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HIPERBOLES ASSIMETRICA g-LOGARITMO

3.0, X dt

Ing(x) = e
2.54 . o

i x9 -1 In(x) forg=>0
= M == G__ ~
2.0 §—§ g X = L forg#0
f3#(#)
1.5+
1.0
0.5 4
T. 1. Arruda, R S. Gonzdlez e A. S. Martinez, Phys. Lett. A 372, 2578-2582 (2008).
0.0 . . i ¢ = 1 C. Tsallis, Quimica Nova 17 468 (1994).
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g-LOGARITMO: In ; g-EXPONENCIAL

3.0+
=/
.o x9 -1
20/ Ing(x) = lim *— =
g—q q
W 1.0 i
N Funcdo Inversa
- Ing(x)
0.0
' eX se g=0
e -1.0- es(x) = 1+ mxvp\n se gx>—1
0 caso contrario
-2.04
i T. J. Arruda, R.S. Gonzdlez e A. S. Martinez, Phys. Lett. A 372, 2578-2582 (2008).
-3.0 —T ! T T T T C. Tsallis, Quimica Nova 17 468 (1994)
0.0 0.5 1.0 1.5 2.0 25 3.0

&
T. J. Arruda, R. S Genzilez e A. S. Martinez, Phys. Lett. A 372, 2578-2582 (2008)

C. Tsallis, Quimica Nova 17 468 (1994).

2 (DF/FFCLRP/USP) Ing(x) F ez(x)



(x)%a a (x)2u) (dSN/dY10A44/4A) zaNi

"GT0T ‘TST-€vT 'G8E ‘ABojoig
|eD132408y | jo |eudnof ‘sajdipuiid [edisAyd uo paseq 129j)3 33||y
104 S|SPOA 'S 'Y ‘Zaulue|n - ] "4 ‘od1eqiy ! A Y 'SOIUES sop e
“Y10T '8-T '$TOT 's92uadsolg ul Aoy | ‘[ppow 308y43 93|y
pazijeisuss) G "y ‘zaulMe|N f "] D ‘g ‘B|legqe) ! ‘G '] ‘sojueg e
‘TT0T '206T90 ‘€8 3 'MaINY [edishyd ‘sjppowt yimois
pazijessus jo suoilnjos jediikjeue pue ‘suoiduny Suljeds ec.9
‘asdefjod eleQ "4 ‘odidqIy | 'S Y ‘ZOUILE | D g ‘B||9qeD) e UM
'600C ‘0£62-2Z6C '88€E (LAY
V e21sAyd 'sjppow ymoud 931840sip pue uolduny enusuodxs
pazijesaus) " 'y ‘ejopuidsy { 'G 'y ‘Z9|BZUOY) G "y ‘ZOUIME| e
"800T '£895-629G '28€ V BIsAyd ‘suoouny [erusuodxe pue
wyle3o| pazi|eiauss JO SWIS} Ul S[EPOW YIMmoi3 snonuiiuod)
'SV D ‘louedus] ! G "y ‘Z9|BzZuon) G 'y ‘ZoullE| e
sagie|ndod ap ediweuiq e

x)2u| oanvsn soavorigng SOHIVEVH T,

(dsSn/d¥1044/4a) 7

(dSn/dy10dd/4d)

'600C ‘v1-T '600¢ S2!sAyd

|EDIJBWAYIBIN Ul S9DUBAPY ‘Suoilaun4 A1|iGeqold pazi|esauss)
'Sy "D ‘|oudedls] G 'Y ‘Z9|ezZuoy) G "y ‘Zauluep e

'800T 'Z8GC—8.SC ‘TLE AV S491397 s21sAyd ‘sioressdo jonpoud

pue wns pazijelauss) suoilouny |eljusuodxs pue diwyLeso|

pazijesaud% Jo sueaw |edL19Woss pue |edIBWYILY S Y
‘ZaUlpE 'S Y "D ‘|oMedIs) ! G "y ‘Za|ezuon) [ '] ‘epnuy e

eaijsinejsy o

(x)%2 @ (x)Pu] 0aNvsn soavoltdnd SOHTVEVHL

(x)% a (x)%y ( 1044/4Q) 7

"SeWw91SIS
ap sopepandoid seaou Jejpass spod anb ‘eduqadie oedeindiuew [oe} e

9 SesIouod sapdeluassaidal e

‘si|jes| Sp epezijesausl
ed13s)3e1se edisly ep b osjsweled o esed eoulpwos3 ogdejaidiojul e

