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ABSTRACT:
The article describes step by step the mechanism for
creating a system for evaluating economic projects
based on a combination of computer and linear
optimization methods in the Wolfram Mathematica
system. The proposed model is the modernization of
the model of optimal planning of academician L.V.
Kantorovich, where a new product is added, which is
relevant for a market economy, is money. Another
innovation of the model is the possibility of calculating
the optimization task for any number of periods. On
the basis of an automatic analysis of objectively-
determined estimates of the dual problem of linear
programming, a method for optimizing public
investment in projects is proposed. A number of
experiments are carried out which, in clear conditional
examples, show how different optimization criteria
can influence the solution of the problem and what

RESUMEN:
El artículo describe paso a paso el mecanismo para
crear un sistema de evaluación de proyectos
económicos basado en una combinación de métodos
de optimización lineal y de computadora en el sistema
Wolfram Mathematica. El modelo propuesto es la
modernización del modelo de planificación óptima del
académico L.V. Kantorovich, donde se agrega un
nuevo producto, que es relevante para una economía
de mercado, es el dinero. Otra innovación del modelo
es la posibilidad de calcular la tarea de optimización
para cualquier número de períodos. Sobre la base de
un análisis automático de estimaciones objetivamente
determinadas del problema dual de la programación
lineal, se propone un método para optimizar la
inversión pública en proyectos. Se llevan a cabo una
serie de experimentos que, en claros ejemplos
condicionales, muestran cómo diferentes criterios de
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consequences they can lead in various aspects of the
economic environment under study. It is assumed
that the developed system can be included in a
network of situational centers to optimize
management decisions at the level of large industrial
enterprises, regions or the whole country.
Keywords: project optimization, project evaluation,
regional economy, linear programming, project
economy, long-term planning, public sector, Wolfram
Mathematica

optimización pueden influir en la solución del
problema y qué consecuencias pueden derivar en
diversos aspectos del entorno económico en estudio.
Se supone que el sistema desarrollado se puede
incluir en una red de centros situacionales para
optimizar las decisiones de gestión a nivel de grandes
empresas industriales, regiones o todo el país. 
Palabras clave: optimización de proyectos,
evaluación de proyectos, economía regional,
programación lineal, economía de proyectos,
planificación a largo plazo, sector público, Wolfram
Mathematica

1. Introduction
There comes the time of the project economy - projects should be properly evaluated, it is
necessary to set the right priorities for successful economic planning. Planning is not
advisable on a super-detailed level (for example, to plan how many ice cream units should
be produced), since the economy has a self-regulating property. However, at the level of
major economic projects, it is sometimes a necessary regulation by the state. Management
and optimization of project activities by the state can positively affect the "healthy"
functioning of other sectors of the economy associated with a particular project by various
financial and commodity relations.
First of all, optimal planning deals with monetary investments in the most critical parts of
the system (or industry), because finance is the circulatory system of any economy.
Proactive adjustment by the state in the timely regulation of the economy is relevant
especially in the situation of external geopolitical instability associated with import and
export risks, as well as in identifying critical shortages of any resources (commodity, human
or financial) in the economy (Demenko et al., 2017). This requires an adequate system for
diagnosing the economic situation and timely competent regulation and planning. Therefore,
the question arises of choosing a diagnostic mechanism, i.e. economic models and tools.
It is known that the existing macroeconomic models of the general dynamic stochastic
equilibrium are fragmentary and largely contradictory, and also overwhelmed by a significant
number of theoretical assumptions, parameters and conventions that are impossible or very
difficult to estimate in the real economy (see, for example, the Ramsey (1929), Arrow and
Debreu 1954), Samuelson (1956), Tobin (1969), Shapiro and Stiglitz (1984), Blanchard and
Fischer (1989), Bernanke, Getler (1995), etc.), which prevents them from being used
directly for application analysis and planning.
In turn, econometric models based on the analysis of statistical data and the identification of
interrelations between economic processes do not require the imposition of a large number
of a priori assumptions about the system under investigation and rely almost entirely on
empirical data (e.g. Moiseev, 2017). However, a significant drawback of models of this type
is the possible classification of false found relationships as true. Since in the economy at the
macro level it is difficult to conduct experimental experiments, then with the help of
econometric methods it is quite difficult to identify valid true interrelations, on the basis of
which it is possible to make competent managerial decisions.
Later agent-based models (ABM) of the economy in many respects surpass in their
capabilities and practical applications the abovementioned ones. A distinctive feature of
these models is the so-called "bottom-up" modeling or decentralized modeling, when the
general behavior of the system is not known initially, and only the individual characteristics
and algorithms of agent behavior are known (Makarov and Bakhtizin (2013)); The areas of
application of ABM in the economy are quite broad: starting from the financial sphere (see,
for example, Raberto et al. (2001), LeBaron (2006), Moiseev and Akhmadeev (2017)),
Production (Kutschinski et al. (2003)), labor market (Tassier and Menczer (2001)),
innovation (Dawid (2006), Akhmadeev and Manakhov (2015)), business cycles (Delli Gatti et
al. (2008) and many others). The advantage of ABM in comparison with the classical
economic models of general equilibrium lies in the maximum approximation of the structure
of models to real socio-economic processes and phenomena. However, the success of the



