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In treating of the canonical distribution, we shall always suppose the 
multiple integral in equation (92) [the partition function, as we call it 
nowadays] to have a finite valued, as otherwise the coefficient of 
probability vanishes, and the law of distribution becomes illusory. This 
will exclude certain cases, but not such apparently, as will affect the 
value of our results with respect to their bearing on thermodynamics.  
It will exclude, for instance, cases in which the system or parts of it 
can be distributed in unlimited space […]. It also excludes many 
cases in which the energy can decrease without limit, as when the 
system contains material points which attract one another inversely as 
the squares of their distances. […]. For the purposes of a general 
discussion, it is sufficient to call attention to the assumption implicitly 
involved in the formula (92).



Enrico FERMI              Thermodynamics (Dover, 1936)

The entropy of a system composed of several parts is very 
often equal to the sum of the entropies of all the parts. This 
is true if the energy of the system is the sum of the energies 
of all the parts and if the work performed by the system 
during a transformation is equal to the sum of the amounts 
of work performed by all the parts. Notice that these 
conditions are not quite obvious and that in some cases 
they may not be fulfilled. Thus, for example, in the case of a 
system composed of two homogeneous substances, it will 
be possible to express the energy as the sum of the 
energies of the two substances only if we can neglect the 
surface energy of the two substances where they are in 
contact. The surface energy can generally be neglected 
only if the two substances are not very finely subdivided; 
otherwise, it can play a considerable role. 
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UBIQUITOUS LAWS IN 
COMPLEX SYSTEMS

ORDINARY DIFFERENTIAL EQUATIONS

NONADDITIVE ENTROPY Sq
(Nonextensive statistical mechanics)

PARTIAL DIFFERENTIAL EQUATIONS      
(Fokker-Planck, fractional derivatives, 
nonlinear, anomalous diffusion, Arrhenius)

STOCHASTIC DIFFERENTIAL EQUATIONS 
(Langevin, multiplicative noise)

NONLINEAR DYNAMICS                              
(Chaos, intermittency, entropy production, Pesin, 
quantum chaos, self-organized criticality)

CENTRAL LIMIT THEOREMS                
(de Moivre-Laplace-Gauss, Levy-Gnedenko) 

q-ALGEBRA

CORRELATIONS IN PHASE SPACE

GEOMETRY                       
(Scale-free networks, fractals)

LONG-RANGE INTERACTIONS 
(Hamiltonians, coupled maps)

SIGNAL PROCESSING   
(ARCH, GARCH)

IMAGE PROCESSING

GLOBAL OPTIMIZATION 
(Simulated annealing)

q-TRIPLETTHERMODYNAMICS

FURTHER APPLICATIONS 
(Physics, Astrophysics, Geophysics, 
Economics, Biology, Chemistry, 
Cognitive psychology, Engineering, 
Computer sciences, Quantum 
information, Medicine, Linguistics …) 

AGING (metastability, glass, spin-glass)

SUPERSTATISTICS 
(Other generalizations)
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(q,a) - attractor

LOOKING FOR A q -GENERALIZED CENTRAL LIMIT THEOREM:
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q - GENERALIZED CENTRAL LIMIT THEOREM:

S. Umarov, C.T. and S. Steinberg [cond-mat/0603593]
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q - GENERALIZED CENTRAL LIMIT THEOREM:
S. Umarov, C.T. and S. Steinberg [cond-mat/0603593]
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Connections with Hamiltonian
and more complex systems
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A. Pluchino, A. Rapisarda and C. T., Europhys Lett 80, 26002 (2007) 

HMF MODEL



COLD ATOMS IN DISSIPATIVE OPTICAL LATTICES:

Theoretical predictions by E. Lutz, Phys Rev A 67, 051402(R) (2003):

(i)  The distribution of atomic velocities is a q-Gaussian;

(ii)
0

0

             where        recoil energy

                                                   potential depth
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Experimental and computational  verifications
by P. Douglas, S. Bergamini and F. Renzoni, Phys Rev Lett 96, 110601 (2006)

