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Development of an algorithm to evaluate governing equation from time

series data
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Abstract

A new algorithm to determine the master equation behind time-series data is proposed. For this algorithm, a library of potential terms

for the master equation for a finite difference formula was given. Using time-series data, each time-series potential term was estimated.

The master equation was written as a linear sum of each potential term. Additionally, each coefficient in front of the potential terms

was determined to minimize X(linear sum)? during the given period using the genetic algorithm and Gauss— Seidel method. The genetic

algorithm minimized both X(linear sum)? and number of potential terms, because the estimated master equation by the time-series data

should be simple. This approach was applied to several functions and so-called Lorenz equations, which demonstrate typical chaotic

motion. The time-series data was given through the numerical calculation of sample functions and Lorenz equations. The estimated

master equation based on the proposed approach was compared with sample functions and the Lorenz equations. In each case, the

coefficients in the equations were in good agreement. There was a small discrepancy between the coefficients of the original Lorenz

equations and the estimated master equation. For the Lorenz equations, in the short-term, the attracters were in good agreement. By

contrast, the discrepancies influenced the longterm attracters based on chaotic motion.
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X0=0.1, Yo=0.15,

X0=0.2, Y=0.3, Zo=0.1

Z0=0.3
d_X 1 1
dt
X 9.991003 9.991551
Y -9.999383 -90.999348
X X2 0 0
X
X — 0 0
dt
yzz_X 1.7142e-06 1.610772e-06
t
ﬂ 1 1
dt
X -27.896400 -27.89692593
Y 0.970553 0.970211
v Y? -0.000629888 -0.000583009
XZ 0.997455 0.997408
ay
Yy — 0 0
dt
ay
XZE -2.3374E-06 -2.49382E-06
4z 1 1
dt
Z 2.684706 2.684748
7?2 -0.000727547 -0.000728772
Z XY -0.999108 -0.999111
Z((ii—Z -7.58534e-05 -7.59098e-05
t
XY(Z_Z 3.48495e-06 3.485e-06
t

(6)




FERFNT =2 b £ OXEG A EN T 27 3 Y X AO%E (E)

50
40 1 1 i
30 P n ‘ ﬁ = X (Estimated)
UL TN —vsmaea
S 20
© L “ U ) v ” U\J ,  —Z(Estimated)
:: 10 - @ X (Reference)
@ Y (Reference)
0 ‘ @ Z(Reference)
5 2
10 -
-20
M1 a—L 2y HRERE D2EIZ & 5 KE RO fRERER S O Lk
50
LTS
r LTe:
40 ; "‘\‘
Fi . 40
. h
o ! f
l‘. 30
z 4
20 LR_ 4
\.\ 20
\’\,
10 'L'k\
T8 6 sosammm® 510
% 5
5 g 1510 ¥, 0 - 0
x o 2 o 15 10 10 Y
o
X = -10 &
-15
1) During t = 0—1 2) During t = 0—30
2 m— LY HRERE D2EIC LB EHEROMDOT T 7 2 —DLhig
2 TR A NT LIHioTEY,
6 Bby(= PR KRB B < XH X2 TEY

KRBT — S Db, EOE RIS 3l il
MM TRDOHZEEZAMIZ, D2ZET VT Y X L%
BAFE L. WGk L7z, YREimnn7e 32l =i L A R 5
T—=HDHIELT ., WMy R TRBRN TE VWY
B, WA ANBRIER W ET L n— L Y R
WCHEABER F A2 Lz, S%OIGH & LT, ik
BB OIS L0 E B2 TV 5, FRICELT
Tk, FERERBE OB LY, e s XA h—2 2

(7)

EBFBERLEO TRRT -2 b AL I WD, £
@ X 5 BIG DATA (2%} LT, 4l D2E Z i+ 5 %
THAOF B A TR TE DV T KGR A E
HTEnwhaEmatL s, £, ol E LT,
AFEEZWEO FEEEZ L, EHRHONRE ) —
RCOESNE (AR, IRIE7R &) OFHAT — & i,
REDA L E—H o A WRHTE DR H D, 514,
Fiz OFEFIZEH LTS TETH D,



SEXH

(M

@

)

“4)

Kurt Hornik , Maxwell Stinchcombe , Halbert White

, Multilayer feedforward networks are universal
approximators, Neural Networks, Volume 2, Issue 5
1989, pp. 359-366

Martin Langkvist, Lars Karlsson, Amy Loutfi, A review
of unsupervised feature learning and deep learning for
time-series modeling., Pattern Recognition Letters 42,
2014, pp. 11-24.

Abdulrahman Bagqais, Generic Algorithm for function
approximation: An experimental investigation,
International Journal of Artificial Intelligence and
Applications (IJAIA), Vol. 7, No. 3, May 2016.
Michael Schmidt and Hod Lipson, Distilling Free-Form
Natural Laws from Experimental Data.” ,Science, Vol.
324, April 3, 2009.

(8)

®)

(6)

O

TR SR TR 551031045 (B RI24E3A)

Otto Ludwig Holder, "Uber die Eigenschaft

der Gammafunction keiner algebraischen
Differentialgleichung zu geniigen," Math. Ann., 28,
(1887) pp. 1-13. doi:10.1007/BF02430507.

Shinya Watanabe, Tomoyuki Hiroyasu, Mitsunori Miki,
NCGA : Neighborhood Cultivation Genetic Algorithm for
Multi-Objective Optimization Problems, Late Breaking
papers at the Genetic and Evolutionary Computation
Conference (GECC-2002), New York, USA, 9-13.
Lorenz, E. N. N.., Deterministic Nonperiodic Flow,
Journal of Atmospheric Sciences, Vol.20, pp.130
-141,1963.



