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Abstract

Background/Objectives: This research paper analyzed the stock prices of Mongolia Stock Exchange TOP 20
index from 1 January 2012 to 31 December 2016, and estimated the return rate of these stocks.
Methods/Statistical analysis: A hierarchical clustering was created from the correlation matrix of stock returns.
From this clustering five stocks were selected for the portfolio construction and the rate of return was maximized
using the Modern Portfolio Theory developed by Harry Markowitz. Findings: The weight of each stock in the
portfolio was calculated for maximization the return rate of the portfolio, and 12 portfolios were constructed
from these five stocks. Improvements/Applications: An investor can select appropriate one of these portfolios
in accordance with his or her risk and return characteristics
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I. INTRODUCTION

Given that the financial system of Mongolia is
dominated by the banking sector and the deposit
interest rate of Mongolia is higher than average
deposit interest rate of developing and developed
countries, the opportunity of raising funds from
capital market is limited for new projects that may
bring social and economic benefits in the long term,
resulting in less development of capital market. The
banking sector accounts for approximately 95
percent of the entire financial market of Mongolia
and the remaining 5 percent is contributed by capital
market, micro finance and insurance sector. Of
which, less than 1 percent is contributed by the
capital market.

In addition, the development of capital market is
almost in stagnation (in terms of market
capitalization, liquidity and infrastructure). For this
reason, the number of research papers on the
development of capital market has been increasing
during the past years.

Trading securities and reliability of professional
participants in the capital market, rate of return and
risk of investment have been studied relatively well.
However, still the portfolio construction decision
remains one of important issue.

II. LITERATURE REVIEW

A. Portfolio management

One of the decision problems in financial market
is how to choose portfolio management and asset
selection. In other words, the portfolio selection
theory is the answer to how the investor chooses the
most optimal and efficient portfolio.

Harry Markowitz, an American economist,
published research work about portfolio selection [1,
2]. These publications proved that an investor can
manage its expected return and dispersion (risk) in
the case of certain condition.

A mathematic model developed by him is only the
model that does not require “no arbitrage” condition
in the financial math and showed how to use the
diversification effectively. His pioneering work is
known as a foundation of modern portfolio theory.
As his model calculates the covariance of all assets
in the portfolio, it is complicated to estimate such
variance for a portfolio with many assets.

The Capital Asset Pricing Model (CAPM) was
introduced by W. Sharpe [3] and J. Lintner [4],
American economists, based on the works of
Markowitz. This model suggests optimal portfolio
construction with risky assets and is originated from
Markowitz’s theory.
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B. Literature review on the use of data mining
methods in the stock market

The stock exchanges were established thousands
of years ago and evolved and developed with the
effects of global economic crisis and other factors.

Traditional securities trading is originated from
early 1980s and it now became an online trading due
to the development of information and technology.
Use of computer system in trading allowed to create
and store a significant amount of data. Since 1990s
the term “big data” was introduced and many
scientific and research works focused on the question:
“how to process such huge amount of data efficiently
and to create a knowledge that meets the needs of
people and helps decision-making”.

In the past two decades, researchers began to
apply data mining in stock markets. Data mining is
the process of analyzing and discovering patterns in
large data.

Traditionally, research methods used in the capital
market were based on statistical methods, including,
but not limited to, Random Walks theory [5],
“Efficient Market Hypothesis” [6].

Prediction approaches are widely applied in stock
research, particularly stock price prediction. Hsu
implemented a hybrid of Self Organizing Map and
genetic programming to predict stock prices in
Taiwan Stock Exchange [7].

There are also research that used the Artificial
Neural Network for stock market prediction[8-10].

S. R. Nanda, B. Mahanty, M.K. Tiwari used K-
means, Self-Organizing Map (SOM) and Fuzzy C-
Means to cluster stocks listed on Bombay Stock
Exchange (BSE). The study aimed to build stock
portfolios based on the clusters resulted from the
clustering algorithms. The researchers then
compared the investment return of each stock
portfolio with the Sensex Index. The results showed
that K-means performed better than Self Organizing
Map (SOM) and Fuzzy C-Means [11].

