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Abstract—This research implements intelligent 
technology for the assessment of the market 
behavior of real estates in several important cities 
in Bulgaria. The intelligent approach applies 
formalism and quantitative assessment of the 
portfolio theory in a domain of real estates, which 
differ from the common usage in financial markets. 
The portfolio theory is applied with current data of 
the real estate market. The results give individual 
pictures for the different cities about the dynamics 
of the market of the real estates. 

Keywords—portfolio theory, optimization, real 
estate market, decision making  

I. INTRODUCTION  
The portfolio theory is a power tool, supporting 

quantitative assessment of investment processes in 
financial markets. The idea of the portfolio 
optimization is to find the optimal shares of the 
investment amount to be allocated for buying financial 
assets. This investment, performed “now” must result 
in positive return after an investment period [1,2]. 
Thus, the wealth of the investor must increase due to 
successful trading operation. 

The idea of this research is to assess the behavior 
of the real estate market in Bulgaria by means to 
recommend if investments in real estate could be 
good option for decision makers. The conclusions of 
this research are based on theoretical backgrounds, 
applied by the portfolio theory. Thus, the application 
of strong theoretical approach will give intelligence in 
the content of the decision makers.  For pragmatically 
reasons of the conclusions, the assessment of the real 
estate market in Bulgaria is performed with actual 

data for several big cities in the country. The market 
data about the real estates are recent available ones.  

II. PORTFOLIO FORMALIZATION FOR THE REAL ESTATE 
MARKET  

 The modern portfolio theory (MPT) makes 
quantitative assessments about the efficiency of 
investment decisions. The peculiarities of the decision 
are that the investment is made “now” but the real 
results will appear in the end of the investment period 
[3, 4, 5]. Thus, the returns of the assets, which 
participate in the portfolio can be considerable 
different in the end of investment. The portfolio return 
can differ considerably from the initial evaluations 
when the investment is performed. The assets returns 
change stochastically their values, influenced by the 
market behavior and/or subjective, political, and many 
different forces. Thus, to consider such unknown and 
unpredictable influences, the portfolio theory 
introduces additionally the portfolio parameter “risk” 
[6,7]. The risk has to be considering simultaneously 
with the portfolio “return”. 

The portfolio optimization has to perform 
simultaneously risk minimization and return 
maximization [8,9,10,11,12]. In formal way this is a 
vector optimization problem, which has to allocate the 
investment resources per different financial assets. 
The portfolio theory copes with the stochastic nature 
of the asset returns by using their mean value and 
standard deviations as measure of risk.  

The initial definition of the portfolio problem, 
suggested by [13,14] is given with a single goal 
function for minimizing the risk for predefined value of 
the portfolio return, included in the problem 
constraints. The symmetric problem is the 
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maximization of the portfolio return with predefined 
level of risk, included as portfolio constraint. Both 
portfolio optimization problems formally are defined 
as  

 𝑚𝑚𝑚𝑚𝑚𝑚
  𝐰𝐰 [

𝐄𝐄T𝐰𝐰
𝐰𝐰T𝚺𝚺𝐰𝐰 ≤ σmax

2

𝐰𝐰 ≥ 0
]  or  𝑚𝑚𝑚𝑚𝑚𝑚

𝐰𝐰 [
𝐰𝐰T𝚺𝚺𝐰𝐰

𝐄𝐄T𝐰𝐰 ≥ 𝐸𝐸min
𝐰𝐰 ≥ 0

]  (1) 

where    
ET=(E1, …, EN )    are the mean returns of the assets for 
a predefined historical period with records of the 
current values of the assets returns ;  
N – number of assets in the portfolio;  
𝚺𝚺 - the covariance matrix between the asset returns, 
which is the quantitative assessment of the risk and 
the correlations between the returns of the assets; 
𝐰𝐰T=(w1,…, wN), wi – the weight or relative part of the 
investment, allocated for buying  asset i as a solution 
of the portfolio problem; 
𝜎𝜎𝑚𝑚𝑚𝑚𝑚𝑚

2  - the maximal allowed risk for the portfolio;        
 𝐸𝐸𝑚𝑚𝑚𝑚𝑚𝑚 - the minimal requested return by the portfolio. 

