Vector--like Nodes, like Nodes, Acta  Acta  Phys. Phys. PolonPolon. . A 114 (2008) 491A 114 (2008) 491--
499499

�� M. M. Gligor Gligor & M. A., Clusters in weighted macroeconomic networks : the EU & M. A., Clusters in weighted macroeconomic networks : the EU 
case. Introducing the overlapping index of  GDP/capita fluctuaticase. Introducing the overlapping index of  GDP/capita fluctuation on 

correlations,    correlations,    EurEur. Phys. J. B 63 (2008) 533. Phys. J. B 63 (2008) 533--539539
�� F. O. F. O. RedelicoRedelico, A.N. Proto, & M. A., , A.N. Proto, & M. A., Hierarchical Hierarchical structures in structures in the the Gross Gross 

Domestic Product per capita Domestic Product per capita fluctuation in Latin fluctuation in Latin American American countries,   countries,   
Physica Physica A 388 (2009) A 388 (2009) 35273527--35353535
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Please read/see : (2)Please read/see : (2)
Follow Follow up of up of studiesstudies
on on correlations between GDPs correlations between GDPs of of rich rich countriescountries

�� J. J. Miskiewicz Miskiewicz & M. A.,  An & M. A.,  An attempt attempt to observe to observe economy globalizationeconomy globalization: : the the 
cross cross correlation correlation distance distance evolution evolution of of the the top 19 top 19 GDP'sGDP's, Int. J. , Int. J. ModMod. . PhysPhys. . 
C 17  (2006) 317C 17  (2006) 317--332332

�� M. A. & R. M. A. & R. LambiotteLambiotte, Clusters or networks of , Clusters or networks of economieseconomies? A ? A 
macroeconomy study through macroeconomy study through GDP fluctuation GDP fluctuation correlationscorrelations, , Physica Physica AA 382  382  
(2007) (2007) 1616--2121

�� R. R. Lambiotte Lambiotte & M. A.,  & M. A.,  NN--body decomposition body decomposition of bipartite networksof bipartite networks,  ,  PhysPhys. . 
RevRev. E  72  (2005) 066117 (8 pages). E  72  (2005) 066117 (8 pages)
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MacroeconophyicsMacroeconophyics

�� Questions ?Questions ?
�� Agents ?Agents ?

�� In In microeconophysics microeconophysics : : fundamentlists/chartistsfundamentlists/chartists
�� In In macroeconophysics macroeconophysics : ?: ?

�� Level Level of of modelizationmodelization
�� Less Less data : short time data : short time seriesseries

�� GDP GDP released quaterlyreleased quaterly, , adjusted monthlyadjusted monthly,,
�� Stationarity Stationarity ? (... ? (... TransitivityTransitivity))

�� Data not Data not so standardizedso standardized

Major Major aim aim : : «« Hamiltonian Hamiltonian constructionconstruction»»
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The border countries and their GDP per capita The border countries and their GDP per capita 
levels (in $PPP, 1995 prices)levels (in $PPP, 1995 prices)

1960 1978 2000

First to
second

Portugal (3205)
Croatia (3085)

Portugal  (7993)
Puerto Rico
(7662)

Greece (13821)
Barbados
(13297)

Second to
third

Haiti (2139)
Malaysia (2120)

Armenia (5294)
Fiji (5156)

Malaysia (9887)
Slovak (8595)

Third to
fourth

Nigeria (1080)
Madagascar
(1031)

Guyana (2728)
Cote d’Ivoire
(2649)

Egypt  (4630)
Bulgaria (4313)
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PPP, EKS, GK, PPP, EKS, GK, 

�� PPP are PPP are interspatial interspatial indices indices constructed constructed for for the purpose the purpose of of 
comparing currencies and comparing currencies and volumes volumes across across countries,countries,

�� just just as a consumer as a consumer price price index index measures the cost measures the cost of a basket of of a basket of goods goods 
and and services services over over time.time.

