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Black Swan (Cygnus atratus)

Crises are not black swans           
but “Dragon-kings” 



Black Swan story

• Unknown unknowable 
event

★ cannot be diagnosed in advance, cannot 
be quantified, no                    
predictability

• No responsability (“wrath 
of God”)

• One unique strategy: long 
put options and insurance



• Most crises are “endogenous”

★ can be diagnosed in advance,                can be 
quantified, (some) predictability

• Moral hazard, conflict of 
interest, role of regulations

• Responsibility, accountability

• Strategic vs tactical time-
dependent strategy

• Weak versus global signals

Dragon-king hypothesis

Michael Mandel http://www.businessweek.com/the_thread/economicsunbound/archives/2009/03/a_bad_decade_fo.html

POSITIVE FEEDBACKS



Origin of the 2007-XXXX crisis:
20y History of bubbles and Dragon-kings

• Crises are the “norm” rather than the exception

• Crises are often the consequence of excess 
leverage, i.e., bubbles

• Bubbles results from procyclical positive 
feedbacks

• Nonlinear stochastic finite-singular processes

• Possibility of developing probabilistic warning

1) diagnostic of bubbles

2) forecast of change of regime (burst)



• The ITC “new economy” bubble (1995-2000)

• Slaving of the Fed monetary policy to the stock market 

descent (2000-2003)

• Real-estate bubbles (2003-2006)

• MBS, CDOs bubble (2004-2007)

• Stock market bubble (2004-2007)

• Commodities and Oil bubbles (2006-2008) 

Origin of the 2007-XXXX crisis:
20y History of bubbles and Dragon-kings

Didier Sornette and Ryan Woodard
Financial Bubbles, Real Estate bubbles, Derivative Bubbles, and  the Financial and Economic Crisis (2009)(http://arxiv.org/
abs/0905.0220)
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Financial Crisis Observatory
www.er.ethz.ch/fco



Positive feedbacks of higher return anticipation 
✴Super exponential price                                            
✴Power law “Finite-time singularity”

Negative feedback spirals of crash expectation      
✴Accelerating large-scale financial volatility         
✴Log-periodic discrete scale-invariant patterns

Methodology for diagnosing bubbles
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Imitation

-Imitation is considered an efficient mechanism 
of social learning. 

- Experiments in developmental psychology suggest that infants use imitation to get to 
know persons, possibly applying a ‘like-me’ test (‘persons which I can imitate and 
which imitate me’).

-  Imitation is among the most complex forms of learning. It is found in highly socially 
living species which show, from a human observer point of view, ‘intelligent’ behavior 
and signs for the evolution of traditions and culture (humans and chimpanzees, whales 
and dolphins, parrots). 

- In non-natural agents as robots, tool for easing the programming of complex tasks or 
endowing groups of robots with the ability to share skills without the intervention of a 
programmer. Imitation plays an important role in the more general context of 
interaction and collaboration between software agents and human users. 

Humans Appear Hardwired To Learn By
 'Over-Imitation'
ScienceDaily (Dec. 6, 2007) — Children learn by imitating adults--so 
much so that they will rethink how an object works if they observe an 
adult taking unnecessary steps when using that object.



Shiller (2000) 
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Disorder : K small

Order
K large

Critical:
K=critical
value

Renormalization group:
Organization of the
description scale by scale

si(t + 1) = sign



K
�

j∈Ni

sj + �i







13

Imitation News

1. β<0: rational agents

• β>0: over-confident agents

Didier Sornette and Wei-Xing Zhou, Physica A 370 (2), 704-726 (2006)

(generalizes Carlos Pedro Gonçalves, who generalized Johansen-Ledoit-Sornette)

β: propensity to be influenced by the felling of others

Private
information
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Bubbles and crashes

D. Sornette and W.-X. Zhou
Predictability of Large Future Changes in major financial indices,
International Journal of Forecasting 22, 153-168 (2006)
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Various Bubbles and Crashes

Each bubble has been rescaled vertically and translated
to end at the time of the crash

time

price
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Hong-Kong

Red line is 13.8% per year: but 
The market is never following the average

growth; it is either super-exponentially
accelerating or crashing

Patterns of price trajectory during 0.5-1 year before each peak: Log-periodic power law

Textbook example of a series of superexponential 
acceleration followed by crashes
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Multi-dimensional generalization: multi-variate positive feedbacks

Positive feedbacks and finite-time singularity

with
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Super-exponential growth
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Mechanisms for positive feedbacks in the stock market

• Technical and rational mechanisms 
1. Option hedging
2. Insurance portfolio strategies
3. Trend following investment strategies
4. Asymmetric information on hedging strategies

• Behavioral mechanisms: 
1. Breakdown of “psychological Galilean invariance”
2. Imitation(many persons)

a) It is rational to imitate
b) It is the highest cognitive task to imitate
c) We mostly learn by imitation
d) The concept of “CONVENTION” (Orléan)
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DISCRETE HIERARCHY
OF THE AGENT NETWORK

Co-evolution of brain size and group size 
(Why do we have a big Brain?)

