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Abstract

A generalization is considered on the standard Marvowitz mean-variance
model, which includes some limitative limbs. These restrictions guarantee the
investment in a certain number of assets and limit the amount of capital that
must be invested in any asset (stock). When the Markovitz mean-variance
model is considered, the basket selection problem is a quadratic programming
problem. But if this model is generalized with limitations, then the basket se-
lection problem will be transformed into a quadratic programming and nu-
merical design. In this recent model, there is no algorithm and method that
can solve the basket selection problem optimally. In this case, the use of the
heuristic algorithm is essential. Here in this paper a special neural network
model has been used. The Hopfield network has been used to optimize some
of the other optimization problems and it is used to solve the portfolio selec-
tion problem.
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1. Introduction

In a general approach, theories on the formation of stock portfolios can be di-
vided into two modern and ultramodern groups [1]-[6]. A Modern Portfolio
Theory (MPT) or portfolio theory was introduced by Harry Markowitz’s “Port-
folio Selection,” published in the 1952 Journal of the Facsimile [7]. Thirty-eight
years later, Markowitz, along with Merton Miller and William Sharp, received
the Nobel Prize for what was called the “Broad-Select Theory of Portfolios”.
Markowitz, by explaining the details of maths of diversification, suggested that
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investors instead focus on portfolios based on their overall risk profile and re-
turns rather than portfolio selection, consisting of individually-owned stocks
with attractive risk-return characteristics.

In short, investors should choose portfolios, not simply to select securities.
One of the methods for selecting the optimal portfolio is the use of artificial
neural networks. Artificial Neural Network (ANN) is a method for computing,
which is based on the interconnection of several processing units. The network
consists of the arbitrary number of cells or nodes or units or neurons that asso-
ciate the input set with the output. In these networks, with the help of program-
ming, a data structure is constructed that can act as a neuron. This node (or
nodes) then will train the network by creating a network between these nodes
and applying an educational algorithm to it. If the yields of one round of securi-
ties are considered as random variables, then they can determine the expected
values, standard deviations and correlation for them [8]. Based on these values,
we can calculate the expected returns and the volatility of any portfolios com-
posed of securities. The expected returns and volatility may be considered as es-
timates of risk and returns [9] [10]. In all the portfolios where it is possible to
form them, some portfolios will have the best balance in terms of risk and return.
These portfolios contain what Markowitz calls the boundary of the efficiency of
portfolios.

The investor should select a portfolio that is on the verge of efficiency. Re-
garding the weaknesses described for variance as a risk measure, the purpose of
this research is to form an optimal stock portfolio using the Neural Network and
the Hopfield model in the basket selection question. We have a series of assets or
securities that we want to find an optimal way of investing a certain amount of
money in this asset. Different ways used to diversify this money between several
assets is called a basket. In order to solve the basket selection problem, Marko-
witz presented the so-called mean-variance model and it is assumed that the to-
tal basket returns can be recommended using the average return on assets and
the return variance (risk) between these assets. However, the Markowitz average
variance model does not have cardinality constraints, which ensures that the
number of assets in each basket is taken into account, nor the bounding limits,
which, is the amount of money that must be paid in each assets are not invested.
This series of limitations is very useful in practice [9] [10] [11] [12].

In order to overcome this incompatibility, the standard Marquette model can
be generalized to these constraints. These constraints guarantee the investment
in a certain number of assets and limit the amount of capital that must be in-
vested in each asset. When the Markovitz mean-variance model is considered,
the basket selection problem is a quadratic programming problem. But if this
model is generalized with constraints of returns and integers, then the basket se-
lection problem will be converted to the quadratic and integer programming
problem. But there is no algorithm that can solve the portfolio selection problem

optimally [10] [11]. Hopfield’s neural network is used to optimize some of the
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optimization problems and to solve the basket selection problem.

The purpose of this research is to select the best portfolio of the Markovitz
model based on the Hopfield Neural Network from among the top 50 third-year
firms in Tehran Stock Exchange.

The statistical population of the study was the shares of the companies be-
longing to the top 50 companies of the Tehran Stock Exchange in the third
quarter of 2011. The spatial domain of this research is the companies admitted
to the Tehran Stock Exchange and the domain of the time is related to a number
of trading days of each of the shares in the 3" quarter of 2011. Independent va-
riable is the final prices of the top 50 companies in the third quarter of the year
in Tehran Stock Exchange 2011. The dependent variable is the returns of com-
panies that are calculated using Excel software. Raw data was collected by refer-
ring to the capital market database and then, the variables of the calculation were
calculated using the Excel software. Finally, the optimal portfolios at different

levels of risk aversion were identified using MATLAB software.