�� EltetoElteto--KovesKoves--Szulc Szulc (EKS) (EKS) method method 

�� Geary Khamis Geary Khamis (GK) (GK) method method 

�� The The EKS PPP  EKS PPP  result from the  geometric average result from the  geometric average of of the the direct direct 
PPP PPP between between a pair of countries a pair of countries and and all all the the indirect PPP indirect PPP 
derived through third derived through third countries,countries,

�� with the with the direct PPP direct PPP having twice the weight having twice the weight of of each each indirect PPPindirect PPP
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Content (1) : Content (1) : globalization globalization questionquestion

�� toward toward a a Globalization Globalization ‘’‘’ conclusionconclusion’’’’ ::
�� distance distance correlations correlations =>  network =>  network diameter/sizediameter/size
�� «« globalization limitglobalization limit»» ? ... !? ... !

�� Globalization process in economy is understood as Globalization process in economy is understood as 
an increase of similarities within (an increase of similarities within (macroeconomymacroeconomy) ) 

development patternsdevelopment patterns
�� Various correlation measuresVarious correlation measures
�� Various Various distance distance definitionsdefinitions
�� Theil indexTheil index

�� qq--Theil Theil indexindex
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�� How  to How  to extract extract clusters clusters and/or communities  through  and/or communities  through  
a network a network analysisanalysis

�� Have a Have a mechanistic interpretationmechanistic interpretation

�� GDP/capita GDP/capita (GDP/c) (GDP/c) correlations investigated correlations investigated in in 
various various time time windows windows (T),(T),

�� for for the the time time interval interval 19901990--2005.2005.

�� Target group of countries : Target group of countries : three three sets sets based based on on 
�� 25 25 European European (EU), 18 Latin (EU), 18 Latin American American (LA) countries, USA(LA) countries, USA
�� EU25:  LA18:  EU25&USA:  LA18&USA;  EU25&LA18; EU25&LA18&USAEU25:  LA18:  EU25&USA:  LA18&USA;  EU25&LA18; EU25&LA18&USA

Content (2)Content (2) : GDP : GDP correlationscorrelations
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Content (3)Content (3) : Network construction: Network construction

�� LinksLinks are are weighted edges based weighted edges based on on the the coherent coherent 
Pearson Pearson correlation correlation coefficient (CPCC) coefficient (CPCC) between the between the 
countries GDP/ccountries GDP/c

�� measured over measured over a a specific specific TT

�� N.B.  Possible time N.B.  Possible time lag effectlag effects s are to are to be examinedbe examined

�� Define Define an an average overlap average overlap indexindex(AOI) (AOI) for for each each 
nodenode..
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�� The characteristics The characteristics of of each fully connected each fully connected weightedweighted
network network evolve with evolve with time ! time ! 

�� How  to How  to extract extract clusters clusters and/or communities  through  and/or communities  through  
a network a network analysis analysis ??

�� To To illustrate illustrate cluster cluster appearance and stability appearance and stability a double a double 
attrition attrition process is appliedprocess is applied::

�� on on the nodesthe nodes, , through the through the AOI AOI rankingranking,,
�� on on the the links, links, through the through the CPCC values.CPCC values.

�� ... ... the the vector node vector node networknetwork:: a a generalisation taking generalisation taking 
into account various macroeconomic into account various macroeconomic indicesindices

�� Tagged nodes => HamiltonianTagged nodes => Hamiltonian--like with like with ““ interactionsinteractions””

Content (4) : network Content (4) : network analysisanalysis
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Content (5): PCAContent (5): PCA

�� PCA: Principal Component PCA: Principal Component AnalysisAnalysis

�� Statistically Statistically relevant relevant eigenvalues and eigenvectors eigenvalues and eigenvectors of of the  the  
CPCC CPCC adjacency matrixadjacency matrix
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1.  Data1.  Data
MacroMacro--economy  Indicators :economy  Indicators :

�� Gross Domestic Product (GDP)Gross Domestic Product (GDP)
�� Final Consumption Expenditure (FCE)Final Consumption Expenditure (FCE)
�� Gross Capital Formation (GCF) Gross Capital Formation (GCF) 
�� Net  Exports (NEX)Net  Exports (NEX)
�� ......

