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Are we really that different from robots?

Examples in Finance: backtesting, statistics of order, traders
compensation methodology, sales and structured products, technical
analysis etc ... More in Wilmott Magazine, Issue 60 (2012), Pages 28-37.
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Two simple questions for two simple definitions

We have tried to understand the financial
markets using the top down approach for
100 years with (very) partial success.
Can we look at it in a different angle?

Definition (Top-Down Vs Bottom-Up)

Top-Down (TD): Any stochastic
quantitative approach which assumes
that the market is random (or close to
random) but for which we can create
interesting dynamic strategies.

Bottom-Up (BU): Any deterministic
quantitative approach which assumes
that strategies interacting create the
dynamics of the market (new angle).

Can we use this new angle
to “solve” the market?
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The Scientific Method for “solving” the market
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3 Strategies Ecosystems: [s10, s11, , s15]

Question: What do we mean by “solve”?

Answer: We want to look at market price processes and be able to
tell what systematic strategies were involved, what their P&L has
been and this at all times (including in the future): ecosystem details.

Scientific Method: A
good theory can be
simulated but simulations
can also help bring
intuition on what the
theory might be [27].

Proposed
Theory

Simulation

Hyp
ot

he
si
sS

im

ulation

H
yp
ot

he
sis

Caveat: Is the idea mad,
ambitious or both?

BMD (EQRC) QIMLC 2024 September 19th, 2024 4 / 16



The Scientific Method for “solving” the market

0 10 20 30 40
Iteration

100
75
50
25

0
25
50
75

100

P

2 Strategies Ecosystems: [s1, s2, , s9]
3 Strategies Ecosystems: [s10, s11, , s15]

Question: What do we mean by “solve”?

Answer: We want to look at market price processes and be able to
tell what systematic strategies were involved, what their P&L has
been and this at all times (including in the future): ecosystem details.

Scientific Method: A
good theory can be
simulated but simulations
can also help bring
intuition on what the
theory might be [27].

Proposed
Theory

Simulation

Hyp
ot

he
si
sS

im

ulation

H
yp
ot

he
sis

Caveat: Is the idea mad,
ambitious or both?

BMD (EQRC) QIMLC 2024 September 19th, 2024 4 / 16



The Scientific Method for “solving” the market

0 10 20 30 40
Iteration

100
75
50
25

0
25
50
75

100

P

2 Strategies Ecosystems: [s1, s2, , s9]
3 Strategies Ecosystems: [s10, s11, , s15]

Question: What do we mean by “solve”?

Answer: We want to look at market price processes and be able to
tell what systematic strategies were involved, what their P&L has
been and this at all times (including in the future): ecosystem details.

Scientific Method: A
good theory can be
simulated but simulations
can also help bring
intuition on what the
theory might be [27].

Proposed
Theory

Simulation

Hyp
ot

he
si
sS

im

ulation

H
yp
ot

he
sis

Caveat: Is the idea mad,
ambitious or both?

BMD (EQRC) QIMLC 2024 September 19th, 2024 4 / 16



The Scientific Method for “solving” the market

0 10 20 30 40
Iteration

100
75
50
25

0
25
50
75

100

P

2 Strategies Ecosystems: [s1, s2, , s9]
3 Strategies Ecosystems: [s10, s11, , s15]

Question: What do we mean by “solve”?

Answer: We want to look at market price processes and be able to
tell what systematic strategies were involved, what their P&L has
been and this at all times (including in the future): ecosystem details.

Scientific Method: A
good theory can be
simulated but simulations
can also help bring
intuition on what the
theory might be [27].

Proposed
Theory

Simulation

Hyp
ot

he
si
sS

im

ulation

H
yp
ot

he
sis

Caveat: Is the idea mad,
ambitious or both?