The values ET=(E1, …, EN ) are evaluated from 
available historical data about the trends of the 
assets returns 

     𝐸𝐸𝑚𝑚 = ∑ 𝑃𝑃𝑚𝑚
(𝑘𝑘) 𝑅𝑅𝑚𝑚

(𝑘𝑘), 𝑘𝑘 = 1, … , 𝑚𝑚𝑚𝑚
𝑘𝑘=1  ,      (2) 

where n are historical time moments,  𝑃𝑃𝑚𝑚
(𝑘𝑘) is the 

probability for the asset i having return 𝑅𝑅𝑚𝑚
(𝑘𝑘) at the 

moment k.The elements covij  of the covariance 
matrix 𝚺𝚺 are calculated by the relation   

𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑖𝑖 = ∑ 𝑃𝑃𝑚𝑚,𝑖𝑖
(𝑘𝑘)  (𝐸𝐸𝑚𝑚 − 𝑅𝑅𝑚𝑚

(𝑘𝑘)) (𝐸𝐸𝑖𝑖 − 𝑅𝑅𝑖𝑖
(𝑘𝑘)) ,𝑚𝑚

𝑘𝑘=1           (3) 

  𝑚𝑚, 𝑗𝑗 = 1, … 𝑁𝑁, 𝑘𝑘 = 1, … , 𝑚𝑚 

where i,j are two asset returns, 𝐸𝐸𝑚𝑚 , 𝐸𝐸𝑖𝑖  are the mean 
returns of these assets, 𝑃𝑃𝑚𝑚,𝑖𝑖

(𝑘𝑘) is the mutual probability 
at moment k both assets to have current levels of 
returns 𝑅𝑅𝑚𝑚

(𝑘𝑘) and 𝑅𝑅𝑖𝑖
(𝑘𝑘). The covariance matrix 𝚺𝚺 is a 

symmetric one  

𝚺𝚺 =  [
𝑐𝑐𝑐𝑐𝑐𝑐11 = 𝜎𝜎1

2 𝑐𝑐𝑐𝑐𝑐𝑐12 … 𝑐𝑐𝑐𝑐𝑐𝑐1𝑁𝑁
⋮

𝑐𝑐𝑐𝑐𝑐𝑐𝑁𝑁1

⋮ ⋮ ⋮
𝑐𝑐𝑐𝑐𝑐𝑐𝑁𝑁2 … 𝑐𝑐𝑐𝑐𝑐𝑐𝑁𝑁𝑁𝑁 = 𝜎𝜎𝑁𝑁

2
]

𝑁𝑁𝑚𝑚𝑁𝑁

,    (4) 

and its diagonal elements are the volatilityes of the 
assets, which gives their risk. For the case of normal 
distribution of the assset returns, relations (2-3) are 
simplified to mean values as  

𝐸𝐸𝑚𝑚 = 1
𝑚𝑚 ∑  𝑅𝑅𝑚𝑚

(𝑘𝑘),    𝑚𝑚
𝑘𝑘=1        (5) 

𝑐𝑐𝑐𝑐𝑐𝑐𝑚𝑚𝑖𝑖 = 1
𝑚𝑚 ∑  (𝐸𝐸𝑚𝑚 − 𝑅𝑅𝑚𝑚

(𝑘𝑘)) (𝐸𝐸𝑖𝑖 − 𝑅𝑅𝑖𝑖
(𝑘𝑘)) , 𝑚𝑚, 𝑗𝑗 = 1, 𝑁𝑁 𝑚𝑚

𝑘𝑘=1 . 