�� GDP/capita  GDP/capita  
�� GDP/worked hourGDP/worked hour
�� Consumer Consumer Price Price Index  Index  
�� Interest Interest Rates of Rates of the the Central Banks Central Banks 
�� Labour Force  Labour Force  
�� Unemployment  Unemployment  
�� Gini coefficientGini coefficient
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MEIMEI

Gross Domestic Product (GDP)Gross Domestic Product (GDP)
�� = = sum of gross value added by all resident producers plus 

product taxes and minus subsidies 

�� Final Consumption Expenditure (FCE)Final Consumption Expenditure (FCE)
�� = = sum of household and government final consumption 

expenditure 

�� Gross Capital Formation (GCF)Gross Capital Formation (GCF)
�� = = outlays on additions to the fixed assets plus net changes 

in the inventories

�� Net Exports (NEX)Net Exports (NEX)
�� = = Exports - Imports
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Data sourceData source

http://go.worldbank.orghttp://go.worldbank.org
http://devdata.worldbank.org/query/default.htmhttp://devdata.worldbank.org/query/default.htm
Time intervalTime interval1990 1990 -- 20052005

� EU-25 +

� LA-18  +

� USA Notations: 
Roots Web Surname List

http://helpdesk.rootsweb.com/codes/

M = …

http://www.ggdc.net/databases/hna.htm
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datadata

�� http:http://devdata//devdata..worldbankworldbank.org/query/default..org/query/default.htmhtm
� (1972-2004);

�� http://www.http://www.economicswebinstituteeconomicswebinstitute.org/concepts..org/concepts.htmhtm
� (1986-2000);

�� http://www.http://www.oecdoecd.org/about/0,2337,en_2649_201185_1_1_1_1.org/about/0,2337,en_2649_201185_1_1_1_1
_1,00.html_1,00.html

� (2003-2004).
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GDP, GDP, C,K,BC,K,B Data sourceData source

�� http:http://devdata//devdata..worldbankworldbank.org/query/default..org/query/default.htmhtm

�� http://www.http://www.ciacia.gov/cia/publications/factbook/rankorder/2004.gov/cia/publications/factbook/rankorder/2004
rank.htmlrank.html

�� http://www.http://www.economicswebinstituteeconomicswebinstitute.org/concepts..org/concepts.htmhtm

(data taken between1986(data taken between1986--2000);2000);

�� http://www.http://www.oecdoecd.org/about/0,2337,en_2649_201185_1_1_1_.org/about/0,2337,en_2649_201185_1_1_1_
1_1,00.html1_1,00.html (2003(2003--2004).2004).
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GDP data (EKS/GK)GDP data (EKS/GK)
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GDP examplesGDP examples
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GDP GDP ‘’‘’ slopesslopes’’’’
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2. Methodology2. Methodology

�� Cluster Variation Method (*)  Cluster Variation Method (*)  
�� statistical mechanics and condensed matterstatistical mechanics and condensed matter

�� Beyond a bipartite graph made of Beyond a bipartite graph made of 
�� (i) variables : vector nodes :  (i) variables : vector nodes :  i, j, ...i, j, ... , , 

�� macromacro--economic features,  defining the phase spaceeconomic features,  defining the phase space

�� (ii) function nodes :  (ii) function nodes :  a, b, . . .a, b, . . .. . 
�� countries   , ... linked by (i)countries   , ... linked by (i)

(*) A. (*) A. PelizzolaPelizzola

Cluster Variation Method in Statistical Physics and ProbabilistiCluster Variation Method in Statistical Physics and Probabilistic Graphical  Modelsc Graphical  Models

J. Phys. AJ. Phys. A3838 (2005) R309(2005) R309--339.339.
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Sort of Sort of ““ finalfinal ”” Cost Cost FcnFcn. . 
& Factor Graph & Factor Graph 

15 function nodes

4 variable nodes
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““ Economic TheoryEconomic Theory””

�� Hamiltonian = Cost functionHamiltonian = Cost function

N.B. Renormalization group philosophy
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Hamiltonian Hamiltonian ““ theorytheory””

sa a = 1, … (4)

saaaa a a a a = 1, … (M)

Number of vector components

Number of « agents »
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3. Method : (1)3. Method : (1)
�� A given macro economic indicator A given macro economic indicator 

�� e.g. Data  : 1990 e.g. Data  : 1990 -- 20052005

�� A set of countries; A set of countries; && invent invent ““ AVRAVR”” ((““ averageaverage”” ))
�� Window for Window for tt--averaging averaging : e.g. : e.g. T T = 5 = 5 yy or 10 or 10 yy
�� Correlations Correlations => => distancesdistances

