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Abstract—In the paper the method of creating investment approach we took into account provisions. For a beginner
strategies for a profitable trading system is described. Th jnvestor, however, it is highly difficult to select those tiet
method is based on artificial intelligence techniques and Ghnical  5i0rity of market indicators that would be the best for the
analysis tools. Created strategies Qescrlbe the |nvestmea|gngil highest ti | This is t iallv for thenfel
and amount of cash or stocks, which should be used at a given '9NeSt Prognostic vaiue. 1Nis IS true especially for
moment. The carried out experiments allow to find values of Market, where the risk is higher than on the Stock market.
parameters for generating investment strategies and to defe an Thus, a need for a way of selecting the most appropriate
influence of pro.vi.s.ions. .An important element of this .V\./ork isto  indicators emerges.
check the possibility of investment strategies generaliz@n. The In [5] authors have developed a transaction strategy gen-
possibility of generalization determines a new direction bthe .
research on the model. On this basis, in future the stock whie €rator that was based on Self Organizing Map (SOM) neural
is currently worth to invest or this one which is better to sel N€twork and technical analysis indicators. They propobed t
could be identified. usage of an average logarithmic rate of return and a standard
deviation to generate a signal to buy or to sell. If this rétib
the average to the standard deviation) is lower than -0.4 the

Many studies and researches have brought very promisihg authors propose the signal — sell 100% owned stocks and
tools for financial prediction. Most of them use the techhicghort sell for 100% wallet worth [5]; if it is greater than 0.1
analysis to a financial forecasting, which is based on tlieen the signal is — repurchase 100% stocks and buy stocks for
belief that historical price series, a trading volume, atftep 100% cash; if it is between -0.1 and 0.1 then hold (do nothing)
market statistics exhibit regularities. There are two [@hgral [5]. So this method proposes only three values (-100, 0 and
approaches in the technical analysis. The first one relies ®00). This means all operations use full owned resources, so
the interpretation of the form of geometric patterns; whilsalways the long position is closed and the short position is
the second tries to create indicators such as Moving Averagigened, or otherwise there is closed the short position and
(MV), Relative Strength Index (RSI),etc. opened the long position. There is always one opened positio

Recently the pure statistical analysis is supported by in-In our research we tried to improve the results obtained
telligent methods. In many papers the authors focus on by the authors of [5] by enhancing their solution. In order
application of agent techniques to find optimal strategies io search an interpretation for each cluster we have applied
the stock market trading, for example [2], [3]. Both thesevolutionary algorithms - the Genetic Algorithm (GA) aneth
papers present a market simulator designed for analysifigificial Bee Colony (ABC) Algorithm.
agent market strategies based on a complete understandirithe structure of the paper is as follows. In the next section
of buyer and seller behaviours, preference model and pricidetails of the components of our approach are described.
algorithms. Section three presents the proposed by us method of creating

Vanstone and Finnie [4] have provided an empirical methoghwestment strategies for profitable trading system. Iricec
ology which demonstrates how to apply ANNs in tradin§our there is an experimental evaluation of the method and
systems. In [1] Genetic Programming is proposed that #scomparison with this proposed in [5]. Section five contains
capable of combining individual technical analysis rulesl a conclusion.
adapt the thresholds based on past data.

But still it is an ongoing need to search for new directions
to build better models, more accurate and trustworthy. Many
theoretical models, remain useless, because they do met takThis section describes shortly all methods that create our
realities of stock market investments. That is why in ouapproach to search for investment strategy.

I. INTRODUCTION

Il. THE TECHNIQUES APPLIED FOR SEARCHING
INVESTMENT STRATEGY
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A. Technical analysis The main application of the Self-Organizing Maps are

Technical analysis is a method of price trend predictigHuSter analysis and c_:Iuster vi§ualiz.ation..This netwerksied
based solely on previous market actions [6]. The idea g?r nonjlmear projections of high dlmen_5|ons space into-tw
such analysis is that all the factors that have any influengBnensional one. So the result of learning process is the map
on the market, are already reflected in the prices. ThergfopéSimilar patterns represented by same (WTA) or neighigorin
previous and current prices, and indicators computed based(WTM) neurons on the map. This kind of a network is used
those prices, are all that is needed for price trend prexdicti N Many domains, including economics and financial pattern
Many methods of the technical analysis have been invent&8/stering.

