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Abstract
The objective of the simulation :

The objective of this project is to simulate ina r

way the stock market including one of the most inte
and important phenomenon in the bubbles and crashes
bubbles are spectacular rises in the prices of th

in a short time . Often subsequent to bubbles are
the spectacular fall in prices of shares in a shor

In social sciences , such spectacular rises and sub
falls can be seen in many circumstances , like the

fall of empires , the rise and fall of value , the

fall of civilizations , the rise and fall of politi

The phenomenon is however similar to one occurring
physics , the boiling of water or other substances
Considering now the objectives of the simulation ,
first objective is a very clear presentation of the
phenomenon , more detailed than in the scientific a
of quantitative finance , which assume knowledge ab
problem domain , the stock market. My second objec
to develop and present a system to simulate the d
of the stock market , based on trading agents or co
variables as they are known in system theory .

The model implemented

I will use concepts from artificial intelligence ,
multi-agent societies and the social interaction of
from these societies . Also | will use concepts fro
control theory and systems like control parameters
estimation , observable parameters .

I will simulate a market with traders who base thei
decisions on the economical fundamentals of the
corporations who'’s shares are traded and also trade
base their decision on the change in prices of the
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Expected results :

The simulation has the aim of presenting in a real stic way
the dynamics of prices , the causes of price format ion and
the typical stages in a bubble and the typical stag esina
crash as they can be observed in historical prices of the
shares .

| will start with a introduction to the domain afrailation .
Relevance of the problem :

On the study of stock market interaction and homdamental is to the understanding of
the social life and social sciences and exact seen

The oldest type of markets that resembled the stwaket were early wheat and corn
markets in the Roman Empire .

The stock market is like any trading markets wesghanges take place . However
looking to life in general we see trading occursiany cases of human interaction.
We can see trading in every decision taken inrteraction of people . In trading
sometimes goods change hands or goods for morsgynoetimes illusion for money or
real innovation for money or labor to money or plaa for money and the list can go on .
Anything that is a fundamental need and it is rasmurce ( any thing that is not free in
nature ) can be the object of trading. The universaliator is the money , a tool that
intermediates , the exchange of goods using tippirocximate tradeoff value in money. It
is like a game when you trade pieces in an advantagway , it could be fun and it
could be risky , it could bring position and weadiid could get you life experience like
no other thing can do .



1. Themotivation

The stock market is one of the most fascinatingegana place were logical
decision as well as luck could result in largedads but also in ruin .

Many call it the big casino because the amoumh®fransactions exceeds that of
any casino . There are many stock exchanges ,heafhg its own rules and the
behavior of prices it's own statistical propertiéhe biggest stock exchange is the
famous New York stock exchange , on Wall Stree¢wN ork City .
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This place has seen some of the most dramatic ®véttie late 19 and of 26

century , including the rise of United States framaverage economy to the biggest
economic power . This event has taken part indteepart of the 1®century and

first part of the 28 century , 1880 — 1920 . This resulted in the exptial growth in
the value of the assets valued on New York Stockamnge .

One of the most dramatic events of th& 2entury has been the great crash of the
stock exchange in 1929 .
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One can see the bubble ( the big increase in pyicesveen 1923 and 1929 and
then the crash ( decrease in prices ) of 1929 gribat crash .

This event is considered the start of the Great&s=pon, with complex
consequences on the society and in the rise torpoiviee main actors of the second
world war , the greatest military conflict of thistory .

The most important events in history had some eotion with the stock
exchange .

The stock exchange has seen the rise anoff faddny speculators and traders ,
famous banks and famous bankers , and the dramarof ordinary people .

Some of the central events including far reachetgstrophes have taken the form of
bubbles and crashes , the phenomenon | studysmp#ger .

2. Thephenomenon studied

The stock market is a general case of market whewple and companies can
buy and sell physical objects like commoditiesraginary objects , like shares in
companies , shares called stocks .

The stock exchange functions upon the laws of @ffer demand . A transaction
will occur where the offer meets the demand . Tleelmnisms have been changed
very much in time . Probably the first modern stegkhange is the Amsterdam stock
exchange . The biggest stock exchange is the NeWw Stck exchange . The
beginning of New York Stock Exchange has been iawation system and of course
the stock can be seen as an auction system . Ftierawas held in the early 9
century under a tree on the street called Walle®irethe place that is know the
famous street of banks , Wall Street , New York/Cilew York .



The famous skyline if Manhattan the financial cetfeNew York City :




The market bubbles are fast increases in the pfittlee stocks over relatively
short time . The crashes are fast decreases de pver a short time span .

It is not necessary that a bubble to be followed layash , sometimes is followed
by a plateau .

Also , it is not always that a crash was the resiust bubble but often it is like
this .

Let us analyze the phenomenon by studying secasss .

For example the dot net bubble , the increaseigepiof the information
technology stocks at the end of 90" and start @20
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During the dot net bubble the expectation abouthtwe economical
paradigm, based on information technology was gh that prices of the
shares were not correlated at all with the funddaief the companies .
After a justified optimism in the new it sectorettveen 1994 and 1999
there is a huge increase followed by a fast dedafinpzices .

Bubbles can also take happen to broad indicesitike jones . For
example look at the bubble before the 1929 crash .
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It can be seen a bubble then the sharp decregse@s . The initial increase in prices
from 1900 to 1920 is the result of the growth @& thnites States economy and has
fundamental causes , the exponential increasecathégher speed after that is the bubble
and it was not any more correlated with underlyungdamentals . The correction took
place in the form of the crash .

In the following picture you can see the panicrafestors in the day of the great crash :




Bubbles can be formed also in real estate .

For example the real estate bubble in Japan
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During the real estate bubble in Japan, the pptesmmercial real estate increased
very much . During this time, the price of the apéthe Imperial Palace in Tokyo
increased up to the level when it had a value euidde land in the entire state of
California and also to the entire land in Canadeacddrse the prices could not be
sustained and decreased at a sharp rate .

The first stage has been when the prices startettease as a logical consequence
of the increase in industrial activity in JaparheThext stage however has been a
speculative phase when many speculative investtesezl in the game and bought a
lot of real estate. The banks were lending money gasy and there was plenty of
money to buy on credit.

At some point there was not enough money on th&eh&o fuel the exponential
growth of the prices and the bubble transformeal anash.

A similar situation happened with the real estatelbe in the USA that generated the
greatest economic crisis since The Great Depression
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As it is known from the news , the sequence of Bvems :

First the housing prices started to increase becduesgrowth in the IT
sector and in other parts of the united states@uogn Then when the
money on the market was not enough anymore thdibgibf new
houses was made on credit and then new instrurhleaerivatives
emerged as a tool of debt management . Eventuatly some of the
banks started to fall then the entire system hasa pet at risk and the
united states government bailed out the biggestutisns .