�� Adjacency matrix   Adjacency matrix   (*)(*)

�� Network construction and evolutionNetwork construction and evolution
�� According to some filter : correlation levelsAccording to some filter : correlation levels
�� => communities=> communities

�� (*) Statistical distance matrix  can also be constructed(*) Statistical distance matrix  can also be constructed
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Correlations/distances (1)Correlations/distances (1)

�� A, B :  MEI (t)A, B :  MEI (t)
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Correlations/distances (2)Correlations/distances (2)

�� But here: But here: nn = = N N -- T + 1T + 1

Usually: Usually:  n n = = TT

�� N.B. N.B. 

�� ““ TT””
�� TT11

�� TT22
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Cumulative distribution functionCumulative distribution function

For
different 
time 
window 
sizes
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3. Method : (3. Method : (2)2)

�� A given macro economic indicator A given macro economic indicator 
�� e.g. Data  : 1990 e.g. Data  : 1990 -- 20052005

�� A set of countries; A set of countries; invent invent ““ ALLALL”” ((““ averageaverage”” ))
�� Window for Window for tt--averaging averaging : e.g. : e.g. T T = 5 = 5 yy or 10 or 10 yy
�� Correlations Correlations => => distancesdistances

�� Adjacency matrixAdjacency matrix

�� Network construction and evolutionNetwork construction and evolution
�� According to some filter : correlation levelsAccording to some filter : correlation levels
�� => communities=> communities

�� Statistical distance matrix  can also be constructedStatistical distance matrix  can also be constructed
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Networks (1)Networks (1)

�� Complete GraphsComplete Graphs

�� Minimum Minimum Spanning TreeSpanning Tree

�� Minimal Minimal Length PathLength Path
�� UMLPUMLP

�� BLMPBLMP
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Networks (2)Networks (2)

�� UMLPUMLP
�� Attachment starting from seed Attachment starting from seed ((«« ALLALL »»))
�� Linear Linear ; ; UnidirectionalUnidirectional

�� BLMPBLMP
�� Attachment starting from seed Attachment starting from seed ((«« ALLALL »»))
�� Linear Linear ; ; BidirectionalBidirectional

�� LMSTLMST
�� root root : : the the pair of pair of closest neighbouring closest neighbouring countriescountries
�� Then the Then the country country closest closest to to any node is searched any node is searched for for and and 

attachedattached..
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Network characteristics (1)Network characteristics (1)
Degree distributionDegree distribution

thus:

Vertex degree (in weighted network):

(T)
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Average degreeAverage degree

!

EU25
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Network characteristics (2) Network characteristics (2) 
Overlap coefficientOverlap coefficient

Overlapping coefficient

Number of common neighbors

in weighted networks:

which generalizes:
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Network characteristics (AOI)Network characteristics (AOI)

Country Averaged Overlapping coefficient

PRE

EU25
(90-05)

(T=5)
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AOI AOI hierarchyhierarchy

EU25
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Percolation point of view (1)Percolation point of view (1)

60%

EU25
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Percolation point of view (2)Percolation point of view (2)

80%

EU25



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 42/8442/84

Percolation point of view (3)Percolation point of view (3)

90%

EU25
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Kurtosis Kurtosis vsvs. window size. window size

Inset:
Double log
of CDF
for T=5



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 44/8444/84

Properties of Properties of OOijij

�� Fully disconnected :Fully disconnected :
�� Fully connectedFully connected

�� Otherwise ....Otherwise ....

�� ““ averageaverage”” , for a given node :, for a given node :

=> => hierarchy
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25+18+1 AOI,... (9025+18+1 AOI,... (90--05)05)

(T=5)
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18 LA + USA18 LA + USA
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Network characteristics (3) Network characteristics (3) 
Global /local path lengthGlobal /local path length
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Network characteristics (4) Network characteristics (4) 
Global /local efficiencyGlobal /local efficiency



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 49/8449/84

GNI/cGNI/c (1)(1)

2007
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EU25   EU25   vsvs.      LA18.      LA18--EU25EU25--USAUSA

AOI > 0.686 0.784
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Mean statistical Mean statistical distancedistance
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Usual Usual «« statistical statistical distancedistance»»
((Theil Theil index)index) Distance correlationsDistance correlations

3 different typesof 
networks :
=> Somewhat network 
independent
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Mean Mean distancedistance
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Conclusion (2) : Conclusion (2) : globalizationglobalization
�� Observed globalization process does Observed globalization process does not not depend depend on on the the type of type of 

studied studied networknetwork

�� «« NoNo »» globalization process caglobalization process ca. 1960. 1960
�� as seen through mean distance maximumas seen through mean distance maximum

�� Globalization process since Globalization process since 1970 1970 and destabilisation after and destabilisation after 20002000
�� as as observed observed as a as a decrease decrease of of the the network size.network size.