The portfolio risk σp
2  and return 𝐸𝐸𝑝𝑝 are calculated with 

E, w and  𝚺𝚺 accordingly  

       𝐸𝐸𝑝𝑝 = 𝐰𝐰𝐓𝐓𝐄𝐄   ,         σp
2 = 𝐰𝐰𝐓𝐓𝚺𝚺𝐰𝐰  .    (6) 

Problems (1) can be included in a common 
modified problem, for maximization of the portfolio 
return and minimization of the portfolio risk in a single 
object portfolio problem  

    𝑚𝑚𝑚𝑚𝑚𝑚
𝐰𝐰 [(1 − λ)𝐄𝐄T𝐰𝐰 − 𝜆𝜆𝐰𝐰T𝚺𝚺𝐰𝐰]  ,   (7) 

𝐰𝐰T|𝟏𝟏| = 1, 𝐰𝐰𝐓𝐓 ≥ 0.         

The coefficient 𝜆𝜆 ∈ [0,1]  takes values from the 
diapason [0,1] and it is named the risk aversion 
coefficient [7]. For 𝜆𝜆 = 0, the portfolio problem (2) 
maximizes only the return and for 𝜆𝜆 = 1  only 
minimization of the risk is the portfolio goal. The 
coefficient 𝜆𝜆 quantifies the ability of the investor to 
undertake risk. Each investor has to estimate its own 
value for  𝜆𝜆 . By changing 𝜆𝜆 ∈ [0,1] and solving the 
portfolio problem (7) the solutions w are different 
and the corresponding values for portfolio risks and 
returns are also different. The graphical presentation 
of the portfolio returns towards the portfolio risks is a 
convex curve, named   “efficient frontier”, Fig.1. 
 
 
 
 
 
 
 
 
 
   

  

 

Fig.1. The “efficient frontier” in the return(risk) 
space 

The portfolio theory recommends the investor 
solution 𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨  to represent a point from the “efficient 
frontier”, p. M, which gives maximal value of the 
relation  

𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨 =  𝒂𝒂𝒂𝒂𝒂𝒂 {𝒎𝒎𝒂𝒂𝒎𝒎
𝐰𝐰  𝐄𝐄𝐓𝐓𝐰𝐰

𝐰𝐰𝐓𝐓𝚺𝚺𝐰𝐰}      .  (8) 

In this research the portfolio, which will be used for 
the assessment of the real estate market, will be 
according  to (8). 
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III. ASSESSMENT OF THE REAL ESTATE MARKET IN 
BULGARIA  

The National Statistical Institute of Bulgaria follows 
the prices of two categories of real estates:  
-  Newly build apartments, which are not yet sold to 

customers. We use the notation “New”. 
-  Real estates, which are traded on the market. We 

note them as “Old”. 
The statistics evaluates two indices about their 

prices: absolute increase/decrease of their costs and 
relative change of the current price versus the 
previous period of monitoring. Respectively, two 
indices, named House Price Indices (HPI) are 
calculated for a period of 3 months (quarters): 
absolute and relative. The relative value of the index 
gives the return, if a dwelling is bought the previous 
quarter and sold the next one. These sequence of HPI 
data allows to be applied the portfolio theory to 
assess the efficiency of an investment strategy of 
trading real estates. The available historical data of 
HPI are used for evaluation of the portfolio problem 
parameters E and 𝚺𝚺  and to forecast the assets 
returns in the end of the investment period.  Because 
the indices HPI are evaluated for “New” and “Old” 
estates, the portfolio problem will have only two 
assets. Thus, the portfolio theory can give useful 
results, suggesting appropriate trading suggestion to 
investor and decision makers.  
   The research assesses the market behavior of real 
estates on regional level. The potential customers 
need support on right place in Bulgaria. That’s why 
local market places for six of the biggest towns in 
Bulgaria (Sofia, Plovdiv, Varna, Burgas, Russe, Stara 
Zagora) are considered. The values of local HPI indices 
are available on [15], Fig.2.  The HPI indices are 
evaluated for the period 2015-2020 for each quarter.   

 
Fig.2. Illustration about HPI values for six towns 

For the definition of the portfolio problem the HPI 
data will be used as historical records. The portfolio 
problem is having two assets, N=2 for “New” and 
“”Old estates. The application of the portfolio problem 
will be performed, according to an intelligent 
methodology with application of sliding mode of 
problem definition and comparisons between planed 
and real portfolio results. 