BMD (EQRC) QIMLC 2024 September 19th, 2024 4 / 16



1 Introduction
Two simple questions for two simple definitions
Context

2 Useful material for Quant Finance from Mathematical Biology
Predator/Prey models
Evolutionary Dynamics

3 Neural Network Architecture and Learning Potential
Generative Adversarial Networks
High Frequency Financial Funnel & Classic Strategies

4 Dynamic of the Financial Market
Genetic Algorithm & NN Complexity
The Path of Interaction

5 Stability of Financial Systems and Multi-Target Tracking
Sequential Monte Carlo Methods
Example

6 Conclusion
Summary
Future Research
BMD (EQRC) QIMLC 2024 September 19th, 2024 5 / 16



Context

Market Changing Financial Crisis: 10 year anniversary

The Subprime crisis triggers malaise [13, 18, 22, 19]: This
encourages Socially Responsible Finance.

Quantitative Finance was instructed to change [15]: From
models assuming data to data reassuming the models,

The rise of Machine Learning at the expense of traditional
probabilistic models [4] though traditional Quant Finance
was always enriched by STEM fields (Physics, Mechanics etc
... what about Biology?).

The Rise of Big Data

What is Big Data:
lots of anecdotal
claims about how big
is Big Data [8, 1, 14]
but the term refers
more to the concept
of “datafication”
(increase in size ≠
better confidence
interval but rather
change in
perspective).

The Flash Crashes
(eg: [23]) calls for a
modelling revolution
[5, 11, 6] (BU vs.
TD): the Brownian
motion assumption to
model markets is
increasingly difficult to
defend.
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Predator/Prey models

We can make the hypotheses that the
economical cycles or oscillation in prices are
due to the same type of disruptions that can
occur in

biological ecosystems predator/prey
(PP) models (a, b, c, d , e, f and g are rate of
growth or predation). The relationship between
x(t), y(t) and z(t) is deterministic:

⎧
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dx(t)
dt

= ax(t) − bx(t)y(t)
dy(t)
dt

= −cy(t) + dx(t)y(t) − ey(t)z(t)
dz(t)
dt

= −fz(t) + gy(t)z(t)
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Answering if an ecosystem (or by extension
financial market) composed of 3 strategies is
stable would come to studying the Jacobian
matrix J. If if all eigenvalues of J(x , y , z) have
negative real parts then our system is
asymptotically stable. Though simplistic, the
model can easily be expanded to more complex
ecological niches.

J(x , y , z) =

⎡
⎢
⎢
⎢
⎢
⎢
⎣

a − by −xb 0
yd −c + dx − ez −ye
0 −zg −f + gy

⎤
⎥
⎥
⎥
⎥
⎥
⎦

3530252015

x
t

1050-2
0

y
t

2
4

6

40

35

30

25

20

15

10

5

0
8

z
t

BMD (EQRC) QIMLC 2024 September 19th, 2024 6 / 16



Predator/Prey models
We can make the hypotheses that the
economical cycles or oscillation in prices are
due to the same type of disruptions that can
occur in biological ecosystems predator/prey
(PP) models (a, b, c, d , e, f and g are rate of
growth or predation). The relationship between
x(t), y(t) and z(t) is deterministic:

⎧
⎪⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎪
⎩

dx(t)
dt

= ax(t) − bx(t)y(t)
dy(t)
dt

= −cy(t) + dx(t)y(t) − ey(t)z(t)
dz(t)
dt

= −fz(t) + gy(t)z(t)

0 500 1000 1500
0

1

2

3

4

5

6

7

xt
yt
zt
xt+yt+zt

Answering if an ecosystem (or by extension
financial market) composed of 3 strategies is
stable would come to studying the Jacobian
matrix J. If if all eigenvalues of J(x , y , z) have
negative real parts then our system is
asymptotically stable. Though simplistic, the
model can easily be expanded to more complex
ecological niches.

J(x , y , z) =

⎡
⎢
⎢
⎢
⎢
⎢
⎣

a − by −xb 0
yd −c + dx − ez −ye
0 −zg −f + gy

⎤
⎥
⎥
⎥
⎥
⎥
⎦

3530252015

x
t

1050-2
0

y
t

2
4

6

40

35

30

25

20

15

10

5

0
8

z
t

BMD (EQRC) QIMLC 2024 September 19th, 2024 6 / 16



Predator/Prey models
We can make the hypotheses that the
economical cycles or oscillation in prices are
due to the same type of disruptions that can
occur in biological ecosystems predator/prey
(PP) models (a, b, c, d , e, f and g are rate of
growth or predation). The relationship between
x(t), y(t) and z(t) is deterministic:

⎧
⎪⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎪
⎩

dx(t)
dt

= ax(t) − bx(t)y(t)
dy(t)
dt

= −cy(t) + dx(t)y(t) − ey(t)z(t)
dz(t)
dt

= −fz(t) + gy(t)z(t)

0 500 1000 1500
0

1

2

3

4

5

6

7

xt
yt
zt
xt+yt+zt

Answering if an ecosystem (or by extension
financial market) composed of 3 strategies is
stable would come to studying the Jacobian
matrix J. If if all eigenvalues of J(x , y , z) have
negative real parts then our system is
asymptotically stable. Though simplistic, the
model can easily be expanded to more complex
ecological niches.

J(x , y , z) =

⎡
⎢
⎢
⎢
⎢
⎢
⎣

a − by −xb 0
yd −c + dx − ez −ye
0 −zg −f + gy

⎤
⎥
⎥
⎥
⎥
⎥
⎦

3530252015

x
t

1050-2
0

y
t

2
4

6

40

35

30

25

20

15

10

5

0
8

z
t

BMD (EQRC) QIMLC 2024 September 19th, 2024 6 / 16



1 Introduction
Two simple questions for two simple definitions
Context

2 Useful material for Quant Finance from Mathematical Biology
Predator/Prey models
Evolutionary Dynamics

3 Neural Network Architecture and Learning Potential
Generative Adversarial Networks
High Frequency Financial Funnel & Classic Strategies

4 Dynamic of the Financial Market
Genetic Algorithm & NN Complexity
The Path of Interaction

5 Stability of Financial Systems and Multi-Target Tracking
Sequential Monte Carlo Methods
Example

6 Conclusion
Summary
Future Research
BMD (EQRC) QIMLC 2024 September 19th, 2024 7 / 16



Evolutionary Dynamics
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e) Example of Few Strategy Battles 

WSLS: CCCCCCDDDD … 

ALL C: CCCCCCCCCCC … 
Vs. 

WSLS: CCCCCCDDCC … 

WSLS: CCCCCCCDCC … 
Vs. 

WSLS: CDCDCDCDCD … 

ALLD : DDDDDDDDD … 
Vs. 

GTFT: CCCCDCCCCCC … 

GTFT: CCCCCDCCCCC … 
Vs. 

ALLC: CCCCCCCCCCC … 

ALLD: DDDDDDDDD  … 
Vs. 

TFT: CCCDCDCDCDCD … 

TFT: CCCCDCDCDCDC … 
Vs. 

ALLD ALLC 

TFT GTFT 

WSLS rand 

d) War & Peace Chart 

TFT:  CCCCCCDCCCC … 

GTFT: CCCCCCCCCC … 
Vs. 

GTFT:  CCCCCCDCCCC … 

ALLC:  CCCCCCCCCC … 
Vs. 

Axelrod’s [2, 3]
computer
tournament and
Nowak’s work on
Evolutionary
Dynamics (ED)
[24] on invasion
need to influence
21st century
Quantitative
Finance especially
the BU approach.

The methodology
in ED is interesting
because the
strategies are both
systematic &
interacting with
each other (like it
is the case in algo
trading).
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Generative Adversarial Networks for Electronic Trading

As ML “translation” of ED and
PP models, we have
Generative Adversarial
Networks (GANs) [12],
introduced in 2014, usually
involve a system of two neural
networks competing in a
zero-sum game settings. This
process continues as long as
needed since the lack of data is
no longer a problem.

The communication tool is the
order book and the game is
not zero-sum game in our
research. The strategies are in
High Frequency Financial
Funnel (HFFF) format [20].
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High Frequency Financial Funnel & Classic Strategies
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HFFF can model financial strategies:

1 Trend Following (TF)

2 MACD

3 MLR

4 XOR

5 Lasso Regressions etc ...

Architecture Complexity and strategy
sophistication explains the incentive for
Deep Learning (DL).
Paradoxically we witness potential for
regularization as the network becomes
more complex.
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Genetic Algorithm & NN Complexity

NN depth & breadth
should contribute in
increasing the learning
potential.