�� GlobalizationGlobalizationprocess is better seen process is better seen if if time time laglag greater than greater than 55 yrs.yrs.
�� Shift of Shift of the the maximum maximum is is consistent consistent with increase with increase in time in time laglag..

�� qq--Theil Theil distance distance analysis gives analysis gives more consistent more consistent resultsresults
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3. Method : (3. Method : (3)3)

�� A given macro economic indicator A given macro economic indicator 
�� e.g. Data  : 1990 e.g. Data  : 1990 -- 20052005

�� A set of countries; A set of countries; invent invent ““ AVRAVR”” ((““ averageaverage”” ))
�� Window for Window for tt--averaging averaging : e.g. : e.g. T T = 5 = 5 yy or 10 or 10 yy
�� Correlations Correlations => => distancesdistances

�� Adjacency matrixAdjacency matrix

�� Network construction and evolutionNetwork construction and evolution
�� According to some filter : correlation levelsAccording to some filter : correlation levels
�� => communities=> communities

�� Statistical distance matrix  can also be constructedStatistical distance matrix  can also be constructed
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4. MA4. MA--MPL (1)MPL (1)

�� Repeat for each macro economic indicator Repeat for each macro economic indicator 
�� e.g. Data  : 1990 e.g. Data  : 1990 -- 20052005

�� same countries; same windows for same countries; same windows for tt--averagingaveraging

�� Correlation matrices (4)  =>  Correlation matrices (4)  =>  

�� Statistical distance matrices (4)Statistical distance matrices (4)

�� NetworksNetworks
�� According to some filter : correlation levelAccording to some filter : correlation level
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MAMA --MLP (2)MLP (2)

�� Compare correlations Compare correlations 
�� Distance correlationsDistance correlations=>=>
�� Clusters (def. next)Clusters (def. next)

�� Movements inside hierarchy and networksMovements inside hierarchy and networks
�� Statistics : searching for Statistics : searching for ““ stabilitystability”” of clustersof clusters

�� Resulting from Resulting from ““ averageaverage”” (over indices)(over indices)
�� ““ sensitivity degreesensitivity degree””

�� => Hamiltonian or Cost function=> Hamiltonian or Cost function
�� Entropy Entropy ……
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Cluster def.Cluster def.

�� A cluster is a subset of the factor graph such thatA cluster is a subset of the factor graph such that
�� if a if a ““ function nodefunction node”” belongs to the cluster belongs to the cluster 
�� all all ““ variable nodesvariable nodes”” belong to the clusterbelong to the cluster

�� ““ function nodefunction node”” : country: country
�� ““ variable nodevariable node”” : : MEindexMEindex

e.g. GDP/c : EU25&USA:
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ClustersClusters

�� Group countries according to weights, linksGroup countries according to weights, links

�� For various time windowsFor various time windows

�� Moved as a function of timeMoved as a function of time

�� Look for consistency through thresholdLook for consistency through threshold

�� At At ““ confidence levelconfidence level””
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5. Movement correlations 5. Movement correlations 

�� :  minimal path length distance to the average:  minimal path length distance to the average

�� C > 0.9 ; C < C > 0.9 ; C < --0.50.5

�� [FRA[FRA--SWESWE--DEU]   & [BELDEU]   & [BEL--GBRGBR--IREIRE--DNKDNK--PRT]PRT]