 Interplay between nonlinear positive and 
negative feedbacks and inertia

Discrete scale invariance
 Complex fractal dimension
 Log-periodicity

Presentation of three different mechanisms leading to discrete scale invariance, discrete 
hierarchies and log-periodic signatures



Kimmo Soramäki, Morten L. Bech, Jeffrey Arnold, Robert J. Glass, and Walter E. Beyeler, Physica A 379, 317-333 (2006)

network topology of the interbank payments transferred between
commercial banks over the Fedwire® Funds Service
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 Didier Sornette, Ryan Woodard, Peter Cauwels, Vladimir Filimonov, 
Wanfeng Yan, Qunzhi Zhang, Wei-Xing Zhou

Chinese bubble(Aug 2009)
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•Hypothesis H1: financial (and other) bubbles 
can be diagnosed in real-time before they end.

•Hypothesis H2: The termination of financial 
(and other) bubbles can be bracketed using 
probabilistic forecasts, with a reliability better 
than chance.

The Financial Bubble Experiment
advanced diagnostics and forecasts of bubble terminations
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“New Economy”: ICT
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Real-estate in the UK
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Real-estate in the USA
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bubble peaking in Oct. 2007
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Typical result of the calibration of the simple LPPL model to the oil price in US$ in shrinking windows with starting 
dates tstart moving up towards the common last date tlast = May 27, 2008.

2006-2008 Oil bubble

D. Sornette, R. 
Woodard and W.-X. 
Zhou, The 2006-2008 
Oil Bubble and 
Beyond,
Physica A 388, 
1571-1576  (2009)
(arXiv.org/abs/
0806.1170)

Speculation vs supply-demand 
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PCA first component on a data set containing, emerging markets equity indices, freight indices, soft commodities, base and 
precious metals, energy, currencies...

(Peter Cauwels  FORTIS BANK - Global Markets)

The Global BUBBLE

20082003 2004 2005 2006 2007 2009
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Grand Canonical Minority Game (GCMG)

Get a scientific understanding of the generating process of a time series by finding 3rd Party 
Games (3rdPG) which produce similar time series to the one which is fed (insample)

Reverse Engineering

Goals
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Genetic Algorithm Optimization 
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Result of Academic Interest: 
Markets become more and more efficient



minority games
majority games
delayed minority games
delayed majority games
mixtures

J.V. Andersen and D. Sornette, Europhys. Lett., 70 (5), 697-703 (2005)

Novel developments with Qunzhi Zhang at ETH Zurich



Semantic Language coding of news and Neural Networks 

 Collecting news stories from Internet
Websites of different sources such as NY Times, Reuters, etc
Yahoo Finance
  Google 

 Extracting information from News stories
 The preliminary results show some interesting relationships between information and stock 

prices. The following figure shows a short strategy based on information outperforms random 
trading on S&P500 index. 

Q. Zhang and D. Sornette



Sunday, May 16, 2010 Chair of Entrepreneurial Risks, D-MTEC, ETH Zurich
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•Demonstration of systemic relationships between news and S&P500 
index.
•Negative news predicts better during recession.
•ANN trading based on news generates good results.
•Volatility has some linear relationship with negative news. 

ANN trading based on news

Reference
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The Illusion of control 
in Minority and Parrondo games

J. Satinover and D. Sornette

Individuals appear hard-wired to over-attribute success 
to skill, and to underestimate the role of chance, when 
both are in fact present.
[Langer, E. J., The Illusion of Control, Journal of Personality and Social Psychology 32 
(2), 311-328 (1975)]



Overview: THMG
A.Time-Horizon MG (THMG): Pro/Con
B. In general, agents underperform strategies for 

“reasonable” t (no impact)
C. Agent performance declines with Hamming 

distance dH  between their strategies
D.Agent evolution: dH → 0
E. “Counteradaptive” agents perform best

J.B. Satinover and D. Sornette,
“Illusion of Control” in Minority and Parrondo Games,
Eur. Phys. J. B 60, 369-384 (2007)



