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CRISES





Algorithmic complexity theory: most complex systems have
been proved to be computationally irreducible, i.e. the only way to
decide about their evolution is to actually let them evolve in time.
 
The future time evolution of most complex systems appears
inherently unpredictable. 

BUT, Physics works and is not hampered by computational irreducibility 
because we only ask for answers at some coarse-grained level. 

(useless?) IMPOSSIBILITY THEOREM



256 nearest neighbor 1D cellular automata (Wolfram)
Class 3 Class 1

N-block approach with N=2, 3 or 4

240 coarse-grainable

Coarse-graining rule 110: CIR => C1

(2004)



Shell model
of turbulence

Mathematical Geophysics Conference   Extreme Earth Events
Villefranche-sur-Mer, 18-23 June 2000





Example of strategy

Total action of agents

Price equation

MG payoff of strategy i :

$-game payoff of strategy i :

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



MINORITY GAME



MINORITY GAME

Inefficient 
regime

Uncorrelated regime



J.V. Andersen and D. Sornette
The $-game, Eur. Phys. J. B 31, 141-145 (2003) 

$-GAME



Lampert, Howison and Johnson, PRL 88, 017902 (2002)

Third-party game calibration
on a black-box game

Crash prediction



History:

Case m=3:

The concept of decoupled strategies

One-step decoupled



Decomposition of total action:

Condition of certain predictability

For N=25 and N=102, very small probability for these pockets of pre-
dictability to occur by chance (assuming decoupling between agents)

(3)

If decoupled strategies dominate => predictability 
since decision independent of next outcome(s)



MINORITY GAME



Standard measure of predictability                                                         over time and over histories 

2m/N

MINORITY GAME

2m/N



NASDAQ





D. Sornette and W.-X. Zhou
(in press) cond-mat/0304601 

Sparse-data pattern recognition method 
Gelfand et al (1976)

Trait: array of answers to set of questions

Feature: a treat which is frequent in class I and unfrequent in class II

Alarm index(t): moving average of number of features at time t



Textbook example of a series of superexponential 
acceleration followed by crashes

Arrows show peaks followed by
corrections of more than 15% in less than three weeks



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



A. Johansen, D. Sornette and O. Ledoit
Predicting Financial Crashes using discrete scale invariance,
Journal of Risk 1 (4), 4, 5-32 (1999) 

A. Johansen, O. Ledoit and D. Sornette, Crashes as critical 
points,  International Journal of Theoretical and Applied 
Finance 3 (2),  219-255 (2000)

Rational Expectation Bubbles and Crashes

h(t)=E[dj]



Mechanisms for positive feedbacks in the stock market

• Technical mechanisms 
1. Option hedging
2. Insurance portfolio strategies
3. Trend following investment strategies

• Behavioral mechanisms
1. It is rational to imitate
2. It is the highest cognitive task to imitate
3. We mostly learn by imitation



Imitation News Private
information

β<0: rational agents

β>0: over-confident agents

Didier Sornette and Wei-Xing Zhou
Journal of Economic Behavior and Organization

(http://arxiv.org/abs/cond-mat/0503607)



Non-linear fundamental value strategies
Non-linear technical analysis strategies

K. Ide and D. Sornette
Oscillatory Finite-Time Singularities
 in Finance, Population and Rupture, 
Physica A  307 (1-2), 63-106 (2002)Inertia



The bubble and Crash of Oct. 1997
Continuous line: first-order LPPL
Dashed line: second-order LPPL



During and after the crash: the market behaves
as a single-degree-of-freedom damped oscillator; 

the whole market Is synchronized



Long-term relaxation of the implied volatility
can also be accounted for by the LPPL.

It describes the progressive fragmentation of the market
which recaptures its usual heterogeneity



Parameter for positivity of crash hazard rate

Determination of relevant “traits” that allow us to 
distinguish targets from non targets in the Learning process



Multi-scale approach to critical times 



SYNOPSIS OF THE PATTERN RECOGNITION METHOD





Multiscale Pattern Recognition Method

D. Sornette and W.-X. 
Zhou, Predictability of 
Large Future Changes 
in Complex Systems,
(http://arXiv.org/abs/co
nd-mat/0304601)

Extension to a multi-scale LPPL analysis with Gelfand’s method of pattern recognition to predict





We obtain very
significant 
prediction gains







COLLECTIVE  BEHAVIOR  between  AGENTS  
(with negative and positive feedbacks)

Basle Committee on Banking Supervision: “In handling systemic
issues, it will be necessary to address, on the one hand, risks to
confidence in the financial system and contagion to otherwise
sound institutions, and, on the other hand, the need to minimize
the distortion of market signals and discipline.”

A. Greenspan (Aug., 30, 2002): 
“We, at the Federal Reserve…recognized that, despite our 
suspicions, it was very difficult to definitively identify a bubble 
until after the fact, that is, when its bursting confirmed
its existence… Moreover, it was far from obvious that bubbles,
even if identified early, could be preempted short of the Central
Bank inducing a substantial contraction in economic activity, the
very outcome we would be seeking to avoid.”

Our conclusion is that the presence of the bubble 
and its approximate end was predictable. 



Challenges

• Small data sets

• Nonlinear dependences vs zero correlation

• Stochastic reconstructions

• Non-stationarity
– Changes of regime (regime-switching)

– Conventions

– Irreversibility, learning, evolution

• Theory of decision making


