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1. Introduction 
 

Decision making in general is based on choice 

from many possible options – the best for 

decision maker. In most cases the decision 

maker wants to reach many targets in the same 

time. However we cannot assume that there is 

one general optimal solution. Usually there is  

a set of many solutions. There are many methods 

for setting multi-criteria solutions, although each 

of them needs decision maker’s preferences – 

information about criteria significance that is 

subjective and typical for decision maker.  

Subjectivism is inevitable here. That is why 

from mathematical point of view it is important 

to help the decision maker to make a decision 

from better perspective but not necessarily the 

best from other person’s perspective. 

Because decision making criteria might be 

completely different and in the same time 

incomparable, this is reasonable and in many 

cases the only one option to find optimal 

compromise. 

While building the optimization problem, 

we understand it as a task to choose extreme 

elements from one set according to domination 

relationship. It defines decision maker’s 

preferences. 

The paper will present the concept of multi-

-criteria model of stock market player’s 

preferences in investing process. The article is 

followed by [1] in terms of building  

a game theory model of stock market players' 

preferences. 

 

2. Decision making method 
 

Let’s assume that players make their decisions 

based on available to them information. 

Information available to player n, we will mark 

as . It is worth to notice that it is built from 

subsets similar to particular information 

categories, depending on a used model or 

models of stock market’s data analysis presented 

in chapter 4. Let’s assume that every method of 

financial instruments' valuation is defined by 

separate subset of information. 

Another assumptions that need to be 

considered are acceptable player’s decisions. 

According to description in [1] they can decide 

about issuing a sale or purchase order for chosen 

stocks or bonds with exact price limits 

(maximum or minimum). That is why players 

make sale or purchase decisions based on actual 

value of financial instruments as well as their 

forecasted value in the future (time perspective 

depends on a player). While actual value is 

known, the forecasted value is estimated by 

players based on their knowledge (information) 

and analysis method. Next, from possible 

decisions’ set, players choose the best ones 

according to their opinion. 

 

3. Financial instruments valuation 

depending on chosen method of 

valuation financial instruments 

 

Several methods of analyzing financial 

instruments’ valuation have been presented in 

[2], but the author in this paper focuses on the 

statement that the player using available 

information and chosen method, decides to make 

financial instruments’ sale or purchase decision. 

Those decisions are based on differences in 

actual and forecasted prices (in different time 

perspectives) but also they depend on purchase 

price. Additionally, for every decision the risk 
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needs to be estimated. Main valuation criteria 

will be completeness, (value) information. 

 

General model of player’s price forecasts’ 

set can be presented as below: 

 

 

, (1) 

 

where: 

 – financial instruments’ price forecast’s set k, 

 – forecasting the price of financial 

instrument k in the moments of set T, 

 – time perspectives’ set, to simplify we can 

assume three perspectives: short, medium and 

long. 

 

A function that generates a set  can be 

presented like: 

 

 ,  (2) 

 

where: 

 – set of financial instruments that player is 

interested in or that player owns, 

 – set of financial instruments’ actual prices, 

 – set of player’s information, 

 – set of valuation methods used by the player. 

 

At this stage of consideration, key is a form 

of information that player can access and uses as 

well as how he/she estimates a risk in function f. 

In general way, information is set of data that 

applies to forecasts of financial instruments 

price. It informs about possibility of that price 

possible change, based on different sources. We 

can assume that information may have form that 

can be translated to eg. “Company XYZ stocks 

price will fall down to Q” or, in more general 

way, “Companies from ABC industry prices will 

rise by X-Y percent”, which is translated to 

equation as number (percentage) of potential 

fall/rise of selected financial instrument price. 

 

One of the most popular methods of 

analyzing share’s value is technical analysis.  

In its case we can mark player’s information as 

 (which is a subset of information ). 

Technical information, for every financial 

instrument includes data about e.g.: 

Trend for each financial instrument – trend 

can be growing, declining or horizontal (no 

trend) 

Financial instrument’s price over last  

sessions – opening price, closing price, 

minimum price, maximum price for listing 

 

Technical markers, listed below. 

Relative Strength Index – presents the 

strength and maturity of trend. It assumes values 

from 0 to 100, accurate level is 30 and 70 as 

levels of potential sale or purchase of the 

instrument. Extreme values (close to 0 and 100) 

inform about: reversing the trend for growing or 

declining. 