In the next chart can be seen the crash of th& stazhange in 2008 :
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The causes that determine the bubbles and crash&ggely unknown and are an
open problem .

Considering however the fast variation in pricdsat happened with sufficient
frequency to suggest the idea the variation inggrigo not follow a Gaussian distribution ,
but a different one .

The problem is scientifically challenging becaiiss very complex and it is also
interesting . Analyzing such problems could be & Waunderstand one of the sources of
big money , the financial speculation in the stexkhange .

3. Themethodoloqgy

| formulate several statistical hypothesis and tingo test them experimentally by
simulation .
The objective of the simulation is to test thedaling hypothesis :

H1. The number of big large variations may be beeahe crowd effect , were
agents imitate each others behavior .

H2. When the number of rational tradsrsmall , bubbles often occur . This
may be observed by the fact that the market pffitkeocompanies is
bigger than the price resulted from fundamentalyasis.



H3. When the number of rational traders is lartje ,market price is generally
locked within the price range consistent to fundataleanalysis .

H4. The short term fluctuation in price are endagento the dynamics of the
stock market but on the longer term the fundamenedvail .

H5. The big variations of prices are to frequentteeir distribution cannot be
described by a Gaussian distribution . Maybe itdde modeled by other
distribution , for example the Levy distributionrhd main problem in
describing the prices with a Gauss distributiotiné large events in the
Gauss distribution are unlikely .

4. The analyzes of the system

| define here rational traders as traders who itakestment decisions based on
the fundamental value of the stock .

| define here a ‘noise trader’ as a trader whosgsams are taken by studying the
market dynamics , the changes in the prices . Eeesidns of noise traders are more
likely to imitate the decisions of others .

Mathematically , the system is a Stochastic Dyn&Bystem . Practically , the
system is a complex social system one of the magque type evolution has seen.

Only humans display such advanced type of soctaier , capable of building
such complex interaction . To isolate the esserearn interested only in the
dynamic of the price .

Because the price reflects the value of a shatenporations , so shares in real
economy , the price of the shares is influenceddmpnomic changes at
microeconomic and macroeconomic level as well athbynternational economic
system .

If the effects like bubbles and crashes can belsited using internal parameters

of the system than this will suggest an endogewrause for bubbles and crashes .

5. Thedementsof the system

>

The most important element to be taken in ant@ithe trading agents ,
fundamental traders and noise traders .

The transactions based on supply and demandijplen

The relation between the price and the balapt@den offer and demand .
The relation of the offer with the price.

The relation between the economic fundameatadsthe price .

The relation between the general economy anéxpectation of the public.
The relation between the general economy amg@éhformance of the stock.
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H. The existence ( assumption ) of a positive lieett that determines the investors
to invest in rising stocks .

6. Approximationsand Limitations

Every model in theoretical sciences and in expartalesciences has assumptions and
approximations . The better the assumptions andltiser to reality , the better the
model .

The model is realistic but it is necessary to mak®me assumptions :

1) approximation : The price formation mechanisms . | assume the
orders are executed instantly a thing not always ti1 do not consider the margin
call pressure from the brokerage companies andsoami other constrains in the
decision of the investors.

Reasons for the approximation :

It is impossible to know all the details of the tgys. If all the details about the
structure and processes of the system would beknow approximation would be
necessary .

limitation : There is no general theory that will describeetelution
of prices in the stock exchange and there are mmivk all the details that
contribute to the formation of prices .

2) approximation : We must consider a number of initial conditidois
the system . The variables may be considered andept or independent . The
controllable variables are independent from théesygsunctions . The dependent
variables are dependent on the processes of ttensys

Reasons for the approximation :lIt is impossible to know all the
values of the system parameters at a given time.

limitation : We cannot know what is in the mind of investofhe
price of the stock may be influenced indirectlyrbgny factors , but
ultimately the decision of investors to buy and aadertain stock will count .

(3) approximation : In the real stock , measuring the parameterkicou
change their values but in my model as in many sesbarch models , measuring the




parameters will not change the values of thesenpatexs . ( at least for the
beginning )

Reasonsfor the approximation :

Measuring means trading but trading will changepthees in some degree .

limitation : Some parameters may be known only by direct invesstm
and this action will change the prices .

(4) approximation : Generally , | will assume the price of the stéck
influenced or correlated with the following extelrfactors :

A. the value of the Dow Jones industrial average

B. the state of the world economy

C. the Dow Jones is also function of the statdhefeconomy where

the stock market operates
D. the state of the economy of the country or coestwhere the
company operates
E. the state of the world economy

Reasons for the approximation :

It is impossible to know al the interactions of #ystem with other
external systems .

limitation :

The stock is a complex system that interacts wiimyrexternal systems : the
economic system of the country where it operatks international economic
system , the financial markets from different coi@st, the politics of governments
and many other factors .

It is not fully understood how these elements exteand influence the stock
exchange . Even if we could know something about isolated events external to
the stock system influence the system it is muetldrao understand how these
factors interact in a combined action .

5) approximation : The purpose of the simulation is to verify some
hypothesis about the causality of some stock exgghn@henomenon .

Reasonsfor the approximation :

There is no theory to explain the causes and sfiac precise way .



limitation : There are many theories that explain in a qualitatiay the factors
influencing the dynamics of the stock exchangewéwer few theories will explain
the complex interaction with a general theory thiitintegrate in the same
framework all the forces acting on the market @icethe stock exchange .

(6) approximation : The model must be in general computable and my
model is .

Reasons for the approximation :

The idea of Pierre Simon de Laplace was that ifethveould be known all the details
of the world and there would be vast intelligentdeen the future will be clear as the
past for such intelligent entity . So , even at titae they were realized two
important limitations : the perfect knowledge ahd tomputation power . Even if we
could know and store all the data about a systeémay be a very difficult
computational task to “compute the future”

limitation : Even if we could get all the data we wanted andhéfva
general theory would exist , the computational porgguired will be great .
In the bound of the existing , very limited and apgmate models it is still a
very complex task to program a stock trading systetake decisions in real
time .

(7) approximation : The future dynamics of this artificial stock lanbot

be changed by the simulation , because in redlitg emergence of a predictor of the
stock market would change the future dynamics lbexmformation about the
predictions will spread and determine the behawidhe investors .

