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CraTtTa 3 9KOi BCe no4anocso...
VOLUME 88, NUMBER 17 PHYSICAL REVIEW LETTERS 29 ApriL 2002

Permutation Entropy: A Natural Complexity Measure for Time Series

Christoph Bandt and Bernd Pompe

Institute of Mathematics and Institute of Physics, University of Greifswald, Greifswald, Germany

(Received 19 June 2001; revised manuscript received 20 December 2001; published 11 April 2002)

We introduce complexity parameters for time series based on comparison of neighboring values. The
definition directly applies to arbitrary real-world data. For some well-known chaotic dynamical systems
it is shown that our complexity behaves similar to Lyapunov exponents, and is particularly useful in the
presence of dynamical or observational noise. The advantages of our method are its simplicity, extremely
fast calculation, robustness, and invariance with respect to nonlinear monotonous transformations.

DOI: 10.1103/PhysRevLett.88.174102 PACS numbers: 05.45.Tp, 02.50.—r
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BknapgeHus po3mipHocTi D
Anst MeTofy nepectaHoBoyHol eHTponii: N> D!

X = (X0, X15- -, XN_1), x;€eRY, i=0,1,...N—1.

Vo =(x0,x1,%2. .-, Xp—1), -+
V (X,,X,_|_]_,X,_|_2, 7X/+D—1)7 cee
D —

V—p =(XN—D, XN+1-D> - - - » XN—1)-

V=(Vo,W,...,Vn_p), VieRP i=01,...N=D
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NepecTtaHoBo4Ha eHTpoONis

V =(x0,---,xD-1) = Ve = (Xrgs- s Xrp_1 )5 Xrg < Xry < -++ < Xrp_4

r=n(V)=(r,r,...,rp-1), npuknan: n((5,71,32))=(2,0,1)

npuknan: n((7,14,4)) = (2,0,1)
7(V) HasmBaeTbes “cumeon’, abo “nattepH’ BekTopa V

V:(Vo,Vl,...,VN_D) — N= (717(V0),7T(V1),...,7'L'(VN_D))

n(7;): KinbKicTb nosiB nattepHy 7; 8 [1;
WMosipHicTb nattepHy: p(m;) =n(m;)/(N—D+1)

K

eHTponia:  H(V)=H(N)=-Y p(m;)log(p(m))
i=1
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3acTtocyBaHHs B ekoHomiui (2015)

PHILOSOPHICAL
TRANSACTIONS A

rsta.royalsocietypublishing.org

®

Research CrossMark

click for updates
Cite this article: Bariviera AF, Guercio MB,
Martinez LB, Rosso 0A. 2015 A permutation

Subject Areas:
statistical physics, mathematical finance,
chaos theory

A permutation information
theory tour through different
interest rate maturities: the
Libor case

Aurelio Fernéndez Bariviera', Maria Belén Guercio®?,
Lisana B. Martinez%? and Osvaldo A. Rosso**

“An anomalous behaviour in
the Libor is detected in all
currencies except euros during
the years 2006—2012."
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3acTtocyBaHHA B MeOULUHI (2001)

1282 IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 48, NO. 11, NOVEMBER 2001

Entropy, Entropy Rate, and Pattern Classification as
Tools to Typify Complexity in Short Heart Period
Variability Series

Alberto Porta*, Stefano Guzzetti, Nicola Montano, Raffaello Furlan, Massimo Pagani, Alberto Malliani, and
Sergio Cerutti, Senior Member, IEEE
@)

BoHun 6ynu nepuui...
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Lle kpuTukyeTbcs:

Contents lists available at ScienceDirect

Physics Letters A

www.elsevier.com/locate/pla

Permutation entropy based time series analysis: Equalities in the input
signal can lead to false conclusions

Luciano Zunino ®>*, Felipe Olivares ¢, Felix Scholkmann ¢, Osvaldo A. Rosso "&"

L. Zunino, F. Olivares, F. Scholkmann, and O. A. Rosso, “Permutation
entropy based time series analysis: Equalities in the input signal can lead
to false conclusions,” Physics Letters A, vol. 381, no. 22, pp. 1883-1892,

2017.
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ApudmetTnyHa eHtponis

COMPLEXITY

Research Article | Open Access
Volume 2020 | Article ID 7163254 | https://doi.org/10.1155/2020/7163254

Show citation

Calculating Permutation Entropy without
Permutations

Alexander K. Vidybida~] &1

BucHoBkn
000

1Bogolyubov Institute for Theoretical Physics, 14-h Metrolohichna Str, Kyiv 03143, Ukraine
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Cumsonizauis 6e3 nepectaHOBOK

V = (Xo,Xl,. .. ,XD_1) — O = OC(V) = (ao,al,. . .,aD_l)
o(V) — apucmernynuii cumeon

npuknag: V =(7,15,7,25,15) — «a(V)=(0,1,0,2,1).

