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Two simple questions for two simple definitions

Definition (Top-Down Vs Bottom-Up)

Louis ‘Bachelier’s
. Theory of $peculation
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.

The Origins of Modern Finance
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. Theory of $peculation
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.

The Origins of Modern Finance

Bottom-Up (BU): Any deterministic
quantitative approach which assumes

that strategies interacting create the
dynamics of the market (new angle).
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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) | Couis Zoilior:
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quantitative approach which assumes
that the market is random (or close to
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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) | Couis Zoilior:

. Theory of $peculation
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.

The Origins of Modern Finance

Bottom-Up (BU): Any deterministic
quantitative approach which assumes
that strategies interacting create the Can we use this new angle
dynamics of the market (new angle). to “solve” the market?
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The Scientific Method for “solving” the market

Question: What do we mean by “solve”?
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The Scientific Method for “solving” the market
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—75 4 —— 2 Strategies Ecosystems: [s1, S, ..., So
—1004 — 3 Strategies Ecosystems: [s19, S11, ..., S15] \

0 10 20 30 40
Iteration

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.
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Scientific Method: A
good theory can be
simulated but simulations
can also help bring
intuition on what the
theory might be [27].
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Caveat: Is the idea mad,
ambitious or both?
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Market Changing Financial Crisis: 10 year anniversary
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Market Changing Financial Crisis: 10 year anniversary

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

Market Changing Financial Crisis: 10 year anniversary
@ The Subprime crisis triggers malaise [13, 18, 22, 19]: This The Rise of Big Data

encourages Socially Responsible Finance. @ What is Big Data:
@ Quantitative Finance was instructed to change [15]: From lots of anecdotal
models assuming data to data reassuming the models, 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 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?).
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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?).
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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
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Predator/Prey models

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

() _ o0 (t) — bx

o) : a_C(?t) fdit()t};(t()t) —ey(t)z(t)
dzd(tt) Y g g

EO -~ (1) + gy(t)z(t)

0 500 1000 1500
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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, ¢, 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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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.

a-by -xb 0
J(x,y,z)=| yd —-c+dx—ez —ye
0 -zg -f+gy
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Evolutionary Dynamics

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.
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Evolutionary Dynamics

a) Prisoner’s Dilemma

b) TFT strategy

c) Probabilistic Representation
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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 (GANSs) [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.
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Generative Adversarial Networks for Electronic Trading
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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.
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Generative Adversarial Networks for Electronic Trading

*+volume

@ As ML “translation” of ED and i £yt by+b, é
PP models, we have )
Generative Adversarial b | (. O D
Networks (GANs) [12], ot — D
introduced in 2014, usually = ()
involve a system of two neural | ﬁﬁ DD
networks competing in a (= CICL N @C] )
zero-sum game settings. This @ -o0n! bestbid - m bestask - m(1+0.01%)°  price
process continues as long as . +A‘b5+AAL:3 e o T e g S

needed since the lack of data is
no longer a problem.

Input layer

@ 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].

} Hidden Layer

} Output Layer
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High Frequency Financial Funnel & Classic Strategies

HFFF can model financial strategies:
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High Frequency Financial Funnel & Classic Strategies
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HFFF can model financial strategies:
e Trend Following (TF)
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High Frequency Financial Funnel & Classic Strategies

HFFF can model financial strategies:
e Trend Following (TF)

@ macp
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High Frequency Financial Funnel & Classic Strategies
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HFFF can model financial strategies:
@ Trend Following (TF)

@ macp
@ MR
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HFFF can model financial strategies:
@ Trend Following (TF)

@ macp
@ MR
Q xor

e Lasso Regressions etc ...
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High Frequency Financial Funnel & Classic Strategies

.
NS
/,/ 7/ \ S

HFFF can model financial strategies:
@ Trend Following (TF)

@ macp
@ MR
Q xor

e 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.
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Genetic Algorithm & NN Complexity

NN depth & breadth
should contribute in
increasing the learning
potential. The TF
(bottom) is less
complex
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G ic Algorithm & NN Complexity

NN depth & breadth
should contribute in
increasing the learning
potential. The TF
(bottom) is less
complex than the MLR
(middle)
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Genetic Algorithm & NN Complexity
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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]7
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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...).
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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...).

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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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 1t TF1 TF2 TF1 TF2
Iteration 0 1 2
Signal N/A +1 +1 +1 +1
OB opt bt o,opl’l’1 o,o,opl’1 0,0,0,0Pl 0,0,0,0,0P
Last Price 100 101 102 103 104
AOI +1 -1 -2 -3 -4
APrice +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 Mo

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.

estimated pdf at time k (before resample

real pdf

a particle

sampling

resampling

sampling

X

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

lucky useless particle stays at the same spot

estimated pdf at time k + 1 (after resample)




Sequential Monte Carlo

Sequential Monte Carlo
(SMC) methods a particle
[9, 10, 16], also know as estimated pdf at time k (before resample)_ ¥
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.

real pdf

sampling

resampling

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 Iucky useless particle stays at the same spot
observations (eg: the
fluctuations of the
market).

sampling

X

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

estimated pdf at time k + 1 (after resample)
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The random Brownian paths become deterministic
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random Brownian paths become deterministic

Each Brownian Path Lookalike is no longer stochastic but deterministic.
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random Brownian paths become deterministic

Each Brownian Path Lookalike is no longer stochastic but deterministic.

100
75 A
50

25
AP g =

_25 -
_50 -
—75 4 —— 2 Strategies Ecosystems: [s1, S3, ..., So]

—100 4 — 3 Strategies Ecosystems: [Sy0, S11, ..., S15] \

0 10 20 30 40
Iteration

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].
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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].

(k) Scenario s11

(1) Scenario s12
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(m) Scenario s13 (n) Scenario s14
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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.

e 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

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

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



Future Research

o 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.

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



Future Research

o 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.

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



Future Research

o 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.

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

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



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.

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



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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