Reasonsfor the approximation :
It may be the most important limitation in someteyss : predicting and
simulating the future may change it .

limitation : Even if all the condition would be right , somethimpossible as long
as we do not have a precise theory of how peogkedacisions , and even if we have
a system that could predict the future prices gihenpast prices , the information
would leak out of the system and there will be pedfying to take advantage and
they will change the future dynamics of prices .



7. System implementation

Modeling investors

The system starts with a number of trading agemfizen as initial condition of the
system . At each step in the simulation a trad#rupdate his bid by a unit , buy or
sell . The decision is taken according to the itmesit style of that trader but also
using a randomly generated value to introduce nanméss in the system . The
number of agents taking part in the simulation télincreased until the statistical
properties will be approximated .

- modeling the output

the output is the files with data that can be plst each step or at a number of
steps the program shall output a file with data .

8. Controal strategy

The specifications would be :

- to stop the system on certain conditions : numbeeps

- the system should output data at certain discieie frames . ex: 10xdt

- the output should be in a way that can be visudlize

- the system should be programmed to work duringetime frames :
ex: y*dt -> x*dt

- the system should be able to recognizerthia stages of the simulation

9. The modedling of the system

The mathematical model of the system:

The model of the stock exchange in this simulatsom dynamic stochastic system.

System analyzes:
The estimated quantity : the price
The feedback quantity : the price



The control quantities :

- the state of the economy

- the fundamentals of the company

- the number of investors

- the number of fundamental investors
- the number of noise traders

- the initial price

The price formation mechanism :

- the combined effect of bids at one time step willuence the price directly
The observable quantities :

- the price

- the number of buy orders

- the number of sell orders

The observable correlations :

- stock price / fundamentals

- stock price / number of fundamental investors
- number of fundamental investors / number of nbigders

10. The structure of the program

First the control is taken by the main functiorro® here a menu is displayed and
the control passes to the option function . Théogunction interacts with the user
and receives the input then passes the contrbktonain function which in turn
gives the control to the simulate function thaf@ens the process and then returns
the data and control to the main function . If tiser chooses readme the
information is displayed in console .

The main processing is done in the simulate functibhe simulation takes place by
iterating through the time steps of the discretestsystem using a for instruction .
The function “main” calls the function “option” ddisplay a menu consisting of the
following options :

1. readme'

2. '2. simulate'

3. '3. display the price vs time graph' ,

4. 4. display the price vs fundamentals graph' ,

5. '5. display the number of fundamental investors VS number of
momentum investors at this time step' ,

6. '6. display the number of fundamental investors vs price'



7. '7.display the number of momentum investors vs pri ce' ,

8. '8.display the number of fundamental investors vs f undamentals'

9. 9. display the number of momentuum investors vs fu ndamentals'

10. 10. momentuum investors who invest at each time ste p vs
time'

11. '11. display the number of fundamental investors VS number
of momentum investors who have invested in the stoc k until now' ,

12. '12. display fundamentals vs time' ,

13. '13. time VS total number of fundamental investors
investing after each time step' ,

14. '14. display the total number of momentuum investor S Vs
time'

15. '15. display the total number of fundamental invest ors vs
price'

16. '16. display the total number of fundamental invest ors who
invest vs time ' ,

17. '17. display the number of momentuum investors who invest
at each step vs fundamentals’ ,

18. '18. exit'

11. The code and description of itsfunctions

Function readme:

The function readme offers information about thections and objectives of the
simulation and about the functions of the contienie .

function  readme
%this function explain a little bit about e \

fprintf( P et SE \n' )
fprintf( ' The purpose of the program is to simulate in a re alistic way
processes in a stocastic dynamic system ,\n"' )

fprintf( ' the stock market as well as the general dynamics of the
market\n* )

fprintf( " Using some possible imput paramters the program o utputs data
as well as graphs\n' )

fprintf( e S \n' )
fprintf( e S \n' )
fprintf( " InputData data :\n' )

fprintf( P et SE \n' )
fprintf( " number of fundamental investors \n' )

fprintf( ' number of momentum investors ,\n "' )

fprintf( ' the fundamental value of the company at the begin ning \n ' )
frpintf( ' the change in fundamentals during the time of the simulation

\n' )




fptintf( ' the starting price\n ' )

fprintf( '

fprintf( '

fprintf( ' the terms used :\n* )

fprintf( '

fprintf( ' fundamental investor means here investor who base

decisions on the fundamentals of the company\n '
fprintf( ' momentuum investor means here investor who bases
decisions on the variation in the prices of stocks\

fprintf( ' the fundamentals of a company mean here economic
of the company \n'
fprintf( ' for modeling and abstraction purposes | agrgated

performance in a single variable\n '
fprintf( " economical data about the company can be obtained
three main financial statements the companies have

fprintf( " at the end of each quarter :\n"' )
fprintf( ' the income statement , cash flow , balance statem
fprintf( ' these papers contain economic data describing the

of a company such as :\n" )

fprintf( ' Total Revenue , Gross Profit , Total Operating Ex
Income Before Tax , Income After Tax , Net Income B

\n' )

fprintf( ' Net Income , Income Available to Common Excl. Ext

Income Available to Common Incl. Extra Iltems '

fprintf( ' Basic EPS Including Extraordinary Items , Diluted
Including Extraordinary Items , Normalized Income B

fprintf( " Normalized Income Avail to Common , Total Current
Total Assets , Total Current Liabilities , Total Lo

fprintf( ' Total Debt , Total Liabilities , Total Equity , T
Liabilities & Shareholders Equity , Total Common S

fprintf( ' Cash from Operating Activities , Cash from Invest
Activities , Cash from Financing Activities , Net C

fprintf( "while all these financial data cannot always be a

in a single varaible because the economic and finan

fprintf(
value in order to aproximate the relative strength
performance’ )

fprintf( " such an idea of making the evaluation of a positi
also in coputer chess , where the evaluation functi
aproximate ' )

fprintf( " value of a chess position . In this case the eval
function will return the value of the buneinss pasi
corporation . '

fprintf( " In this program the variable | called "fundamenta
such a function . The investors who base their deci

")

fprintf( '| called here "fundamental investors" . The term "
investor" is also widelly used in business' )
fprintf( '

fprintf( '

fprintf( " names and content of input files : ' )
fprintf( '

fprintf( "input.dat’ )

fprintf( ' the data is on the first line of the file \n'

fprintf( ' position 1 : number of fundamental investors ,\n

' a company has more components however we may use

his
performance
the economic

from the
to present\n’ )

en\n’ )
performance

pense ,
efore Extra. ltems

ra ltems,
EPS
efore Taxes' )
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fundamental
------ \n '
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------ \n'
) ]
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)




fprintf( ' position 2 : number of momentum investors ,\n )
frpintf( ' positions 3-13 : the change in fundamental econom ic
performance of the company during the time of the s imulation \n'
fptintf( ' position 14 : the starting price\n ' )
fprintf( ' position 15 : the fundamental value of the compan y at the
beginning \n )
fprintf( - s \n'
fprintf( ' - e \n'
fprintf( ' Exit data :\n' )
fprintf( ' - e \n'
fprintf( ' the plots in the generated by selecting choices i n the menu
)
function main :
% Call a function to display a menu get a choice
choice = option;
% choice 18 is to exit the program
while choice ~=18
switch choice
case 1
% describe the simulation and the output files
readme;
case 2

