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Abstract 

In a world economy the free-convertible currency is important task of determining the balance of exchange rates. So that it was build a 
mathematical modelling of the currency exchange rates. Exchange rates will be balanced, if we exclude the possibility of speculative profit 
on closed sequences buying currency transactions. In the case of imbalance problem arises of determining the sequence of operations 
leading to the production of speculative profits. This requires information decision support system containing a database, mathematical 
models and interactive graphical interfaces and media analysis. The paper main purpose consists of working out of mathematical methods 
and the models, allowing to analyze operations on purchase and sale of currencies, to predict, advance speculative cycles, to give the 
necessary information for decision-making for banks of the second level with the purposes of quotation price adjustment.The research 
main purpose consists of working out of mathematical methods and the models, allowing to analyse operations on purchase and sale of 
currencies, to predict, advance speculative cycles, to give the necessary information for decision-making for banks of the second level with 
the purposes of quotation price adjustment.  
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1 Introduction 

The world's economics has entered the challenging period, 
having the American financial system to be in the centre of 
this issue. The innovations in the area of mortgage loan 
could be considered to be one of the main reasons for the 
crisis. In the conditions of the world's financial crisis, 
governments have to manipulate the exchange rates in order 
to change the conditions of an external trade. To achieve that 
decision makers have to use methods such as balancing 
exchange rates, dual exchange market, devaluation and 
revaluation.  

Exchange rates have a significant impact on foreign 
trade in different countries, as tool among values of national 
and world markets, affecting the price ratios of exports and 
imports and causing a change in domestic economic 
situation and changing the behaviour of companies 
operating in the export or compete with imports. 

In general, depreciation of the national currency allows 
exporters to this country to reduce prices for their products 
in foreign currency, which received the award at the 
appreciated exchange proceeds of foreign currency to the 
national cheapened and are able to sell products at prices 
below the world average, which leads to their enrichment at 
the expense of their material losses countries. Exporters 
increase their profits through mass export of goods. On the 
other hand, at the same time the depreciation of the national 
currency increases the cost of imports as to obtain the same 
amount in its currency, foreign exporters are forced to raise 
prices, which stimulates the growth of prices in the country. 
The decline of the exchange rate reduces the real debt in the 

national currency, increases the severity of the external debt 
denominated in foreign currency. It becomes unprofitable to 
export profits, interest, dividends received by foreign 
investors in the currency of the host countries. These profits 
are reinvested or used to purchase goods at domestic prices. 

The problem of determining the balance of exchange 
rates is relevant in a market free-convertible currency. 
Exchange rates are balanced, if we exclude the possibility of 
speculative profit on closed sequential operations buying 
currencies. In the case of imbalance arises the problem of 
determining the sequence of operations leading to the 
preparation of speculative profits. 

Therefore, it is obvious, that it is necessary to develop 
information systems, which based on decision-making, 
containing a database, mathematical models and interactive 
graphical interfaces, data analysis tools. It should be 
developed information systems decision-making support for 
2nd level banks in order to adjust exchange rates, using an 
expert system. In short, these systems based on cross 
arbitrage system, which means making profit from 
exchanging rates of 1 currency with other currencies, and 
those currencies with each other. 

The professor of doctor science Mr. Kurmashev and Mr. 
Mutanov dedicated their research in given area. Some parts 
of research work have been used at scheduling of 
departments РКО on currency transactions in following 
branches of banks: «KaspiBank» and "BTA-BANK". 

The developed mathematical model of the balance of 
exchange rates is an example of the financial and 
mathematical model, the application of which in the practice 
of banks and other financial institutions will allow making 
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informed, reasoned decisions. The construction of models 
and research, problem solving on the balance, provides 
definitions and statements of evidence, and suggests 
methods for their solution. Delivered in the study of problem 
of definition and forecasting of speculative transactions in 
the foreign currency market for the first time a 
mathematically formalized as the problem on directed 
graphs. It is developed new, not previously encountered 
methods for solving the above mentioned problems. 
Mathematical model of buying and selling currency 
operations, which also takes into account the limitations and 
conditions arising from the carrying out of operations with 
currency, and formulated the problem of balance. The 
criterion of the model is to determine the bank balanced 
exchange rate. The model suggests the possibility of 
carrying out calculations in simulation mode that allows you 
to change the conditions and parameters under various 
assumptions about the state of the money and foreign 
exchange markets. 