application of these models depends largely on the skill of their development and
adaptation. Advantages can turn into disadvantages in the unprofessional construction of
excessively detailed and loaded with a large number of parameters models, not applicable in
practice.
Another class is the models of optimal planning (OP), based on the tools of mathematical
programming. This type of models was widely used in the middle of the last century not only
in the planned economy of the USSR, but also in capitalist countries, for example, in the
USA (see the well-known model of the inter-branch balance of Leontiev (1951)). In Russia,
the founder of the idea of optimal planning was Academician L.V. Kantorovich (Kantorovich,
1959). In the USSR, this type of model was intended for a planned economy (Kantorovich et
al., 1970), but under the conditions of transition to a market economy, the tasks of the OP
themselves change significantly - it should be widely applied within individual companies
(enterprises), but on a nationwide scale, it can acquire not a directive and detailed but a
more indicative and extended character.
The principle of optimal planning in combination with the method of economic analysis based
on cross-industry input-output tables is a perfect visual instrument for analyzing the state of
the economy. In this study, an attempt is made to combine the methods of ABM and linear
programming to construct the most appropriate project planning and evaluation system for
the Russian economy.
The aim of the work is to develop a planning tool for optimization of economic projects,
including a study of the impact of interest rates on loans, tax rates, the level of
accumulation in fixed assets, as well as other control parameters based on the combined
method of mathematical and computer programming. On a very simplified numerical
example, it is shown that the effectiveness of the project depends on different factors. The
most significant factor is the criterion for evaluating the project. There are many criteria, we
list some. The most popular among economists of the old school is the payback period of the
monetary costs invested in the project. But even in the use of this criterion there may be
nuances. The profit can be returned to the investor, public or private. It can go to different
project executors or it can change the distribution of ownership, etc. A fundamentally
different criterion is the execution of the project as soon as possible. Another criterion is the
best satisfaction of the workers performing the project. In general, the time factor in project
evaluation plays a critical role. In our conditional example, we show how the effectiveness
assessment changes if in one time interval the project goal and, therefore, the criterion, is
one, and in the other, it is substantially adjusted.
Further, we specially pay attention to the difference in the nature of the "products"
appearing in the optimization model. The word "product" is specially taken in quotation
marks. The product can be money, inventions, intangible masterpieces of art, etc.
On a simple numerical example, we specifically refer to such a product as money. Money as
costs are represented in all modes of production. And to produce them, i.e. "to print", for
the government literally costs nothing. Therefore, the problem arises of the optimal amount
of money. The task is complex, affecting all aspects of the economy. Much more difficult
than the formulas known from the textbooks for the connection of the quantity of money,
GDP and inflation.
The main question, illustrated by the calculations in the given example, is how to evaluate
the effectiveness of a new project depending on a number of factors, including the criteria
for optimality, lending rates, etc.