Using genetic algorithm (GA), Oh, Kim and Min
study proposes a portfolio optimization scheme for
index fund management in 2005 [12]. Topaloglou,
Vladimirou, and Zenios worked on a dynamic
stochastic programming model for international
portfolio management, a solution that determines
capital allocations to international markets, the
selection of assets within each market, and
appropriate currency hedging levels [13].

III. RESEARCH METHODOLOGY

A. Model developed by H. Markowitz

H. Markowitz published his famous books
“Portfolio Selection” in 1952 and ‘“Portfolio
Selection: Efficient Diversification of Investments”
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in 1959, laying the foundation of modern portfolio
theory. He developed the portfolio selection theory
in uncertain condition, identified the difference
between risks of particular asset and portfolio in
math equation and proved that the risk of a portfolio
depends on the covariance of assets in that portfolio.
To estimate the variation of return of the portfolio,
the variation of individual assets and the covariance
of return of such assets are considered. For risk and
return characteristics of a portfolio, the model
developed by Markowitz suggests the maximization
of expected return and minimization of risk of the
portfolio.

Key formula for maximization of expected rate of
return of portfolio is:

E(R,) =3 0, E(R) (1)
Where w; must satisfy the following constraint.
var(R,) = X, w? var(R,) +

+X%, Y wwjcov(R,R;) <

l.i]
w tw, ++tw, =1
w; =0
2)

Where w; — i is the weight of asset in the portfolio,
E(R;) - i is expected return of asset in the portfolio,
cov(R;, R;) is the covariance between asset i and

B. Hierarchical clustering analysis

In data mining and statistics, hierarchical
clustering is one of the cluster analysis methods
which seeks to build a hierarch of clusters.

Linkage criteria

The linkage criterion determines the distance
between sets of observations as a function of the
pairwise distances between observations. Some
commonly used linkage criteria between two sets of
observations A and B are:

Table 1. LINKAGE CRITERIA

Names Formula

Maximum or
complete-linkage
clustering

max{d(a,b):a € A,b € B}

Minimum or single-
linkage clustering

min{d(a,b):a € A,b € B}

Mean or average
linkage clustering

ﬁzz d(a, b)

a€AbEB

called a dendrogram.

As suggested by Mantegna, the following equation
is used to convert the correlation coefficient into
distance function [14].

dgj = ,/2 *(1—pep)

Given that we will create a cluster based on the
correlation of stock returns, it is better to establish
the criteria for space between data sets of
observation A and B by using the hierarchical
clustering method with one linkage or by the
minimum value. After constructing a correlation
matrix of stock returns, it shall be converted into a
distance matrix using the equation (3) and a cluster
shall be created by hierarchical clustering method
with one linkage.

€)

al‘ﬂﬁlsaermg ‘a] gofivian(Roh o2 wrdien C@nﬂfﬁ@V(Ru R; )

psendo as follows: 1]
0, +tw,+ -+, =1
1. \Compute a distance matpix= Ofor nearest
neighbors
2. Repeat
Merge two nearest clusters
Update the distance matrix for nearest
neighbors in order to show the distance

between initial and new clusters
3. Until only one cluster is created

IV. DATA DESCRIPTION

In this paper stock data for companies listed in
Mongolian stock exchange (MSE) was collected
from web site. In this research work, we analyzed
actual stock prices of MSE TOP 20 index from 1
January 2012 to 31 December 2016.

V. EXPERIMENTAL RESULTS

A. Creating a hierarchical clustering

The stock returns were calculated from the
selected stock prices, and also a correlation matrix of
stock returns was constructed.

Table 2. CORRELATION MATRIX OF STOCK RETURNS

/ ] APU [MMX] SUU | TCK | RMC | BRM | ADL
573] 00117] 0.0865] 00340] 0.0204
52| 0.0057] 0.0326] 00127

0.0141] 00211 0.0271{ 4

Centroid linkage
clustering

lles — cell , ¢ Gonon t GyarmdnTHiiH
TOBHIH yTra Hb Cg, Cy

where d is the chosen metric.

