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Outhne

(1) “Econostatics” vs. “Econodynamics”

(11) Analysis of complex pattern-based correlations in
high frequency financial market data.

(111) Switching processes in financial markets.

(iv) Agent-based model reproducing empirical stylized

facts based on an order book structure.
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20.06.2008 Ger man StOCk Index (DAX)

15.09.2008
LEHMAN BROTHERS

FDAX 09/2008 = [f

o(ap(ar)) = = E= 4

== 19.09.2008

log1o P(Ap(AL7))

-20 -15 -10 -5 0
Ap(At)

X. Gabaix et al., Nature 423, 267-270 (2003).
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Milestones of trading

CBOT trading pit, Chicago, 1993

—

FIOOI’ tradlng - ?z.‘ bt ) b e 1602 Options on shares of East-Indian Company (INL)
2 : 1634-36 Tulip bulb speculation bubble (NL)

1848 CBOT: trading of future contracts (USA)
1978 CBOE: trading of option contracts (USA)
1990 DTB: futures and options (D)

1998 EUREX: DTB+SOFFEX (D, CH)

Electronic trading

Deutsche Bank AG headquarter, Frankfurt, 2007
Tobias Preis April 19, 2011
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Sequence of Price Changes

FDAX

20.06.2008 19.09.2008

Random Walk

Empirical stylized facts of financial time series include:
Fat-tailed return distributions / Power law (Gene Stanley et al.)
Log-periodic power law / Bubble detection (Didier Sornette et al.)

Non-trivial scaling behavior of the returns,

Volatility clustering LEHMAN BROTHERS
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Fluctuation Patterns

,The aim 1s to compare the current reference
pattern of time interval length At~ wath all
previous patterns in the time series.”

(a) Pattern conformity analysis of financial market fluctuations

Tobias Preis
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Fluctuation Patterns

True range adapted modified time series

I
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T. Preis, W. Paul, and J. J. Schneider, Europhys. Lett. 82, 68005 (2008)

T. Preis, D. Reith, and H. E. Stanley, Phil. Trans. R. Soc. A 368, 5707-5719 (2010)

Pattern Conftormity / Trivial Cases

Straight Line

Tobias Preis

« Random Walk
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Pattern Conformity / FDAX

(b)

5

Complex correlations for financial
market time series — especially for

large pattern lengths.

Tobias Preis T. Preis, P. Virnau, W. Paul, and J. J. Schneider, New J. Phys. 11, 093024 (2009) Apl"il F9s= 20
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GPU-Computing

==4==NVIDIA GPU
==|ntel CPU

Peak GFLOP/s

3.2 GHz

Harpertown
—&

Realistic 1llustrations
Driving force:

-—0—9—

industry Source: NVIDIA CUDA programming guide

2006 2008
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artemis-2:eurex_time_series tobias$ head -n 20 index_fdax_032007_pvt.filter
2007 12809 78 6674.5 608
' o 2

2 55 6674 1

55 6674.5 2 o .
g 0745 ¢ Time Series
2007 1 2 SN 5573.5 2
20071280
2007 128015256672.5 1
2007 128015256673 3
2007 1280 1562 6673 1 Data Structure
2007 128015626674 4
200712801916 6673 1
200712801916 6673.5 1
artemis-2:eurex_time_series tobias$

e — .

Tobias Preis April 19, 2011




ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Rescaling Analysis

(a) Determination of local price extrema and renormalization

Trend #2 At At

At
13,991,275 trades

FDAX

— June 2007

— September 2008
— December 2008

At

Trend #3

|
|
|
|
|
|
:
|
I
I
I
I
:

Transaction by transaction

Volume sequence of trend #1

Tobias Preis Renormalized time Aprll 19, 2011
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Rescaling Analysis

Extraction of trend sequences

Volume sequence of trend #1

i
mi

I

I

I

I

I
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e=1 —
Transaction by transaction

Volume sequence of trend #2
] ]