Overview: Parrondo Games

A.10 effect: two losing games win if alternated
B. History-dependent games
C. Attempt to optimize this effect inverts it
D.Shown in unusual multi-player setting
E. Here in natural single-player setting

J.B. Satinover and D. Sornette, Illusion of Control in a Brownian Game,  
Physica A 386, 339-344 (2007)



Overview: Other

A. Control in the MAJG and $G
B. Persistence/Anti-persistence in TH games
C. Cycle decomposition of TH games
D. Cycle predictor for real-world 1D series

J.B. Satinover and D. Sornette, Illusory versus Genuine Control in Agent-Based 
Games, Eur. Phys. J. B 67, 357-367 (2009)

J.B. Satinover and D. Sornette, Cycles, determinism and persistence in agent-based 
games and financial time-series, Quantitative Finance (in press)
(http://arXiv.org/abs/0805.0428)



A strategy that has performed well in the past becomes crowded out in 
the future due the minority mechanism.

Optimizing agents tend on average to adapt to the past but not the 
present. They choose an action a(t) which is on average out-of-phase 
with the collective action A(t). 

In contrast, non-optimizing agents average over all the regimes for 
which their strategy may be good and bad, and do not face the 
crowding-out effect. 

The crowding-out effect also explains simply why anti-optimizing 
agents over-perform: choosing their worst strategy ensures that it will 
be the least used by other agents in the next time step, which implies 
that they will be in the minority. 

The illusion of control: Minority game
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Financial volatility foreshocks and aftershocks

ENDO

EXO



D. Sornette, Y. Malevergne and J.F. 
Muzy Volatility fingerprints of 
large shocks: Endogeneous versus 
exogeneous, Risk Magazine
(http://arXiv.org/abs/cond-mat/
0204626)

October 1987 crash:
totally different 
mechanism

(Multifractal Random Walk model)



where

Interplay between
-long memory
-exponential

D. Sornette, Y. Malevergne and J.F. Muzy, Volatility fingerprints of large shocks: Endogeneous versus exogeneous, Risk 16 
(2), 67-71 (2003)       (http://arXiv.org/abs/cond-mat/0204626)



Real Data and Multifractal Random Walk model



Didier Sornette and Wei-Xing Zhou, Importance of Positive Feedbacks and Over-confidence in a Self-
Fulfilling Ising Model of Financial Markets, Physica A 370 (2), 704-726 (2006)

USING AGENT-BASED MODELS
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Endogenous versus Exogenous
Extinctions
      -meteorite at the Cretaceous/Tertiary KT boundary
      -volcanic eruptions (Deccan traps)
      -self-organized critical events
Financial crashes
      -external shock
      -self-organized instability
Immune system
       -external viral or bacterial attack
       - “ internal” (dis-)organization
Brain (learning)
       -external inputs
       -internal self-organization and reinforcements (role of sleep)

Recovery after wars?
       -internally generated (civil wars)
       -externally generated

Aviation industry recession
       -September 11, 2001
       -structural endogenous problems

Volatility bursts in financial time series
        -external shock
        -cumulative effect of “small” news

Commercial success and sales
        -Ads
        -epidemic network 
Social unrests
        -triggering factors
        -rotting of social tissue 

Discoveries
       -serendipity
       -maturation

Parturition
       -mother/foetus triggered?
       -mother-foetus complex?

Earthquakes
       -tectonic driving
       -triggering
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Forecasting historical and implied volatility with the MRW

Wiener filtering:  

Wiener filter weights: 

minimize

The Wiener filter corresponds to the maximum likelihood forecasting 
in the  case of (jointly)-Gaussian random variables (Y,Z). 

J.-F. Muzy and D. Sornette



Forecasting historical and implied volatility with the MRW

are mean and variance of

MRW:

log-normal
approximation
for 

Wiener filter based on these three variables above

For larger coarser-scales:



55

S&P100 daily
historical vol

MRWlog vol
1d forecast

Log-VIX 
implied vol index



Forecasting historical and implied volatility with the MRW

Comparison with RiskMetrics and Garch(1,1)

MAE: Mean Absolute Error
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The US stock market leads the Federal funds rate and 
Treasury bond yields

(Non-parametric Determination of Real-Time Lag Structure by the TOP method)

“SLAVING OF THE FED TO THE STOCK MARKET”

1 Research Center on Fictitious Economy and Data Science, Chinese Academy of
Sciences, Beijing, China

2 School of Business, East China University of Science and Technology, Shanghai

3 School of Science, East China University of Science and Technology, Shanghai

4 Research Center for Econophysics, East China University of Science and 
Technology, Shanghai, China

5 Department of Management, Technology and Economics, ETH Zurich, Zurich,
Switzerland

6 Swiss Finance Institute, c/o University of Geneva, Geneva, Switzerland

Kun Guo [1], Wei-Xing Zhou [1,2,3,4], Si-Wei Cheng [3], Didier Sornette [5,6]