2. A numerical model for optimization calculations
Hereafter, the paper considers a simplified formal representation of projects as vectors
whose components show the receipt of goods (products, money) if the number is positive,
and the costs measured by negative numbers. Opportunities of the economy as a whole are
also described by a set of vectors showing the possibilities for production, financing,
employee behavior, investments in fixed assets, etc.
The original description of the economy follows the classic work of Kantorovich (see



Kantorovich, L.V. (1959)). The essential difference is only that the products are, in particular,
money.
The algorithm of calculations, with the help of which the optimal solution is determined by a
given criterion, is a sequence of actions, among which the main is the solution of the
optimization problem, later called the reference problem.
The following numerical calculations contain two directions. The first is the optimal trajectory
of the economy, depending on several accepted in practice criteria. The second assesses the
effectiveness of new projects for implementation in practice, also depending on the initial
data and the criteria for optimality.
The model is a closed-type financial system where various types of economic agents are
present: banks lending to producers of goods, as well as the population for the realization of
final consumption, the producers of various types of products that make profit in the form of
surplus value, the population that carries out final consumption, which spends the salary,
and in case of its shortage, takes a loan from the bank, investment and other projects, as
well as the state that is carrying out project financing perspective projects, which also
presents in the model of the researcher-optimizer, who himself exposes the necessary
criterion of optimality of the solution of the problem.
We describe the problem in more detail, for this we define the optimization problem (local -
for the 1st year) below:
There are many N "production methods" or agents where the intensity of the j-th method is
expressed in terms of xj and determines the level of execution of this method (for example,
the production of a particular product). Below is a simplified numerical example of the
optimal planning problem:
1) 3 agents, each of which produces its type of goods, they can express 3 separate
enterprises.
2) 3 agents engaged in lending to each of the above production methods,
3) 1 agent, carrying out the realization of final consumption (population),
4) 1 an agent that lends to the population,
5) 3 agents expressing the movement of labor from one producer to another.
Each agent has its own production parameters or "resources", where the sign in front of the
parameter values determines whether it is cost or output. In this task, we have 15 different
products: 1) a central budget that simultaneously performs the function of a central bank, 2)
the financial costs of three manufacturing enterprises, 3) the use of fixed assets of three
manufacturing enterprises, 4) the production matrix or costs and output products by three
production enterprises, 5) available resources of labor, 6) labor requirements of three
production enterprises, 7) expenditures of the population for final consumption (own
financial resources or credit funds).
The graphical representation of this table is shown in Fig. 1:

Figure 1
Optimization tasks for the 1st year.



We describe in detail the proposed production methods with their parameters, constraints
and the criterion of optimality.
The table consists of a production matrix A, consisting of n rows or "production methods"
(agents) and m columns or "resources" (parameters). The last column in Fig. 1 is the vector
of the optimality criterion C that is not in the matrix A. The second line from the bottom -
vector B - restrictions on resources: financial costs, production assets, labor, etc. The last
line expresses the restriction on the resource bj in the vector B: 1 means ">", 0 means "="
and -1 means "<". This line is needed to solve the optimization problem in the Wolfram
Mathematica computing environment.

The solution of the reference problem to a maximum



The optimization task is to maximize the final consumption of products with a coefficient of 1
(see Fig. 1).
The Wolfram Mathematica programming environment automatically brings the constraint
system to the canonical form.
After solving this problem, the program finds the values of the vector X, i.e. intensity of
performance of each of the production methods. Table 1 shows the results of solving a direct
problem for the first period:



 
Table 1. The result of solving the problem for the first period.