SNEHOVILNVA
OlIBI3uOod Osed 0 b
= X)=o
I— <xb 3 ,/(xb+1) (x)
b bep
—=—wil = (x)y
T— pX

SHOONAJ-b

"(¥661) 89% LT erON ednwin ‘sijjesy D

"(8002) T85T-825T ‘TLE V 1397 'sAyd ‘zauney ‘S 'y 3 29|gzU09) G "y ‘epnuy [ 1

o€ 0c o'l 00 0Cc- O0¢-

X)Ps AVIONENOJXH-b




TRABALHOS PUBLICADOS USANDO Inz(x) E e5(x) TRABALHOS PUBLICADOS USANDO Inj
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s Silva, R. ; de Felicio, J. R. D. ; Martinez, A. S. Generalized
Metropolis dynamics with a generalized master equation: An
¢ Psicofisica/Econofisica approach for time-independent and time-dependent Monte
Carlo simulations of generalized spin systems, Physical Review.

e Anteneodo, C. ; Tsallis, C. ; Martinez, A. S. Risk aversion in
E 85, 066707, 2012.

economic transactions, Europhysics Letters 59, 635-641, 2002.

o Destefano, N. ; Martinez, A. S. The additive property of the e Silva, R. ; _A.m:_. ._u..“ O=<.m:‘m. J. _u ; Martinez, A.S.
%WZJ inconsistency degree in intertemporal decision making through Universality in bibliometrics Physica A 391, 2119-2128, 2012.
fm O‘ the generalization of psychophysical laws, Physica A 390, mm E‘ e Aplicagées Inusitadas
1763-1772, 2011. Wﬁ o Holanda, A. J. ; Pisa, |. T. ; Kinouchi, O. ; Martinez, A. S. ;
e dos Santos, L. S. ; Destefano, N. ; Martinez, A. S. Decision ¢ 9 Ruiz, E. E. S. Thesaurus as a complex network, Physica A
making generalized by a cumulative probability weighting 344, 530-536, 2004.
function, Physica A 490 250-259, 2018. e Menin, O. H. ; Rolnik, V. ; Martinez, A. S. Boundary element

method and simulated annealing algorithm applied to electrical
impedance tomography image reconstruction, Revista
Brasileira de Ensino de Fisica 35, 1-7, 2013.

o Assirati, L. ; Martinez, A. S. ; Bruno, O. M. . Satellite
classification and segmentation using non-additive entropy,
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George Box - 18/10/1919 -28/03/2013.
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TRANSFORMACAO DE Box-Cox

DISTRIBUICAO GENERALIZADA DE VALOR EXTREMO

Considere x1, x2, ..., Xg, com x; > 0.

A Trenstormagser e A pdf do valor extremo generalizado (GEV - Fisher-Tippett) combina

yi = Ing(xi) , as pdf’s dos tipos: | (Gumbel), Il (Fréchet) e Il (Weibull).
faz com y; siga uma gaussiana. Dentre as mais elaboradas
transformag¢des de Box-Cox, a fung¢do logaritmo
generalizada é a mais simples.
Para incluir varidveis nulas e negativas usa-se definicdo de
George Bow. Yeo e Johnson?

Ing(1+yi) yi>0

Yi= = _:mlmﬁ. = Sv yi < 0.

<« Ela foi pensada no sentido de encontrar G que minimize a
divergéncia de Kullback-Leibler entre a distribuicdo original
e a normal.

°l. K. Yeo, R. A. Johnson, Biometrika 87, 954 (2000). 10 Ihttps://en.wikipedia.org/wiki/Generalized
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DISTRIBUICAO GENERALIZADA DE VALOR EXTREMO DISTRIBUICAO GENERALIZADA DE VALOR EXTREMO

e A pdf do valor extremo generalizado (GEV - Fisher-Tippett) combina o A pdf do valor extremo generalizado (GEV - Fisher-Tippett) combina
as pdf's dos tipos: | (Gumbel), Il (Fréchet) e Il (Weibull). as pdf's dos tipos: | (Gumbel), Il (Fréchet) e Il (Weibull).

e Pelo teorema de valor extremo, a GEV é a (nica pdf de limites @ Pelo teorema de valor extremo, a GEV ¢ a lnica pdf de limites
possiveis de mdximos adequadamente normalizados de uma sequéncia possiveis de mdximos adequadamente normalizados de uma sequéncia
de V. A. independentes e distribuidas de forma idéntica. de V. A. independentes e distribuidas de forma idéntica.

e Uma distribuic3o de valor extremo n3o precisa necessariamente
existir: isso requer condi¢cdes de regularidade na cauda da
distribuicdo. Apesar disso, a distribuicdo GEV é frequentemente
usada como uma aproximac3o para modelar o valor maximo de
sequéncias longas (finitas) de V. A.

