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Abstract. The issues of the resources use optimizing aimed at a 
shipbuilding company restructuring are considered, which is the 
main prerequisite for its effectiveness. The aim of this study is to 
develop a methodical approach to substantiation of the of the 
variant of the shipbuilding company restructuring on the basis of 
optimization-simulation model of its value estimation, which will 
take into account the algorithmically set conditions regarding the 
financing scheme, the type of restructuring, technological and 
economic relations in the system. The task of deciding on the 
shipbuilding company restructuring and the choice of a specific 
restructuring project refers to the optimization tasks of long-term 
planning. The limitations of the mathematical model are the 
company resources, which are allocated for restructuring. The main 
optimization criteria are maximizing net present value or 
minimizing the restructuring cost. The generated optimization 
model is designed to assess the amount of attracting for 
restructuring own and borrowed funds. Simulation model provides 
the cash flows construction. Restrictions on ensuring financial 
realization reflects the cash flow balance for all activities. The 
problem solution is achieved on the basis of an interrelated 
optimization, simulation models and procedures set for the 
formation, selection and approval of management decisions. 

1 Introduction 
The main task of the shipbuilding company restructuring managing in Ukraine, which are 
in a state of deep crisis or stagnation, is to ensure the position of the shipbuilding company 
in the market, at which will be overcoming the negative impact of macroeconomic factors 
and solving internal problems (including financial) by using all modern management 
capabilities, development and practical implementation of a special program of 
restructuring measures, which will be strategic. 
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Company restructuring is a process of complex and interconnected change in the 
structure of assets, liabilities, company functions, which is initiated by a dynamic 
environment, based on the strategic concept of its development and aimed at improving the 
efficiency of its activities, expressed in increasing value [1]. The researches devoted to 
problems of the shipbuilding companies organizational and economic mechanism 
adaptation to modern conditions have found the reflection in works [2-6]. However, part of 
the problem of ensuring the shipbuilding restructuring programs effectiveness remains 
unresolved. 

In our opinion, to ensure the restructuring effectiveness in modern conditions is 
impossible without the use in the planning process methods and tools of optimization 
modeling and scenario approach. The complexity of the problem is due to the need the 
restructuring process modeling based on a significant amount of information and taking 
into account many factors.  

The aim of this study is to develop a methodical approach to substantiation of the of the 
variant of the shipbuilding company restructuring on the basis of optimization-simulation 
model of its value estimation, which will take into account the algorithmically set 
conditions regarding the financing scheme, the type of restructuring, technological and 
economic relations in the system.  

2 Optimization model of the shipbuilding company value 
estimating in the restructuring process 
The problem of the shipbuilding company restructuring desicion and its effectiveness 
estimation is one of the optimization tasks of long-term planning. If we consider it as a 
mathematical problem, it involves a large number of different procedures with the 
subsequent choice of all alternatives to the best solution for a set of parameters. The 
limitations of the mathematical model will be the company resources limitations allocated 
for restructuring, expressed by a system of equations. The main optimization criterias will 
be the net present value maximizing or the restructuring cost minimizing.  

The first stage is the formation of restructuring alternatives, each of which is determined 
by the net present value, the amount of own and borrowed funds required for financing. The 
problem is to choose one option (among which the refusal to restructure). When there are 
too many alternatives, the dimension of the task increases significantly, which requires pre-
ordered selection and reduction of the alternatives number. 

The next step is to choose one restructuring variant. To do this, the task is formalized as 
follows: it is necessary to find the values of variables Zi, Аі(t), K+

і(t), K-
і(t), Pi, which 

provide the extremum of the selected criterion F(PVi,Pi,CMi)→extr under the conditions of 
execution of analytically and algorithmically set restrictions and conditions. Here:  

Zi ∈{0,1}, Zi = 1, when the i-th restructuring variant is considered, Zi = 0 in other cases;  
Аі(t) – own funds of the restructuring company;  
K+

і(t) & K-
і(t) – attraction and repayment amounts of borrowed funds in the 

restructuring process; 
Pi – market value of the restructuring company;  
СМі – restructuring costs;  
𝑖𝑖 = 0, 𝐼𝐼 – restructuring variant index (0 – corresponds to the variant without 

restructuring).  
Net present value of the company after the restructuring (PVi): 