 ,  (3) 

 

where: 

 – actual price, 

 – price  sessions ago. 

 

Stochastic oscillator ( ) – based on an 

assumption that during a growing trend, prices 

oscillate around higher level of fluctuation 

range, but in the declining trend – around lower 

level. Sale signal appears when line  crosses 

a line  above level of 80. The purchase signal 

appears when line  crosses line  below 

level of 20. 

 

 , (4) 

 

where: 

 – last closing price, 

 – minimum price from chosen time period, 

 – maximum price from chosen time 

period. 

 is calculated as an arithmetic mean of  

value from three last sessions. 

 

ATR (Average True Range) – defines 

shares’ volatility. It assumes that huge volatility 

is connected to reversal of trends. 

 

 

,            (5) 

 

where: 

 – value from yesterday’s closing, 

 – today’s maximum value, 

 – today’s minimum value, 

 – yesterday’s minimum value, 

ATR is calculated as a moving average from TR, 

usually 14-session. 

 

ADX (Average Directional Index) – defines 

actual existing of a trend or informs that what 

looks as a trend is only a stage of consolidation. 

OBV (On Balance Volume) – used 

according to the statement that the trend is 

strong, if the volume moves according  

to the prices, is being calculated depending on 
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prices growth ( ), decrease 

( ) or have not changed at all 

( ), where: 

 – OBV of the current session, 

 – OBV of the previous session, 

 – circulation on the current session. 

Each marker is described with the value 

calculated for the exact moment t and with  

the “shares” values. 

 

Estimated value of financial instrument  

is closed in four steps, using information IT:  

Describing the trend 

Describing the strength of the trend based 

on markers’ data 

Describing the possible landmarks in trend 

based on markers’ data 

Describing the financial instrument’s price 

in time perspective T (short and medium) 

based on above data and historical 

information about the price of financial 

instrument. 

 

Share’s price is presented below for 

financial instrument  in time perspective : 

 

 ,  (6) 

 

where: 

 – current price, 

 – change of the price in time range  

where trend accurate actual trend, 

 – strength of the trend. 

 

Second most common method of shares’ 

analyzing used by individual investors is 

fundamental analysis. In this case the player’s 

information will be marked as , as a subset of 

information . 

Fundamental analysis is built from five 

elements: 

Macroeconomic analysis 

Sector analysis 

Situation analysis 

Financial analysis 

Share’s value estimation. 

As for the previous assumptions first four 

steps are there for estimating the risk of actual 

forecast, and the last step (share’s value 

estimation) is created to calculate this forecast in 

time perspective (medium and long). 

During next steps of the analysis, the player 

uses a set of markers typical for each stage and 

marks their status. 

It can be said that for the sake of analysis 

set of markers are being created for every stage. 

Their values are described by the player based 

on information , and next are being summed 

and averaged which helps to estimate a risk of 

each forecast. It can be calculated as below: 

 

 ,  (7) 

 

where , , ,  are the set of information 

(factors) for these steps. 

 

    (8) 

       (9) 

    (10) 

    (11) 

 

When it comes to describing the price, 

fundamental analysis gives many approaches to 

this issue. In this paper, author presented two 

most popular: 

Discounted cash flow model 

Solid dividend growth model (Gordon 

model). 

Both of those models are parts of the 

method of discounted cash flow where 

company’s assets are overlooked in favor of 

achieved solid cash flows that the company is or 

will be able to generate. In that case it is 

necessary to use a discount which helps to 

determine updated cash flows in the future. 

Calculating the share’s price in discounted 

cash flow model is presented below for financial 

instrument : 

 

 ,  (12) 

 

where: 

 – solid cash flow generated in current year 

 – dividend growth rate, 

 – required return rate determined individual by 

investor, 

It is assumed that . 

 

Gordon model is an example of valuation of 

the company’s shares based on the cash flows 

generated for shareholders for which dividends 

should be paid. Constant dividend growth rate 

version assumes a constant value of dividend 

payments. In this case the shares’ valuation 

needs to be calculated perpetuity (rent’s base – 

average dividend’s value) discounted by 

investor’s return rate (cost of the capital). 

Calculating the share’s price with this 

method in presented below for financial 

instrument : 

 

, (13) 
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where: 

 – dividend growth rate, 

 – dividend (for one share) paid in next year, 

 – lately paid dividend (for one share), 

 – required return rate, defined individually by 

the investor. 