These methods require experience to properly interpret the ) . ]
charts and prices. There is also a possibility to use indisat G- Evolutionary algorithms - GA and ABC algorithm

that point to specific moments when an investment should begyolutionary algorithms are well known optimization tech-
made. Examples of such indicators include the Money Flaiques. They are capable to find near-optimal solutions of no
Indicator (MFI) or the RSI (Relative Strength Index). Wheflinear problems. The most popular in this group are Genetic
using indicators as a primary analysis technique, the acyur Algorithms (GA). However, their weakness is poor local
of the prediction, depends on how well the set of indicatokgarch ability. Therefore there were proposed new algusth
chosen for the analysis reflects the market. In our approagiat overcome this main disadvantages. The new approach —
we have applied the Average True Range Technical Indicatae Artificial Bee Colony (ABC) algorithm is proposed by
(ATR) which is an indicator that shows volatility of the matk Karaboga [8]. As suggests the name, this algorithm is based
the Money Flow Indicator (MFI) that illustrates the inflowsta  on the intelligence of bees.

outflows of cash in regards to a particular stock. 1) Genetic algorithm: The idea behind this technique is
quite simple: the algorithm starts with a population of ramd

solutions to a given problem. The solutions are encodeddn th

K(k)]hgnen ngural rg)etworks_[?],.are orr:.e of the T%St pow_erf bpropriate form (it creates a chromosome or a bee). Fiest th
methods. As it can be seen in Fig. 1 this network has a simigig o« of the individuals is evaluated. In this process each

structure — an input Iaye_r and an output layer. The OUtPiition is tested and a value representing how well it perfmtm
neurons are often plaqed in the area of rectangle. Inpubneur, .., regard to the rest of the population is assigned. This is
are fully connected with all neurons of the output layer. the individuals fitness value. Next the algorithm termioati
criteria are tested. A termination criterion can be asgigag
elapsed the number of generation or reaching a good enough
solution. If the criteria are met, the algorithm stops aredlibst
individual from the current population is selected as ttsulte

If the criteria are not satisfied, a new population of indivats

is generated. The process of creating a new populatiors start
with selecting individuals for reproduction. The selentiis
performed based on the fithess calculated. Better solutions
have a higher chance of being selected and can be selected
multiple times while inferior solutions might not be seledt

at all. After proper individuals have been selected, they ar
joined in pairs. This is most commonly done randomly. The
pairs then produce offspring — each pair produces two new
Fig. 1. Structure of SOM neural network. The neurons in thauiriayer individuals. The chromosomes of the offspring are deteeahin

are assigned as triangles and the neurons in the output(8@M layer) as by means of crossing over. In the simplest algorithm one-
circles. point crossover the chromosomes of the parents are cut in
two parts (of possibly different length) at the same time, in

This i mpetitive network. Neurons are train in .
S Is a competitive netwo eurons are trained .a randomly selected point, the parts are exchanged and form

unsupervised way [7]. This means that the training set stssi . . )
. S ; two new chromosomes. This algorithm in pseudocode can be
of input vectors only. The activation of the neuron is cadteit] . i
summarized as follows:

as a distance between its weights vectorand an input

patternx. The distance can be defined as a dot product ore 1. Choose initial population,

euclidian distance. Two learning rules can be applied - \&inn + 2. Evaluate the fitness of each individual in the popula-
Takes All (WTA), when only the winner weights are modified 0N,

or Winner Takes Most (WTM) when all neurons weights in * 3. Repeat until stop condition

B. Kohonen'’s neural network

input layer

the neighborhood are changed but the change is in relation — 1. Breed new generation through crossover and/or
to the distance between the winner and a given neuron in mutation (genetic operations) and create the off-
the neighborhood. In this case the network is called Self spring population,