The TF
(bottom) is less
complex than the MLR
(middle) which is less
complex than the XOR
(top) strategy.

Question: Can we
make an analogy to the
predator prey
ecosystem? Do we get
similar behaviour as the
Lotka-Volterra
equations [28, 17]?
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The Path of Interaction

Answer: not quite but there are few interesting links (exponential grow of the
smaller prey/self fulfilling strategies such as TF) but they are many issues
(classification, timescale etc...).

Strategy seed ⇈ TF1 TF2 TF1 TF2

Iteration 0 1 2

Signal N/A +1 +1 +1 +1

OB 0P
1,1,1,1

0,0P
1,1,1

0,0,0P
1,1

0,0,0,0P
1

0,0,0,0,0P

Last Price 100 101 102 103 104

∆OI +1 −1 −2 −3 −4

∆Price +1 +1 +1 +1 +1

P&L [0, 0] [1, 0] [2, 1]

The genetic algorithm presented in the previous slide creates complications
(classification issues). This pushed us to study the bottom-up approach using
concepts taken from evolutionary dynamics and created the the concept of Path
of Interaction: table of 7 rows documenting the interaction’s details (eg:
table above).
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Sequential Monte Carlo

Sequential Monte Carlo
(SMC) methods
[9, 10, 16], also know as
Particle Filter have
emerged as a fashionable
tool to track scenarios in
the last 15 years [25, 26].
They are the sequential
analogue of Markov Chain
Monte Carlo (MCMC)
methods and similar to
importance sampling
methods.

The aims of the PF is to
estimate the sequence of
hidden parameters (eg:
the frequencies of certain
types of strategies), based
on an indirect
observations (eg: the
fluctuations of the
market).

Chap. 2 : Literature Review

2.1.4 Resampling Methods

Resampling methods are usually used to avoid the problem of weight degeneracy in our algorithm.

Avoiding situations where our trained probability measure tends towards the Dirac distribution

must be avoided because it really does not give much information on all the possibilities of our

state. There exists many different resampling methods, Rejection Sampling , Sampling-Importance

Resampling , Multinomial Resampling , Residual Resampling , Stratified Sampling, and the per-

formance of our algorithm can be affected by the choice of our resampling method. The stratified

resampling proposed by Kitagawa [9] is optimal in terms of variance. Figure 2.3 gives an illustration

of the Stratified Sampling and the corresponding algorithm is described in algorithm 13 . The aim

CDF F

UNp ∼ (
Np−1
Np

, 1]

U2 ∼ ( 1
Np
, 2
Np

]

(
Np−1
Np

, 1]

Xk

Xi
k

Xi
k

resampling

sampling

sampling

real pdf

estimated pdf at time k (before resample)

a particle

Xk

U1 ∼ (0, 1
Np

]

lucky useless particle stays at the same spot

estimated pdf at time k + 1 (after resample)

another seemingling useless particle is realocated as expected at a more useful place

Xk

moved here

(0, 1
Np

]

( 1
Np
, 2
Np

]

Figure 2.3: Resampling illustration

of figure 2.3 is to talk, we hope, louder than words. It illustrates the Stratified Sampling. We see

32
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The random Brownian paths become deterministic

Each Brownian Path Lookalike is no longer stochastic but deterministic.

0 10 20 30 40
Iteration

100
75
50
25

0
25
50
75

100

P

2 Strategies Ecosystems: [s1, s2, , s9]
3 Strategies Ecosystems: [s10, s11, , s15]

Each deterministic path corresponds to a sequence of interaction of several
strategies for which the sequence and the P&Ls can be traced through our SMC
methods by looking at the market price only.
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PF assigns a probability for each ecosystem scenario

We have recorded 15 different scenarios (ecosystem history) for the sake of this
presentation, all of which are clearly detected after the 11th iteration [21].

