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Duffing type wave: x = cos(wt+¢ sin2 wt)

For & << 1, we can have
X(t) = cos(at + esin2at)
= cos wtcos(&sin 2mt) — sin wtsin (& sin 20t)

= coswt — esinwtsin 2wt + ...

= (lfijcosa)t + % cos3mt + ....

Amplitude: x, A AN A AN A AN A, spectrum
Period: T=1/®
Frequency: o
Phase: ¢=mt

Stock market indices

B Dow Jones Industry Average (DJIA): an average price of 30 companies, since 1928/10/01 NR(t) =3 ea(t)+ra(t).
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B NASDAQ: consists of 1,197 stocks, since 1971/02/05 @) Jd — NR (NASDAQ/DJIA)
.
B S&P500: an average result of 500 companies, since 1950/01/03 sl Cgtry
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Hydrophobicity (HP) and local hydrophobicity (LHP)

HP(s;) and LHP (o) as functions of residues for Staphylococcal nuclease (Snase, 1EY0) estimated by the KD scale.
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HP(s;) and LHP (a)).

Secondary structures and IMFs c, and c; of LHP.
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s There are correlations between HP and LHP, and correlations between LHP
o and secondary structures. Folding information is imprinted in the sequence

10 20 30 40 50 60 70 8 90 100 110 120 130 140

4 Residue and is also preserved/carried by LHP.

M.-C. Wu and T. Y. Tsong, J. Phys. Soc. 82, 114801 (2013).

Aspects of data analysis
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(a) S&P500 daily index, (b) respiratory time series, (c) seismic time
series, and (d) temperature variation sampled by 5mins.

e )
Tasks
[J Physical processes are mostly nonstationary
[ Physical Processes are mostly nonlinear ‘ Development of useful data
[] Data from observations are invariably too short analysis approach is important
LEI Physical processes are mostly non-repeatable
4
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Measures of a time series Time series analysis:
"1 Amplitude O Analysis based on amplitude: scaling analysis, variability, ...
L] Frequency O Analysis based on frequency: Fourier spectrum, Hilbert spectrum, ...
[1Phase O Analysis based on their combinations: complexity, ...
(also time series) : . . o .
L A




Amplitude: scaling analysis

Random walk

Indicator of walk efficiency
/

<X> = |\/ﬁ oc %

<x>: end-to-end distance
| : step length

N : number of steps

Fractional Brownian motion:

AX oc (An)"

(H: Hurst exponent)

Constant velocity: 0<H <1
Random walk: H=0.5

With acceleration: H can be larger than 1

Time series with different parameters:
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B (=1.84, 1.75) satisfies the criterion of Levy’s a stable distribution condition (a < 2).

B Both DJIA and NASDAQ intraday returns have very nice scaling behaviors.

M.-C. Wu, et al., Phys. Rev. E 73, 016118 (2006).




Frequency: spectral analysis

Spectrum: Speech analysis

Can be used for
voiceprint comparison.
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Example: Amplitude + Frequency

Striated muscle structure
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Mechanoactivation of titin kinase

Mechanical properties
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M.-C. Wu, J. G. Forbes, and K. Wang, Soft Matter 9, 9897-9906 (2013).

Phase: phase statistics

Analysis based on instantaneous phase: phase distribution, phase correlation, ...

Phase catches some intrinsic properties of time

Idea:
series. It usually contains rich information about

Water wave ?

the structure of the data.
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P,(#,) is the PDF for the instantaneous phase ¢, in the
range —0.51< ¢, <0.57, and P,(¢,) is for the phase in
the range <-0.57 or >0.57.
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Distributions of amplitude and phase
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Most phases of the first-IMFs distribute at -0.5 1< ¢ < 0.5 7.

This pattern existing in all time scale corresponds to abruptly change behaviors in time series of index, and indicates non-predictable and
stochastic features of stock index.
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M.-C. Wu, et al., Phys. Rev. E 73, 016118 (2006).

Phase differences between DJIA and NASDAQ
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M.-C. Wu, et al., Phys. Rev. E 73, 016118 (2006).




Foreign exchange data

Empirical data of USD/DEM and USD/JPY exchange rates for a period from February 1 1986 to
December 31 1996.
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B The weaker correlation can be explained from the economic osf

environments and government policies after the unification

of East Germany and West Germany (1990.10.03) and in the 0
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era of bubble economy of Japan in early 1990s.

M.-C. Wu, Physica A 375, 633-642 (2007).

Example: Human Ventricular Fibrillation (VF)

More than 3 million people die annually from Sudden
Cardiac Death (SCD), with a survival rate of less than 1%.

VF:

Ventricular fibrillation (VF) is identified as a primary 75%-85%

cause of SCD, accounting for 75% to 85% of sudden
deaths. During VF, no blood is pumped, and blood
circulation is terminated.

