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* Markov chains (1906) → Brin and Page (1998) → PageRank algorithm for WWW

* World Trade Network (WTN) from UN COMTRADE database

* Opinion formation in WTN: currency battle of USD, hypothetical BRICS (BRI), EURO

* Reduced Google matrix (REGOMAX) of directed networks (brief introduction)

“War is too important to be left to the generals” G.Clemenceau

“Trade is too important to be left to the economists”

Support: ANR FR NANOX-MTDINA
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(1906) Markov vs Wigner (1955)

1945: Nuclear physics → Wigner (1955)→ Random Matrix Theory

1991: WWW, small world social networks → Markov (1906) → Google matrix;

reduced Google matrix (REGOMAX) - Wikipedia-G20

Despite the importance of large-scale search engines on the web,

very little academic research has been done on them.

S.Brin and L.Page, Comp. Networks ISDN Systems 30, 107 (1998)
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Import and Export transfers between countries

194 countries for 2010-2020 years
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Opinion formation concept for WTN

* Spin systems: neighbours of local spin determine its orientation

(your friends influence your opinion)

* Two specific groups with fixed opinion (Ising spin up or down)

* Other spins/countries have random initial opinions

(trade currency preference TCP)

* Asynchronous Monte Carlo Determination of Trade Currency Preferences

(spin σc takes the sign of Zc); convergence to steady-state

* Certain similarity with associative memory formation model

(Hopfield PNAS 79(2), 2554 (1982))

* One can use Scc′ ,S∗

cc′ and Pc ,P
∗

c from WTN Google matrix

(without significant difference)
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Core groups of fixed opinions in WTN
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TCP of Anglo-Saxon USD vs BRICS+ (BRI)

USA (USD) versus China (Yuan CNY)
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Two clusters of fixed opinions in WTN

Anglo-Saxon vs BRICS+
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Fractions of countries - trade volumes

Anglo-Saxon vs BRICS+
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Case of 3 currencies in WTN

Anglo-Saxon (USD - 5) - BRICS+ (BRI - 11) - EU9 (EUR - 9)
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WTN map for 3 currencies)

Anglo-Saxon (USD - 5) - BRICS+ (BRI - 11) - EU9 (EUR - 9)
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Fractions for 3 currencies case

Anglo-Saxon (USD - 5) - BRICS+ (BRI - 11) - EU9 (EUR - 9)
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Google matrix construction rules

Markov chains (1906) and Directed networks
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For a directed network with N nodes the adjacency matrix A is defined as

Aij = 1 if there is a link from node j to node i and Aij = 0 otherwise. The

weighted adjacency matrix is

Sij = Aij/
∑

k

Akj

In addition the elements of columns with only zeros elements are replaced by

1/N.
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Google matrix construction rules

Google Matrix and Computation of PageRank
P = SP ⇒ P= stationary vector of S; can be computed by iteration of S.

To remove convergence problems:

Replace columns of 0 (dangling nodes) by 1
N

:

To remove degeneracies of λ = 1, replace S by Google matrix

G = αS + (1 − α) E
N
; GP = λP => Perron-Frobenius operator

Import

α models a random surfer with a random jump after approximately 6

clicks (usually α = 0.85); PageRank vector => P at λ = 1 (
∑

j Pj = 1).

CheiRank vector P∗: G∗ = αS∗ + (1 − α) E
N

, G∗P∗ = P∗ Export

(S∗ with inverted link directions)

Fogaras (2003) ... Chepelianskii arXiv:1003.5455 (2010) ...
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Ranking of World Trade
2008: All commodities (about 200 countries)
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Reduced Google matrix (REGOMAX)

A selected network of interest with Nr < N nodes called reduced network.

Block structure of G matrix:

G =

(

Grr Grs

Gsr Gss

)

with s index for scattering network Ns = N − Nr .

Reduced GR matrix

GRPr = Pr , GR = Grr + Grs(1 − Gss)
−1Gsr = Gpr + Grr + Gqr

Useful expansion

(1 − Gss)
−1 = Pc

1

1 − λc
+Qc

∞
∑

l=0

Ḡ l
ss

with projector Pc = ψRψ
T
L on eigenstate of maximal eigenvalue λc of Gss, the

complementary projector Qc = 1 − Pc and Ḡss = QcGssQc .

K.Frahm, DS arxiv:1602.02394 (2016);

K.Frahm, K.Jaffrres-Runser, DS EPJB 89, 269 (2016)
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Protein-protein interactions for cancer networks

Lages, DS, Zinovyev (PLOS ONE 2018) [SIGNOR database]
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G-reduced: G20 political leaders 2012-ENWIKI2013
GR example: G20 political leaders 2012 indirect links of Gqr (non-diagterms)
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G-reduced for WTN ANGL-BRICS+
REGOMAX for 5+11 countries of 194 ones of WTN in 2019
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Overview
* Mathematical Ising-type network model of opinion formation in WTN

* BRICS+ and China currencies become world dominant around 2016

* Reduced Google matrix (REGOMAX) algorithm allows to determine

direct and hidden interactions between a group of selected nodes

embedded in a huge network

* Applications to various types of directed networks

(WTN, Wikipedia, protein-protein interactions, ...)
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