#104
0 0.5 1 1.5 2 2.5

0
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2

3

4

5

6

7

8

9

10

Base Prey Strat: xt (self fulfilling prophecies)
Trophic Leve2 Strat: y1

t  (dominates x t)
Trophic Leve3 Strat: y2

t  (dominates y1
t )

Apex Predator Strat: zt (dominates y2
t )

Market

Fig. 23: Simplified Stochastic 4-species Lotka-Volterra of Equation (31)

(a) Scenario s1 (b) Scenario s2 (c) Scenario s3 (d) Scenario s4 (e) Scenario s5

(f) Scenario s6 (g) Scenario s7 (h) Scenario s8 (i) Scenario s9 (j) Scenario s10

(k) Scenario s11 (l) Scenario s12 (m) Scenario s13 (n) Scenario s14 (o) Scenario s15

Fig. 24: Particle Filter on market scenarios on r2, 3, 5, 11, 23, 47s milestones

to build a realistic market simulators on which one can
test strategies. You are given a set of strategies ⌦ “
tS1, S2, . . . , Snu that can be replicated through the HFFF
that we have seen in Figure 7. You also assume that you
have a history oh P&L distribution for each element of ⌦.
This simulated market ought to be composed of an ecosystem
of all possible theoretical strategies which frequency is
unknown and which should react in such a way that the P&L
distribution of all strategies for which we have historical data
ought to perform in a similar manner.

2) Proposed Solution: We need to defined a particle filter
on the scenarios described in the problem formulation. In
doing so we need to both define a slightly different likelihood
function as well as a very different resampling solution.
We need to create a likelihood function for the particles
associated to the scenario being investigated. This likelihood
function should be itself function of the relative entropy
between the expected P&L distribution and the one realized
by the simulated market. The Kullback-Leibler divergence
[70], of equation (??) can be a simple enough measure for the

31
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Fig. 23: Simplified Stochastic 4-species Lotka-Volterra of Equation (31)

(a) Scenario s1 (b) Scenario s2 (c) Scenario s3 (d) Scenario s4 (e) Scenario s5

(f) Scenario s6 (g) Scenario s7 (h) Scenario s8 (i) Scenario s9 (j) Scenario s10

(k) Scenario s11 (l) Scenario s12 (m) Scenario s13 (n) Scenario s14 (o) Scenario s15

Fig. 24: Particle Filter on market scenarios on r2, 3, 5, 11, 23, 47s milestones

to build a realistic market simulators on which one can
test strategies. You are given a set of strategies ⌦ “
tS1, S2, . . . , Snu that can be replicated through the HFFF
that we have seen in Figure 7. You also assume that you
have a history oh P&L distribution for each element of ⌦.
This simulated market ought to be composed of an ecosystem
of all possible theoretical strategies which frequency is
unknown and which should react in such a way that the P&L
distribution of all strategies for which we have historical data
ought to perform in a similar manner.

2) Proposed Solution: We need to defined a particle filter
on the scenarios described in the problem formulation. In
doing so we need to both define a slightly different likelihood
function as well as a very different resampling solution.
We need to create a likelihood function for the particles
associated to the scenario being investigated. This likelihood
function should be itself function of the relative entropy
between the expected P&L distribution and the one realized
by the simulated market. The Kullback-Leibler divergence
[70], of equation (??) can be a simple enough measure for the

31

BMD (EQRC) QIMLC 2024 September 19th, 2024 14 / 16



1 Introduction
Two simple questions for two simple definitions
Context

2 Useful material for Quant Finance from Mathematical Biology
Predator/Prey models
Evolutionary Dynamics

3 Neural Network Architecture and Learning Potential
Generative Adversarial Networks
High Frequency Financial Funnel & Classic Strategies

4 Dynamic of the Financial Market
Genetic Algorithm & NN Complexity
The Path of Interaction

5 Stability of Financial Systems and Multi-Target Tracking
Sequential Monte Carlo Methods
Example

6 Conclusion
Summary
Future Research
BMD (EQRC) QIMLC 2024 September 19th, 2024 15 / 16



Summary

We pointed to a puzzling observation: Flash Crash. More specifically
as we have seen that during few the crash, fascinating patterned
oscillations occurred in the commodities market.

These oscillations
cannot be explained by the Top-Down assumption in Quantitative
Finance (e.g. the Brownian motion). We have proposed to study
these oscillations with the Bottom-Up approach instead.

We expressed, classic Financial Strategies in HFFF format and
shown the incentive for going from from a simple perceptron, to
shallow and finally deep learning.