"https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution 'https://en.wikipedia.org/wiki/Generalized_extreme_value_distribution
A.S. MArTINEZ (DF/FFCLRP/USP) Ing(x) E e5(x)
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e Dinamica de Populagoes

o Martinez, A. S.; Gonzdlez, R. S. ; Tercariol, C. A. S.
Continuous growth models in terms of generalized logarithm
and exponential functions, Physica A 387, 5679-5687, 2008.

e Martinez, A. S.; Gonzélez, R. S. ; Espindola, A. L. Generalized
exponential function-and discrete growth models, Physica A
388, 2922-2930, 2009.

o Cabella, B. C. T. ; Martinez, A. S. ; Ribeiro, F. Data collapse,
scaling functions, and analytical solutions of generalized
growth models, Physical Review. E 83, 061902, 2011.

e Santos, L. S. ; Cabella, B. C. T. ; Martinez, A. S. Generalized
Allee effect model, Theory in Biosciences, 2014, 1-8, 2014.

e dos Santos, R. V. ; Ribeiro, F. L. ; Martinez, A. S. Models for
Allee effect based on physical principles, Journal of Theoretical
Biology, 385, 143-152, 2015.
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e Processos Nao-Markovianos

e Silva, R. ; de Felicio, J. R. D. ; Martinez, A. S. Generalized
Metropolis dynamics with a generalized master equation: An
approach for time-independent and time-dependent Monte
Carlo simulations of generalized spin systems, Physical Review.
E 85, 066707, 2012.

e Silva, R. ; Kalil, F. ; Oliveira, J. P. ; Martinez, A. S.
Universality in bibliometrics Physica A 391, 2119-2128, 2012.

o Aplicacoes Inusitadas

o Holanda, A. J. ; Pisa, I. T. ; Kinouchi, O. ; Martinez, A. S. ;
Ruiz, E. E. S. Thesaurus as a complex network, Physica A
344, 530-536, 2004.

e Menin, O. H. ; Rolnik, V. ; Martinez, A. S. Boundary element
method and simulated annealing algorithm applied to electrical
impedance tomography image reconstruction, Revista
Brasileira de Ensino de Fisica 35, 1-7, 2013.

o Assirati, L. ; Martinez, A. S. ; Bruno, O. M. . Satellite
classification and segmentation using non-additive entropy,
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e Psicofisica/Econofisica
o Anteneodo, C. ; Tsallis, C. ; Martinez, A. S. Risk aversion in
economic transactions, Europhysics Letters 59, 635-641, 2002.
e o Destefano, N. ; Martinez, A. S. The additive property of the
LM inconsistency degree in intertemporal decision making through
fm O‘ the generalization of psychophysical laws, Physica A 390,
1763-1772, 2011.
o dos Santos, L. S. ; Destefano, N. ; Martinez, A. S. Decision
making generalized by a cumulative probability weighting
function, Physica A 490 250-259, 2018.
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com pesos p; > 0 normalizados:
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((ns(x)) %)

MEDIA DE HOLDER: Ms(x) = e;

Para conjunto de dados x; >0, i=1,2,...,Rep;=1/R:

® B — —00, M_s(x) = ((x))R,—0o = Min(x) menor valor;

- -1
o B =1 M_1(x) = ((x))p_1 =& = AMP wv média harménica;

= 1/R
oQHo.ioAva AEWH x\.v .Bm%mmmoq:mﬁ:nm“

S. MartiNez (DF/FFCLRP/USP) Inz(x) E e5(x)

MEDIA DE HOLDER: Mj(x) = e,

Para conjunto de dados x; >0, i =1,2,....,Re p; =1/R:
e 3 — —oo, >N|ooﬁxv = ((X))R,—0o = mMin(x) menor valor;
_ -1
o B=-1, M_1(x)= {((x))g-1=% = AMWH Wv média harménica;
1/R
e 3=0, My(x) = v , média geométrica;

o B=1, My(x)= : vr: = (x)r = £ R | xi = X, média aritmética;

ez (DF/FFCLRP/USP Ing(x) E e5(x)

(Ins(x))r)

1A DE HOLDER: Mjs(x) = es(

Para conjunto de dados x; >0, i =1,2,...,Rep;=1/R:
o 3 — —00, M_g(x) = ({x))r,—c0 = min(x) menor valor;

R 1

_ -1
o B=—1 M_1(x)=({x))r,—1 = w = AM\.HH .xlv média harmdnica;

e =0, >|§oAxv = AEWH x\.v H\m‘ média geométrica;
o =1, M(x) = ((x))r1 = (x)r = 5 10, x; = X, média aritmética;
° B=2, My(x v 2 Nre = (51, NVH\N =V {x*)r.