2. Investment

Investment can be defined as: buying a real or financial asset that is proportio-
nate to its expected return risk. The investment period is usually long-term and
takes 3 to 10 years. Investment in general has two forms:

1) Investment in Real Assets: such as buying a home, land, durable goods such
as carpets and artistic works. Individuals with this type of investment will pro-
tect their capital from inflation.

2) Investment in Financial Assets: Financial assets such as securities represent
the claims and rights of the investor in relation to the company’s profits or real

assets.

3. Modern Portfolio Theory

Prior to Markowitz’s “widespread portfolio selection theory”, investors were fo-
cused on portfolio selection on risk assessment and portfolio yields individually.
At this time, the standard investment recommendation was to identify the in-
vestor with the best range and least risk, and select a portfolio of them. Follow-
ing this advice, an investor might have concluded that all stocks of an industry
have a risk profile and good returns, and the entire portfolios of the industry’s
stock should be formed. But this is not logical. Markowitz formulated and sys-
tematized this logic. By explaining the details of math diversification, he sug-
gested that investors focus on portfolio selection, based on their overall risk pro-
file and returns, instead of choosing portfolios consisting of individually owned
stocks with attractive risk-return characteristics. In short, investors should
choose portfolios, not simply to select securities. If the yields of one round of
securities are considered as random variables, then they can determine the ex-
pected values, standard deviations and correlation for them. Based on these val-

ues, we can calculate the expected returns and the volatility of any portfolios
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composed of securities. That is, the expected returns and volatility may be con-
sidered as estimates of risk and returns.

In all the portfolios where it is possible to form them, some portfolios will
have the best balance in terms of risk and return. These portfolios contain what
Markowitz calls the boundary of the efficiency of portfolios. The investor should
select a portfolio that is on the verge of efficiency.

James Tobin [12] [13] [14], by adding risk-free assets to this analysis, devel-
oped Markowitz’s work, which enabled a person-investor to use leverage or
non-leverage portfolios located on the efficiency frontier. This led to the creation
of concepts of super-efficient portfolios and the capital market line. Through the
leverage, portfolios on the capital market line can operate beyond the portfolios
existing on the boundary of efficiency.

Investors in a general approach usually recommend a three-step process for
portfolio management [15]:

1) Financial Fundamental Principles Learning

2) Create portfolios

3) Portfolio management and protection

The Marquette model is based on the following assumptions:

1) Investors are risk averse and have an expected desirability, and their mar-
ginal utility curve is diminishing.

2) Investors choose their portfolio based on the average and expected yield va-
riance. Therefore, their indifference curves are a function of expected rate of re-
turn and variance.

3) Each investment option can be divided into infinite.

4) Investors have a “one-off” time horizon, which is the same for all investors.

5) Investors prefer a higher return at a certain level of risk, and vice versa, for
the same level of return, they want the least risk.

Consider an investor (person A) who considers “high expected returns”,
which is desirable, and “uncertainty of return” as undesirable as two important
factors in their investment decision. He has an n-shirt sheet. Therefore, the yield
of sheet I (a random variable) with mean and variance is considered. In addition,
covariance is assumed to be between the returns of both contributions.

If an investor has some money to invest in n, then the question is: “How
should the investment amount be allocated between the n sheet and the resulting
portfolio, has the maximum expected return?”

Markowitz suggests that the answer to the above question should be done in
two steps:

1) Defining a portfolio of efficient, efficient portfolios is a portfolio with the
least variance of returns among all portfolios with the expected returns, or the
highest expectation among all those with the same variance;

2) Selection of the efficient sum; that is, selecting the portfolio that will pro-
vide the most appropriate combination of risk and return for the investor.

The Markowitz mean-variance model is as follows:
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f(x):ﬂ[zZXiaijxj}(l—/i){—Zyixi} (1)
i=1 j=L i=1
w; =270y )
b =(1-2) 4 (3)

Which variables are defined as follow:

N: Total number of assets

M, : Average asset yield f

o; : Covariance between asset yield 7and /

A: Risk Incompatibility Parameter

X; : Share of investment in in asset 7

If 1 = 0, the maximum average return of a basket (without regard to the va-
riance) will be obtained and the optimal solution will be formed only with the
asset with the largest average return, and if A = 1, then the minimum value of the
total variance of a basket (without considering the average returns), in which
case the optimal solution would typically include several assets. In fact,
Ae (0,1) is the balance between the mean of returns and the variance and ob-
taining an answer between the states A =1and 1= 0.