Teopema:

Skwo V' mae BCi KOMMOHEHTU Pi3HI, TO
a(V)=(m(V),

Ae n(V') — nepectaHoBka, sika OTPUMYETLCS B METOZI
nepecTaHOBO4YHOI eHTponii.

BucHoBkn

000
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CkinbKN € HOBUX CUMBONIB?

N(D)= Y, d!{g} = b(D)- D!,

0<d<D

ae {2} — yucna Cripninra gpyroro pogy, a b(D) — snopsig-
koBaHe yucno benna.
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NepecTaHoBkYK iHAEKCyOTb Kogamu Jlexmepa
Encoding permutations as integers via
the Lehmer code (JavaScript)

[2013-03-13] dev, javascript, jslang

- 4
N

(Ad, please don’t block) Dr. Axel Rauschmayer

Lehmer, D.H. (1960), “Teaching combinatorial tricks to a

computer’, Proc. Sympos. Appl. Math. Combinatorial Analysis,
Amer. Math. Soc., 10: 179-193

Born Derrick Henry Lehmer
Lehmer
February 23, 1905
Berkeley, California

Died May 22, 1991 K. Schwarz

https://www.keithschwarz.com/interesting/code/
* File: FactoradicPermutation.hh
* Ahuthor: Keith Schwarz (htiek@cs.stanford.edu)

An algorithm for manipulating and generating permutations in lexicographic
order by using the factoradic number system.

®
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ApudmeTtnsauis

Yucnosunin ingekc/natrepr A(V)

V= (X(),...,XD_l) — OC(V) = (ao,...,aD_l) (—)A(V),

A\V)=A=ay+aD+ayD*+---+ap_DP7L.

A A—ap_1DP-1
ap-1= DD-1 | ap-2 = - pb—2 |’

KBagpaTHi AyXKu = “uina yactuHa"

BucHoBkn
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ApudmetTnyHa eHtponis

V:(Vo,Vl,...,VN,D) — = (A(Vo),A(Vl),...,A(VN,D))

nmosipHicTb:  p(A;) =n(A;)/(N—D+1)

ApudcdmeTuydHa eHTponis:

Ha(V) = Z p(Ai)log(p(A)))
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ApudbmeTunyna eHTponis

MNpuknapg

S1=(2,2,0,3,4,0,1,3,4,4,0,3,3,2,2,4,4,2/0,1,...),
S2=(2,3,0,3,4,0,1,3,4,0,1,3,4,2,3,4,0,2,0,1,...).
Byno sreneposaHo agi nocnigosHocTi fosxuHu 1000000 i

obuncneHo nepMyTauiliHy i apudMeTUYHy eHTPONIT 4151 KOXKHOT 3
HUX:

D=3 PE AE | D=4 PE AE
S1 2497 3.684 S1 4390 6.165
S2 2.368 2.919 S2 4.187 5.238
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Ch. Bian, Ch. Qin, Q. D. Y. Ma, and Q. Shen, “Modified
permutation-entropy analysis of heartbeat dynamics,” Physical
Review E, vol. 85, no. 2, Article ID 021906, 2012.

AV)=A(V2) = puW)=u(V2) = a(Vi)=n(2)

T. Haruna and K. Nakajima, “Permutation approach to
finite-alphabet stationary stochastic processes based on the duality
between values and orderings,” The European Physical Journal
Special Topics, vol. 222, no. 2, pp. 383-399, 2013.

A(\/l):A(Vz) iS4 G(Vl):G(Vz)

o(V)={m(V),e(V)}
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BucHoBkn
ooe

BucHoBku

3anponoHOBaHO HOBWIA METOA CMMBOI3aLi BEKTOPIB
BKJIAZIEHHS, 3pyYHUli ANs1 BEKTOPIB 3 He BCiMa Pi3HUMU
KOMMOHEHTaMU.

3anponoHoBaHO HOBUI METOL ODYUCIEHHS NepecTaHOBOYHOT
eHTpONiT, SIKUli He NOTPebyE BUKOPUCTaHHST KOMBIHaTOpUKNM —
apndMeTYHa eHTponis.

[ns cncrem 3 BekTOpamuy BKNaAeHHs! De3 piBHUX KOMMOHEHT
eHTponisi, obyncneHa HOBUM MeTOAOM, 3biraeTbes 3
CTaHAAPTHOK MEPECTAaHOBOYHOK EHTPOMIEID.

[ns cnctem 3 BeKTOpamMy BKJIafEHHS!, O MaloTb PiBHI
KOMMOHEHTM, 3aNponoHOBaHWUi MeTod Aa€ binbly feTanbHMi
aHanNi3 CKNaAHOCTI TPAEKTOPIIA.
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