𝑃𝑃𝑉𝑉𝑖𝑖 = ∑ 𝐶𝐶𝐹𝐹𝑡𝑡
(1+𝐸𝐸)𝑡𝑡

𝑇𝑇
𝑡𝑡=1 ,      (1) 

here CFt – cash flow element, which is determined using values Аі(t), K+
і(t) & K-

і(t); 
𝑡𝑡 = 1,𝑇𝑇 – planning horizon of the company; Е – discount rate. 
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The difference between the company income after restructuring and the income without 
restructuring can act as a functional F(°): 

∑ ([𝑃𝑃𝑉𝑉𝑖𝑖 + 𝑃𝑃𝑖𝑖 − 𝐶𝐶𝑀𝑀𝑖𝑖] − 𝑃𝑃𝑉𝑉0) ⋅ 𝑍𝑍𝑖𝑖𝐼𝐼
𝑖𝑖=1 → 𝑚𝑚𝑚𝑚𝑚𝑚   (2) 

Or a functional F(°) may be an indicator that minimizes the restructuring cost: 
∑ (𝐶𝐶𝑀𝑀𝑖𝑖 − 𝑃𝑃𝑖𝑖) ⋅ 𝑍𝑍𝑖𝑖𝐼𝐼
𝑖𝑖=1 → 𝑚𝑚𝑖𝑖𝑚𝑚      (3) 

Analytically set conditions and constraints are essentially limited opportunities of 
company restructuring financing: 

∑ 𝐴𝐴𝑖𝑖(𝑡𝑡) ⋅ 𝑍𝑍𝑖𝑖𝐼𝐼
𝑖𝑖=1 ≤ 𝑆𝑆,       (4) 

here S – the maximum amount of shipbuilding company equity that can be used for 
restructuring measures financing. 

The cost of capital is used as a discount rate, which reflects the rate of return of the 
shipbuilding company in the restructuring process. The discount rate is formed taking into 
account external and internal factors. Part of them – external – do not depend of the 
company and reflect the general economic conditions (inflation, general economic risk of 
the country, regional risk, etc.). The rest - internal - depend on the company and take into 
account its degree of risk (require careful analysis to avoid double counting).  

The conditions and constraints of the model, given algorithmically, include: 
- condition for ensuring financial realization: 

∑ ∑ 𝐶𝐶𝐹𝐹𝑖𝑖(𝑅𝑅𝑖𝑖(𝑡𝑡) − 𝐶𝐶𝑖𝑖(𝑡𝑡),𝐾𝐾𝑖𝑖−(𝑡𝑡),𝐾𝐾𝑖𝑖+(𝑡𝑡),𝐴𝐴𝑖𝑖(𝑡𝑡)) ⋅ 𝑍𝑍𝑖𝑖𝑇𝑇
𝑡𝑡=1

𝐼𝐼
𝑖𝑖=1 > 0,  (5) 

here (Ri(t) – Ci(t)) – the balance of shipbuilding company flows during the restructuring; 
Ri(t) – company revenue during the period t; 
Ci(t) – company costs during the period t. 
The balance of flows from operating, investing and financing activities for period t can 

be represented as an expression: 
∑ ∑ (𝑅𝑅𝑖𝑖(𝑡𝑡) − 𝐶𝐶𝑖𝑖(𝑡𝑡) + 𝑓𝑓1(°) − 𝑓𝑓2(°) + 𝐴𝐴𝑖𝑖(𝑡𝑡) + 𝐾𝐾𝑖𝑖+(𝑡𝑡) − 𝐾𝐾𝑖𝑖−(𝑡𝑡) − 𝑓𝑓0(°)) ⋅ 𝑍𝑍𝑖𝑖𝑇𝑇

𝑡𝑡=1
𝐼𝐼
𝑖𝑖=1 (6) 

It includes all algorithmically specified functions on the peculiarities of accounting for 
borrowed funds: 