�� ITA; LUX; AUT; GRCITA; LUX; AUT; GRC
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((ss11 ) GDP MPL ) GDP MPL dd to AVR to AVR 11
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((ss11) GDP ) GDP CorrCorr . . 22
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((ss22) FCE MPL ) FCE MPL dd to AVR to AVR 22
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Movement correlations inside Movement correlations inside 
((ss22) (FCE) hierarchy) (FCE) hierarchy
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((ss22) FCE ) FCE CorrCorr . . 33
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((ss33) GCF MPL ) GCF MPL dd to AVR  to AVR  44
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((ss33) GCF ) GCF CorrCorr .  .  55
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((ss44) NEX MPL ) NEX MPL dd to AVR  to AVR  66
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((ss44)  NEX )  NEX CorrCorr .  .  77
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N.B. Randomized N.B. Randomized CC casecase

shuffled time GDP

conclusion  is : (here) no structure
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Randomized Randomized worldworld
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Summary Summary d d TablesTables

GDP  FCE
GCF  NEX

EU25
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Summary Summary CC TablesTables

GDP  FCE
GCF  NEX

EU25
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6. Hamiltonian structure (1)6. Hamiltonian structure (1)
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GDP & FCEGDP & FCE
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GCF & NEXGCF & NEX
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Hamiltonian Hamiltonian structure (2)structure (2)

� H = (LUX)(s4) + (NLD)(s2) 
+ (AUT)(s2, s3) + (BEL)(s1, s2) +(DNK)(s1, s3)
+ (ESP)(s2, s3) + (FIN)(s3, s4) + (FRA)(s1, s3) + (ITA)( s1, s4) 
+ (GBR)(s1, s2, s3) + (DEU)(s1, s2, s4) + (IRL)( s1, s2, s4) 
+ (PRT)(s1, s2, s3, s4) + (SWE)(s1, s2, s3, s4).

C2>0.81
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Hamiltonian Hamiltonian structure (3)structure (3)
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““ thermodynamicsthermodynamics”” resultsresults

�� Probability distribution :Probability distribution :
�� Entropy :Entropy :
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““ Partial ConclusionPartial Conclusion””

�� Network constructionNetwork construction
�� Distance filtering methodDistance filtering method

�� ““ Correlation measureCorrelation measure””

�� Statistical physicsStatistical physics
�� Entropy criterion for (evolving) clustersEntropy criterion for (evolving) clusters

�� Maximum : no GDPMaximum : no GDP
�� Minimum : necessarily GDP and FCEMinimum : necessarily GDP and FCE

�� Relations between macroRelations between macro--economic indicatorseconomic indicators
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Network characteristics (5) Network characteristics (5) 
Sensitivity degreeSensitivity degree

�� ““ HierarchyHierarchy””
�� Gross Domestic Product (GDP)Gross Domestic Product (GDP)

�� Final Consumption Expenditure (FCE)Final Consumption Expenditure (FCE)

�� Gross Capital Formation (GCF) Gross Capital Formation (GCF) 

�� Net  Exports (NEX)Net  Exports (NEX)

(T=5)

EU25
(94-03)
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7. Conclusions  7. Conclusions  

�� Beyond bipartite graphs : (very) complex networksBeyond bipartite graphs : (very) complex networks
�� (New?) (New?) ““ hamiltonianhamiltonian”” / / ““ thermodynamicthermodynamic”” methodmethod

�� To search for ClustersTo search for Clusters
�� To present a HierarchyTo present a Hierarchy

�� Economic conclusions/interpretationsEconomic conclusions/interpretations
�� FlexibilityFlexibility
�� Movement correlationsMovement correlations

�� GlobalizationGlobalization
�� ModelsModels

�� Control & ForecastingControl & Forecasting



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 83/8483/84

……

This should allow to discuss leaders This should allow to discuss leaders 
&  followers, loosely or highly &  followers, loosely or highly 

connected countries.connected countries.

and 
prepare some modeling with dynamics:

country = heterogeneous agent
characterized by

Spins or Bits or Pins or Tags
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Let meLet me

�� thank Dr. Peter thank Dr. Peter Denteneer Denteneer for the invitationfor the invitation

�� thank you ALL for your attentionthank you ALL for your attention……

any comment ?
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Doel Doel #?#?
PCC : For ONE MEI ... Network