Adaptive lead-lag dependence and applications

Didier Sornette and Wei-Xing Zhou
Non-parametric Determination of Real-Time Lag 
Structure between Two Time Series: the ``Optimal 
Thermal Causal Path'' Method,
Quantitative Finance 5 (6), 577-591 (2005)
(http://arXiv.org/abs/cond-mat/0408166)

Wei-Xing Zhou and Didier Sornette
Non-parametric Determination of Real-Time Lag 
Structure between Two Time Series: the ``Optimal 
Thermal Causal Path'' Method with Applications
to Economic Data, Journal of Macroeconomics, 28, 
195-224 (2006) 

Wei-Xing Zhou and Didier Sornette
Causal Slaving of the U.S. Treasury Bond 
Yield Antibubble by the Stock Market 
Antibubble of August 2000, Physica A 337, 
586-608 (2004)
(http://arXiv.org/abs/cond-mat/0312658)

Wei-Xing Zhou and Didier Sornette
 Lead-lag cross-sectional structure and detection of
correlated-anticorrelated regime shifts: application to 
the volatilities of inflation and economic growth rates, 
Physica A 380, 287–296 (2007)
(http://arxiv.org/abs/physics/0607197)

Guo-Hua Mu, Wei-Xing Zhou, Wei Chen and Didier Sornette
Strategies used as Spectroscopy of Financial Markets Reveal New Stylized Facts,
PLoS ONE  6 (9), 1-9  (e24391) (2011)
(http://arxiv.org/abs/1104.3616)



Optimal Thermal Causality Path 

Sornette and Zhou (2004)

1) two time series

2) Standardize them (remove mean and normalize by std)

3) Define distance matrix (different norms are possible)



Optimal Thermal Causality Path 

Sornette and Zhou (2004)



An example of “energy” landscape



A

B

C





Metastable states in random media 
Random directed polymers





S&P 500 and FFR together with the 20Y for comparison.
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Bootstrap test for the significance of the lead-lag structure for the FFR and the 20Y Treasury bond yield.

FFR  20Y Treasury bond yield

Bootstrap significance tests



TEXTBOOK WISDOM:

(i) the stock market variations and the yield changes should be anti-
correlated;

(ii) the change in FFR, as a proxy of the monetary policy of the 
central bank, should be a predictor of the future stock market 
direction.

OUR RESULTS:
(1) The stock market and yields move in the same direction (confirming 
R. Werner)

(2) The stock market leads the yields, including and especially the 
FFR.

(3) Inversion of lead-lag structure between short-term and long-term 
yields after the crisis erupted.
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Partial list of problems 
with standard Utility theory

• Allais paradox (Compatibility violation: Several choices are 
not compatible with utility theory)

• Ellsberg paradox (uncertainty aversion)

• Kahneman-Tversky paradox (invariance violation)

• Rabin paradox (payoff size effects)

• Disjunction effect (violation of the sure-thing principle)

• Conjunction fallacy (violation of probability theory)

72



“Bounded rationality”
• In 1957, Herbert Simon described 

the principle of “bounded 
rationality” - Nobel Prize in 1978:

 “The capacity of the human mind 
for formulating and solving 
complex problems is very small 
compared with the size of the 
problem whose solution is 
required for objectively rational 
behavior in the real world, or even 
for a reasonable approximation to 
such objective rationality.” 
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=>Towards a fundamental theory of 
human decision making

(triune brain: reptilian, emotional, rational)

Quantum Decision Theory?
 

V.I. Yukalov and D. Sornette
Processing Information in Quantum Decision Theory,
Entropy 11, 1073-1120 (2009)

V.I. Yukalov and D. Sornette
Entanglement Production in Quantum Decision Making,
Physics of Atomic Nuclei 73 (3), 559-562 (2010).
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● Novel approach to decision making is developed 
based on a complex Hilbert space over a lattice of 
composite prospects.
•Risk of loss and uncertainty are taken into account. 
•Decisions are probabilistic and depend on state of 
mind that can be changed or framed.
● Paradoxes of classical decision theory are explained.
● Good quantitative agreement with empirical data.
● Conjunction fallacy is a sufficient condition for 
disjunction effect.
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“Nature” is more imaginative than 
mathematicians, economists or... 
econophysicists

Questions and Strategy for the future