Organizing Map. [7]. — 2. Evaluate the individual fithess of the offspring,
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— 3. Replace the worst part of population with offprice changes. This dynamics is expressed by several tethni
spring. analysis indicators. The patterns are presented as vettwa

2) Artificial Bee Colony Algorithm (ABC)This algorithm they are clustered by a neural network. In the next step we try
is created by a bees population. Bees are divided into tht€efind an investment signal for each cluster, which informs
groups: scouts, onlookers and the largest - employed fosag@hat kind of action should be done (sell or buy stocks) and
(workers). The goal of bees in nature is to find the best fod®w much should be invested or how many stocks should be
source - in our artificial world the best solution. sold. This information will be called investment strategyda

The role of scouts is to look for a food source to exploit [8Will be searched by evolutionary algorithm.
To realize that, they are searching the environment sudiogn he detail
the nest for new food sources. In this way they produce randc|>3rh The details
solutions. Employed foragers exploit a potential food seur In this section all crucial elements of the method will be
They carry with them information about a profitability, aPresented.We will start from the first step — preparing data.
distance and direction from the nest and share this infoomat 1) Preparing data: The raw historical data consist of the
with a certain probability. They can also find the best solti 0pen price of the session (price open), the close price of
modifying currently found by scout or onlooker solution.erh the session (price close), the minimal and the maximal price
last group of the bees are onlookers, which wait in the negt aPrice min, price max) of the session and the volume, which
find a food source sharing the information about profitapilitdescribes an interest for the company stocks. On this basis

found solution. patterns to train Kohonen’s neural network should be pespar
Disregarding the bee behavior, the algorithm can be d&be training pattern is represented by theimensional vector
scribed as follows: X=[z1, z2..., Tg]. It contains values of calculated indicators for

. 1. Generate random solutions (by scouts). Leavgest instances ACC, ATR, MFI which are based on the historical

solutions @ is the parameter of the algorithm and assigr&umations' They show the market condition, trend slopieepr
the number of onlookers) changes and investors’ mood. The next step of preparing data

« 2. Exploit thesen best solutions by workers, the betteris selecting the window of historical quotations. The user
the fithess is. the more workers are ascribed to tﬁglects the beginning and the end date of the quotations. All

solution. The workers produce new solutions Changirﬂguotations in this window will have calculated the desalibe
insignificantly the solution appointed by onlooker. technical analysis indicators. So finally, to each quotai®

« 3. Generate new random solutions by sending the scofisi9ned the-dimensional training vector. .
in new places. 2) Clustering: This process results in creation of data

« 4. Evaluate all solutions and send onlookers to find neyoups that contain data with similar characteristics. @é&ize
it with the usage of Kohonen'’s neural network. In the nexp ste

. ;(.)Ilgtcle%r;ﬁ the steps from 2 to 4 until the stop conditidlf e method on the basis of historical data interpretatibn
is achieved. an investment strategy referring to a given cluster is $eaitc
The initial weights of neural network are not generated
I1l. THE METHOD OF SEARCHING FOR INVESTMENT randomly. They are equal to the patterns taken randomly from

STRATEGY a training set. During training the weights are adapted so

In the developed method all financial strategies are genépally the data are clustered.
ated separately for each stock company. Investment sieateg 3) Building the transaction strategyAfter clustering the
are created on the basis of historical one day quotatioflgster interpretation is searched. It describes the actio
(price open, price close, min and max price and V0|ume§t_rategy. We consider two possibilities to invest: as shod
The transactions allowed are as followsuy stocks(open long position. We are speaking about short position when an
long position), sell stocks(close short position)short sell investor borrows shares of stock from a broker and sells them
stock (open short position) angpurchase stock&lose short On the open market. The investor must eventually return the
position). The price chosen for a day transaction is theepriforrowed stock by buying it back. If the stock falls in price,
of closing session. The next crucial assumption is thaetier the investor buys it for less than he or she sold it, thus ngakin
an infinitive number of stocks for each company. This meafsProfit. Long position refers to when a person or entity holds
that there is a possibility of buying any amount of the stock8r Owns a position in a security. This long position would be
Therefore the order of buying any amount of stocks will bestablished by using a buy order and would profit when the
processed with no delays but to make the simulation mapéice of the security goes higher. For this reason giving an
realistic the method takes into consideration provisim@ interpretation of a cluster we assume that it will be desatib