The common method is agglomerative or “bottom
up” approach which visualize the clustering and sub-
clustering, linkage between clusters and hierarchy of
merges and splits in a tree diagram. This diagram is
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The distance matrix was constructed from the
correlation matrix of stock returns using the equation
(3), and the results of such matrix were shown in
Table 3.

Table 3. DISTANCE MATRIX

INEH |HGN |EER |GOV |A?U |MMX |SUU |TCK |RMC |HRM |ADL |BAN |TTL |SHG [JTB |BNG |MIE |UID |BDS |MC
(NEH |0.0000] 1.3901| 1.3888| 1.3731) 1.4039| 1.3514| 1.3900{ 1.3997| 1.3911| 1.4043| 1.4170| 1.3829| 1.3915) 1.4093] 1.4229) 1.3383| 1.3396| 1.4119| 1.3716| 1.3
[HGN | 1.3901| 0.0000] 1.3973|1.4034] 14102/ 1.3910| 1.4052| 1.4238| 1.3835|1.3973| 1.4246| 1.3909] 1.3593 1.3952 1.3889| 1.4275| 14069 1.4028] 1.3966) 1.4!
[EER | 1.3888| 1.3973)0.0000| 1.4114] 14042/ 1.3992| 1.3949)| 1.4488| 1.4323|1.3970| 1.3690| 1.4275] 1.4224) 1. 4174| 14243 1 4231|1.3848| 1.3852| 1.4023| 1.4
GOV | 1.3731|14034| 1.4114]0.0000 1.3910| 1.3620] 1. 4138| 1.4000| 1.3876| 1.4229) 1.3874| 1.3482| 1.3866| 1.3712| 1.3771| 1.3923| 1.3739) 14489 1.4012| 1.4(
IAPU | 1.4059] 1.4102] 1.4042{1.3910] 0.0000| 1.4328) 0.7724| 1.4135| 1.3846| 1.4355| 1.4012| 1.4206| 1.4129) 1.4150] 1.3003) 1.4014| 1.4119] 1.4293| 1.4528) 1.3
[MMX| 1.3514| 1.3910] 1.3992| 1.3620| 1.4328| 0.0000| 1.4113| 1.4305] 1.4180| 1.3863| 1.4098| 1.4149] 1.4139) 1.3925|1.3740| 1.3693| 1.4015| 1.4184| 1.4077) 1.4(
SUU | 1.3900] 1.4052| 1.3949| 1.4138) 0.7724| 1.4113)0.0000| 1.3994] 1.3773| 1.4269) 1.3895|1.4192| 1.4087| 1.4455| 1.3737| 1.4083| 1.4140| 1 4548| 14521| 1.3
TCK |1.3997|14238| 1.4488| 1.4000] 14155| 1.4305) 13994/ 0.0000| 1.3906| 1.4087) 1.3865|1.3985| 1.3873| 1.4199) 1.4508| 1.3788) 14115|13880|1.3982| 1.4
[RMC | 1.3911] 1.3835] 1.4323| 1.3876) 1.3846| 1.4180| 1.3773| 1.3906] 0.0000| 1.3980] 1.3747| 1.4418| 1.3401 1.3949| 1.3839) 1.3902| 1.4377| 1.3971| 1.4245| 1.4(
[HRM | 1.4045| 1.3973) 1.3970| 1.4229| 14355| 13863 1.4269| 1.4087) 1.3980| 0.0000| 1.4159| 1.4585] 1.3809) 1.3691| 14234 1.3360| 1.4141|1.3442| 1.3850 1. 42
IADL | 1.4170| 1.4246) 1.3690| 1.3874] 14012|1.4098| 1.3895| 1.3865| 1.3747) 1.4159| 0.0000| 1.3441] 1.3596) 1.3697| 1.4028) 1 4283| 1 4041|1.3911| 14182 1.4/
[BAN | 1.3829] 1.3909| 1.4275| 1.3482) 1.4206| 1.4149) 1.4192( 13985 1.4418 1.4385| 1.3441| 0.0000{ 1.3909) 1.4529| 13865 1.4073| 1.4419| 1.3864| 1.3770] 1.3¢
ITTL |1.3915]1.3993|1.4224| 1.3866| 1.4129] 1.4139| 1.4087| 1.3873) 1.3401| 1.3809| 13596 1.3909] 0.0000| 13782 1.3617| 1.4189| 1.42011.4272| 1.4106| 1.4;
SHG | 1.4095|1.3952| 1.4174| 1.3712) 1.4150| 1.3825) 1.4455|1.4199| 1.3949| 1.3691) 1.3697| 1.4529| 1.3782| 0.0000] 1.4276| 1.3447) 1.4043| 14120/ 1.3822| 1.3¢
VTB | 14229|1.3889)14243|13771|13003|13740| 1.3737| 1.4508| 1.3839 1.4234| 1.4028| 1.3865] 1.3617) 14276/ 0.0000 1.3975|14197| 1.4752| 1.3958) 1.4(
[BNG |1.3383] 1.4275| 1.4231|1.3923) 1.4014| 1.3693| 1.4083| 1.3788| 1.3902 1.3360] 1.4283| 1.4073| 1.4189| 1.3447| 13975 0.0000| 1.4115|1.3963| 1.4272| 1.4:
IMIE | 1.3596| 1.4069) 1.3848|1.3739| 14119|1.4015| 1.4140| 1.4115 1.4377) 1.4141| 1.4041| 1.4419] 1.4201) 1.4043| 14197 1. 4115/ 0.0000| 1.4607| 1.4208) 1.3¢
|UID | 1.4119| 1.4028)1.3852|1.4489| 14293| 1.4184] 1.4548| 1.3880] 1.3971| 13442/ 1.3911| 1.3864] 1.4272) 1.4120| 1.4752| 13963 1.4607| 0.0000| 1.4034| 1.4
IBDS | 1.3716| 1.3966) 1 4023|14012| 14528|1.4077| 14521|1.3982| 14245|1.3850| 1.4182| 1.3770] 1.4106) 1.3822| 13958 14272/ 14208 1.4034| 0.0000] 1.4(
[MCH | 1.3884] 1.4301| 1.4371| 1.4045) 1.3635| 1.4039) 1.3663| 1.4174] 1.4094| 1.4216] 1.4328| 1.3814] 1.4149) 1.3858 1.4099) 1.4165] 1.3843| 1.4196] 1.4047) 0.0(