The main factor, directly and indirectly determining the 
rate of one currency against another - is the difference in 
interest rates in force in two currencies (Interest Rate 
Differential). 

Suppose a bank customer has € 1 million, which is 3 

month period are exempt from the turnover of the company 

and can be placed in a deposit for income. In this case, 

assume that interest rates on euro 2.65 per cent per annum, 

and the dollar are higher rates 5.28 percent. Then, 

converting euro to dollars, you can get more revenue. For 

example, today the euro EUR = 1.19 $. If you put the 

amount of EUR 1 million in a deposit, then after 3 months 

will be the amount obtained: 
2.65 90

1
100 360

  =1.006625 

million euro. 
If you convert 1 million euro into dollars at the exchange 

rate of EUR and place them in a dollar deposit, the amount 
will be received 

5.28 90
1 1.19 1.0132 1.205708

100 360
EUR

 
      
 

 million $ 

If the euro exchange rate for the 3 months would remain 
the same EUR = 1.19 $, the result of a second embodiment 
of the euro stood at 1.0132, and the difference between the 
amount obtained by converting the received dollars back 
into euro, and resulting in a first embodiment, the result of: 

1.0132–1.006625= 0.006575 millions = 6575 million 
euro, amounted to euro benefited from the translation of US 
dollar and dollar deposit operations obtained by the 
difference in interest rates on the dollar and the euro. 

2 Mathematical modelling 

To making real this system it is necessary to realize 
mathematical algorithm of the project. For that, the term of 
graph theory should be taken into consideration. 

Graph theory is the study of graphs, which are 
mathematical structures, used to model pair wise relations 
between objects. A graph in this context is made up of vertices, 
nodes, or points, which are connected by edges, lines [1]. 

Let’s consider n as a currency types. For each type of 
currency it is associated a vertex of a directed graph: 

G=(N, E), (1) 

N={1,…,n}. Each edge (i, j)  E assign the positive number 
α (i, j) - Currency conversion factor of type i in the currency 
type j. The difference in the rate of purchase and sale is taken 
into account by the equation: a(i, j) α(j, i)<1, i ≠ j (fees). We 
assume that graph G has all edges and vertexes, it means (i, 
j)  E, and α(j, i)=1, i=1,..,n. Circuit K =((i1, i2), (i2, i3), ..., 
(ip, i1)) defines a sequence of operations on purchase 
(exchange) rates. Let: | K | = P - number of edges in the 
loop: 

α(K) =((i1, i2), (i2, i3), ..., (ip, i1)). (2) 

Contour K will be called profitable, if α (K)> 1. 
Profitable circuit determines the sequence of operations 
leading to speculative profit. A graph G will be balanced, if 
it does not exist profitable circuits. A balanced graph 
corresponds to a balanced exchange rate. It is noticeable that, 
if K - lucrative circuit that | K | ≥ 3. 

3 Statement and solution of the problem of the balance 
of exchange rates 

The problem of the balance of exchange rates formulate as 
follows manner. For a given graph G=(N,E) and specify the 
number of α (i, j), satisfying the above conditions, it is 
necessary to determine whether a graph G is balanced; if the 
graph G is not balanced, it is necessary to find at least one 
circuit profitable. The general problem is that to find all the 
lucrative circuit (for which α(K)> 1). For this, conversion 
factors are replaced by their logarithms, which are called the 
lengths (or weights) arcs. And then, this problem is reduced 
to determining the contours of positive length.  

Let β(i, j)=lgα(i, j), β(K)=lgα(K). From (2) follows 
β(K)= β (i1, i2) +…+ β (ip, i1). Each vertex (i, j) of graph 
G assign the number of β (i, j), which is called the length of 
the vertex (i, j). The contour K is profitable if and only if the 
length of β (K) of this circuit will be a positive number [2].  

A simple task was posed and solved, and invented an 
algorithm for determining whether there is a profitable path 
or not. 