% print the input data

% limite;
[fundamentalsVec,divisionNumberVec,priceVec,timeVec ,extendedFundamental

sVect,fundamentallnv,momentuuminv,numberOfFundament
Momentuumlinvestors] = simulate
case 3
% display the price vs time graph

plot(timeVec,priceVec)
title( ' ox - time | oy - price ' )
case 4
% display the price vs fundamentals graph

allnvestors,numberOf

plot(timeVec,extendedFundamentalsVect, ")
hold on

plot(timeVec,priceVec, b )

title( ' price vs time - blue | fundamentals vs time - red




case 5

% display the number of fundamental investors vs mo mentuum
investors at each time step vs time
plot(timeVec,momentuuminv, ™)
hold on
plot(timeVec,fundamentallinv, b )
title( 'time vs number of fundamental investors investing at
each step (b) vs momentuum investors (r) ' )
case 6
% display the number of fundamental investors vs pr ice
plot(timeVec,fundamentalinv, ™)
hold on
plot(timeVec,priceVec, 'b’
title( ' price vs time - blue | fundamental investors who
invest at each time step vs time - red ' )
case 7
% display the number of momentum investors who inve st at
eact step vs price
plot(timeVec,momentuuminv, ™)
hold on
plot(timeVec,priceVec, b )
title( ' price vs time - blue | momentuum investors who
invest at each time step vs time - red ' )
case 8
% display the number of fundamental investors who i nvest at

each step vs fundamentals

plot(timeVec,fundamentalinv, ™)

hold on

plot(timeVec,extendedFundamentalsVect, b )
title( ' fundamentals vs time - blue | fundamental investo

who invest at each time step vs time - red ' )

s




case 9
% display the number of momentuum investors who inv est at
each step vs fundamentals

plot(timeVec,momentuuminv, ™)
hold on
plot(timeVec,extendedFundamentalsVect, b )
title( ' fundamentals vs time - blue | momentuum investors
who invest at each time step vs time - red ' )
case 10
% display the number of momentuum investors who inv est at

each time vs time

plot(timeVec,momentuuminv)

title( ' momentuum investors who invest at each time step
vs time ' )
case 11
%the total number of fundamental investors who depo sited
money in
%that stock vs the total number of momentul investo rs who
deposited

%money in that stock
plot(timeVec,numberOfFundamentallnvesto rs, b )
hold on

plot(timeVec,numberOfMomentuuminvestors '
title( 'the total number of fundamental investors(blue) vs
the total number of momentul investors(red) ' )

case 12
% display the fundamentals vs time graph

bar(divisionNumberVec,fundamentalsVec)
case 13
% display the total number of fundamental investors at each
time step vs time

plot(timeVec,numberOfFundamentalinvesto rs)
title( 'time VS total number of fundamental investors
investing after each time step ' )

case 14
%(display the total number of momentuum investors v s time
plot(timeVec,numberOfMomentuuminvestors )




title( ‘time VS total number of momentuum investors

investing after each time step ' )
case 15
%display the total number of fundamental investors VS price
plot(timeVec,priceVec, ™)
hold on
plot(timeVec,numberOfFundamentallnvesto rs, 'b" )
title( ' fundamental investors vs time - blue | price - re
")
case 16
% display the total number of fundamental investors who
invest vs fundamentals
plot(timeVec,numberOfFundamentallnvesto rs, r )
title( ' fundamental investors who invested until now vs
time - red ' )
case 17
% display the number of momentuum investors who inv est at

each step vs fundamentals

plot(timeVec,extendedFundamentalsVect, ™)
hold on
plot(timeVec,priceVec, ™)
hold on
plot(timeVec,extendedFundamentalsVect-p riceVec, 'b" )
title( ' fundamentals - price vs time - blue | fundamental
- price - red ' )
end

%display menu
choice = option;
end

the smulate function :




function
[fundamentalsVec,divisionNumberVec,priceVec,timeVec
sVect,fundamentallnv,momentuuminv,numberOfFundament

,extendedFundamental
allnvestors,numberOf

Momentuuminvestors] = simulate

%

% role of the function : simulates the market

%

%imput data :

%read the number of fundamental and momentuum inves
of time steps

%possitions in the entry file and then entry vector
%position 1. number of fundamental investors ;
%position 2. number of momentuum investors ;
%position 3. number of time spteps of the system si
%position 4 - 13 : change in fundamental performanc
%the 14th position in the vector represents the sta
%the 15th possition in the vector represents the st
%fundamanental performance of the company

%

%output data :

% fundamentalsVec - the vector containing the data
of the company , read from the file

% divisionNumberVec - contains the moments when the
% published

% priceVec - contains the price resulted from simul

% timeVec - the discrete moment of time that are t
simulation

% extendedFundamentalsVect - because the fundamenta
that a

% trading steps in order to plot the variatio of fu
variation of

% other variables which change valeu at each time s
fill

% a vector with the same size as the time vector an
value

% of the fundamentals at each time step , but of co
value

% will apear only when changes in fundamentals occu
% fundamentallnv - the vector contains the number o
investors

% who invested at each simulation step

% momentuumlnv - the vector contains the number of
who

% invested at each simulation step

tors read the number

mulation ;
e of the company
rting price
arting value of the

with the performance
fundamentals are

ation at each step
he steps in the

Is change slower
ndamentals and the
tep it is needed to

d where there is a
urse changes in

.

f fundamental

momentuum investors



% numberOfFundamentallnvestors - contains the total
fundamental

% investors buy action after one step - this means

the

% buys and substraction of all sells at previous st

% numberOfMomentuuminvestors - contains the total n
% investors buy action after one step - this means

the

% buys and substraction sells at previous steps

%

% read data from files
fid = fopen( 'input.dat’ )

%if the file was not found
if fid==-1
disp( 'File open not successful' )

else

oneline = fgetl(fid)