Given that we are trying to construct a diversified
portfolio, it is better to establish the criteria for
distance between data sets of observation A and B by
using the hierarchical clustering method with one
linkage or by the minimum value.

From the distance matrix, the stocks with lowest
value were selected and clustered. In this process, the
correlation coefficient between SUU and APU stocks
has the lowest distance value (0.7724), so that these
two stocks are included in one cluster.

The distance between newly created pairs and
initial points shall be recomputed. For example,
d(NEH,(SUU, APU)) =min(d(NEH, SUU), d(NEH,
APU)) = min(1.3900, 1.4059)=1.3900, meaning that
new distance between NEH and (SUU, APU) is
1.3900.

Using the above method, the distance between
other new pairs and previous points shall be
computed. This algorithm shall be repeated until the
final step when there are no points to cluster

CCCCCCCCCCCNEH, (HRM, BNG) ), UID) , SHG) , MMX) ,MIE) , ({ (GOV, (ADL,BAN)), (RMC,TTL)),
((APU,SUUY,ITB))),MCH), EER) ,BDS), TCK) , HGN)

Fig. 1. Results of hierarchical clustering

Clustering -1: ((APU, SUU), JTB)

Clustering -2: ((ADL, BAN), GOV)
Clustering — 3: (RMC, TTL)

Clustering — 4: (HRM, BNG)

Clustering — 5: (((HRM, BNG), NEH), UID)...
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B. Portfolio optimization

A portfolio shall be constructed by selecting
stocks from the clusters created by hierarchical
clustering algorithm. The average expected return
and risk of a portfolio (which was constructed in
equal weights of selected stocks) were estimated by
Markowitz’s model. After that, the maximum
expected return of such portfolio was computed by
portfolio optimization while keeping the risk of
equally weighted portfolio constant.