1) 𝑓𝑓0(𝑝𝑝𝑛𝑛 , 𝑝𝑝,𝐷𝐷,𝐾𝐾𝑖𝑖+(𝑡𝑡)) – interest function for loans,  
here р – interest rate on loans; 
рп – income tax rate (for companies in the general system of taxation); 
D – the amount of borrowed funds raised for restructuring; 
2) 𝑓𝑓1(𝑝𝑝𝑛𝑛 , 𝑓𝑓0(°))– capitalized interest depreciation function; 
3) 𝑓𝑓2(𝑝𝑝𝑛𝑛 , 𝜆𝜆,𝐴𝐴𝑚𝑚𝑖𝑖(𝑡𝑡)) – land tax function, 
here λ – land tax rate; 
𝐴𝐴𝑚𝑚𝑖𝑖(𝑡𝑡) – the residual value of capitalized interest in the period t. 
4) 𝑔𝑔𝐷𝐷(𝐾𝐾𝑖𝑖+(𝑡𝑡),𝐷𝐷,𝐾𝐾𝑖𝑖−(𝑡𝑡)) – requirements for compliance with the conditions of 

attraction, repayment and servicing of borrowed funds, 
here D – debt function, which is determined by the scheme of attraction, repaying and 

servicing borrowed funds; 
gD – a set of requirements for the implementation of the restructuring financing scheme 

(consistency of attraction, repayment and servicing of borrowed funds, including 
requirements that depend on the completion date of the program, the limit conditions of the 
debt amount). 

To take into account the residual value of the shipbuilding company, the income to be 
received in the post-forecast period, one of the following methods is used: Gordon's model, 
the method of the net assets value calculating, the method of the liquidation value 
calculating. The method choice depends on which scenario the restructuring and further 
development of the company will take place. 

Given the residual value, the functionality of the optimization model will look like this: 
∑ �[𝑃𝑃𝑉𝑉𝑖𝑖 + 𝑃𝑃𝑖𝑖 − 𝐶𝐶𝑀𝑀𝑖𝑖 + 𝑅𝑅𝐶𝐶𝑖𝑖] − (𝑃𝑃𝑉𝑉0 + 𝑅𝑅𝐶𝐶0)� ⋅ 𝑍𝑍𝑖𝑖𝐼𝐼
𝑖𝑖=1 → 𝑚𝑚𝑚𝑚𝑚𝑚   (7) 
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RC – the residual value of the shipbuilding company after the end of the planning 
period. 

In practice the solving of the problem of choosing a shipbuilding company restructuring 
variant based on the formed optimization model with variables that reflect financial flows, 
the fact of restructuring, technological and economic links in the system, is quite difficult. 
The main difficulties are the presence in the model algorithmically given conditions, which 
cannot be described by analytical functions. The problem solution in this case can be 
obtained on the basis of an interconnected optimization, simulation models and procedures 
set for the formation, selection and coordination of management decisions. 

3 Algorithm for selecting a shipbuilding company restructuring 
variant 
Given the optimization problem complexity, it is advisable to develop an algorithm for its 
solution, which will present all stages of the decision-making procedure for restructuring 
and its effectiveness determine. The algorithm for solving the optimization problem of 
choosing the shipbuilding company restructuring variant on the basis of cost estimation is 
presented in fig. 1. 

The formed optimization model is intended for an estimation of own and borrowed 
funds attraction amounts for restructuring carrying out. It includes a set of criteria and 
analytical specified conditions and restrictions. Variables are: Boolean variable Zi; 
continuous variables Аі(t) (the own funds amount), K+

і(t) & K-
і(t) (attraction and repayment 

amounts of borrowed funds in the process of restructuring). At the same time, there are 
restrictions on ensuring financial realization, which reflects the cash flow balance for all 
activities, which connects the optimization model with the simulation model.  

The simulation model provides the cash flows construction. It is designed to analyze the 
financial realization of the restructuring variant, the formation of its financing detailed 
scheme (the dynamics of borrowing, repayment and servicing of borrowed funds, taking 
into account the availability of their own assets and reinvestment opportunities). Selection 
of external financing schemes carries out iteratively (at each step the scheme is specified, 
interest coverage and debt repayment is provided, that is the condition of financial 
realization).  

Iterations continue until the condition of financial realization is fulfilled or the need to 
reject this restructuring variant is not established.  

Consistency of the company structural and functional elements functioning provides 
emergence of effects from change, addition or removal of one «element ». The effects can 
be both positive and negative. To achieve positive effects in the chosen restructuring 
variant, it is necessary to restore possible broken chains of production or financial 
processes. In addition, a synergistic effect is possible in the case of the restructuring 
program formation, which involves the simultaneous change of several elements. 