—0 e=1 =
Transaction by transaction o

Volume sequence of trend #3

e=0
Transaction by transaction

o
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Rescaling Analysis

Renormalization of trend sequences

_Volume sequenceTof trend_#1

e=0 o
Renormalized time scale

Volume sequence of trend #2
[

e=0 =
Renormalized time scale

Volume sequence of trend #3

e=0 g=1
Renormalized time scale

April 19, 2011




ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Rescaling Analysis

Averaged volume sequence

e=0 =1
Renormalized time scale
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Rescaling Analysis

Averaged volume sequence for FDAX time series

At ranges from 50 to 100

e=0 eé1

Renormalized time scale
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(a)

Inter-trade times

Order At of extrema [units of tick]
Order At of extrema [units of tick]

T Tt o e T B et e o T €1 e 1) e 7 i S e e}
Renormalized time ¢ between successive extrema Renormalized time ¢ between successive extrema

Tobias Preis |T. Preis and H. E. Stanley, APCTP Bulletin 23, 18 (2009) ' Apl"il FOs=20kE



m T. Preis and H. E. Stanley, J. Stat. Phys. 138, 431 (2010)

SO s T chnlEeeH achs eI Z0rch T. Preis, J. J. Schneider, and H. E. Stanley, accepted for publication in PNAS (2010)
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Quantities With Scale-Free Behavior

(a) Transaction volume (FDAX) (b) Inter-trade times (FDAX)
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Tobias Preis April 19, 2011

-2.8 -24




ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Reproduction with a Model

L' = —

T | | | |
0.8 0.9 1.0 1.1 1.2 -28-26-24-22-20-18-16-14-12-1.0

Renormalized time ¢ between successive extrema logg le -1
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Order Book Structure

offer price p
A

EEEE = b6
Price-time priority HEN T S
HE b

Discrete price levels =

. best ask p +2

[imit orders

trade at price p, . - .
Market orders new bestbid [ [l

demand

T. Preis, S. Golke, W. Paul, and J. J. Schneider, Europhys. Lett. 75, 510 (2006)

Tobias Preis |T. Preis, S. Golke, W. Paul, and J. J. Schneider, Phys. Rev. E 76, 016108 (2007) April F9s= 20



ETH

Eidgenossische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

Model Definition

Liquidity provider Na Best bid

Liquidity taker e, Best ask Pa

[imit order rate Midpoint  p,, = 2 ;p :

Market order rate Spread §= Do — Db

Order cancel rate

1

Buy/Sell probability  orovider = grater = 3

Tobias Preis April 19, 2011
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Model Definition

. Exponentially distributed order entry depth
. Limit price of a limit buy order
Pi=pa—1-n
 Limit price of a limit sell order

pi=pp+1+7

« with stochastic variable 7=[-) xlog(z)]

Tobias Preis April 19, 2011
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Results of the Model

" simulation data 1
o nPPm) —— -

- ND WS OTONOO® O O

(e o sm a pa e S O O S 1) 100 200 300 400 500
t110° MCS] P-Pm [ticks]

T 1 e (_(lnx—M) )

Sz 21 %52

Order book depth: log-normal distribution

Tobias Preis April 19, 2011
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Autocorrelations

0.2 :
- \
0|

S (]

0.2} ot)=dp(t)
w(B)=Iop(t)!
w

08 (t)=5p2(t)

0.4 - - - -
O 1y 3 A R e
At [MCS]

. Negative autocorrelation on short time scales

. Volatility clustering

Tobias Preis April 19, 2011
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Results of the Model

fi0aks:

1072 |

10° |

4]

random walk
NA=500
NA=250
N,=125

10’ i 10° T oz
At [MCS]

Hurst exponent H (A7) : ((Ap)")'/?(Ar) oc AT

Random walk: #=1/2

Tobias Preis April 19, 2011
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Asymmetric Order Flow

. Time dependent buy/sell probability (micro trends):
. Deterministic perturbation: Sawtooth

. Stochastic perturbation: Feedback random walk
(FRW): RW with mean reversion tendency

T. Preis, S. Golke, W. Paul, and J. J. Schneider, Europhys. Lett. 75, 510 (2006)
Tobias Preis April 19, 2011
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Sawtooth

-

random walk 0=

N,=500 )

N,=250 1 107 |
N,=125 ﬂ

At=200
At=400
At=800
At=1600
At=3200

| | | | e 0(AP)
10’ 10
At [MCS] Ap [ticks]

Deterministic modulation with a period of 200 MCS
i1s reflected 1n the mean square displacement, leading
to quasi-periodic oscillations of the Hurst exponent.

