Case Study 4
Time Series T Research Projects

Jerzy Korczak

email:jerzy.korczak@ue.wroc.pl

Summer School on Data Science, Wr o ¢ § a w, 2016

Outline

A Introduction

A Evolutionary Computing
i Foundations of EC
i Genetic Programming: Symbolic Regression
i Discovery of Trading Function using GP
i A-Trader - Multi-agent trading system

A Modeling of Manager Knowledge
i Data Capture ¥
i Intelligent Decision Support Systems

A Discovery of Human Brain

A Conclusions and Future Research

Introduction to evolution -based methods

O Heuristics ( hill climbing, local methods) [
Attempt to maximize a target function f(x,y)
by application of an operator R that moves
from (xX"%y™?) to (x"y") in a way that
Oy > O y™)

Two classes of operators:
1) gradient descent f
2) evaluation of f in environment of (x™*y™*
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O Evolution -based methods

Search space: final population
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Approaches in  Artificial Evolution

A Genetic algorithms

A Genetic programming
A Learning classifiers

A Evolutionary strategies

é evolutionary
mechanics of natural selction and genetics.

Ch. D A R @ the Ocigin of Species by Means of

Natural Selection é , 1859

¢ surivival of the fittest &

al gorithms

/linitialize a usually random population
1l evaluate fitness of all individuals
1/ test for termination criterion

initpopulation P(t)
evaluate P(t)
WHILE not done DO
t=t+1
P6 : = sel ect {ffsub-papdlatonfr(offspring production

recombine P/6/(tr)ecombine t he c¢pgrentse s

mut at e P 6 ( t/)perturbthe mated population stochastically
eval uat e P 6/fevaluate new fitness
P :=surviveP, P 6 ( t /) select the survivors
oD
END EA

Goal: Maximize the function  f(x) = x2 on the integer interval

1. Code the x parameter as a finite -length string
0- 00000
1- 00001

31- 11111

2. Generate the initial population of size n=4
NoString InitPopul X
1 01101 13
2 11000 24
3 01000 8
4 10011 19

xi[0..31]

Fitness function: function maximization
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Maximisation d'une fonction de deux variables
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A simple example (2)

4. Genetic operators : crossover, mutation

Nr Parents Partner locX. Children
1 (0]
2 1100 0 1100
3 11
4 100 11 100
Sum
Average
Max
- Mutation: p .= 1/20; positionNo ->rand() =13
01100 11001 11011 10000

01100 11001 11111 10000
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Genetic operators: selection, reproduction, mutation

Selection

O  Proportionate F/SF; : the weighted roulette wheel
O Rank selection

O Tournament, é

Crossover
O  Exploitation

Mutation
O  Exploration of the search space
O  Adapted mutation

Replacement (creation of a new population)

O  Elitism
O  Eugenic strategy
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Evolution-basedAppl/Optimisation 2D/Optimisation 2DFr.html

Genetic operators: Crossover

1-point Crossover
AA AAAAA ~
BB BBBBB —
2-points Crossover
BB BBB 3B -
Multi -point Crossover (uniform)
0110001
AAAAAAA
BBBBBBB
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Stock trading using genetic algorithms

Trading expert model : a subset of trading rules

Technical trading rules and indicators [w.colby et T. Meyers, J. Murphy]

IF conditions are satisfied THEN decision

financial indicators buy, hold or sell

Initial wealth of expert : €y ¥

02 NgPpytm

Quality of trading expert = F(return, risk)
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Trading rules : Short and Long -term Moving Averages

DBAON SNONDY 6001 2001 ZHOHD! 24/05/01 2ZMOGHIT 130N ISIOB/1 10301 OSAMOT SWIDNDT 23ANDT TBHZI0N

Rule: The crossovers are the points of decisions
Buy: when STMA moves above LTMA (cro
Sell: when STMA moves below LTMA (th

System iBE - Agent Technology

Expert Discovery and Database Connections Consulting and simulations

Time series
provider

Time series
aggregation

each 1 min

Oracle iAS
server
Database
Quotes

Experts
Clients J ‘

Supervisor Expert Generator

Technical trading rules

IF ROC is-greater -than (1+€) THEN BUY,

ELSE IF ROC is-less -than (1-€) THEN SELL
ELSE HOLD

IF indicator EMV is positive THEN BUY
ELSE IF indicator EMV is negative THEN SELL
ELSE HOLD

IF current -price > max of n preceding prices THEN BUY
ELSE IF current -price <min of n preceding prices THEN SELL
ELSE HOLD

Alrrational rules: friday 13th, signs of Zodiac, etc.
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Genetic encoding of experts

Each trading expert is encoded as a binary string, a chromosome!

10100010001
R1 R2R3 R4 R5R6 R7 R8 R9 R10 R11

Genes represent the rules to be executed while examining
financial data.
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Are some rules more efficient?
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Process of program evolution

AGenetic operators :
creation, crossover, mutation, selection
AFitness function
AProgram primitives :
Program Set of functions F, ( *, +, AND,
generation Set of terminalsT (vars, const

ch

Aecution
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Genetic Programming

J. R. Koza, Genetic Programming: On the Programming of Computers by
Means of Natural Selection, MIT Press 1996.

GP is the extension of the genetic model of learning into the space of
programs. The objects that constitute the population are programs.

s are represented as parse trees:

JKorczak, UE

Operators : creation




Operators : crossover

Operators : creation of subprograms

Architecture of a-Trader

time data,

Sore Sgnals.

Market Em—
Gommunication Historical
Agent Data Agent

Provides Historical Data

Inteligent Agents

Visualization

Operators : mutation

IBE-GP i Functional s chema

Technical
ator Library
—

Genetic
Programming
Based System

What action to
take over here?
Buy, Sell or
Hold?

Unknown
future
behavior
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ATTACH SURVEYS (TO BUY/SELL/HOLD)

.| am buying because this
company has goed performance,
so this will continue”

— : .| am buying because this
’1 stock is cheap, so it will be
. expensive soon”
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EXAMINE RULES FOUND AS INDICATORS!
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a-Trader agents: Visualisation agents
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Characteristics of evolution -based algorithms

A Adaptability

A Modularity

AG6Robustnessd

A Easy to implement

A Not required deep knowledge of model behavior
A Easy to integrate other learning methods

A Natural parallelism

Project status and future works

- Prototype of a- Trader is runing
- Number of agents is growing; now 700 agents
- Performance of a-Trader is tested on FOREX data

Future works:

- Elaboration of trading and money management strategies
- Development of new trading agents

- Optimisation of computing time

Eye-tracking in Bl systems

snisonts

5. o 3

00 100, 160: 160,

075 055

n.pl (@b Uzytecznosc w Twaim biznesiz