Figure 1 shows the Mean return in various variance of returns.

4. Important Papers, Worthy Documents

An important paper or a worthy document is a document based on the right to
claim the income and assets of an institution. In other words, electricity from
securities represents a claim against an asset item and any cash flow from which
that asset is derived. Bonds are also a kind of securities that the holder has the
right, at the maturity date, to receive a nominal amount of “nominal value of the
bonds” and, on certain dates, the amount received as interest.

An ordinary share of the document is based on the fact that the shareholder
owns a certain percentage of a company and hence he has a certain percentage of

profits that will be paid in cash and any other benefits to the shareholders of the
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0.006 |-

Mean Return
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Figure 1. Mean return vs variance of return.
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company will receive. Except for the two above, important papers or worthy
documents include a range of financial instruments that holders have different
claims. When a person signs a stitch, a type of securities is published. A land te-
nure document is a type of security. Hence, the scope of the investment debate
and the analysis of securities goes beyond the study of ordinary shares and
bonds. The analysis of securities involves calculating the expected degree and
risk of the expected cash flows of the securities. In order to determine the future
value of a securities sheet, various factors, such as information about the indus-
try that participates in analyzes the strategies of rival companies and analyzes the
company’s data, in order to be able to predict the risk of securities and the price
of those bonds.

5. Selection of 50 Active Companies

Examining the experience of securitized securities in different countries shows
that the identification of preferred or superior companies is often done on the
basis of the following criteria:

1) The power of stock liquidity,

2) The company’s impact on the market,

3) The superiority of financial ratios

The identification of the top companies in the Tehran Stock Exchange is based
on the combination of the power of stock liquidity and the impact of companies
on the market and in the following dimensions:

a) The volume of trading in the trading room includes:

1) Number of traded shares

2) The value of the traded shares

b) The trading frequency of the stock exchanges in the trading room includes:

1) The number of days traded

2) Number of traded

¢) The measure of the company’s impact on the market include:

1) The average number of shares published

2) Average current value of shares of the company during the review period

M- N @

=h

N: Number of Indicators Examined

where:

M;: Company rating of j

I Indicator value of 7

6. Artificial Neural Network (ANN)

An intelligent data processing system that integrates the idea of a human brain
and processes data into small and large processors that behave in an intercon-

nected and parallel way to solve a problem. Artificial Neural Network (ANN) is
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a method for calculating multiple interworking units based on interconnect.

The schematic of an artificial neuron is depicted in Figure 2. The network
consists of the arbitrary number of cells or nodes or units or neurons that asso-
ciate the input set with the output. In these networks, with the help of program-
ming, a data structure is constructed that can act as a neuron, which is also re-
ferred to as a node. Then, by creating a network between these nodes and apply-
ing an algorithm to it, the network they teach.

Learning nerve networks is nothing but adjusting the communication weights
of these neurons to get different examples so that the network output converges
to the optimal output.

7. Hopfield’s Neural Network

Hopfield’s network is a single-layer neural network model with fully intercon-
nected neurons that all neurons are connected to each other. Figure 3 shows the
outline of the Hopfield’s network. Hopfield’s network is a recursive network,
meaning the network output returns as an input to the network. Investment
management involves two main issues of “securities analysis” and “portfolio man-

agement”. The analysis of securities involves estimating the benefits of individual

Inputs

Figure 2. Artificial neuron.
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Figure 3. Hopfield’s network.
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investments. While portfolio management involves analyzing the combination
of investments and managing the maintenance of a set of investments.

In recent years, the trend of investment issues has changed from portfolio se-
lection methods (portfolio analysis) to portfolio management. Hopfield’s dis-
crete network is used in a variety of combinational optimization problems.

Although the desired problem is a composite optimization problem, the au-
thors of the reference article have used the fact that the objective function in
the Markovitz-Variance-Covariance Model is the same with the energy func-
tion in the Hopfield network. As a result, the objective function in the Marko-
witz-Variance-Covariance Model will be minimal if we follow Hopfield’s steps.