SCD:100%

Automated External
Defibrillator (AED) in
Taiwan Taoyuan
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ﬂ‘q- —.A = International Airport.

No CPR Uniraated VE typlically degrades info asystois within B—12
Delayed defibrillation imirates. Defayed dedibrliation will save aniy & S, 0—2%
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Early CPR

Delayed Early PR buys time by mainasning VF amelitude, thus 2—B%,
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minutes 2 4 6 8 10 Implantable defibrillators has

i . i . become the gold standard therapy
Timely defibrillation can often restore heartbeat in cases of VF. for patients at a high risk of VF.




Empirical Data

v
cc Mobile Nurse

UF  Data collected by

Fujita Healthy

cc  University Hospital in
cv  Toyoake, Japan.

cc 17 VF patients:
UF 6 survivors,

T
Underlying Ventricular Ar

Code Age Sex disease” urrhylhmiub Qutcome VTA analysis time (sec)® X d Pattern®

Sm 46 M IHD VT—VF Dead 7:37:40- 9.324 0.044 cvV

Soa 68 M IHD VF Dead 22:59:51-23:01:31 100,992 0.096 C

S 67 M IHD VT—VF Dead 19:42:10- 405.000 =0.100

S 97 F CAVB VT—VF 3:56:31-3:57:45 73.992 0.030 cvV
VT—VF 14:04:49-14:05:07 19.992 —0.094 cC
VT—VF Dead 21:38:56-21:40:19 82.992 =0.010 UF

Sos 80 M IHD VT—VF 10:32:03- 228.000 0.099 cvV
VT—VF 10:37:27-10:37:50 25.000 0.052 cv
VT—VF 10:38:29-10:39:17 49.000 =0.093 cC
VT—VF 10:39:54-10:40:33 40.000 0.075 cv
VT —VF Dead 11:05:58-11:00:30 213.000 0.068 CV

Soe 22 F LQT TdP 1:11:50-1:12:10 19.992 =0.094 cC
VT—VF Alive 3:44:07-3:46:01 113.992 0.006

S 75 F CAVB VT—VF Alive 14:53:00- 64.208 =0.006 UF

Soe 80 M IHD VT—VF Dead 12:22:58-12:26:10 191.992 —0.041 cC

S 70 M HTN VT—VF Alive 15:53:52-15:55:25 92.992 -0.039

S 67 M IHD VT—VF Dead 23:07:50-23:26:00 1089.992 0.052

Sn 71 M IHD VT—VF 16:49:30-16:50:40 69.992 —0.045 cC
VT—VF 00:24:05-0:25:40 94,992 =0.044 cc
VT—VF 3:22:15-3:25:30 194.992 —0.082 cC
VT—VF Alive 6:05:10-6:07:50 159.992 —0.047 cC

812 66 M IHD VT—VF Dead 12:38:31-12:52:40 548,992 0.023 UF

Sia 56 M CAVB TdP Alive 20:01:38-20:02:08 20.992 —0.083

Sia 88 M IHD VT Dead 4:44:30- 114.992 0.005

S1s 51 F HTN TdP Alive 12:36:24-12:37:15 50.992 -0.021 UF

Sis 75 M IHD VT 14:47:40-15:13:45 1564.992 —0.044 cC
VT —VF Dead 15:50:10-16:09:00 1129.992 =0.016 UF

817 43 M ND VT—VF Dead 18:41:06-18:50:38 492800 —0.037

11 non-survivors.

cc Survival rate: 35.3%

*lschemic heart disease (IHD); complete atrioventricular block (CAVB); long-QT (LQT) syndrome; hypertension (HTN); not detected (ND).
"WT; (VF): torsades de pointes (TdP).
At is the available data time interval for analysis.

dx is defined in Eq. (8).

°CC; CV; UE

M.-C. Wu, E. Watanabe, Z. R. Struzik, C.-K. Hu, and Y. Yamamoto, Phys. Rev. E 80, 051917 (2009).

Phase distribution patterns of human VF
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M.-C. Wu, E. Watanabe, Z. R. Struzik, C.-K. Hu, and Y. Yamamoto, Phys. Rev. E 80, 051917 (2009)

M.-C. Wu, Z. R. Struzik, E. Watanabe, Y. Yamamoto, and C.-K. Hu, AIP Conf. Proc. 922, 573-576 (2007).
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M.-C. Wu and N. E. Huang, Advance Biosignal Processing, Amine NAIT-ALI Ed., Chapter 19, Springer (2009).
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Conclusion: Way of Science

=10 mins
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=130 mins
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Understand the systems by analyzing the corresponding data

Analysis

Real world ——— Properties

(complex systems)

Further study
Phase space

*®

air

Models

Time series analysis usually is the first step to understand how Nature works.
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