In this case, with a large number of considered variants, the optimization task dimension 
increases. To solve the problem of large dimension, it is proposed to use special methods 
that allow organizing a directed search of many variants, which can significantly reduce the 
number of steps in the complete search algorithms of all combinations. Algorithms based 
on directional search and dynamic programming method have been developed for some 
cases.  
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Fig. 1. Algorithm of the restructuring variant selection based on the company valuation. 

 

4 Approaches to solving the optimization model 
The task solution begins with the consideration of the maximum elements in each row of 
the matrix |PVi| and condition checks (5) for the corresponding elements of the coefficient 
matrix |Аі(t)|. If condition (5) is satisfied, then the vector of maximal elements will be the 
optimal solution. 

The directed search algorithm in application to the task without consideration of 
restriction (4) consists in movement on the tree vertices received by fixing of a part of 
variables Zi, Zi ∈{0,1}. The first level vertices are obtained by fixing in turn the elements 
of the system matrix first row (2), the second level vertices – fixing in turn the elements of 
the system matrix second row (2) etc. 
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For the each tree vertex we find the value of the fixed matrix element |PVi| the objective 
function evaluation: 

∑ 𝑃𝑃𝑉𝑉𝑖𝑖𝑖𝑖<𝑖𝑖∗ + ∑ 𝑃𝑃𝑉𝑉𝑖𝑖𝑖𝑖≥𝑖𝑖∗         (8) 
here і* – branching level; 𝑃𝑃𝑉𝑉𝑖𝑖  – the maximum element in the row. 
Branching continues from the level top that has the maximum value of the criterion 

evaluation and satisfies the constraints. 
The sequential search can be reduced, given the restrictions (4): from coefficients 

matrix |PVi| & |Аі(t)| exclude elements that cannot be included in any valid solution. For 
each matrix element |Аі(t)| this condition is checked: 

∑ 𝐴𝐴𝑖𝑖(𝑡𝑡)𝑚𝑚−1
𝑖𝑖=1 + 𝐴𝐴𝑚𝑚(𝑡𝑡) + ∑ 𝐴𝐴𝑖𝑖(𝑡𝑡)𝐼𝐼

𝑖𝑖=𝑚𝑚+1 ≤ 𝑆𝑆,𝑚𝑚 = 1, 𝐼𝐼      (9) 
here 𝐴𝐴𝑖𝑖(𝑡𝑡) – the minimum element in the row. 
Taking into account the limitation (5) allows the application of the described method by 

introducing a sequential procedure, consisting in a directional motion along the tree vertices 
obtained from the matrix (2), in which one of the rows is deleted corresponding to removal 
of a variant from group. It is expedient to compare the received admissible decisions on the 
qualitative characteristics corresponding to specificity of a task and to choose the optimum 
decision. 

Dynamic programming is an approach that allows you to get the optimal solution to this 
problem by moving in the opposite direction – from the end of the task to the beginning [7, 
8]. The large dimension problem is replaced by a series of smaller dimension problems. 
The basic recurrent ratio of the task dynamic programming reflects the fact that the 
maximum value PV, it is necessary to go from step i to the end of the task. This can be 
obtained by maximizing the sum of the PV values of step i and the maximum PV values 
that are needed to get from step i+1 to the problem end. 

To apply, build a coordinate system on the plane, one axis of which reflects the 
restructuring elements, and the other discounted cash flows from the implementation of 
these restructuring program elements. Any path in the network from the initial vertex 
corresponds to some set of restructuring program elements. If we take the inclined arcs 
lengths equal to the PV value of the restructuring program variants, and the horizontal arcs 
lengths corresponding to the "remote" elements equal to zero, the path length connecting 
the initial vertex with one of the end will be equal to the total PV value corresponding to 
this path of the restructuring program variant. To take into account the constraint (5), the 
first program variant is built by drawing a horizontal arc from the origin to 1 on the 
elements axis that correspond to the first element removal, then build inclined arcs that 
correspond to the other elements development. In the second variant of the program, the 
horizontal arcs will correspond to the second element removal and so on. The maximum 
length path in each set of elements will correspond to the restructuring program variant that 
gives the maximum value PV, and the best version of the program is obtained by fixing the 
required amount of allocated funds S. The decision to choose the shipbuilding company 
restructuring program is made on the basis of maximizing PV. 