Hopfield Energy and Dynamic Power Function:

Using this definition, the energy function for the Hopfield network is as fol-
low:

1 N N N
E(x)===2 > X%, =D b (5)
253 =
where:
b, : An external constant value for the neuron 7
w; : The weight of the neuron is 7 to /.

Now we can look at the target function of the basket selection problem:

f(X)=/I{ZN;ixiaijxj}+(l—/1)[—iyixi} ©
i =
By comparison with the energy function, the values of the weights are ob-
tained:
oy =—2A0; @)
As well as foreign input:
b=(1-2)4 (8)

N variables in the problem are displayed with NV neurons in the network. And
X; is equal to the share of the capital that must be invested in the i-A asset. The
state of the neuron i is represented by X, .

The variables are as follow:

N: Total number of assets

M : Average asset yield f

o; : Covariance between asset yield 7and /

A: The risk aversion we have: A€ [0,1]

X; : Share of investment in property of 7

From here, let me work at discrete times, so if we display the neuron state 7 at
time ¢ with X (t) , the equations that control the side of the Hopfield network

x (t+1) =G, (h (1)) (9)

That h(t) is the input of the neuron 7at time &
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h (t)=> w;x;(t)+b, (10)

j=1

and G; is the activity function as follow:

G (h) =6+ R~ (11)

with a #> 0 and the specified y.

In our simulation, the middle value was maximized and the minimum inputs
h (0) were assigned to &6, to ensure that the outputs are within the range
[£.6].

For the remaining subsections, let’s assume (without loss of integrity) that all
the lower holes have the same values of & =& and all the holes are equal to
6, =0 . In this project, £ = 0 and J = 1. The output vector on the Hopfield Hally
network provides an available problem. This vector is multifaceted [8,5]N.
Network stability can prove the determination of the energy function for the
network and prove that its time derivative is non-ascending. The nonlinear na-
ture of the Hopfield network produces multiple equilibrium points. For each
given set of initial positions X(O) , the symmetric Hopfield network (of equal
size) with w; =w;; converges to a constant equilibrium point. When the net-
work is deterministic (algebraic). The position of that point is determined uni-
quely by the initial conditions: all the initial positions that are in the sphere of

absorbing a point of equilibrium will tend to converge to that point.

8. Methods of Calculation of Rate of Return

To measure the return on investment, the investment income is divided by the
initial investment amount. The proceeds from the investment consist of two
parts:

1) Amount received for dividends or interest on bonds

2) Profit or loss of capital due to changes in the price of securities during the
investment period.

In other words, the difference between the inflow cash flow from the cash flow
outflow, divided by the cash flow outflow, will indicate the “return on invest-
ment”. It means:

Rate of Return: Outgoing Cash Flow/(Cash Flow Outflow of Cash Flow Input)

Bond yields are calculated according to their maturity date. Therefore, the rate
of return is compounded because it includes annual income and the increase or
decrease of the value of the bonds until the maturity date.

The return on investment in ordinary shares is achieved in a given period,
taking into account the first and last price and the benefits derived from owner-
ship.

The interests derived from ownership in the periods that the company holds is
held by the shareholder and will be zero in periods when the forum has not been
held. The return on investment in stocks can be calculated using the following

equation:
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r :(pt_pt—l)_'_Dt %100 (12)

where:
p, = share price at the end of period 4
P, = Share price at the beginning of period t or end of period ¢- 1;
D, = Interest generated by the ownership of shares held during the period ¢
by the shareholder.
Benefits of ownership may be paid to shareholders in different forms, the
most important of which are [16]:
1) Cash profit;
2) Increasing capital from the reserve (prize shares);
3) Increased capital from claims and cash inflows;
4) Stock split;
5) Stock aggregation.
For Equation (1), using the formula for calculating the rate of return per share.
For the “2 and 3” modes, the formula for calculating the rate of return is as fol-

lows:

LDt p(1+a+B)—(p+ca)

3 x100 (13)
[IJI_l +Ca

where:

D, : Cash benefit paid

a: Percentage of capital increase from demand and cash inflow;

[ Percentage of capital increase from the reserve

C: The nominal amount paid by the investor for increasing the capital from
the place of cash (and claims)

If the time of occurrence of each of the above states is before the payment
(holding of the assembly), or in other words, if the extraordinary general assem-
bly (in connection with the increase of capital) places before the ordinary general
meeting (in terms of dividend), the rate of return will be as follows:

[(D +p)(1+a+B)]-(p +ca)