generating financial transaction strategies. by two signals, one for the long position and the second for
_ the short position. The signal is expressed as a value betwee
A. The general idea -100 and 100, where the positive values describe opening

The idea of our approach can be shortly characterized thg positions (buy, short sell) and negative values refer to
follows. On the basis of historical quotations of a giverckto closing the positions (sell, repurchase — closing shofl} Séie
the patterns will be created (Fig. 2). They reflect dynamics aull value describes no action (hold). The number describes
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Fig. 2. General idea of the investment strategy search rdetho
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Fig. 3. Transaction strategy encoded in evolutionary dlgor — interpretation for each cluster.

percentage usage of wallet resources, such as a cash and mmdomly. Next, each individual is evaluated in order torefi
or borrowed share stocks. its fitness. The fitness function is based on the rate of return

(RR) on shares. It is defined by eq. 1.
For generating transacti trategies i hu [
g g ction strategies in our approachuevo WP, — WP,

tionary algorithms are applied: Genetic Algorithm or Adiél RR=—°% " “9 (1)

Bee Colony Algorithm. These algorithms are very similar, so Wk

input and output data have the same form. Each individuahere:

in GA or bee in ABC represents the full transaction stratedy’ P. is a current value of investment wallet,

(all interpretations for each clusters). The example othsudV F, is an initial value of investment wallet.

individual is presented in Fig. 3. Cluster 1 in this figure cafhe return rate for the long position is between -100% and
be interpreted as: "use 30% of owned cash, and buy stocksilimited percentage of profit and for the short positiorr¢he
and "repurchase 70% of short sold stocks”. Of course theiseunlimited percentage of losses (theoretically) and tfoditp
operations should have a logic order: (1) first the shorttjprsi is limited to 100%.

is closed, then the long positions opened; (2) first the longMutation operator relies in a random change of the current
position is closed then the short position is opened. Howevealue of a gene about a small amount. Crossover is realized as
opening or closing both long and short positions at the sarmgandom exchange of parent genes with assumed probability.
time is also possible. Initial individuals (or bees) aregrated Elitism is applied.
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TABLE |
THE EFFECTIVENESS OF THE DEDICATED STRATEG((GENERATED AND TESTED FOR THE SAME STOC)(AND IMPORTED ONE(STRATEGY GENERATED
FOR ANOTHER STOCK AND TESTED FOR THE CURRENT STOC)K

STRATEGY PKNORLEN ZYWIEC
Dedicated| Imported from | Dedicated | Imported from
ZYWIEC PKNORLEN
With GA 1742,32% 844,43% | 567,30% 463,19%
With ABC 1714,29% 5641,05% | 775,76% 551,97%
Statistical 241,50% 730,99% | 168,52% 162,99%
Buy and hold -63,53% -63,53% 16,80% 16,80%

In our method both long and short positions are allowed fdr strategy found by genetic algorithm (GA), artificial bee
the same time and even staying without any open positiondglony algorithm (ABC), statistical method [5] armly and
permitted as well. In the implemented system there is alschald strategy. The results presented in the table | (column
possibility to invest with a long position only, because gomassigned asledicatedl confirm that strategies generated with
stock markets do not allow to open short positions for pevagenetic algorithm (GA) or with artificial bee colony algdnih
investors, for example the Polish Stock Market. (ABC) generate higher profit than the other methods. The
results of approaches proposed in this paper are a few times
higher than the statistical method. It is also easy to ndtie¢