Let's make a brief analysis: as it is clear from the solution of this problem, the production
enterprise No. 1 did not use the loan issued by the central bank (x4=0.00), and the intensity
of the manufacturing mode of the enterprise No. 1 (x1) is 0.30, which could occur due to a
deficit of one of the resources , which will be discussed below when solving the dual
problem. And the enterprise 3 has worked above the norm of its power, the intensity of the
production method (x3) is equal to 1.02. As was said above, in this problem the only
criterion of optimality is the maximization of final consumption. The intensities of production
methods are set by the solution of the optimization task in such a way as to give the
maximum final consumption within the limits of the available resource constraints.
This problem of linear programming is described by L.V. Kantorovich in his famous book
(Kantorovich 1959), for which he received the Nobel Prize. The difference between the
present model is that not only ordinary institutions, funds and services appear as products
(parameters), but also money itself. This is discussed in more detail below.
In order to analyze the results of solving this optimization problem, it is necessary to solve
the dual problem, as well as to perform the necessary calculations to construct the problem
for the next period.

3. The solution of the dual problem
The solution of the dual problem involves finding the so-called objectively-based estimates
(shadow prices) on each of the resources. In the classical optimization problem, the solution
of the dual problem means finding shadow prices for the resources indicated in the
constraints (vector B), at the sale of which we would receive an income no less than that
generated in the case of using resources for production in our ways, with the revenue or
price on sale of the output indicated in the vector C. In the classical form it is formulated as
follows:

Where B is the resource vector, A is the production matrix, and Y is the shadow prices.
The Wolfram Mathematica system solves this problem automatically from the source data,
so you do not need to transpose the constraint matrices and prepare the data to solve it. In
Table 2 the resource estimates (shadow prices) for resources are shown for solving the dual
problem for the 1st period:
 

Table 2. The result of the solution of the dual problem for the first period.

Further, knowing the shadow prices for product 1 (y8=0.16), product 2 (y9=0.16), and
product 3 (y10=0.78), we can determine the scarcity of each resource. The mathematical
meaning of these estimates lies in the fact that they determine how much the value of the
objective function will increase (decrease) with increasing (decreasing) the stock of the
given resource by one unit. In our case, the most scarce product is No. 3 with the estimate
equal to 0.78, and also there is a high shortage of fixed assets for the same enterprise №3
(y7) with an estimate equal to 3.68, from which we conclude that having increased the



volume of fixed assets for enterprise №3 and, accordingly, having produced more product
number 3, we will achieve a larger increase in the objective function, because as it was
proved above in solving the main problem, an increase in the intensity of the production
process (production of product No. 3) gives a greater increase in the final consumption
(objective function).

4. Updating constraints to solve the problem for the
next period
Let's write down the step-by-step algorithm of data recalculation for solving the prognostic
problem for several periods:
1) Let's show how the profit for the enterprise №1 is considered: the intensity of the
production method is determined through x1, by this value we multiply the amount of
operating costs, the difference between direct costs and income from sales of manufactured
products, labor costs and depreciation on the fixed prices, also deducting an income tax:

Figure 2
Algorithm for the return of credit money to the budget



5. Solution of the prediction task for several periods
After determining the main parameters of the problem and the formulas for calculating them
for the next period, the problem of algorithmic prediction for several periods is solved. The
essence of the algorithm is to use the economic meaning of the shadow prices for adjusting
the size of investments in the fixed assets with the aim of increasing the volume of final
consumption in the long term. That is, invest more money in the fixed prices of more scarce
products. The amount of investment, according to formula (6) is determined by a fixed rate
and is appointed exogenously by the central apparatus (state).
The algorithm described below assumes that the state, based on the decision of the overall
optimization task, invests the adjusted amount in the projects. For example, if the level of
deficiency of product No. 1 in the previous period was 0.78, then this amount is invested in
the fixed assets of the enterprise producing product No. 1.
Accordingly, in the formula (6) the parameter is corrected as follows:



Figure 3
Limitations of parameters with recalculation for the 2nd period.

When solving the prediction task for several periods, this operation is performed at the end
of each period. Next, we will carry out a series of experiments.

Experiment 1 - investment based on objectively-based
estimates (shadow prices)
Next, we will conduct the following experiment in two modes:
1) we invest in the fixed assets of the three enterprises not a fixed rate, but the amount
expressed in the scarcity estimate of this resource (shadow price);
2) we invest a fixed amount equal to the average amount of investments in the 1st mode, so
that the total amount of investments is the same.
We solve the optimization problem with a calculation for 50 periods. As indicators of
effectiveness we will take: 1) the level of final consumption, 2) the volume of the central
budget; 3) the financial balance of the three enterprises (the total amount) it the 50th
period in both cases; 4) the ROI (return on invested capital), which is the ratio of total
income to total investment for all simulation periods.