- x100 (14)
P, +Ca

The symbols used are the same icons used in the previous formula. When de-
composing shares, the company decides to devalue; in this case, the number of
shares held by shareholders in proportion to the stock is decomposed, and the
stock price in the market will decrease equally. Share yield in such a situation is

obtained from the following relationship:

e (15)

P -1
where Sis Number of new shares.
“Stock aggregation” is a situation in which the company makes a decision to

increase the nominal value of shares due to its low nominal value. The aggrega-
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tion or combination of stocks, on the one hand, reduces the number of shares in
the company and, on the other hand, increases stock prices in the market. Given
that the rise in stock prices is not realistic in such a situation and has resulted
from the aggregation of stocks, the factor of adjustment of returns with a “nega-

tive sign” appears in the relationship:

r. = —% P (16)
it —
Pes

where Zis the number of shares that has become a share in accordance with the

company’s resolution.

9, Stock Baskets

Raw data was collected by referring to the capital market database and then us-
ing the Excel software, the variables of the calculation were calculated and finally,
by MATLAB software, identifies the optimal portfolios at different levels of risk
aversion.

Table 1 shows the K5 related portfolios and Table 2 shows the K20 related
portfolios. In these tables, in fact, each of the boxes is a portfolio.

K: The number of optimal assets in the portfolio

A: Risk aversion

Numbers represent the fraction of the total investor’s capital, which can be

invested in each company.

10. Conclusions

In the portfolio selection question, there are a series of portfolios of assets that
we want to find the optimal method for investing a certain amount of money in
this asset. Different ways used to diversify this money between several assets is
called a basket. To solve the basket selection problem, Markowitz proposed the
so-called mean-variance model and it is assumed that the total basket returns
can be described using the average return on assets and the return variance
(risk) between these assets. Baskets that provide the minimum risk for a cer-
tain level of returns make the efficient frontier. For each level of expected av-
erage return, the effective boundary gives us the best way to invest our money.
However, the average-variance model does not have the main cardinality con-
straints, which ensures that the number of assets in each basket is considered
different, nor the bounding limits, which is the amount of money that must be
invested in each asset. This series of limitations is very tight in practice. In order
to overcome this incompatibility, the standard Markowitz model can be genera-
lized with these restrictions.

A generalization is considered on the standard Markowitz Mean-Variance
Model, which includes some limitative limbs. When the Markowitz mean-variance
model is considered, the basket selection problem is a quadratic programming

problem. But if this model is generalized with limitations, then the basket selection
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Table 1. K5 related portfolios.

A=1 1=09 1=08 A1=07 A=06 A=05 A1=04 A=03 A=02 A=01 A=0 K5
0 0 0 0 0 0 0 0 0 0 0 Iran Post Bank
0 0 0 0 0 0 0 0 0 0 0 Industry and Mining Investment Co
0 0 0 0 0 0 0 0 0 0 0 Mellat Bank
0 0 0 0.148 0 0 0 0 0 0 0 Mellat Investment
0 0 0 0 0 0 0 0 0 0 0 ParsKhodroo
0 0 0 0 0 0 0 0 0 0 0 Parsian Insurance
0 0 0 0.198 0 0 0 0 0.188 0.185 0 Bahman Investment
0 0 0 0 0 0.188 0.188 0.179 0 0 0 Iran Telecommunication
0 0 0.222 0 0 0.220 0.213 0.204 0.217 0.206 0 Iran National Investment
0 0 0 0 0 0 0 0 0 0 0 Iran National Cupper Industry
0 0 0 0 0 0 0 0 0 0 0 Sepah Investment
0 0 0 0 0 0 0 0 0 0 0 North Digging Inc
0 0 0 0 0 0 0 0 0 0 0.210 Iran Transfo
0 0 0 0 0 0 0 0 0 0 0.181 Shahid Bahonar Cupper Inc
0.191 0 0 0.195  0.178 0 0 0 0 0.199 0 Fars and Khoozestan Cement Inc
0 0 0 0 0 0 0 0 0 0 0 Iran Argham
0.296 0.252 0.241 0.256 0 0 0 0 0 0 0 Eghtesad Novin Bank
0 0 0 0 0 0 0 0 0.185 0 0 Behshahr Industries Inc
0 0 0 0 0 0 0 0 0 0 0 Insurance Industry Investment Co
0 0 0 0 0.224  0.225  0.210  0.205 0 0 0 National Development Co
0 0 0 0 0 0 0 0 0 0 0 Sina Bank
0 0 0 0 0 0 0 0 0 0 0 Ghadir Investment Co
0 0 0 0 0 0 0 0 0 0 0 Zamiad
0 0 0 0 0 0 0 0 0 0 0 Azar Aab Industries
0 0 0 0 0.185 0 0.185 0 0 0.194 0 Iran Behshahr Industries
0 0 0 0 0 0 0 0 0 0 0 Iran Construction Investment Co
0 0 0 0.203 0 0 0 0 0 0 0 Iran Industry Development
0.210 0.223 0.224 0 0.208 0.209 0 0.195 0.208 0 0 Tejarat Bank
0 0 0 0 0 0 0 0 0 0 0 Karaafarin Bank
0 0 0 0 0 0 0 0 0 0 0 Pardis Investment Co
0 0 0 0 0 0 0 0 0 0 0 Tehran Renovation and construction
Co
0 0 0 0 0 0 0 0 0 0 0 Juberebne Hayan Pharmacy Co
0 0 0 0 0 0 0 0 0 0 0 Power Plant Project Management
0 0 0 0 0 0 0 0 0 0 0 Looleh Gas
0 0 0 0 0 0 0 0 0 0 0 Iran National Cupper and Zinkc
0 0 0 0 0 0 0 0 0 0 0 Informatic Service Co
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Continued