For solutions offered a simple polynomial algorithm to 
solve the problem of appointments - simple polynomial 
problem. In order to determine the contours of positive long 
formulate the following problem. 

1 1

( ) max ( , )
n n

i j
i j

f x i j x
 

  , (3) 

1

1, 1, , ,
n

i j
j

x i n


   (4) 

1

1, 1, , ,
n

i j
i

x j n


   (5) 

0, , 1, , .i jx i j n   (6) 

The problem (3) – (6) – a task assignment. The 
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components 
0

i jx  of the optimal angle of the vector 

0 0 0 0 0

11 1 1( , , , , , , )n n nnx x x x x  of this problem is either 

0 or 1. The vector x0 defines a set of  1 2, , , rK K K  

disjoint paths in the graph G [1]. Equality 
0 1i jx   means 

that edge (i, j) belongs to one of these circuits. Any vertex 

of G belongs to one of the circuits.  
Let x0 – the best corner vector problem (3) – (6), 

 1 2, , , rK K K  – a plurality of contours defined by the 
vector x0. Then: 

1. f (x0) ≥ 0; 
2. if f (x0) = 0, the graph G balanced;  
3. if f(x0) > 0, one of the graph 1, , rK K  is profitable. 
To continue research in this area formulated the task of 

determining in the digraph with given weights (lengths) 
circuit arcs with maximum arc weight average value 
(maximum density contour). The need to address this 
problem arises in the study of mathematical models of the 
balance of exchange rates. Solution of the problem is 
reduced to solving a number of tasks assignments.  

The basic calculation when making a purchase of a 
currency is the calculation that for a certain period of time, 
its rate will rise to calculated value. If this period of time will 
be stretched or rate increase by a smaller amount, the 
transaction can not only bring profits, but also create losses 
as the implementation of arbitrage, there are certain 
commission expenses on conversion [4]. 

5 Experimental study of the balance model 

Consider a specific example for the solution of the problem 
of the balance of exchange rates (data are taken from the 
bank's exchange points). According to these data constructed 
a directed graph G and a table of currency exchange rates. In 
this case the exchange rates rigidly attached to a base currency 
(the US dollar) and the conversion factor is not the main one 
currency to another is not uniquely determined by the ratio of 
the basic conversion factors of the currency in the primary. 
The challenge is that you need to determine whether the 
exchange rates balanced and excluded any possibility of 
making a speculative profit on closed sequences buying 
currency transactions (Figure 1, Table 1). 

 
FIGURE 1 Oriented graph representation of the system 

TABLE 1 The graph length according to the currency exchange rates 

№ 1 USD 2 EUR 3 RUB 4 KZT 

1 USD 1 0,747 33,5 151 

2 EUR  1,29 1 45,08 196 

3 RUB 0,029 0,022 1 4,42 
4 KZT 0,0066 0,0049 0,223 1 

The solving of the problem with simple search options. 
Consider first the contours on the 3 vertices: 

1231 K = ((1,2),(2,3),(3,1)) (K) = 0,747  45,08  0,029 = 0,976 

1321 K = ((1,3),(3,2),(2,1)) (K) = 33,5  0,022  1,29 = 0,951 

1241 K = ((1,2),(2,4),(4,1)) (K) =  0,747  196  0,0066 = 0,966 

1421 K = ((1,4),(4,2),(2,1)) (K) = 151  0,0049  1,29 = 0,954 

1341 K = ((1,3),(3,4),(4,1)) (K) = 33,5  4,42  0,0066 = 0,977 

1431 K = ((1,4),(4,3),(3,1)) (K) = 151  0,223  0,029 = 0,976 

2342 K = ((2,3),(3,4),(4,2)) (K) = 45,08  4,42  0,0049 = 0,976 

2432 K = ((2,4),(4,3),(3,2)) (K) = 196  0,223  0,022 = 0,962 

Conclusion: among the vectors built on the 3 vertices of 
the graph is not profitable, because the circuit (K) < 1. 