It is assumed that . 

 

Because investor might use more than one 

model, we can assume that finally calculated by 

him price is an average from all results that can 

be calculated as below: 

 

,  (14) 

 

where: 

 – financial instrument k price calculated 

with model , 

 – number of used models. 

 

Another methods for valuating financial 

instruments are for example wallet share 

analysis or econometric analysis but they are 

used very rare or not at all by individual 

investors because of their complexity. More 

interesting case are players that play without 

model and base their actions on press releases, 

brokerage’s recommendations and other sources 

of information. Those players do not analyze the 

price of shares, they analyze only information 

they get. 

Because of that we have a situation when 

price forecast is given by the source. It might be 

many sources or only one. It is described by 

below formula: 

 

,  (15) 

 

where: 

 – investor’s trust for forecast source , shown 

in percentage scale 0–100%, 

 – price of the instrument  delivered by 

source . 

 

Obviously there is no obstacle for player to 

use more than one method to valuate financial 

instruments. Mixing the methods is well known 

tactic that is helpful in more accurate estimating 

both value and the risk of price forecast. Very 

often those methods do not overlap because of 

different time perspectives. 

There is a general formula for financial 

instrument k price in time perspective t: 

 

 ,   (16) 

where: 

 – price of instrument  in time perspective 

( ), 

 – player’s “trust” in method  measured  

in percentage scale 0–100%, 

 – price of instrument  in time perspective 

( ), according to method . 

In terms of bonds, their valuation and 

estimating the investing risk are rather simple 

because of their structure. 

Bonds’ value is defined as a current cash 

flow value, might be calculated as below for 

financial instrument : 

 

 ,  (17) 

 

where: 

 – number of cash flows, 

 – cash flow in time , 

 – required yield.  

This is a return rate comparable to an 

investment in a given bond, depending on the 

level of interest rates in the financial market  

(it depends primarily on the expected inflation 

rate) and risk of default by the issuer of the 

bonds. 

 

4. Estimating the risk of the price 

forecast of financial instrument 
 

Every investment is subject to risk. We can 

name basic risk types as: 

Market risk (connected with investments 

papers price change, exchange rate change, 

interest rates change or goods prices 

changes), 

Credit risk, 

Liquidity risk, 

Operational risk, 

Legal risk. 

In this paper our main area of interest is market 

risk. 

One of the most popular methods of risk 

valuation is Value at Risk. It’s conception 

assumes that level of losses from investment 

shouldn’t be bigger than some specified level 

with assumed probability of players’ forecast 

mistake. 

Let’s assume that player current investment 

position, which we understand as result of 

decisions he made to fulfill his objectives is 

random variable , where . 

Value At Risk value on  level can be 

written as: 

 

   (18) 
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Vale at Risk is measurement of maximum 

loss on whole players’ wallet at assumed  

level, which is defined by player himself. For 

example: private banks set this value to 95%, but 

KNF (Polish Financial Supervision) prefers 

99%. 

One problem with Value at Risk is that it 

haven’t subaddative properties and for different 

values of  can provide conflicting results of risk 

valuation. It also doesn’t takes into account loss 

levels that are higher that set one. But for wide 

set of elliptical distribution characterized  used 

in finance Value at Risk is subaddative which 

was proved in [3]. 

Three main methods of calculating Value at 

Risk are: 

Analytical – best when risk factors have 

normal distribution, but every derogation 

from theoretical model can lead to error. 

Historical approximation – easier to 

implement with finding empirical 

distribution and calculating Value at Risk 

from it. Main advantage is that this method 

allows to avoid potential problems with 

distribution modeling. Main defect is that 

extreme elements can affect the result. 

Monte Carlo simulations based on 

hypothetical wallet value , depending on 

market factors. This method can be used 

with incomplete data and complicated 

return functions. 

It is worth to calculate Value at Risk with 

different methods and compare results. 

To determinate Value at Risk for wallet 

return we assume that we set of financial 

instruments A with prices  (both are  

-elements). Then in time  vector of prices 

logarithms  has non-

generated, -dimensional normal distribution 

with expected value vector ss tuv wxy

variation matrix  

Assuming that current player wallet 

contains m instruments, we can present it’s 

current prices, which depends on basic 

instruments prices, as: 

 

Wallet value at moment  can be presented 

as: 

 

          (19) 

 

where  is number of  instrument units in 

wallet. 