IV. INTELLIGENT METHODOLOGY FOR PORTFOLIO EVALUATION  

The assessment of the market is applied in dynamical 
sliding procedure of successive definition, solution 
and comparison of the portfolio solutions with the 
real assets returns. In graphical way this procedure is 
presented in Fig.3. 

For the historical period it is used the HPI data 𝑅𝑅𝑗𝑗
(𝑘𝑘) 

for k=1,…,3 quarters since the beginning of 2015 year.    
The assets j are two, concerning “New” and “Old” real 
estates. Applying relations (5) the mean assets returns

 
 
 
 
 
 
 
 
 

Fig.2. Sequence of sliding application of portfolio problem 

E and the covariance matrix 𝚺𝚺 are calculated and the 
portfolio problem (7) is well analytically defined. 
For different values of 𝜆𝜆 ∈ [0,1] the portfolio problem 
(7) is repetitively solved. For this research 101 values 

of 𝜆𝜆 are used by the sequence 𝜆𝜆 = 0: 0.01: 1. Each 
solution 𝐰𝐰(𝜆𝜆)  gives one numerical point from the 
efficient frontier with value of return 𝐄𝐄𝐓𝐓𝐰𝐰(𝜆𝜆) and risk 
𝐰𝐰𝐓𝐓(λ)𝚺𝚺𝐰𝐰(𝛌𝛌). 

i+1 
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   From these 101 points of the “efficient frontier” as 
final solution is chosen this one, which have maximal 
ratio (8). Thus, portfolio solution is chosen as final one 
of the portfolio problem. It is assumed that it is 
applied for buying a real estate according to the 
values  𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨 𝐓𝐓 = [𝑤𝑤𝑁𝑁𝑁𝑁𝑁𝑁

𝑜𝑜𝑜𝑜𝑜𝑜   𝑤𝑤𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑜𝑜𝑜𝑜  ] . 

   The benefit of this solution is assessed according to 
the real assets returns 𝑅𝑅𝑗𝑗

(𝑘𝑘+1), 𝑗𝑗 = 𝑁𝑁𝑁𝑁𝑤𝑤, 𝑂𝑂𝑂𝑂𝑂𝑂, given by 
the HPI indices for the next quarter k=k+1. Thus, the 
real return is calculated as  [𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁

(𝑘𝑘+1), 𝑅𝑅𝑂𝑂𝑂𝑂𝑂𝑂
(𝑘𝑘+1)] 𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨 and 

the risk is 𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨𝐓𝐓𝚺𝚺𝑘𝑘+1𝐰𝐰𝐨𝐨𝐨𝐨𝐨𝐨 . The values of the 
covariance matrix 𝚺𝚺𝑘𝑘+1 are calculated from the last 
three months since k+1 and dropping the first quarter 
of the historical period. The values of the real return 
and real risk are stored. 

    This evaluation procedure is repeated by dropping 
the oldest historical data and adding to the history the 
last data of the k+1 quarter/period. Thus, a sliding 
procedure for definition and solution of portfolio 
problem is applied. This procedure will give 
quantification results about returns and risk of an 
active portfolio management for buying a real estate 
in the end of a quarter/period and selling it in the end 
of the next quarter. This sliding procedure contains 17 
sliding periods since 2015 till 2020, considering the 
lack of the first three periods, because they are used 
for initial historical data. 

   Finally after 17 sliding evaluations, the mean return 
and mean risk will give final values about the active 
portfolio management in real estates. These 
evaluations are made separately for each of the sixth 
regional markets in the biggest Bulgarian towns. 
Because each analysis for each town insists a big set 
of evaluations, including 101 solutions of portfolio 
optimization problems, the results of this analysis will 
be given preferable in graphical way. 

  For each town initially will be illustrated the returns, 
given by the “New” and “Old” real assets. In practice 
these are stochastic curves and the decision maker 
can’t find solution to which category of estates to 
invest. After the application of the sliding assessment 
procedure the results in graphical way will give the 
behaviour of the Return, risk and the portfolio 
weights, allocated to “New” or “Old ” estates, found 
by the portfolio optimization. The last results will give 
the mean return and risk of such active policy for 
buying and selling on each quarter a real estates.  