Consider now the contours on 4 vertices of the graph: 
12341 K = ((1,2),(2,3),(3,4),(4,1)) 
(K) = 0,747  45,08  4,42  0,0066 = 0,982 
12431 K = ((1,2),(2,4),(4,3),(3,1)) 
(K) = 0,747  196  0,223  0,029 = 0,946 
13421 K = ((1,3),(3,4),(4,2),(2,1)) 
(K) = 33,5  4,42  0,0049  1,29 = 0,936 
13241 K = ((1,3),(3,2),(2,4),(4,1)) 
(K) = 33,5  0,022  196  0,0066 = 0,953 
14231 K = ((1,4),(4,2),(2,3),(3,1)) 
(K) = 151  0,0049  45,08  0,029 = 0,967 
14321 K = ((1,4),(4,3),(3,2),(2,1)) 
(K) = 151  0,223  0,022  1,29 = 0,955 
Conclusion: among the vectors constructed on the 4 

vertices of the graph is not profitable because the circuit (K) 
<1. Then in the end we find that the circuit is not profitable, 
the graph is balanced, which means that there is no buying 
and selling transactions of currencies, bringing speculative 
profit [3]. 

4 The Analysis of existing information systems to 
currency exchange balance 

Currently there is no analogy product as balancing exchange 
rate in the domestic market. However, there are several 
programs in exchange currencies and each of them leads 
unique functionality. For instance, there is application on 
Android platform, which called “Exchange rates”. This 
application new smart application which includes integrated 
calculator, the global currencies, override rates, display 
multiple currencies at the simultaneously. In addition, this 
application works in offline mode and automatically 
synchronize the data. It can be seen the graph of changing 
in currency exchange. The picture below demonstrates the 
interface of application (Figure 2). 
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FIGURE 2 The illustration of “Exchange rate” application 

Likewise, there is a web application, named “XE”. This 

universal system contains IBAN calculator, exchange rate 
graph illustrator, currency converter, and even transferring 
money [4]. 

Moreover, there are many domestic application which 
focused on exchange currency rates. For instance, there is 
bot program called “KZTbot” in “Telegram” application, 
which gives currency rates at current time (Figure 3). 

 
FIGURE 3 The “KZTbot” program 

TABLE 2 The comparison table 

Opportunities Exchange rate XE Our system 

Use through PC - + + 

Used through tablet (ios, 
android, windowsPhone) 

+ + + 

Offline mode + - + 
Graph analysis of the 

currency rates 
- + + 

Online calculator + + + 
Updated data + + + 

Goal: 

Analyzing the currency rates, 

currency converter, transferring 
money. It intended for users of 

internet. 

Analyzing the currency rates, 

currency converter, transferring 
money. It focused on people over 

the world. 

Analyzing the currency rates, currency 

converter, transferring money and tackle 
the problem of misbalancing the 

currency rates for 2nd level banks 

It can be seen from the table 2 that each of the system leads 
its own approach, so I want to say that those two systems, except 
mine, I will used to develop of my own system (Table 2). 

7 Conclusions 

The foreign exchange market is round the clock, it is not 
associated with specific hours of operation of stock 
exchanges and trade takes place among banks located in 
different parts of the globe. The mobility of exchange rates 
is that the magnitude of the changes in interest rates happen 
quite frequently, which enables to make several transactions 
every day. If you have an elaborate and reliable trading 
technology, it is possible to make a business out of it, which 
beats any other performance. Not without reason the largest 
banks buy expensive electronic equipment and include the 
states of hundreds of traders trading in the various sectors of 

the foreign exchange market. 
Proposed mathematical model of the balance of exchange 

rates is an example of the financial and mathematical model, 
the application of which in the practice of banks and other 
financial institutions will allow making informed, reasoned 
decisions. For that in this paper described mathematical 
modeling of balanced system in exchange rates. Furthermore, 
at the result, the basic concepts of the information systems 
which lead a great interest in future analyzing. They also 
discussed the optimal tools and features for given application. 
Other important aspects are the technical analysis, where the 
resembling system described, and system architecture, which is 
a powerful tool and that its possession allows the analyst to 
obtain reliable predictions of movement of the currency market. 
It was given a detailed analysis and study of the foreign 
exchange market that the further development will be used. 
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