A variancia é o2 = M3(x) — Emﬁxv =(x)r — (x)% e

xez (DF/FFCLRP/USP) Ing(x) E e5(x)

vm«mno:_.c:ﬁoamamQOmx\No.\.Hrm,..;mmb_.nu\m”
e f— —o0, >N|8Axv = ((x))R,—00 = mMin(x) menor valor;
_ -1
oQHIH.iLAvaAAxvvm,LH w H AMWHH xw_v Bm\n:m:m_é@:mnm“

_ 1/R
B =0, My(x) = A:WH x\v , média geométrica;

o B=1, Mi(x)=((x))p1 = (x)r = 5 D i—1 Xi = X, média aritmética
o B=2, Ma(x) = (g2 = (2%, MVH\N (x)r.

A varidncia é: 02 = M}(x) — ENAXV = (x*)g — (x)% e
e 3 — 00, My(x) = ((x))Rr.oe = max(x), maior valor.

&z (DF/FECLRP/USP
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ENTROPIAS: MEDIDAS DE DISPERSAO DE DADOS

p

Ry 58 = 1n (28, p8) 7 = n((2) Y0

TsaLus SS = — AMUWH nwv = (In1_q vavm

Quando o — 1, reencontra-se Shannon.
As diferentes entropias s3o convenientemente escritas em fung3o de 1/p;.
O elo entre Rényi e Tsallis

SHANNON &mv =YX pilnp = (In vavm

(R)
eSP) — e[S ()]

ou (R)
ST (p) = Ins—a[e™ P

Tsallis = Box-Cox[exponencial(Rényi)]

A. S. Marminez (DF/FFCLRP/USP) Ing(x) E e5(x)

INDICES DE DIVERSIDADE: SIMPSON E HILL

INDICES DE DIVERSIDADE: SIMPSON E HILL

StmpsoN A= 3% p?

A. S. MartiNez (DF/FFCLRP/USP)

INDICES DE DIVERSIDADE: SIMPSON E HILL

SIMPSON A = MWHH p? energia de histograma

A. S. MarTinez (DF/FFCLRP/USP) Ing(x) E e5(x)

SIMPSON A = SR p2 energia de histograma
i=1 Pi g g

| :c
HILL Do = b = W (3) = €570) = o [SE7 ()],

diversidade verdadeira

A. S. MartiNez (DF/FFCLRP/USP)
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MurLTt FRACTAL ~ DETRENDED FRACTAL ANALYSIS

@ Generalizagdo do método
de anélise de flutuagdes
sem tendéncia (DFA)
utilizada para séries
temporais monofractais.

Fractal time series.

'] N U P G ST PP
P N SN i Pkt A 3

1< Period with large variston
'
'

o Evitar detecgdes esplrias
de correlagdes
provenientes da

o 200 400 600 800 1000

time (sample number) ~ . .

B = n3o-estacionaridade e

2 0om e =™ aparecem em dois tipos

% A $ o "

3 3 s de séries:

Wnb—u W =)

oo £s o e com pdf largas e

T T T N T R I e correlagdes de longo
Htbin n Matlab code 14 Hibin in Matlab code 14

alcance (todas as
escalas).
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DETRENDED FRACTAL ANALYSIS — DFA

ez (DF/FFCI

DETRENDED FRACTAL ANALYSIS — DFA

Considere x, é uma série de comprimento .

@ Parai=1,2,...,N, determine o “perfil’: Y(i) = Y i_,(xx — X).

Considere x, é uma série de comprimento N.
@ Para i=1,2,...,N, determine o “perfil": Y (i) =, _;(xk — X).
@ Particione o intervalo em Ng = | N/s| segmentos de comprimento s.

Repita o processo comecando da extremidade oposta (2/Ns nas
férmulas).