%separate each line into the number and character

inputData = str2num(oneline)

end

closeresult = fclose(fid);

if closeresult ==

disp( 'File close successful' )
else

disp( 'File close not successful' )
end

% fundamentallnv - number of fundamental investors
% momenumlnv - number of momentum investors

%initialize the vectors coresponding to the agents
% v1 contains the type of the agent 1 for fundament
% v2 contains the number of trades the agent perfor
% v3 contains the value the agent won or lost

for i=l:inputData(1)
v1(i) =1;
end

for i=l:inputData(1)
v2(i) = 2;
end

%processing part

number of
the summation of all
eps

umber of momentuum
the summation of all

al 2 for momentuum
med



%print the data to output

fprintf( ‘number of fundamental investors : %.2f\n ' , inputData(l1) )
fprintf( ‘number of momentuum investors : %.2f\n’' , inputData(2) )
fprintf( ‘number of time steps of the simulation
%.2\n" ,inputData(3) )
disp( ' the fundamental performance of the company:' )
%print the values of the fundamental behaviour of t he company
for i=4:13
fprintf( ' frame %d : %.2f\n"’ , i-3 , inputData(i) )
end
fprintf( 'the starting price of the company stock
%.2\n" ,inputData(14) )
fprintf( 'the starting fundamental value of the company

%.2f\n" ,inputData(15) )

%perform the simulation

%initialization

r =rand(1)

offer =0

demand =0

currentPrice = inputData(14)
currentFundamentalValue = inputData(15)
wealthin =0

division = inputData(3)/10.0

currentDivision = 0
divisionNumber = 1

index = 1;
%the initilization step

fundamentalsVec(index) = currentFundamental Value
divisionNumberVec(index) = divisionNumber
currentDivision = division + currentDivisio n

divisionNumber = divisionNumber + 1

index = index + 1

currentFundamentalValue = currentFundamenta IValue + inputData(2
+ divisionNumber )

agentsl = inputData(1)
agents2 = inputData(2)



price = inputData(14);

fundamentallnv(1) = 0;
momentuuminv(l) = 0;
numberOfFundamentalinvestors(1) = 0
numberOfMomentuuminvestors(1) = 0

for t=Ll:inputData(3)
% process all the time steps

%simulation strategy :

%the loop of the time step - | assume at eac time s
traders

%will decide in buying or selling or doing nothing
have

%to decide among the three options

%the loop going through the list of traders is asse
to

%buy or sell - if the price they evaluate the stock

%assesed price buy with a probability else, if the

the stock is lower than the

%assesed price , sell with a probability

fundamentallnv(t) = 0;
momentuuminv(t) = 0;

%go through the fundamental agents
for a=l1:agentsl
if vl(a) ==

if currentPrice < currentFundamentalValue

r =rand(1)

if abs(r+0.2)>0.5
demand = demand + 1;
fundamentallnv(t) = fundamental
% if wealthln < 50000
price = price + ( 2.0)/(inp
inputData(2));
wealthln = wealthIn + price
% end
currentPrice = price;
else
demand = demand - 1,

if t>1

tep all the

, but will still

sing if they decide

is bigger than the
price they evaluate

Inv(t) + 1;

utData(1) +

% if numberOfFundamentalinvestors(t-1) > 1

fundamentallnv(t) = fun

% if wealthln > 5000
% if price > inputData(1)/10

price = price -
(2.0)/(inputData(1) + inputData(2));

damentallnv(t) - 1;



wealthin = weal thin - 0.5*price

% end
% end
%end
end
currentPrice = price;

end
elseif  currentPrice >= currentFundamentalValue

r =rand(1)

if abs(r+0.2)>0.5
demand = demand + 1;

if t>1
% if numberOfFundamentallnvestors(t-1) > 1

fundamentalinv(t) = fun damentallnv(t) - 1;
% if wealthln > 5000
if price > inputData(1)/10
price = price -
( 2.0)/(inputData(1) + inputData(2));
wealthin = weal thin - 0.5*price
end
% end
end
% end
currentPrice = price;
else
demand = demand - 1,
fundamentallnv(t) = fundamen tallnv(t) + 1;
% if wealthln < 50000
price = price + ( 2.0)/ (inputData(1) +
inputData(2));
wealthin = wealthin + p rice
% end
currentPrice = price;
end
end

if t==1
numberOfFundamentallinvestors(t) = O;
else
numberOfFundamentallnvestors(t) =
numberOfFundamentalinvestors(t-1) + fundamentallnv( t);
end

end

extendedFundamentalsVect(t) = currentFundamenta IValue;
priceVec(t) = price;



timeVec(t) = t;

if t> currentDivision

fundamentalsVec(index) = currentFundamental Value
divisionNumberVec(index) = divisionNumber
index = index + 1

currentDivision = division + currentDivisio n
divisionNumber = divisionNumber + 1
currentFundamentalValue = currentFundamenta IValue + inputData(2

+ divisionNumber )

end

end

%go through the momentuum agents
for a=l:agents2

%select a number randomly from previous 10 time ste ps
if t>1

if t<10

rx=1
else

rx = randint(1,1,[1,10]);
end

indx2 = t-rx+1
indx1 =t-1

if v2()==
if priceVec(indx2) < priceVec(indx1)
rl =rand(1)

if abs(rl+0.2)>0.5
demand = demand + 1;

momentuuminv(t) = momentuuminy( t) +1;
% if wealthln < 50000
price = price + ( 2.0)/(inp utData(1) +
inputData(2));

wealthin = wealthIn + price



% end

currentPrice = price;
else
demand = demand - 1,
if t>1
% if numberOfMomentuuminvestors(t-1) > 1
momentuuminv(t) = momen tuuminv(t) - 1;
% if price > inputData(1)/10
price = price - ( 2 .0)/(inputData(1) +
inputData(2));
wealthin = wealthin - (0.5)*price
% end
currentPrice = price;
% end
end
end
elseif  priceVec(indx2) >= priceVec(indx1)

rl =rand(1)

if abs(rl+0.2)>0.5
demand = demand + 1;

if t>1
% if numberOfMomentuuminvestors(t-1) > 0
momentuuminv(t) = momen tuuminv(t) - 1;
%if wealthln > 5000
% if price > inputData(1)/10
price = price -
( 2.0)/(inputData(1) + inputData(2));
wealthin = wea Ithin - 0.5*price
% end
% end
% end
end

currentPrice = price;

else
demand = demand - 1,
momentuuminv(t) = momentuuml nv(t) + 1;
%  if wealthln < 50000
price = price + ( 2.0)/ (inputData(1) +
inputData(2));
wealthin = wealthln + p rice
% end

currentPrice = price;
end

end
end

end



if t==1
numberOfMomentuuminvestors(t) = 0;
else
numberOfMomentuuminvestors(t) =
numberOfMomentuuminvestors(t-1) + momentuuminv(t);
end

priceVec(t) = price;

end

end

end

The function option :

function  choice = option
%print the menu of options and error check
%until the user pushes one of the buttons

choice = menu( ' Select an options' , 'l.readme' . '2. simulate’ ,
display the price vs time graph’ , ‘4. display the price vs

fundamentals graph' , '5. display the number of fundamental investors

VS number of momentum investors at this time step' , '6. display the
number of fundamental investors vs price' , 7. display the number of
momentum investors vs price' , '8.display the number of fundamental

investors vs fundamentals' ,'9. display the number of momentuum

investors vs fundamentals ' , '10. momentuum investors who invest at each
time step vs time' , '11. display the number of fundamental investors