V. ASSESSMENT OF REAL ESTATE MARKET IN SIX TOWNS IN 
BULGARIA      

A. Market analysis of town of Sofia  
   The initial values of the HPI indices for the returns 
from the “New” and “Old” assets are given in Fig. 4a.  
 

 
Fig.4a. Dynamics of “New” and “Old” estates, Sofia 

These graphics do not give explicit recommendation 
for the investor in what kind of real estates he will be 
successful in trading activities.  

The application of the sliding mode of definition and 
solution of the portfolio problem and the results of 
such active portfolio management are given in Fig 4b. 
In figs. 4c and 4d are given the dynamical changes of 
the real portfolio Return and risk.  

 
Fig.4b. Optimal solutions in sliding mode evaluations, 

Sofia 

 
Fig.4c. Dynamics of portfolio Return, Sofia 

   The results from fig.3b illustrates, that the 
investment policy, applied by the sliding optimization 
procedure recommends trades with “Old” real estates. 



21

 
№ 1 (3),  2021 

 
 
 

ISSN: 2682 – 9517 (print)         ISSN: 2683 – 0930 (online) 
 

 
 

  JOURNAL  OF  INFORMATICS  AND  INNOVATIVE  TECHNOLOGIES  (JIIT)    
 

The solutions 𝑤𝑤𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑜𝑜𝑜𝑜  stay higher in comparison with the 

other real estates 𝑤𝑤𝑁𝑁𝑁𝑁𝑁𝑁
𝑜𝑜𝑜𝑜𝑜𝑜 . 

 
Fig.4d. Dynamics of portfolio Risk, Sofia 

Additionally, the levels of 𝑤𝑤𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑜𝑜𝑜𝑜  are close to the upper 

bound of relative 1, which means that the 
recommendations for investments are mainly in “Old 
estates”. The figures in fig.4c illustrates that the 
return of this investment sliding procedure keeps 
relatively average value. But since 2020 the return is 
highly stochastic and currently it goes down. 
Unfavorable is also the tendency for sharp increase of 
the portfolio risk, which is evident in Fig.4d. The 
evaluations of the mean results of the applied sliding 
optimization procedure of active portfolio 
management for the market in Sofia results 
numerically as: 

meanReturn = 1.74 , meanRisk = √3.14 = 1.77.  

These results allow to estimate that the real return of 
the sliding active management policy will be between 
the boundaries [1,74-1.77=-0.03%; 1.74+1.77=3.51%]. 
We can accept from these results that the 
investments in Sofia to “Old” real estates could be 
successful decision for customers. 

B. Market analysis of town of Plovdiv 
The initial data, taken from the HDI indices for the 
returns of “New” and “Old” estates for the period 
2015-2020 are graphically illustrated on Fig.5a.  

 
Fig.5a.Dynamics of  “New” and “Old” estates, Plovdiv  

These graphics do not allow to be made a decision in 
what kind of real estate one can invest, expecting 
positive investment results.  The results from the 
application of the siding mode optimization procedure 

are presented in Figs.5b-5c. On Fig.5b are given the 
recommendations on what kind of the real estate is 
preferable to be invested. This figure illustrates that in 
time the preference in the real estates changed from 
“Old” to “New”. But in last times the 
recommendations is definitely to the “Old” estates.  

 
Fig.5b. Optimal solutions in sliding mode evaluations, 

Plovdiv 

The level of the graphics  𝑤𝑤𝑂𝑂𝑂𝑂𝑂𝑂
𝑜𝑜𝑜𝑜𝑜𝑜  is higher and it is close 

to the level of the relative 1, which means mainly 
investments in “Old”. 
   The levels of the returns of this sliding mode 
optimization change, but currently it keeps an 
average value, which is beneficial for the market. This 
behavior proves that the market is stable and it is not 
volatile.  

 
Fig.5c. Dynamics of portfolio Return, Plovdiv 

 
Fig.5d. Dynamics of portfolio Risk, Plovdiv 

The levels of risk, given in fig.5c violate, but the last 
time values are low. This means that the risk in 
investments in “Old” estates is low and this is 
recommendation for the decision maker to trade 
these kinds of estates. 