A. S, MART (DF/FFCLRP/USP)
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Murtar FraA

MuLTi FrRacTAL = DFA

@ Faca a média em todos os segmentos para obter a fungdo de flutuagao

de ordem q, que é a média de Holder de ordem g com 2N, parcelas
da transformacdo de Box-Cox da “Detrended Fractal Analysis”

Fq(s) = ((Fs))an..qg = Ing[Fq(s)] = (Ing(Fs))an, -

concisdo na notag¢ao;

caso limite g = 0 automdtico (média geométrica)

transf. de Box-Cox da varidncia dos dados em torno do modelo y,,.
para g = 2, recupera-se a andlise monofractal (DFA);

depende da ordem m do DFA utilizado (polinémio y,,), com s > m+ 2.

(DF/FFCL P) Inz(x) E e5(x)

LEIS GERAIS DE CRESCIMENTO

@ Faca a média em todos os segmentos para obter a fungdo de flutuagdo
de ordem q, que é a média de Holder de ordem g com 2N; parcelas
da transformac3o de Box-Cox da “Detrended Fractal Analysis”

Fq(s) = ((Fs))an..q = Ing[Fq(s)] = (Ing(Fs))2n, -

concisdao na notagao;

caso limite g = 0 automdtico (média geométrica)

transf. de Box-Cox da varidncia dos dados em torno do modelo y,,.
para g = 2, recupera-se a analise monofractal (DFA);

depende da ordem m do DFA utilizado (polindmio yn,), com s > m+ 2.

e @ o o o

@ correlacio de longo alcance em x;, para s > 1: Fy(s) ~ s"9). Se a
série for estaciondria h(2) é o expoente de Hurst. h(q) é chamado de
expoente de Hurst generalizado.

ez (DF/FFCLRP/USP Inz(x) E ez(x)

LEIS GERAIS DE CRESCIMENTO

Proc_Natl Aced. Sci. USA
Vol. 75, No. 10, pp 463547, Octobeer 1975
Applicd Mathematical Sciences

m.-nmm_nwuwimnmw:n..-.mn:w-p:mﬁ:nonmccms__.cno@w
(laristic and i
T W. MONTROLL.
for Fusmbanntal Sudie, Depastisent of Phvacs. Universty of Rachester, lon bestes, Nevw York 14527
omtribted by Elliost W Momtroll, July 10, 1978
ABSTRACT  Social and industrial evolutionary processes
are cousidered o be a sequence of repl. s or substitulions:
new ideas for old, new labor patterns for old, new technologies
for old. The logistic equation has often been used to describe
population growth pr and replacement processes. It
sometimes suffers from contradicting observational data. It is
shown here that the deviations are often associated with unusual
intermittent events—wars, strikes, economic panics, etc.—and
that in many cases a few years after the event it can be ab-
stracted as an instantaneous & function impulse. After the event,
the evolutionary process continues along its normal course. A
formula is derived to use the observational data to determine
the strength of the impulse modeling an eveat.

A. S. MarTinez (DF/FFCLRP/USP) Ing(x) & e5(x)

Proc. Natl Acod. St USA
Vol 75, No 10, pp. 46334637, Ovtober 1975
Applied Mathematical Sciences

The first law of social dynamics is here chosen to have two

Social dynamics and the quantifying of social forces  similarly stated parts

(logistic ol
ELuort W Mon
Nretitute [ie Fumbarital Stindien, Depmrtment of Physes, Unsversity of Foctrser, Reatuster, New York L0627
Contributed by Elliott W. Mostroll. July 10, 1978
ABSTRACT  Social and industrial evolutionary processes
are considered to be a sequence of repl ts or substitutions:
new ideas for old, new labor patterns for old, new technologics
for ald, The logistic equation has often been used to describe
population growth processes and replacement processes. It
sometimes suffers from contradicting observational data, It is
shown here that the deviations are often associated with unusual
intermiltent events—wars, strikes, economic panics, ete.—and
that in many cases a few years after the event it can be ab-
stracted as an instantaneous § function impulse. After the event,
the evolutionary process continues along its normal course. A
formula is derived to use the observational data to determine
the strength of the impulse modeling an event.

{a) In the absence of any social, economic, or ecological
force, the rate of change of the logarithm of a population, N{(t),
of an “organism” is constant,

dlog N{t)/dt = constant. (1a}
Without the prescribed forces this equation is also postulated
to be valid for the variation of the population of objects of

product automobiles, radios, ete.), and for the change ina
population of a new social group.

(h) In the absence of any social, economic, or ecological
the rate of change of logarithm of the price of
nce P(t) (per unit time) of an “organism™ is also

dlog P(t)/dt = constant. i1b}

In the case of objects of production, P(t) is to be interpreted as
a unit cost.

A_S. MarTiNEz (DF/FF SP) Ing(x) E ez(x)
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