VS number of momentum investors who have invested i n the stock until
now' , '12.display fundamentals vs time' , '13. time VS total number

of fundamental investors investing after each time step’ , '14. display
the total number of momentuum investors vs time' , '15. display the
total number of fundamental investors vs price' , '16. display the

total number of fundamental investors who invest vs time' , 17
display the number of momentuum investors who inves t at each step vs
fundamentals' , '18. exit' )

% if the user closes the menu box rather than pushi ng

% one of the buttons , choice will be 0

while choice ==
disp( ' select an option ' )




choice = menu( ' Select an options' , 'l.readme’ , 2. simulate ,

‘3. display the price vs time graph’ , '4. display the price vs

fundamentals graph' , 'b. display the number of fundamental investors

VS number of momentum investors at this time step’ , '6.display the
number of fundamental investors vs price' , 7. display the number of
momentum investors vs price' , '‘8.display the number of fundamental

investors vs fundamentals' ,'9. display the number of momentuum

investors vs fundamentals ' , '10. momentuum investors who invest at each

time step vs time' , '11. display the number of fundamental investors

VS number of momentum investors who have invested i n the stock until

now' , '12.display fundamentals vs time' , '13.time VS total number

of fundamental investors investing after each time step’ , '14. display
the total number of momentuum investors vs time' , '15. display the

total number of fundamental investors vs price ' , '16. display the

total number of fundamental investors who invest vs time' , '17. display
the number of momentuum investors who invest at eac h step vs
fundamentals ' , '18. exit' )

end

12. The analyzes of the output

I will analyze several test cases . | have madéabla more test cases in the
appendix , at the end of the paper .There are enaa in the folder . Here | will start
with simple cases with small entry data and thercged to more complex cases and
their interpretation .

| developed the application in a test driven wasfiteg) the functionality step by step.
These test proceed from simple to complex accgritithe gradual increase in
complexity of the application while | was develogiit .

The first case | will analyze is a simple case wittinancial market populated only
by fundamental traders and where the decisionsoMoaitaken without regard to
probability . The input data is the following withe significance explained above:

500201111111111 10 20

the bar char describing the values and variatidnmdamentals in this simple case:



Next | will present the variation of the price vesgime . It may be seen that in this
utopic market where there are only fundamentaktrathe price will follow close the
fundamental of companies . There are theoriesstingttin this opinion like the
Efficient market hypothesis . However many constties theory as not really
describing the market . Even in this simple simataat the next cases more complex
it will be seen that price follows the fundamentalsg not immediately but on the
longer run . It is significant that this result da@m seen on a not very complex
simulation like this . So let’'s see now the vaaatof price in this simple case of a
market with only rational agents :

ox - time | oy - price
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It can be seen from the graph above how as exp#uotgarice will increase with the
fundamentals because the fundamental traders bdmmglecision of fundamentals will
buy. The input fundamentals increase .



The next graph presents the number of investoesimg at each time step and also the
price increase . As expected at each time stepause in this simple case there is no
probability , all the fundamental investors dedidéuy at each decision step . The line
with the fundamental investors is at the value®f & color version can be seen in the
archive with more test case — all successful inaming certain features of the market
that | attach !)

fundamentals vs time - blue | fundamental investors who invest at each time step vs time - red
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In the next graph can be seen how the price folihedundamentals :



price ¥s time - blue | fundamentals vs time - red
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The next graph shows the number of fundamentakiove who invest at each time .
Here can be seen clearly the confirmation thatismodel the number of investors
buying at each step is constant for the reasond ghove : all invest at each decision
step because the fundamentals rise :

time vs number of fundamental investors investing at each time step

25




We go now to the next case which is also in theiatmarket only with rational ,
fundamental investors . The input data can be testby the following charts
showing the number of steps in time the numbenahges of the fundamentals and
the starting values of the prices and fundamentals
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As you can see also in the graph above in thisiztoprket the price follows the
fundamentals but because this case is a more plishalmne compared to the
previous one it does not follow it in the same éxaay as in the deterministic way as
in the previous case . At this step | added prdiigsiin the application and used this
case to test .



| show also in the next graphs the correlationg/beh the system parameters :

fundarmental investors who invested until now vs time - red
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The previous chart shows the fundamental investbisinvested until now . The
chart shows how close this number follows the funelatals . At small level there are
probabilities at macro level not , in this smakea Stronger fluctuations will appear
in the next cases . Let's see now other correlatiorthe same case :

price vs time - blue | fundamental investors who invest at each time step vs time - red
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As it can be seen from the graph above as it maxpected when the number of
investors (fundamentals only) decreases the plstedecreases , when the number of
investors increases the price also increases .



price ws time - blue | fundamentals vs time - red
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It can be seen in the graph above the correlattnwden price and fundamentals .
Because this model is already probabilistic theetation is not perfect but the price
follows the trend of the fundamentals .

In the next bar chart may be seen the number afdion@ntal investors at each decision
step :

time v= number of fundamental investors investing at each time step
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The next graphs are from a simulation with mor@stel00 decision steps instead of 20
of the previous cases .At this point | still usedydundamental investors . | added
gradually also momentum investors and also otraufes. The input data may be seen
from the next charts :

fundamentals vs time - blue | momentuurm investors who invest at each time step vs time - red
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It may be seen in the next graph the correlatiothefprice and fundamentals . The
number of decision steps in greater but the cdioglas clear :



price ¥s time - blue | fundamentals vs time - red
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From the graph above it can be seen the correlafitine price and fundamentals . It
can be seen how the price follows the fundamebiatlg actually reflects with a
time difference the change in fundamentals . Weis/ important that on this small
scale simulation | obtained this result becausetihs been observed also in practice
and it is considered and important exception tcBfieient Market Hypothesis . The
prices trend to react latter to the announcemdritgease in the fundamental
performance of companies .