The evaluations of the mean results of the sliding 
mode active portfolio management for the market in 
Plovdiv are the following 
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    meanReturn = 2.47 , meanRisk = √2.86 = 1.69.  

These results allows to estimate that the real 
return of the sliding active management policy will be 
between the boundaries [2,47-1.69=0.78%; 
2.47+1.69=4.16%]. These values are beneficial for the 
decision maker and they prove that the trading 
operations will always be in positive return. We can 
conclude that the investments in Plovdiv to “Old” real 
estates will be mainly successful for the customers. 

C. Market analysis of town of Varna 
The initial data, used for the market behavior of 

town of Varna are taken again as values of HPI indices 
for the real estates of categories “New” and “Old”. 
These data graphically are presented in Fig.6a. 
Obviously, the simple look on these graphics cannot 
give useful recommendations about the decision 
policy for investment in “New” and/or “Old” real 
estates. Without an in-depth analysis of the data in 
graphics in Fig.6a one cannot take successful decision 
about his investment solution. After the analytic 
application of the sliding mode portfolio optimization 
procedure the results of the optimal solutions are 
presented in Fig.6b. It is obvious that in past times the 
recommendations for investment sharply changed 
from “Old” to “New” estates and vice versa.  

 
Fig.6a.Dynamics of  “New” and “Old” estates, Varna  

 
Fig.6b. Optimal solutions in sliding mode evaluations, 

Varna 

But in current time the preference to the “Old” real 
estates increases strongly. The last values of  𝑤𝑤𝑂𝑂𝑂𝑂𝑂𝑂

𝑜𝑜𝑜𝑜𝑜𝑜  go 
to the highest level of relative 1, which defines the 

strong recommendation to invest in “Old” estates. On 
Figs.6c-6d are presented the results of the returns and 
risks of the sliding mode portfolio management. The 
return, given in Fig.5c has strong tendency of 
decrease, which is not beneficial for the decision of 
investment. This decreasing curve proves that market 
is stable and in static position, which is not preferable 
for investors. Additionally, the risk in Fig.6d 
demonstrates sharp increase in last times. This is 
unfavourable situation on the market. Respectively, 
the high levels of risk make the investors to be 
conservative in their investment decisions.  

 
Fig.6c. Dynamics of portfolio Return, Varna 

 
Fig.6d. Dynamics of portfolio Risk, Varna 

   The evaluations of the mean results of the sliding 
mode active portfolio management for the Varna 
market are the following 

    meanReturn = 0.68 , meanRisk = √1.94 = 1.39.  

These results allow to estimate that the real return of 
the sliding active management policy will be between 
the boundaries [0.68-1.39=-0.71%; 0.68+1.39=2.07%]. 
These values are not beneficial for the decision maker 
and they prove that the trading operations will not 
always be in positive return. We can conclude that the 
investments in Varna to “Old” real estates are 
recommended, but the behavior of the market is 
risky. The decision makers have to be precise and 
confident in their final decisions. 

D. Market analysis of town of Burgas 
The data about the returns of “New” and “Old” real 
estate are taken again from the values of HPI indices. 
The graphical presentation of these returns for the 
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period 2015-2020 on quarters basis are given in Fig. 
7a. These graphics do not give explicit 
recommendations in what kind of real asset one can 
invest with positive results. With the implementation 
of the sliding optimization portfolio management the 
results about the weights of the portfolio assets are 
presented in Fig.7b. This case is particularly results 
with recommendations for investment in “New” real 
estate. The graphics in Fig.6b for the “New” estates 
continuously stay on the upper level with relative 
value of 1.  

 
Fig.7a.Dynamics of  “New” and “Old” estates, Burgas 

It exist one deviation from this level. But in common 
case the portfolio optimization gives preference to 
the “New” assets. This is a strong recommendation 
for the decision makers, when they see the region of 
Burgas. This case is an exception in comparison with 
the towns of Sofa, Plovdiv and Varna. The last ones 
had recommended the “Old” estates as prospective 
for successful investment.   