CPCC : For 4 (.. 11) MEI ... Networks
AOI

Double threshold attrition
Distance evolutions

PCC
CPCC

...
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Main Points Main Points summary/reviewsummary/review::
�� Data : GDP as a Data : GDP as a macroeconomy macroeconomy indexindex
�� Analysis on Analysis on incrementincrement(fluctuation) (fluctuation) correlations is performed for correlations is performed for 

different time windows (different time windows (does it exist an optimal one ?)does it exist an optimal one ?)
�� Mathematical Mathematical -- statistical approach (statistical approach (““ distancesdistances”” ))
�� => Weighted=> Weightednetworks networks wwijij (t,T)(t,T)
�� Results displayed as a function of time through different clusteResults displayed as a function of time through different clustering ring 

techniquestechniques
�� Adjacency matrix Adjacency matrix ((eigenvalueseigenvalues, eigenvectors), eigenvectors)
�� Overlapping/Overlapping/hierarchy hierarchy coefficientcoefficient
�� Percolation approach (with Percolation approach (with levellevel--criterioncriterion))
�� TwoTwopossible attrition processespossible attrition processes

�� Networks/clusters of countries are observedNetworks/clusters of countries are observed
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N.B.N.B.

�� The The system system is represented is represented by a by a networknetwork, , nodes being the nodes being the countries; links countries; links 
are are «« weightsweights»» (or GDP fluctuations).(or GDP fluctuations).

�� In In order order to to extract extract structures structures from the from the network, network, we we averageaveragethe the time time 
correlations correlations in in different windowsdifferent windows..

�� =>=> «« average degreeaverage degree»», , etc etc ……

�� The matrixThe matrix--based method reveals the emergence based method reveals the emergence of a of a number number of of «« common common 
factorsfactors»», , through the through the main main eigenvectors eigenvectors (Kaiser (Kaiser criterion and Cattel criterion and Cattel screescree
test).test).

�� This This leads leads to a to a HamiltonianHamiltonian--like like formulation formulation and can be developped into and can be developped into 
statistical thermodynamics ideasstatistical thermodynamics ideas
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N.B. N.B. btwbtw

�� Such Such aa measure measure of of «« collective habitscollective habits»» does does fit fit the usual the usual 
expectations expectations defined defined by by politicians politicians or or economistseconomists,,

�� «« common factorscommon factors»»..

�� It reveals geographical and political It reveals geographical and political connexions. connexions. 

�� It reveals       It reveals       …… «« statistical statistical distancesdistances»». . 

�� We We have have introduced the introduced the 

countrycountry««overlapping hierarchy overlapping hierarchy coefficientcoefficient»»..
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Ex.Ex.
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I hate...these absolute systems which make all the events in 
history depend on primary causes, linking one to another by an 
inevitable chain, and which, so to speak, take out people from 
the general history of mankind. I find them narrow in their 
pretended grandeur, and false under their guise of mathematical 
truths. I believe, whatever the view of the writers who have 
invented these sublime theories to nourish their own vanity and 
to facilitate their work, that many of the important historical facts 
cannot be explained but by the accidental circumstances, and 
that many others remain inexplicable. And that finally, chance, 
or rather that mixing of the secondary causes, which we thus 
call, since we do not know how to tell them apart, explain a lot of 
what we see on the world stage. But I strongly believe that 
chance does not do anything which is not prepared in advance. 
The existing reality, nature of the institutions, state of mind of 
people, customs, are the raw materials with which chance 
constructs the facts which surprise and awe us. 

Should we expect a “grand theory” ? 

Consider Tocqueville’s ‘’warning’’…
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AppApp. 1 Theil index. 1 Theil index

Theil index:

Manhattan distance:
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Henri Henri TheilTheil

�� 13 October 1924 in Amsterdam, 13 October 1924 in Amsterdam, 
died 2000died 2000

�� a Dutch econometriciana Dutch econometrician

�� graduated from the University graduated from the University 
of Amsterdam of Amsterdam 

�� succeeded to Jan succeeded to Jan Tinbergen Tinbergen at at 
the Erasmus University the Erasmus University 
RotterdamRotterdam

�� later in Chicago and at the later in Chicago and at the 
University of Florida.University of Florida.



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 93/8493/84

�� In In GiniGini terms:terms:

where where GGii= = individual country individual country Gini coeffGini coeff.,  .,  �� ii=income =income 
share, share, yyii = country income, p= country income, pii = = populpopul. share, . share, 

mm=overall mean income, =overall mean income, nn = number of countries= number of countries

�� In In TheilTheil:  :  
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1 UMLP1 UMLP

    t    t    t    t: 
0      5  
10

« x » : T2 correl.