The next graph shows that | obtained one morestadion that was to be
expected : the investments of the fundamental tovesncrease when the price of the
stock is low and decrease when the price is higgcause the model is probabilistic at
this point it can be seen cvasi-random oscillatiouisthe trend is clear :



price vs time - blue | fundarmental investors who invest at each time step vs time - red
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Let's see a case where the starting price is allevéundamental value :
The input data are described by the following chart

The fundamentals increase , corresponding to areemis increase in performance of
the company but the price will initially decreaseause the stock was overpriced
initially :



ox - time | oy - price
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It can be seen above in the 100 step simulatiomitial decrease of the price up to
the point where the stock price and the fundamemmied are equal followed by an
increase in price resulted from the interest offtmelamental investors caused by an
increased in the performance of the company .

In the next chart can be seen how the price tremttdlow the fundamentals but it
never really follows perfectly . As | mentioned abdhis simple model presents an
experimental proof of an argument against The iefitcmarket hypothesis resulted
from observations in real stock on how the priad®w the announcements of the
fundamental results of companies :

price ws time - blue | fundamentals vs time - red
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Now we will analyze a more complex case , that@re market with fundamental
investors and momentum investors and also prol#bitliecisions . The number of
fundamental investors | considered here is 156 ntimber of momentum investors
is 150 and the decision steps are 400 .

The input data is : 100 1004001 2 314 14 -20-11P55 10 20

And means that input the starting price of the $athons is the same as the
fundamental value .

The graph of the fundamentals vs time is the failhgw
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And contains 10 intervals of variations of the fantentals corresponding let’s say to
10 quarters when the companies publish their report
The following is the variation of the price ovang :
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It can be seen from the graph above that pridefaiibws the fundamentals but
because the momentum traders the deviations aas&egitban in the previous cases.
The correlation on the long run of price with tlk@damentals can be observed also
in the real stock and it is one of the few unqueetble facts among so many different
opinions on the stock market so the conclusiorreabstic .

The following graphs shows how the price follows fandamentals in this

simulation and this is a realistic feature too .
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It may be seen from the next graph the numbermddmental investors after each
step and how their decisions determine the pridkagreatest extent . However the
difference from the price graph shows the signifiaafluence of the ‘noise traders’
of the momentum traders which cause the noise drthenfundamental price :

time = total number of Mmomentuum investors investing after each time step
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In this case the momentum investors graph andutheasimental investor graph
resembles but it is a difference in time , differemn phase the fundamental investors
put the ‘smart money’ early then the price increaamed then after the price increase
the momentum investors put the money because thease in price . This proves
experimentally on this system a fact well knowrthia investment industry . The next
is the graph of the fundamental investors . Itloambserved that when the price went
down towards the end of the simulation the inteoésthe fundamental investors
greatly increased .
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The next graph captures in the same image thertataber of fundamental and
momentum investor after each time step .
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The next graph shows that the system capturesotinelation between the
fundamental and the momentum investors . Afteiirtbeease in investments from the
fundamental investors follows an increase in inwesit from the momentum
investors . This is explained by the investmeniestypf the two categories of
investors . First when the price is low comparetutalamentals the momentum
investors buy then in consequence the price hascagase and the momentum
investors start to buy too . This is a reason whiffarence in time appears between
the increase in the intensity of trading activigtween the two groups of investors .It
can be observed in the next graph how the maximnuibkie (the maximum of
fundamental investors increase) are followed by hegel of activity from the ‘noise
traders’ — the momentum investors ( the maximunred)
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The correlation between the maximum of investmetividy of fundamental
investors and the maximum of activity of momentumwveistors is made not directly
because the momentum investors do not know exatiin the fundamental
investors will invest but is made through the ptieeause the initial rise in price is
made by the fundamental investors and that atteadisequently the momentum
investors verifying one more of the hypothesisdganted in this paper . It can also
be seen that after the decrease in investmenttfierfundamental investors will
follow a decrease also from the momentum invest®tss is made also through the
price , not directly , the price decreases afterftindamental investors sell and in
consequence also the momentum investors will sell .

From the next graph can be seen that the maxirtteedével activity of the
momentum investors is after the steepest incregggde . This is of course



explained by the way this category of investoretdie investment decision . Also it
can be seen that after the time steps when pecedses the interest and the level of
activity of the fundamental investors is the snslleThis happens in a probabilistic
way in the system | modeled but the trend is dliean the next graph .
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Also in the next graph can be seen how the incrimeasetivity from the fundamental
investors probabilistically will determine an inaee in price .



price vs time - blue | fundamental investors who invest at each time step vs time - red
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The activity of the fundamental investors corredatesome degree with the
fundamentals . As it can be seen from the nexthgth@ maxima of the investment
interest of the fundamental investors is correlatetthe fundamental best
performance of the economic activity of that compalt depends also on the price
of the stock , not only on the performance of tbmpany because even if the
performance is very good if the price is very hilgén it could not be worth the
price . If the number or volume of the momentunestors happens to be large it can
result in this outcome . However in my model thisra influence of the momentum
investors on the oscillations of the system butlIrebt consider a very big influence
S0 as to put the system in a chaotic path . Sambe seen in the next graph the
fundamental investors can follow and actually felltthe corporate performance well
and decide upon it .
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In this regard the momentum traders can complitetegame of the fundamental
traders producing high fluctuations in price anghhvolatility and there are certain
cases when the system becomes hard to evaluatamemdally because these
fluctuations produced by noise traders ( momentatets ) . Often the result of
noise trading is not only noise but very high flations from high to very high and
from very high to very low , called bubbles andstres .

The next graph summarizes in a single picture #r@atron of fundamentals , the
variation of stock price ( if the level of investnidrom the noise traders is not very
high ) and enforces the conclusions stated abogeenforces the idea that the
system described in my paper functions well .
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From the next graph can be seen how small vargimprice can be determined only by
a great increase in the number of investors dnérstze of the investments they put in the
stock . This is very important because once thexea investors in the market who are
willing to invest and no resources in the marketustain that investment then the
increase in price cannot be sustained any moré¢henbubble reverses into a crash . In
the next picture it can be seen how small variatiointhe price are generated by big
variation in investment activity :
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13. Interpretation of the experimental results

- The prices of rational traders will be confinedai smaller interval than the prices of
“noise traders”.
- the behavior of prices will be confined in areinal if there are rational traders only
- the price will have higher oscillations if theaee many noise traders
- the more noise traders , the greater the fludnatand the more likely a bubble .
- a bubble can be generated in the following way :

stepl: first the fundamental economical perforneamfca company improves

step2: as a logical consequence this attractadticaders

step3: the flux of rational traders that buy thecktwill increase the price

step4: the increase in price will attract the naiaders

step5: the increase in ‘noise traders’ will inceettee demand for the stock and
will change the offer-demand equilibrium , the deshdominates the

offer .

step6: after the price of the stock increases theket value of the company is
greater and greater compared to the fundamentag val

step7: after the price of the company is greaten the fundamental value , the
fundamental traders sell their shares .



step8: At the beginning , when the fundamentalstwes start selling their shares
the demand is till greater than the offer . Howewbe greater the price ,
the selling starts to dominate the buying . Alfite, greater the market
value compared to the fundamental value the gréag¢gproportion of
noise traders.