 
 Fig.7b. Optimal solutions in sliding mode evaluations, 

Burgas 

The evaluations of the portfolio risk and return, 
graphically are given in Figs.7c-7d. The application of 
the sliding portfolio optimization gives results in 
decreasing the portfolio returns, Fig.7c. There are 
periods, when the portfolio return has negative values. 
This is not acceptable for a real investment. The 
current value of the portfolio return in 2020 is 
positive, but close to zero.  A favorable result is the 
low level of risk, which is currently achieved, according 
to Fig.7c. The low level of risk is always desirable by 
the decision makers in investment process. 

 
Fig.7c. Dynamics of portfolio Return, Burgas 

 
Fig.7d. Dynamics of portfolio Risk, Burgas 

   The evaluations of the mean results of the sliding 
mode active portfolio management for the Burgas 
market are the following 

    meanReturn = 1.03 , meanRisk = √6.43 = 2.54.  

These results assess that the sliding mode portfolio 
optimization for the period 2015-2020 gives positive 
return. But the average risk level is high, nevertheless 
of its current low level. The sliding active 
management policy gives real return between the 
boundaries [1.03-2.54=-1.51%; 1.03+2.54=3.57%]. 
These values are not beneficial for the decision maker 
and they prove that the trading operations will not 
always be in positive return. Even the low level of the 
return is negative, which results in losses for the 
investment.  We can conclude that the investments in 
Burgas the average results in investment for the 
overall period 2015-2020 are not favorable. But 
looking to the last quarters of the graphics, the 
investments to “New” real estates are recommended. 
The historical behavior of the market was risky. The 
decision makers have to be precise and confident in 
their final decisions. 

E. Market analysis of town of Ruse 
 
The available initial data, concerning the past states of 
the market behavior of town of Ruse are taken again 
as values of HPI indices for the real estates of 
categories “New” and “Old”. Graphically these data a 
given in Fig.8a. These graphical presentations do not 
give recommendations for the choice in what real 
estate one has to invest, “New” or “Old”.  
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   Our analysis is performed again by application of 
sliding mode portfolio optimization for the period 
2015-2020. The results, presented in Fig.8b give the 
relations about the content of the portfolio solutions.  

 
Fig.8a.Dynamics of  “New” and “Old” estates, Ruse 

It is evident that the values of “New” and “Old” 
estates move from one level to the other one. This 
means that strong recommendation about the 
preferable choice for the type of assets is not 
advisable to define.  For the last quarters of the 
graphics, the “Old” real estates are preferable, 
because their levels are close to the relative 1. But 
having the history in mind it is seen that this 
preference is changed twice in Fig.8b.  
   The implementation of the sliding portfolio mode of 
active management gives results about the portfolio 
return and risk on Figs.8c-8d.  

 
Fig.8b. Optimal solutions in sliding mode evaluations, 

Ruse 

 
Fig.8c. Dynamics of portfolio Return, Ruse 

On Fig.8c it is seen that there are quarters that the 
portfolio return has negative value. This makes the 
investors to be careful and not to be active in investing 
in real estates. The corresponding values of the 

portfolio risk demonstrate increasing character. Hence 
the market is volatile and this is not favorable for 
active investment decisions. 

 
Fig.8d. Dynamics of portfolio Risk, Ruse 

   The evaluations of the mean the results of the sliding 
mode active portfolio management for the Ruse 
market are the following 

    meanReturn = 1.11 , meanRisk = √1.53 = 1.25.  

These results assess that the sliding mode portfolio 
optimization gives low positive return. The average 
risk level is high in comparison with the return value.   
The sliding active management policy gives real return 
between the boundaries [1.11-1.25=-0.24%; 
1.11+1.25=2.36%]. These values cannot be accepted 
as good results of the investment policy. The current 
increasing level of risk in Ruse market does not 
provide good conditions for real estate investment. 

F. Market analysis of town of St.Zagora 
The initial data about the real estates returns are 
given in Fig.9a. The estimation of optimal relations 
between “New” and “Old” estates are given in Fig.9b.  