The aim of the experimental study was to evaluate thgrategies found by intelligent techniques generate ipesiate
changes introduced by us to the original method [5]. Wgf return.
evaluate the results taking into accowgffectivenes®f the  |n the next experiment we have tested the generalization
method which will be measured by return rate. ability of created investment strategies. To realize thislg

In the experiments we have focused on two stock shaige searched for the strategy of one share stock and we
PKNORLEN and ZYWIEC. To prepare the training set wepplied it to the other. The results are presented in table |
have chosen the period between 2000-01-02 and 2006-01i83he column assigned asported from Strategies imported
and for the testing set the the period between 2006-01-03 grshn another company are able to generate similar rate of
2009-03-05. The primary experiments were made in order figturn. However the strategies generated with the use of ABC
test sensitivity of all methods on the values of parametegggorithm or statistical methods generated for ZYWIEC and
They allowed to set the parameters values of Kohonen's heuggplied to PKNORLEN give higher profit than those dedicated
network, the genetic algorithm and the artificial bee colorfyr PKNORLEN. The statistical tests referring to the hy-
(ABC) algorithm. pothesis that dedicated methods generate financial trémsac

In the experiments the Kohonen’s neural network consisigategies give greater profits than imported strategiem or
of 49 neurons and was trained using the WTA (Winn&jpposite, do not allow to reject this hypothesis. This means
Takes All) method. Neurons weights are trained offline. Thiat strategies generated for one share stock could be ased f
distance vector metrics is set up as a dot product. The l@rnfinancial transactions for another one. The analysis ofethes
coefficient starts from 0,75 and decreases to 0,001. The inptethods allows to claim that the most important part of the
vectors are normalized. The population size of the geneggategies is Kohonen’s neural network (trained with theAVT
algorithm is set to 715 individuals. The number of generatianethod). These networks allow to cluster stock quotatisas,
is equal to 400. The probability of the crossover was set the evolutionary algorithms can generate financial traiac
25% and the probability of the mutation equals 1% (the ranggrategies as an interpretation of the arisen clustersbétter
of the mutation was set to 15%). The artificial bee colorglusters are generated, the better transaction strateaiebe
algorithm consists of 200 scouts, 500 employed foragers afi@ated.
15 onlookers. The number of generation equals to 300. The
probability of mutation equals to 30% (the range of the
mutation equals to 15%). Provisions are equal to 0,39%, bothit seems that the prediction model presented here is a good
for sell and buy stocks, not less than 6PLN (the state ektension of the method proposed in [5]. Both, the wallet
provisions for BZWBK for 2009-01-01). The initial wallet resource usage and provisions taken into consideratianglur
contains 1000 PLN. a construction of the financial transaction strategiesnatio

On the basis of historical data from the testing period ttgenerate more effective strategies than the statisticdhade
testing patterns are created by calculating the same itodgca proposed in [5]. The experiments referring to generalizati
as for training patterns. Then, for each testing patterpridper show that strategies generated with both the statisticéhade
cluster on Kohonen's neural network is found. Next, thetstraand the evolutionary algorithm can be applied as an invagtme
egy assigned to this cluster is performed. After procesalhg strategy for the other stock company but to fully evaluate th
the testing data the effectiveness of an investment is atedu possibility more experiments with another share stocks are
The table | presents the effectiveness measured by retten reeeded. The results draw a conclusion that these approach

IV. EXPERIMENTAL STUDY

V. CONCLUSIONS
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could be modified to suggest which share stocks should |8 H. Markowska-Kaczmar, U.Kwasnicka and M. Szczepkowé@enetic

sold or bought. (Of course with the information of how many algorithm as a tool for stock market modelling,” Attificial Intelligence
. e . and Soft Computing ICAISGol. LNCS 5097, 2008, pp. 450-459.

of th(:j'm)' It S_e(?ms this modification could brlng the morg] G. Vanstone, B. Finnie, “Enhancing existing stockmarkkading strate-

effective predlctlon system. gies using artificial neural networks: A case study,”Rnoceedings of

ICONIP 2007 vol. LNCS 4985, 2008, pp. 478-487.
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