Tobias Preis April 19, 2011
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Feedback Random Walk

P

random walk
NA=500
NA=250
N,=125

10’ i 10° T oz
At [MCS]

Again an anti-persistent behavior on short time scales,
but a persistent behavior on medium time scales, and
a ditfusive regime on long time scales.

Tobias Preis |T. Preis, J. Phys.: Conf. Ser. 221, 012019 (2010) I Aprll F9s= 20
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Dynamic Order Depth

-1
192 At=200
At=400
At=800
i At=1600 £
10z -

7

random walk
NA=500
N =250
: : . NA=12.5 S [ e .
10’ i 10° T 10° s o B e b e 1
At [MCS] Ap [10° ticks]

Hurst exponent H Dynamic order entry depth
leads to fat-tailed distribution

(Ip(t + At) — p(t)| 99 oc ApHa(AY) .
of price changes

T. Preis, S. Golke, W. Paul, and J. J. Schneider, Europhys. Lett. 75, 510 (2006)

Tobias Preis T. Preis, S. Golke, W. Paul, and J. J. Schneider, Phys. Rev. E 76, 016108 (2007) April F9s= 20
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Conclusions

Complex pattern-based correlations in high frequency
financial market data.

Switching processes in financial markets: Power-law behavior
close to switching points.

Order Book Model: Reproduction of anti-persistent scaling
behavior on short time scales, persistent on medium time
scales, and diffusive behavior on long time scales; fat-tailed
price change distributions.

Reproduction of switching point behavior.

Tobias Preis April 19, 2011
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TOPICS IN PHYSICS

How to Characterize Trend Switching
Processes in Financial Markets

Tobias Preis' ** and H. Eugene Stanley
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Inter-trade times

"Blueprint" of trends in financial markets (p. 54)
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Bubble trouble

When a stock market rises unsustainably, it can create a financial bubble that sooner or later will burst.
Tobias Preis and H Eugene Stanley examine whether concepts from physics can be used to create a
law describing exactly how such crashes occur

Wild fluctuations in the stock prices and currency
exchange rates of every country have had a huge impact
on the world economy and the personal fortunes of mil-
lions of us over the last few years. These instabilities
have also had another, perhaps unintended, conse-
quence — of thrusting the academic discipline of
“econophysics” firmly into the limelight. But does a
field that involves applying the concepts of statistical
physics to economics really have anything important to
contribute to discussions about the current economic
crisis? Yes —absolutely —because finding laws describ-
ing fluctuations is the essence of statistical physics.
Physicists are not, of course, the first people to apply
statistics to economics, with mathematicians also hav-
ing contributed to the field for many years. One of their
first significant breakthroughs came in 1900 when
Louis Bachelier, working under the tutelage of the
great French mathematician Henri Poincaré, published

Physics World May 2011

a PhD thesis in which he analysed real financial data.
Bachelier claimed that a histogram of the changes in
share price (measured over any period of time) forms a
bell-shaped curve known as a Gaussian function, with
very large fluctuations essentially never occurring. In
other words, he believed that the chances of a serious
crash occurring are almost zero. Such serious crashes
are indeed very rare, but when they do occur, their
effects can be devastating.

The model associated with Bachelier is often referred
to as the “random walk” or “drunkard’s walk” because
he assumed that stock prices go up or down randomly
by an amount that has a characteristic value. In recent
years, however, econophysicists have been able to get
their hands on a staggering quantity of real-time finan-
cial data, including the price, volume and timestamp of
every transaction of every stock you can think of. Thanks
to this information, which is now available in huge finan-
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