Table 3
Experiment to assess the effectiveness of investment in fixed assets



The results of the experiment in Table. 3 show that for all indicators, except the level of final
consumption in the 50 period, the 1st experiment mode shows better results and,
accordingly, more efficient allocation of investment funds in the economy.

Figure 4
ROI value for accumulated investments and accumulated return for 20 modeling periods.

The graph in Fig. 4 shows that the experiment in 1 mode shows the return on investment
(ROI) - an average of 20% higher.

Experiment 2 - search for parameters that maximize the utility
function.
This experiment is carried out by numerical selection of optimal control parameters, which
were chosen as the rate of profit tax and the credit rate of the central bank. As a utility
function, the accumulated central budget indicator was selected for 50 modeling periods
(see Table 4):

Table 4
Initial data and experimental results



In Fig. 5, the values of the control parameters along the x (credit rate) and y (profit tax
rate) axes, as well as the values of the objective function along the z (central budget) axis,
are visually demonstrated.

Figure 5
Three-dimensional representation of the results of the experiment with 

the utility criterion (axis z) - the level of the accumulated budget

Thus, as a result of experiment No. 2, the optimal rates for loans and income tax were
identified. When compared with real rates in the Russian Federation, the profit tax is almost
at the same level (24% in the Russian Federation), but the loan rate in the Russian
Federation (on average 10%) is much higher than the optimal rate, according to the
experiment conducted above.

Figure 6
Three-dimensional representation of the results of the experiment with the 

criterion of utility (axes z) - the level of final consumption and the same control 
parameters along the axes x and y.



Fig. 6 clearly shows that the level of final consumption does not depend on the change of
these parameters, however, there are permissible limits within which the population of
manufacturing companies continues to exist while remaining profitable. For example, with a
profit tax rate of more than 40%, one or more companies do not survive to 50 modeling
periods, becoming unprofitable. Comparing these two optimality criteria (Figures 6 and 7),
we can conclude that the regions of admissible values in both cases roughly coincide.

Experiment 3 - evaluation of the effectiveness of
commissioning a new project.
Above we demonstrated the possibilities of the system on the simplest numerical examples
with 3 enterprises producing products No. 1, 2 and 3, each with its own efficiency and the
amount of resources used. For this experiment, a new example was chosen with 4
enterprises and new values of production matrix A.
Suppose that the machine-building industry is developed in a certain region, and the
region's leadership decided to modernize this industry with new production methods
(innovations) and announced a competition for projects on the production of machines, to
which two completely new enterprises that had not worked in the region had submitted their
business projects. For the convenience of analysis, the economy model is simplified to
produce 3 different products: "machines", "metal" and "plastic." The traditional method of
production is called "method 1", and two new methods are "method 2" (see Figure 7) and
"method 3" (see Figure 8). Now the product "machine" can be produced not only by basic,
but also by an additional original method, which will have a different production efficiency.
Next, experiments will be performed with a comparison of the effectiveness of these
additional (different from each other) methods of manufacturing machines under various
optimality criteria. Thus, we show how projects can be evaluated not only from the point of
view of the profitability of enterprises and the classically accepted financial indicators of
project evaluation (ROI, the payback period of investments, etc.), but also from the
standpoint of the effectiveness of a particular project for the entire economy, what we will
consider good: the increase in the central budget, the increase in final consumption, the
profits of the companies themselves, or the growth of wages for the population, etc.

Figure 7
Commissioning of a new project for the production of machines (2nd method).