Step9: The ‘noise traders’ are traders who'’s decis based on the dynamics of
the price . The price will be more and more affddig any small change
in price , so a negative feedback mechanism vk# tglace and will
produce at some point strong oscillations and pbsshe collapse of the
price .In this conditions when a small decreaseiscthe stop loses of the
momentum traders , placed near the current priddwiexecuted and
drive the price lower .

Step10: The turning point
The demand will be less and less dominant comgar#te offer . The
demand and the offer however fluctuate in any doom$ and even in
moments when the price increases sharply , thdr&devmoments when
the demand will be less than the offer . But itystesm where the prices
are held by the momentum traders , the effectdlamg@robability of a
sell-off after a decrease in prices is higher then a significant number
of fundamental traders own the stock . This wilhg@ete a turning point
and , if after a day of decrease it follows one entay , and then one more
the process of sell-off will get speed increasiragythe price drops .

Stepll: The price collapses
The drop of the price will continue until the @idrops below the
fundamental value and it is low enough to attraotbmental traders
which see the stock as cheep . The cycle of grawthe price of shares
may restart if the fundamental conditions will begger .

It should be observed that non-Gaussian variaggpgar in two moments :
1. When the offer is strongly dominated by the demasmwhen the stock
rises fast
2. When the offer is greater than the demand andribe gecreases fast

14. Futurework in development of this model
of artificial financial market

| see the future development of this project asraed on testing some of the
important principles and of some of the hypothes$ignance and mathematical
finance .

Market phenomenon to be studied in the future :



- the efficient market hypothesis

- the behavioral finance arguments against the efftanarket hypothesis

- the quantitative arguments against the efficientketehypothesis

- the Gaussian and non-gaussian distribution of pra¢estocks

- possible development and testing of trading stresegtesting of trading
strategies

- testing of methods used and described in booksenrily famous traders

It would increase the accuracy of the simulatiod tre range of market phenomenon
studied the following possible additions :

- adding simulation of interaction and diffusion nfarmation in networks of
investors

- testing the impact of news on trading

- testing the impact of system structural crises

- adding more types of stocks

- adding more types of economic branches

- adding a more complex description of fundamentdiopemance of companies

- using real stock data to decide on the values @&mpeters

- using machine learning to optimize the systemsdswide on parameters

- using system theory to model a stochastic dynaysitemn with control
mechanism , feedback , estimation an so on

- calculating more advanced statistics on the stoockgsses

- adding a mechanism for price formation closer witidustrial system and closer
to the way clients and brokerage operation works .

- adding real time stock data

- adding information from the databases with the &mdntals of companies who's
shares are traded on the stock exchange .
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appendix :

the testing and developing process and a mor e complete list
of test cases | used

general system development and testing

Strategy :

- building the system and testing after each functicalled
test-driven development )

- implementing first the functionality for fundamehta
investors

- iImplementing first decisions using deterministitesuand
adding probabilistic decisions after that

- changing parameters to test the sensitivity oirstem to
changes in parameters

- starting with smaller cases , determined here bynthmber
of fundamental investors , the number of momentum
investors and the number of stages in simulatldested
here from 10 stages to 1000 and many of the congas&s
are about 400 stages .

- selection of test cases to reflect different deaisules and
different combinations of input data and decisioles

the first step in testing : the case of a markéh wnly fundamental investors :

case 1: fundamental investors ; the fundamentals hadecaeasing trend ; the
starting price is above the fundamental price

case 1.1 use 20 steps in simulation
case 1.1.a under probability :

theinputdata: 5002012311-13-11® 20
the significance of he input is presented above




next are the graphs that show the correlationgaovk the function of the system in
more and more complex cases . The significanckeofitaph appears on display .
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time vs number of fundamental investors investing at each time step
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case 1.2 used 100 stepsin simulation
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case 2 : fundamental investors ; the fundamentals hadecaeasing trend ; the
starting price is above the fundamental price

the input data : 500 100-1-1-0.5-0.5-1-1.2-1-0.5-130 20
( the significance of the input data is descrilredhbove )

0¥ - time | oy - price
3':' T T T T T

0 20 40 B0 a0 1aa 120

tirme %= total number of fundamental investors investing after each time step
a T T T T

=100

-200

-300

-400

-500

-&00

-7Fao

-800

-900

~1000 1 1 1 1 1 1 1 1 1
o




fundamentals ws time - blue | fundamental investors who invest at each time step ws time - red
2D T T T T T T T T T

18 -

10 F =

10 F

15 F

20 F

fundamentals vs time - blue | momentuurm investors who invest at each time step ve time - red
2D T T T T T T T T T

14

16

14

12

10F 5




0.g

0.5

0.4

0.z

momentuum investors who invest at each time step vs time




fundamentals vs tirme - blue | mMmomentuurm investors who invest at each time step vs time - red

o 1 20 20 40 L=1m] =18] Fo 20 20 100

time vs number of fundamental investors investing at each time step
1':' T T T T T

1
20 40 &0 a0 100 120




price vs time - blue | fundamental investors who invest at each time step vs time - red
30 T T T T T T T T T

200

10 F

=0 1 1 1 1 1

price wg time - blue | fundamentals vs time - red
a0 T T T T T T T T T




200 T

fundamental

investors vws time - blue | price - red

=200

=400

-B00

-800

-1000 !
o

1ao

time %S total number of momentuurm investors investing after each time step

1 T

0.8

0.6

0.4 -

0.2

]

0.2+




Case 3 : fundamental and momentum investors, 150 fundamental investors and 150
momentuum investors, 400 time stepsin simulation

In the system there ar e fundamental investors and momentum investors. The
fundamentalsare:
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tirme %= total number of fundamental investors investing after each time step
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moamentuum investors who invest at each time step vs time
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time vs number of fundamental investors investing at each step (b) vs momentuum investors (1)
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The graph above contains also the change in fund@tseand the change in price.
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fundarmental investors who invested until now vs time - red
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