 
Fig.9a. “New” and “Old” estates, St. Zagora  

 
Fig.9b. Sliding mode evaluations, St. Zagora 
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Obviously, there are no domination on the type of 
estate and both they change their values. The last 
quarters the “Old” estates are on preference. 

In Fig.9c the return of the sliding portfolio 
optimization gives benefits with increasing character.  

 
Fig.9c. Dynamics of portfolio Return, St. Zagora 

 
Fig.9d. Dynamics of portfolio Risk, St. Zagora  

Unfortunately the portfolio risk keeps increasing 
character in Fig.9d.  The assessment for the overall 
period of the implementation of this portfolio 
management gives 

    meanReturn = 1.58 , meanRisk = √0.81 = 0.9.  

Thus, the real return of the sliding investment policy 
will be n=between the boundaries [1.58-0.9=0.68%; 
1.58+0.9=2.48%]. This is good results, because the 
resulting return will be always positive. But the 
current state of the market in St. Zagora has risky 
character. 

VI. COMPARISONS OF THE REAL ESTATES MARKETS IN THE CITIES  
In this paragraphs are given comparisons of the 
portfolio results, received for the sixth biggest towns 
in Bulgaria. The comparison concerns the sliding 
portfolio optimization procedure, which was applied 
for the period of 2015-2020. The assessment of the 
results is made towards the two main investment 
criteria: Return and Risk. The combination of these 
both criteria gives final assessment of the efficiency of 
the markets in the sixth towns. 
   The comparison towards the criteria return of the 
real estate markets, according to the applied sliding 
investment procedure is presented in Fig.10. It is seen 
that the investors potentially can receive the biggest 

return if they operate on the market of town of 
Plovdiv.  The mean return, which they can have is 
about 2.5%. The second and third places are to Sofia 
with 1.74% and St. Zagora with 1.58%. From the point 
of having bigger return from the investment policy 
Varna, Burgas and Ruse are not attractive for the 
investors.  
    

 
Fig.9. Return of real estate sliding trades 

But the portfolio theory recommends the investment 
to be kept with low level of risk. The comparison 
towards the criteria risk of these real estate markets 
is presented in Fig.11.  It is seen that the most risky 
market is this one in Burgas. The level of risk is highest 
of 2.54%. An explanation of this value is the market in 
Burgas recommends investments in “New” estates. 
But these kinds of assets change very fast their prices. 
This results in high level of the investment risk. The 
markets in Sofia and Plovdiv have closed values of risk 
(1.77%, respectively 1.69). Varna is relatively close to 
these values with 1.39. The safest market is in St. 
Zagora with 0.9% of risk. 

 
Fig.11. Risk of real estate sliding trades 

The portfolio theory applies simultaneous comparison 
of the investment in the space Risk/Return. The 
results of this comparison are given in Fig.12. The 
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investors normally like the return and target its 
maximization. On the contrary, the investors hate the 
risk and they try to minimize it. Thus, in the space 
Risk/Return the preferable market will be this one, 
which stay Nord/West on the graphics. 

 
Fig.12. Comparisons with Return and Risk criteria 

The most Nord/west situated markets are these of 
Varna and Burgas. The return from Varna is lower 
than Burgas but its risk is also lower. Thus, both towns 
are recommended for investment decisions. On a 
second place are the towns of Ruse and Varna. 
Following the results in Fig.12 the markets on St. 
Zagora and Plovdiv do not have potential for safe and 
profitable investments in real estates. 

VII. CONCLUSIONS 
This research makes and numerical estimation of the 
real assets market in Bulgaria. Six main towns are 
taken from the available data of their returns for the 
period 2015-2020 by quarters. The added value of this 
research is the application of the portfolio theory for 
the quantitative estimation of the investment 
parameters for return, risk and preference to “New” 
and “Old” real estates. Special sliding mode portfolio 
optimization is performed, which assesses the benefit 
of such investment policy. It has been given 
recommendations and assessment both for the total 
investment period and for the current time decisions. 
Potential future assessments can be made by changing 
the duration of the historical period, by changing the 
investment horizon from one to more quarters. The 
authors keep their responsibility only for the current 
results of the research but they advise the potential 
users to make their own market analysis also.  
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