-----

Figure 8
Commissioning of a new project for the production of machines (3nd method)



As you can see in Fig. 7 and 8, the method of producing machines 2 and 3 is characterized
by the consumption of a number of different resources, for example, method 3 consumes
more metal (4000), but less plastic (1000) compared to method 2 (3000 and 2000,
respectively), the initial financial investment and the fixed assets are allocated to both
projects in the same amount. Profit tax (25%), personal income tax (13%) and depreciation
rate (1%) remain at the same level, just as the algorithm for investing in the fixed prices
determined in the first experiment.
Let us define the profitability of these projects. We remember that the profit is calculated
according to the formula (4). As for the 2nd and for the 3rd method of production of
machines, it is equal to 11400 for one period when the intensity of the method is equal to 1,
which puts our investment projects in equal initial conditions.
So, let's start the experiments themselves. To begin with, we will select a criterion of
optimality standard for the market economy (from the point of view of the region's
leadership) - the maximization of final consumption, respectively, we see 1 in the vector C in
the line "final consumption" (Figures 7 and 8). In Tables 5 and 6, solutions of the above
optimization problems with the intensity of application of each method for 10 simulation
periods are given:

Table 5
The intensity of production methods with the addition of 
method No. 2 with the maximization of final consumption



-----

Table 6
The intensity of production methods with the addition of method No. 3 with the maximization of final consumption.



Tables 7 and 8 show the changes in the values of the capital of 4 model enterprises during
10 modeling periods, which we will need for further evaluation and analysis:

Table 7
Change in the capital of 4 enterprises with the introduction of the 2nd method of manufacturing machines

-----

Table 8
Change in the capital of 4 enterprises with the introduction of the 3rd method of manufacturing machines



Fig. 9 shows the values of the accumulated central budget for all 10 periods:

Figure 9
Accumulated central budget for 10 periods.



But now let's imagine that the government of the region cares not only about the growth of
the economy and about the increasing output of machines, but also about the welfare of the
people, and therefore wants to maximize the payment to specialists working in all sectors.
Accordingly, we change the values of vector C: for final consumption, we set the value 0,
and for wages in all 4 ways we set the value 1. The results of the task of maximizing wages
are presented in Tables 9 and 10:

Table 9
The intensity of production methods with the addition of method 2 with the maximization of wages.



------

Table 10
The intensity of production methods with the addition of method 3 with the maximization of wages.

We see that both "method 2" and "method 3" are performed with the same intensity in all
periods, but we, as interested in increasing the welfare of the population, are interested in
how much it has increased. To do this, let us compare the total intensity of the
implementation of the methods for paying wages of all 4 enterprises for 10 periods.
According to the first experiment, we get 243485, for the second one - 250000, accordingly,
the introduction of "method 3" gives a greater effect on the growth of wages.
Thus, we saw how, depending on the chosen criterion of optimality, various economic
projects can be more or less useful for the economy. As in our example, the project for the
production of machines No. 2 was more effective for implementation, if our goal was to
increase the final consumption and the accumulated budget. On the other hand, if the goal
is wage growth, then project number 3 gives the best results. Here we have considered only



certain variants of the application of the optimality criterion, although there may be many.
For example, if the leadership of the region were interested in increasing the profit of an
individual enterprise, then the criterion would be appropriate, and the result would be
completely different.

6. Conclusions and future work
The method of computer evaluation of the effectiveness of projects described in this paper
can be used in the work of the above-mentioned networks of situational centers. The options
for interaction between such situational centers, the leadership of the region and the
enterprises working in it can be different.
For example, the management of the enterprise offers a project of modernization of its
enterprise and asks the regional authorities to help with financing. The proposed method
allows for a full breakdown of options depending on the criteria of optimality, credit rates,
price and consumer policies. To carry out the calculations, the situation center should receive
information about the enterprise, proposed modernization projects, as well as the financial
situation in the country and the region.
We draw the attention of the reader to the fact that the conditional numerical examples
given in this paper were used to demonstrate the capabilities of this system. Also, we want
to note that the developed system and the capabilities of the Wolfram Mathematica software
environment allow to make calculations with any dimension of the matrices. The quantity of
both products (parameters) and the projects themselves can be significantly expanded
depending on the goals set.
The application of this system for the calculation and evaluation of economic projects based
on examples with real projects using tables of interbranch balance is planned in the future
works of the authors.
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