5 The algorithm application for the shipbuilding company 
restructuring variant selection  
Consider the task of optimization on the example of PJSC “Mykolayiv Shipyard “Ocean”, 
where it is planned to implement a restructuring program that includes the following 
elements:  

- production restructuring (restoration of a shipway thread and additional laying of one 
more, creation of additional place for placement of two more hull blocks); 

- organizational restructuring (management structure change, staff reduction); 
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- capital restructuring (repayment of wages arrears by financing of received orders, 
obtaining a loan for modernization). 

The main factor indicators of cash flow formation under the restructuring program of 
PJSC “Mykolayiv Shipyard “Ocean” are given in the table 1. 

Table 1. Forecast of cash flow formation factor indicators and value of PJSC “Mykolayiv 
Shipyard “Ocean” for different versions of the restructuring program (thousand UAH) 
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1. Own funds 
of the company 156203 429703 429703 429703 429703 429703 

2. The amount 
of own funds 
for 
restructuring 

- 161513 132318 147516 161513 150116 

3. The amount 
of borrowed 
funds 

73541 101479 84435 79223 101479 112841 

4. Discounted 
restructuring 
income 

900188 1783593 1709748 1716418 1783593 1783593 

5. Discounted 
restructuring 
costs 

447844 476465 475502 479461 483031 476465 

6. Company 
value 378803 1205649 1149811 1157734 1199083 1194287 

The task consists in a choice of the restructuring program variant of PJSC “Mykolayiv 
Shipyard “Ocean” by criterion of the company capital value maximization at restriction on 
the general financing and taking into account restriction (4). 

Compare the restructuring program variants of the PJSC “Mykolayiv Shipyard “Ocean” 
according to table. 1 corresponding to complete the program and its elements successively 
removal: 

PV = 1205649 (thousand UAH) 
PV21 + PV31 + PV41 = 1149811 (thousand UAH) 
PV12 + PV13 + PV14 = 1157734 (thousand UAH) 
PV13 + PV23 + PV24 = 1199083 (thousand UAH) 
PV14 + PV24 + PV34 = 1194287 (thousand UAH) 

 
By limiting the financing possibility (5) and according to the company value 

maximizing criterion (2) we come to the conclusion about the choice of the fourth variant.  
The method of dynamic programming in application to this task can be represented as a 

matrix method of calculation, convenient for comparison with the dichotomous 
programming method [9]. Indeed, both the objective function and the functions describing 
the problem constraints have the same network representation structures, in this case the 
dichotomous.  

In a dichotomous representation, the task corresponding to the vertices of the network 
representation is the problem of optimizing the two variables function and in the discrete 
case is solved on the basis of a matrix representation. The first matrix corresponds to the 
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second layer of the network. In the upper half of each cell indicates the amount of costs for 
different variants of the first two elements, and in the lower - the corresponding value PV. 
It is assumed that the variant to delete a program element is denoted by zeros in both halves 
of the cell. The second matrix corresponds to the third layer and so on. If there are several 
cells in the matrix with the same costs, then the next matrix for this cost value is taken the 
maximum value PV. This corresponds to the principle of Bellman's optimality for the 
matrix representation of the dynamic programming method. The last matrix (column) takes 
the optimal values of the total PV of the program variant, consisting of i-1 elements, with 
own funds restrictions. 

Despite the fact that the general problem solution is a valid variant that optimizes the 
objective function value, owners are often not satisfied with one optimal variant. In most 
cases, it is necessary to know what optimization is achieved, and if the “losses” on other 
indicators are large, then also consider variants for a restructuring program, close enough to 
the optimal. The problem decision of a choice of the shipbuilding company restructuring 
program at the following stages consists in a choice of the most attractive variant from their 
set based on the criteria.  

6 Conclusions 
The optimization models use to select a restructuring variant for a shipbuilding company 
allows to determine the best alternative given the existing limitations. However, in its pure 
form, the optimization models use to decide on the restructuring is quite difficult given that 
not all parameters and conditions can be described by analytical functions. In this case, it is 
best to use optimization models in conjunction with simulations models. This will make the 
shipbuilding restructuring planning process dynamic, i.e. will allow to take into account 
algorithmically set conditions and will significantly increase the accuracy of the decision to 
choose the most effective option for shipbuilding restructuring. 
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