For purposes of this paper we will consider 

linear wallets, for which Value at Risk at 

moment  is: 

 

   (20) 

 

where . 

Let’s assume now some time horizon , for 

which we want to estimate Value at Risk for 

players’ wallet. will be Value at Risk on 

 level for wallet returns, which mean position: 

 

 (21) 

 

We know from [3] that  satisfies: 

 

    (22) 

 

So Value at Risk for linear wallet, for  

time horizon on level  is: 

 

     (23) 

 

where  is -level quantile  with  

distribution. 

But for purposes of player strategy 

definition, he can just take into account only his 

current wallet or his wallet and in addition 

instruments he’s interested in. So we can assume 

that player will calculate Value at Risk for every 

element of set , which contains all 

combinations without repetitions of instruments 

in set , so he can analyze every combination of 

his current assets and assets which purchase he’s 

considering.  

 

 

5. The model of players’ preference 

in terms of character traits 
 

As shown in the previous section, each forecast 

value of the instrument is subject to the 

estimated level of risk. 

Risk aversion determines human (in this 

case – player) behavior, when he is exposed  

to uncertainty conditions, when he is trying to 

reduce that uncertainty.  

Risk aversion characterizes with ability  

to accept lower payment but also connected to 

lower risk, instead of potentially higher but more 

risky payment. 

It can be assumed the three basic type of 

player, due to their risk approach: 

Risk-averse, 

Risk-neutral (  ability to risk), 

Risk-seeking. 

In utility theory there are assumptions that 

lottery utility is sum of utility of it possible 

results weighted with probability of their 

occurrence. 
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  (24) 

 

Decision-maker in assumption is trying to 

maximize his expected utility. 

We can say that player is risk-neutral when 

there is indifference for him between taking part 

in lottery and getting certain reward. 

 

  (25) 

 

Risk-seeking player submit taking part in 

lottery than getting certain reward. 

 

  (26) 

 

Risk-averse player prefers getting certain 

reward than taking part in lottery. 

 

  (27) 

 

One of methods of measuring total risk 

aversion is Arrow-Pratt measure defined as: 

 

   (28) 

 

for  being player utility function, and 

 are first and second derivative. 

That equation gives positive results for 

concave  and negative results for 

convex  utility function . 

The more a player is risk-seeking, the more 

convex is utility function and  gives lower 

values. Analogically, for more risk-averse player 

utility function is more concave and  gives 

higher values. 

In newest wallet theories, risk aversion is 

measured as additional reward (payment) which 

player’s requires accepting additional risk. 

 

 

6. The model of players’ preference 

in terms of used strategies 
 

Strategies used by the players can be very 

diverse. They often depend on the method of 

valuation of financial instruments, which the 

player uses because it provides specific 

information, and is based on specific 

assumptions. For example, players can play 

according to trends against them, play on sudden 

fluctuations of trends, falls, rises, etc. There are 

many possibilities. 

We can define strategy as set of elements, 

defined as financial instrument value change, 

time and decision. 

 

For purposes of this paper let’s assume that 

player can take one of three decisions: sold, 

keep, buy. 

From the model point of view it is not 

important, what specific strategy player uses.  

It is important to assume that any strategy can be 

characterized by the elements that define  

it which can be presented as follows: 

 

 (29) 

 

Each player then has a list of strategies he 

uses, so you can assume that the player while 

making decision, determines which elements of 

the strategy have been met and then compares it 

with the strategies and their components, which 

he used by himself. 

For simplification we can assume that 

strategies comparison is made by comprising 

their elements one by one and calculating similar 

and opposite one of them (eg. by calculating 

percentage of similarity). 

 

7. The model of preference in 

investment decisions made by 

different type of players – multi- 

-criteria optimization 
 

Based on the foregoing, we can determine that 

the set of ratings, we will describe a player’s 

decisions: 

 

  (30) 

where: 

 – player’s decision evaluation, 

 – player’s profit forecast, 

 – player’s risk value, 

 – player’s risk approach, 

 – evaluation of the strategy regarding the 

decision with respect to the player’s strategy. 

Players based on these four values 

describing a single decision, tries to find the best 

(optimal) elements. 

We assume that a player is trying to 

maximize the expected return on investment, 

minimize risk fitting his risk approach and 

maximize fitting the strategy which can be 

accurate for a several investment that fits into set 

of its strategies. 