We also established connections (though not complete) to fields that
are traditionally associated to mathematical biology, namely
predator-prey models and evolutionary dynamics.

This was done in order to express the bottom-up approach at the
infinitesimal level. More specifically we developed the concept of
Path of Interaction in an HFTE Game.

Finally we looked at tracking methods using MTT.
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Future Research

Classification Simplification: the direct simulation approach of an
HFTE [20] creates situations in which two very different architectures
yield the exact same function.

Complex Food Webs: We need to bring the complexity of our state
space to the level of a complex food web. Additional strategies must
be incorporated and more HFTE games must be included in our
database of scenarios.

Order-Book Dynamics: Many of the markets are driven by different
rules for the OB.

Increased HFFF complexity does not equate to Invasion: A clear
picture did not necessarily emerge from the first simulations.

Birth & Death Processes: We need to incorporate a Birth and
Death Process to our MTT to make more realistic scenarios.

Diversity & Stability: In biology diversity in an ecosystem leads to
its instability [28, 7] but what about Finance?
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Annales Scientifiques de l’École Normale Supérieure 3 (17) (1900), 21–86.

Bouchaud, J.-P.

Economics needs a scientific revolution.
Nature 455 (2008), 1181.

Buchanan, M.

Meltdown modelling: Could agent-based computer models prevent another financial crisis?
Nature 460 (2009), 680–682.

Chauvet, E., Paullet, J. E., Previte, J. P., and Walls, Z.

A Lotka-Volterra three-species food chain.
Mathematics Magazine 75 (2002), 243–255.

Cukier, K., and Mayer-Schoenberger, V.

The rise of big data: How it’s changing the way we think about the world.
Foreign Affairs 92, 3 (2013), 28–40.

Doucet, A., de Freitas, N., and Gordon, N.

Sequential monte carlo in practice.
New York: Springer-Verlag (2001).

BMD (EQRC) QIMLC 2024 September 19th, 2024 16 / 16



Doucet, A., Godsill, S., and Andrieu, C.

On sequential monte carlo sampling methods for bayesian filtering.
Statistics and Computing 10, 9 (2000), 197–208.

Farmer, J. D., and Foley, D.

The economy needs agent-based modelling.
Nature 460 (2009), 685–686.

Goodfellow, I. J., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D., Ozair, S., Courville, A., and

Bengio, Y.
Generative adversarial networks.

Johnson, T. C.

Finance and mathematics: Where is the ethical malaise?
The Mathematical Intelligencer 37, 4 (Dec 2015), 8–11.

Lee, J.-G., and Minseo, K.

Geospatial big data: Challenges and opportunities.

Leonard, C.

Apres la crise, l’enseignement de la finance repense.

Liu, J., and Chen, R.

Sequential monte carlo methods for dynamic systems.
Journal of the American Statistical Association.

Lotka, A. J.

Elements of physical biology.
Williams & Wilkins Co. (1925).

Mahdavi-Damghani, B.

UTOPE-ia.
Wilmott Magazine 60 (2012), 28–37.

Mahdavi-Damghani, B.

The non-misleading value of inferred correlation: An introduction to the cointelation model.

BMD (EQRC) QIMLC 2024 September 19th, 2024 16 / 16



Wilmott 67 (2013), 50—-61.

Mahdavi-Damghani, B.

Introducing the HFTE model: a multi-species predator prey ecosystem for high frequency quantitative financial
strategies.
Wilmott Magazine 89 (2017), 52–69.

Mahdavi-Damghani, B., and Roberts, S.

A bottom-up approach to the financial markets agent-based quantitative algorithmic strategies: Ecosystem, dynamics &
detection.

Mahdavi-Damghani, B., Welch, D., O’Malley, C., and Knights, S.

The misleading value of measured correlation.
Wilmott 62 (2012), 64—-73.

Nanex.

Strange days june 8’th, 2011 - natgas algo, 2011.

Nowak, M.

Evolutionary dynamics : exploring the equations of life.
2006.

Sidenbladh, H.

Multi-target particle filtering for the probability hypothesis density.
Proceedings 6th International Conference on Information Fusion (2003), 800–ñ806.
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