« y » : T1

mapping
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2 BMLP2 BMLP

« hot » (& « cold ») regions :

« hot » : large T1 , small T2
« cold » : small T1 , large T2
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3 LMST3 LMST

« hot » : large T1 & small T2

« cold » : large T2 & small T1
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7,8,9,10 : UMLP7,8,9,10 : UMLP
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11,12,13,14 : BMLP11,12,13,14 : BMLP
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15,16,17,18 : LMST15,16,17,18 : LMST
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9,13,17 : 9,13,17 : mean mean (10,10) U,B,L(10,10) U,B,L

t  t  t  t  effect
?
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9,13,17 : 9,13,17 : std std (10,10) U,B,L(10,10) U,B,L

?
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10,14,1810,14,18: : mean mean (15,15) U,B,L(15,15) U,B,L

smooth or rough

?
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Summary Summary 11--3 : 3 : mean mean U,B,LU,B,L
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Distance Distance statisticsstatistics
from data to networks

n-n : number of networks
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Networks (3)Networks (3)

�� 3 types3 types
�� Link number Link number : M = 20 + 1: M = 20 + 1

�� in in the analysis both the analysis both time time windows windows are are used simultanouselyused simultanousely
�� Theil mapping, TTheil mapping, T11 andand Correlation, TCorrelation, T22

�� the the «« officialofficial »» size of size of the the time time window window in in which which data data is is 
analyzed is equal analyzed is equal to to the sum the sum of of the the Theil Theil mapping and mapping and 
Correlation Correlation time time windowswindows

�� ... ... the number the number of of generated generated networks networks is equal is equal to to the the time time series series 
length length (54) minus (54) minus the the total time total time window window size (size (TT11 +T+T22 + + tt ))

�� (... (... mulitplied mulitplied by by the number the number of time of time lags lags tt !)!)
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““ Partial ConclusionPartial Conclusion””
((Theil Theil index)index) Distance correlationsDistance correlations

�� Mean Mean distance distance between between countries (countries (and stdand std) : ) : the largest the largest for for 
UMLP network UMLP network and the smallest and the smallest for LMST networkfor LMST network

�� For large time For large time lag lag : : the mean the mean distance distance increasesincreases
�� The The position position where where (as a (as a functionfunctionof Theil of Theil mapping and mapping and 

correlation window correlation window size) size) the the maximum maximum occurs shiftsoccurs shifts
�� With increased With increased time time laglag: : the the Theil Theil mapping and correlation mapping and correlation 

window window size size at which the at which the maximum maximum mean is found is mean is found is 
decreasingdecreasing

�� This maximum This maximum mean mean distance distance is observed is observed for large Theil time for large Theil time 
window window size size and and short short correlation correlation time time windowswindows

�� The smallest The smallest value of value of the mean the mean distance distance is found is found for for the the 
opposite opposite combination combination of of the window parametersthe window parameters
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App. 2 PCAApp. 2 PCA

�� See decrease of EV1 See decrease of EV1 

�� and increase of other and increase of other EVsEVs. . 

�� Related to change in shape of CDF.Related to change in shape of CDF.

�� Suggests change in number of Suggests change in number of ““ common common 
factorsfactors”” (*)(*) in dynamics of GDP.in dynamics of GDP.

(*) : (*) : economic, social, political, economic, social, political, ……
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Top six Top six eigenvalueseigenvalues

like
fractional
contribution 
to total
variance

1/25

Kaiser criterion

EU25
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Cluster structure (1)Cluster structure (1)

Continental EU25
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Cluster structure (2)Cluster structure (2)

Mediterranean/oceanic

EU25
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Cluster structure (3)Cluster structure (3)

Scandinavian

EU25
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Cluster structure (4)Cluster structure (4)

Central-Eastern

EU25
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Cluster structure (5)Cluster structure (5)

!

EU25
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Cluster structure (5)Cluster structure (5)
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FisherFisher--zz
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Model (1)Model (1)



M. A.M. A. Leiden, NL, March 01, 2010Leiden, NL, March 01, 2010 117/84117/84

Model (5)Model (5)


