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[Statistical] Physics in a Drop of Water
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[Statistical] Physics in a Drop of Water
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[Statistical] Physics in a Drop of Water

O 100 200 300 400 500

« Group statistically similar time series
« Discover presence of different phases
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Time Series Approaches

* Time Series Segmentation
— Discover number/type of macroscopic phases
— Discover lifetimes of macroscopic phases
— Discover time scales of transitions between
macroscopic phases
* Time Series Clustering

— Discover effective mesoscopic variables in given time
window

— Discover slow time evolution of effective variables by
sliding time window
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Time Series Segmentation
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Time Series Segmentation

« Assume non-stationary time series x = (x,, X,,
..., Xy) consists of M stationary segments

* In segment m, data points drawn from (u,,,, 7,2
Gaussian distribution

* Recursive segmentation
— One time series — two segments
— Each segment — two subsegments
— lterate + optimize
— Terminate
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Time Series Segmentation

Single-segment likelihood for x = (x4, X5, ..., Xy)
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Jensen-Shannon divergence

Time Series Segmentation
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Time Series Segmentation
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Time Series Segmentation
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Time Series Segmentation
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Time Series Segmentation

K Symbol Economic Sector
1 BM Basic Materials

2 CY Consumer Services
3 EN Oil & Gas

4 FN Financials

3 HC Healthcare

6 IN Industrials

7 NC Consumer Goods

8 TC Technologies

9 TL Telecommunications
10 uT Utilities
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Time Series Segmentation
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Time Series Segmentation
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Time Series Segmentation
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Time Series Segmentation

——

BM
TOT T A PP Tl T T T TN

) B
CY 'l'lll
EN " |F“FH"'* oo Mol

FNWWWWWWWW P

R

e Vi IS SRR S et _x Yx. =%
HC C - <(XI X )(XJ XJ )> _ é‘xi 5Xj
. ! 00 Oj O
NC j —
e M,‘ B e s L
" it I ey
WMMWM TC cY ||
20‘01 20|02 20(3 2I)|04 20‘05 20‘ 6 20‘07 20|08 /
2001-2002  2004-2005 2008-2009 en | m | w —{nc |
ZEIRN
ut — FN L HC "— HC

20 Oct 2010 Sun Yat Sen Uni _ ur




Time Serles Segmentatlon
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Time Series Segmentation

5 1D 3

Tc| [Tc| |TC . 8cv

o e e e e T
T .L A\

AN | TL o] FN ut| UT
5

1 ‘ 2

20 Oct 2010 4 FN [senu| CY UT HC 19




Time Series Segmentation
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Time Series Clustering
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digital cross correlations
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Time Series Clustering

TYPICAL CASE
Partial separation of scales
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Time Series Clustering

» Partial Hierarchical Clustering
— Find D;«» = max; D;
— Use ¢ = {i*, j*} as seed cluster
— Add k* to cluster if

* Dyc=min, .. Dy
* Di..=max, D,
— Iterate to grow cluster
— Plot correlation level D,.against cluster size
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correlation level

Time Series Clustering

slow Singapore Stock Exchange (SGX): 2006-2007
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Time Series Clustering
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Time Series Clustering

SGX financial molecule 2006-2007

Singapore atoms

Chinese atoms
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Time Series Clustering
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Conclusions

* Possible to identify macroscopic phases and
study their dynamics from microscopic time

series

* Time series segmentation

— US economy
 Crisis and growth
« MST topologies

* Time series clustering
— SGX

 Financial atoms and molecules

« Chemical picture of market crashes
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Thank You!
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