(Computational  verification:
quantum Monte Carlo simulations)                    (Experimental verification)
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  Connections with Economics



q-GENERALIZED BLACK-SCHOLES EQUATION:
L Borland, Phys Rev Lett 89, 098701 (2002), and Quantitative Finance 2, 415 (2002)
L Borland and J-P Bouchaud, Quantitative Finance 4, 499 (2004)
L Borland, Europhys News 36, 228 (2005) 
See also H Sakaguchi, J Phys Soc Jpn 70, 3247 (2001)                                                   

C Anteneodo and CT, J Math Phys 44, 5194 (2003)
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Model for price changes:

S.M.D. Queiros, L.G. Moyano, J. de Souza and C. T. 
Eur. Phys. J. B 55, 161 (2007)



S.M.D. Queiros, L.G. Moyano, J. de Souza and C. T. 
Eur. Phys. J. B 55, 161 (2007)



Model for traded volumes:

S.M.D. Queiros, L.G. Moyano, J. de Souza and C. T. 
Eur. Phys. J. B 55, 161 (2007)



LONDON STOCK EXCHANGE (Block market):

Data: I.I. Zovko; Fitting: E.P. Borges (2005)

VODAPHONE stocks (31 May 2000 to 31 December 2002)

Daily net exchange of shares (between all pairs of two institutions)
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FORECASTING

Question:

Tomorrow, the price of this stock will increase or decrease?

(up/down question)

If no knowledge at all, the success rate should be 50%

S.M.D. Queiros and C. T.



            Globo-Cabo 61.0 %
 1 month interest-rate 61.5 %
 2 months interest-rate 62.4 %
 3 months interest-rate 61.8 %
 6 months interest-rate 63.4 %
12 months interest-rate 63.5 %

Success rate in daily forecasts for stocks traded in BOVESPA 
(up/down)



Residual at 8 days 
Barclays  55.0  % 

British American Tobacco 55.2  %
BG Group 56.8  %

                                         BP                                        55.8 %
BT Group 56.6  %

GlaxoSmithKline 54.3  %
Ladbrokes 52.2  %

Hanson 53.6  %
HSBC Holding 53.9  %

Lloyds 56.0  %

Success rate in daily forecasts for stocks traded in London exchange
from 1997 up to 2005 (up/down)



Pricing Residual at 8 days 
  American International Group (AIG) 54.1  %  53.1  %
                Cisco Systems 54.8  % 52.9  %
                 General Electric 54.2  % 53.4  %
                         Intel                           54.4  %      53.6  %
             Lucent Technologies 54.7  % 53.0%
                    Microsoft 54.0  % 53.3%
                     Pfizer 54.4  % 53.0  %
                SP500 (indice) 53.9  %
                Time Warner 54.1  % 53.1  %

−

                   Wal Mart 54.0  %  53.3  %  
                 Exxon Mobil            55.3  % 54.7%

Success rate in daily forecasts for stocks traded in American markets
from 1997 up to 2005 (up/down)



Question:

Tomorrow, the price of this stock will increase or decrease? 
How much?

(8-interval question)

If no knowledge at all, the success rate should be 12.5 %



Success rate in forecasts for stocks traded in London exchange from
1997 up to 2005 (4 intervals up and 4 intervals down)

Residuals with magnitude greater than 3 residuals standard variation
Residuals with magnitude between 1 and 3 residuals standard variation
Residuals with magnitude between 1/2 and 1 standard variation
Residuals with magnitude between 0 and 1/2 standard variation

Residual at 8 days 
BG Group 16.7  %

BP 17.3  %
BT Group 15.7  %

GlaxoSmithKline 16.9  %
Ladbrokes 16.8  %

Hanson 18.7  %
Marks & Spencer 19.3  %

S.M.D. Queiros and C. T.



S.M.D. Queiros and C. T.     versus     Competitor / USA:
UK residual predictions for 1128 consecutive trading days  (15 Dec 2000 to 7-Jun-2005)

Ticker Prediction strength            Prediction strength 

(QT) (Competitor)

BARCLAY’ BANK 0.100 0.260

BRITISH AMERICAN TOBACCO 0.089 0.082

BG GROUP 0.109 0.211

BRITISH PETROLEUM 0.117 0.025

BRITISH TELECOM 0.134 0.075

GLAXO SMITH-KLINE 0.079 0.060

HILTON GROUP 0.104 0.083

HANSON 0.076 0.050

LLOYD’S 0.121 0.094



[2006 IEEE International Conference on Image Processing, pages 665 – 668]
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