0 0 0 0 0 0 0 0 0 0 0 Sahand Wheel Industry Co
0.146  0.161 0 0 0 0 0 0 0 0 0 Pars Toosheh Investment Co

0 0 0 0 0 0 0 0 0 0 0 Buali Investment

0 0 0 0 0 0 0 0 0 0 0 Kimidaroo

0 0 0 0 0 0 0 0 0 0.216 0.228 Negin Tabas

0 0 0 0 0 0 0 0 0 0 0 Iran Mineral Product Co

0 0 0.127 0 0 0 0 0 0 0 0 Iran Carboon

0 0.198 0 0 0.205 0 0.205 0.216 0 0 0.194 Midleeast Tide and Eter

0 0 0 0 0 0 0 0 0 0 0 Khark Petroleom

0 0 0 0 0 0 0 0 0.201 0 0.187 West Cement Co

0 0 0 0 0 0 0 0 0 0 0 Takin Co

0 0 0 0 0 0 0 0 0 0 0 Shahid Ghandi Inc

0 0.166 0 0 0 0 0 0 0 0 0 Eats Khodro Electric
0.158 0 0.186 0 0 0.158 0 0 0 0 0 Iran Zink Mines Development Co

Table 2. K20 related portfolios.

A=1 A1=09 1=08 1=07 A=06 A=05 A1=04 A1=03 A=02 A=01 A=0 K20
0.0147 0 0.0297 0 0 0.0642 0.0584 0.0551 0 0.0442 0 Iran Post Bank
0.0148 0 0 0 0 0 0 0 0 0 0 Industry and Mining Investment Co
0.0516  0.0442  0.0389 0 0.0330  0.0346 0.0361 0.0386  0.0409 0 0 Mellat Bank
0 0 0 0.0264 0 0 0 0 0 0 0.0494 Mellat Investment
0.0138 0 0 0 0 0 0 0 0 0 0.0482 ParsKhodroo
0 0 0 0.0216 0 0 0 0 0 0 0 Parsian Insurance
0.0922 0.0798 0.0593 0.0695 0.0584 0.0642 0.0511 0.0573 0.0554 0.0522 0 Bahman Investment
0.0759  0.0668 0.0545 0.0584 0.0458 0.0433 0.0433 0 0.0444  0.0442 0 Iran Telecommunication
0 0 0.0836 0.0830 0.0671 0.0648 0.0600 0.0601 0.0603 0.0558 0.0482 Iran National Investment
0 0 0 0.0164 0 0 0 0 0 0 0 Iran National Cupper Industry
0 0.0249  0.0201 0.0231 0 0 0 0 0 0.0433  0.0488 Sepah Investment
0 0.0238 0 0.0212 0 0 0 0 0 0 0 North Digging Inc
0 0 0 0 0 0 0 0 0 0 0.0590 Iran Transfo
0 0.0210 0 0.0230 0 0 0 0 0 0 0.0507 Shahid Bahonar Cupper Inc
0 0 0.0631 0.0689 0.0556 0.0544 0.0542 0.0554 0.0542 0.0517 0.0474 Fars and Khoozestan Cement Inc
0.0325 0.0300 0.0203  0.0239 0 0 0 0 0 0 0 Iran Argham
0.1198 0.1684 0.1354 0.1304 0.0952 0.0819 0.0698 0.0672 0.0619 0.0497 0 Eghtesad Novin Bank
0 0 0.0483 0 0.0358 0 0.0387 0 0.0463  0.0494 0.0477 Behshahr Industries Inc
0 0 0.0473 0 0.0409 0 0 0.0383  0.0404 0.0430 0 Insurance Industry Investment Co
0.1142 0 0.0920 0.0908 0.0710 0.0719 0.0656 0.0642 0.0609 0.0569 0.0482 National Development Co
0 0.0549 0 0 0.0374 0 0.0382  0.0416 0 0 0 Sina Bank
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Continued