From hierarchical clusters, 5 stocks (Baganuur
JSC, APU JSC, Maximpex JSC, Tavan Tolgoi JSC
and Darkhan Nekhii JSC) were selected for portfolio
construction. When keeping equal weights of these
stocks in the portfolio (meaning that each stock has
20% weight in the portfolio), the expected return of
the portfolio was -0.0007405119 and the expected
risk of the portfolio was 0.0005427083.

We estimated the maximum return of portfolio by
changing the weights of 5 stocks in the portfolio
while keeping the risk of the portfolio constant. The
results are shown below:

Expected return of the portfolio: 0.0000101459

Expected risk of the portfolio: 0.0005427083

Weights of stocks in optimal portfolio

5%

42%
14%
= Baganuur JSC APU JSC
Maximpex JSC Tavantolgoi JSC

= Darkhan Nekhii JSC

Fig. 2. Weights of stocks in optimal portfolio

Within the given risk level, an optimal portfolio
(with maximum rate of return) can be constructed in
the following weights of stocks: 7% from Baganuur
JSC, 5% from APU JSC, 42% from Makhimpex JSC,
14% from Tavantolgoi JSC and 32% from Darkhan
Nekhii JSC respectively. 12 portfolios were
constructed from these 5 stocks, so that an investor
can select appropriate one of these portfolios in
accordance with his or her risk and return
characteristics.
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Table 4. EXPECTED RETURN, RISK AND WEIGHTS OF THE
PORTFOLIO

Portfolioc | Espected seturn | Enpected risk of | APU JSC | Bagnuur | Tavantol | Darkhan | Mampex
of the portfolio the portfolio 5 20iISC | Nekhii IsC
ISC

Partfolio 1 -0.0007405119) 0.0005059638] 16.435%| 17.921%|  23.684%| 11.384%|  30.576'
Portfolio 2 -0.0006722703 0.0004918109] 15.419%| 16.935%|  22.774%| 13.242%| 31629’
Portfolio 3 -0.0006040286] 0.0004811566 14.403%| 15.949%|  21.864%| 15.101%| 32683
Portfolio 4 0.0004740010] 13387%| 14.963%| _ 20.955%| 16.959%|  33.736'
Portfolio 5 0.0004703441] 12371%| 13.978%|  20.045%| 18817%|  34.789'
Portfolio 6 -0.0003993038 0.0004701859] 11.355%| 12.992%]|  19.135%| 20.675%| 35.843'
Portfolio 7 -0.0003310622 0.0004735263| 10.339%| 12.006%|  18.226%| 22.533%| 36.896'
Portfolio 8 -0.0002628206] 0.0004803653|  9.323%|  11.02% 24391%|  37.94¢'
Portfolio @ -0.0001945790) 0.0004907031]_ 8.307%| _10.034% 26.249%|  39.003'
Portfolio 10 -0.0001263373 00005045395 7.201%]  9.049% 23 108%|  40.056'
Portfolio 11 -0.0000580957 0.0005218746]  6.275%) 8.063% 29.966%) 4111
Portfolio 12 0.0000101459) 0.0005427083|  5.259%|  7.077% 31.824%] 32.163'

VI. CONCLUSION

This research work analyzed the stock price data
of MSE TOP 20 index for the sample period of 2012
to 2016, and created a hierarchical clustering. Then
the stocks were selected from each cluster and the
weight of each stock in the optimal portfolio was
computed using Markowitz’s model. It can be

concluded that an optimal portfolio can be
constructed effectively by wusing hierarchical
clustering. In addition, 12 portfolios were

constructed from these 5 stocks, so that an investor
can select appropriate one of these portfolios in

accordance with his or her risk and return
characteristics.
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