It can be presented as below: 

 

 (31) 

 (32) 

 (33) 
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where: 

 – functions defining value of factors. 

Let’s assume that profit maximization is 

also understood as the minimization of losses, 

which means that the player should want to get 

rid of financial instruments that could bring  

him the greatest disadvantage. Relying on 

maximizing the return rate will cause (in case of 

loss) total exclusion the instrument from a set of 

best shares, as in this case, the return is negative. 

We should, therefore, rely on the absolute value 

of the return rate: 

 

. (34) 

 

We can see that we have a responsibility to 

maximize the two quality indicators in three-

dimensional space ,  and 

minimizing third indicator of value:  

. From the point of view of only the 

first indicator  would be ideal to achieve value 

. From the point of view of only the second 

indicator  ideally be as high as . However, 

from the point of view of the third ratio  would 

reach a value which is ideal . Assuming, 

therefore, that the decision-maker seeks to 

maximize the simultaneous minimization of the 

two indices and the third, we can say that the 

purpose of selecting the solution reaches . 

 

(35) 

 

That kind of solution usually is not in set of 

acceptable solutions. It is expressed that image 

 of that solutions lies outside set  of ratings 

of acceptable solutions. Point , which 

coordinates are the result of adopted preferences 

model “ ” may be considered as player goal. 

This is the point to which player want to get as 

close as possible. 

In situation, when , we usually 

formulate additional optimization problem, that 

allow us to set acceptable solution, laying closest 

to the target . 

We can assume that Euclidean distance of 

point representing k decision from target (best 

point, marked as ) is quality measure of that 

decision. Propositional dominant  can 

be presented as below:  

 

 (36) 

 

Using the function   we can describe  

a domination relation  

 

 (37) 

The set of possible decisions is primarily 

limited by three factors: 

Player’s risk, 

Minimum sale price, 

Maximum purchase price. 

 

 (38) 

  (39) 

 (40) 

 

As optimal element (best in recognition of 

the decision maker) will be called one which is 

better in terms of relations of domination than 

all the other elements of the set . It can be 

described as: . 

Element  is dominated, and set of all elements 

is described as: 

 

  (41) 

 

In case when set  was empty, which 

happens often, decision maker must be pleased 

with the element , which is the best in set 

. This element is called not dominated in 

relation , and set of all dominated elements is 

described: 

 

   

       (42) 

 

The dominant and not dominants are known 

as “elements of the optimal” (extreme elements). 

Thus, the solution of the optimization problem 

( ) are elements of sets i . 

In situation where both , and  

are empty sets, you can use compromise 

solutions or sub solutions. 

Since the player does not have to choose 

only one decision at a time, and can make them  

a lot in the same time, the player with the harvest 

and dominant components chooses another 

solution ranking them using previously 

mentioned solutions (ideal). 

 

8. Summary 
 

Presented model of behavior, and precisely 

optimal decision making model the best for 

player is another step in building complete 

model of mass stock investors’ behavior in 

investment process. 

Preferences model has been defined 

generally in order to present a general way of 

decision making by investors. Another step 

should be defining precise model for chosen 

method. 
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The most important is to compile the exact 

algorithms for building the price forecasts, and 

next attempt to simulate players’ behavior in 

closed set of players on limited number of 

financial instruments, based only on actual 

information about their value, brokerage reports 

as well as historical data. 

The next step might be attempt to study the 

statistics of valuation methods used by 

individual players and defining their 

characterological structure (e.g. ability to risk). 

Another issue that needs to be considered  

is setting the game solution – its state of balance, 

if such exists. 
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Wielokryterialne modele preferencji graczy gie dowych  

w procesie inwestowania 
 

P. MICHA OWSKI 
 

W artykule przedstawiono model preferencji graczy gie dowych w procesie inwestowania, opieraj c si  na 

zró nicowanych przes ankach, jak u yta metoda wyceny instrumentów finansowych, cechy charakterologiczne 

gracza, w tym sk onno  do ryzyka, oraz stosowane strategie inwestowania. Nast pnie zdefiniowano zadanie 

optymalizacji wielokryterialnej wyboru spo ród wszystkich dost pnych decyzji jednej lub wielu, w rozumieniu 

gracza, najlepszych. 

 
S owa kluczowe: gie da, modele zachowa , optymalizacja wielokryterialna. 

 