0 0.0267  0.0299 0 0 0.0250 0 0 0 0 0 Ghadir Investment Co

0 0 0 0 0 0 0 0 0 0 0.0470 Zamiad

0 0 0 0 0 0 0 0 0 0 0 Azar Aab Industries
0.0685 0 0 0 0.0453 0.0501 0.0454 0.0485 0.0501 0.0500 0.0481 Iran Behshahr Industries
0.0338 0 0 0 0 0 0 0 0 0 0 Iran Construction Investment Co
0.0999 0 0.0751 0.0874 0.0624 0 0.0575 0.0613 0.0563 0.0529 0 Iran Industry Development

0 0 0 0.0827 0.0675 0.0679 0.0607 0.0611 0.0595 0.0549 0 Tejarat Bank
0.0327 0.0239 0.0199 0.0244 0 0 0 0 0 0 0 Karaafarin Bank

0 0 0 0 0 0 0 0 0 0 0.0471 Pardis Investment Co
0.0162 0.0284 0.0279 0 0.0262 0 0 0 0 0 0 Tehran RenovatioCI;and construction
0.0486 0.0535 0 0 0.0408 0.0429 0.0489 0.0444 0.0445 0.0475 0.0469 Juberebne Hayan Pharmacy Co

0 0 0 0 0 0 0 0 0 0 0 Power Plant Project Management

0 0 0 0 0 0 0 0 0 0 0 Looleh Gas
0.0112 0 0 0 0 0 0 0 0 0 0 Iran National Cupper and Zinkc

0 0 0 0 0 0 0 0 0 0 0.0495 Informatic Service Co

0 0 0 0 0 0 0 0 0 0 0 Sahand Wheel Industry Co

0 0.0561  0.0453 0 0.0375 0.0532 0.0418 0.0475 0.0441 0 0 Pars Toosheh Investment Co

0 0 0 0 0 0 0 0 0 0 0 Buali Investment

0 0 0 0 0.0280 0.0338 0 0.0360 0.0380 0.0439 0.0491 Kimidaroo

0 0.0216  0.0000 0.0266 0 0.0237 0.0294 0.0336 0.0395 0.0520 0.0640 Negin Tabas

0 0 0 0 0 0 0 0 0 0 0 Iran Mineral Product Co
0.0350 0 0.0368 0 0 0.0286 0 0.0338 0 0 0 Iran Carboon

0 0.1273 0 0 0.0735 0.0789 0.0711 0.0719 0.0694 0.0645 0.0544 Midleeast Tide and Eter
0.0171 0.0173 0.0150 0 0 0 0 0 0 0 0.0470 Khark Petroleom
0.0622  0.0324 0 0.0301 0 0.0346 0.0374 0 0.0433  0.0497 0.0523 West Cement Co

0 0 0 0 0 0 0 0 0 0 0 Takin Co

0 0 0 0 0 0 0 0 0 0 0 Shahid Ghandi Inc
0.0454 0.0367 0 0.0361 0.0315 0.0330 0.0390 0.0362 0.0404 0.0437 0 Eats Khodro Electric

0 0.0625 0.0576 0.0562 0.0471 0.0490 0.0534 0.0478 0.0503 0.0507 0.0469 Iran Zink Mines Development Co

problem will be transformed into a quadratic programming and numerical de-

sign. In this recent model, there is no algorithm and method that can solve the

basket selection problem optimally. In this case, the use of the heuristic algo-

rithm is essential. A special neural network model has been used in this project.

The Hopfield network has been used to optimize some of the other optimization

problems and is used to solve the portfolio selection problem.
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