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мера партии.
Методы: эвристический метод исследования окрестностей.
Результаты: проблема определения размера партии является задачей, для которой не существует известного по-
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Objective: to implement the neighborhood descent heuristic approach into solving the lot-sizing problem.
Methods: a variable neighborhood descent heuristic approach and a framework of lot-sizing problem.
Results: dynamic lot-sizing problem is supposed to be an NP-hard problem – a problem for which there is no known poly-
nomial algorithm, so the time to find a solution grows with a problem size. In the article, we explain the basic lot-sizing, lot-
sizing in closed-loop, describe methods used by other researchers, and provide reasoning for using a variable neighborhood 
descent heuristic method. Implementation of the method is presented in a numerical example. Application of the method 
significantly reduces estimation time when searching for lot-sizing problem solution. Application of the method significantly 
reduces estimation time when searching for lot-sizing problem solution.
Scientific novelty: the method may significantly reduce time expenses during the solution of the lot-sizing problem.
Practical significance: the method may be implemented for solving the lot-sizing problem in various industries, such as 
pulp and paper, consumer goods industry and heavy industry.

Keywords: neighborhood descent; lot-sizing problem; remanufacturing; multi-item lot-sizing; heuristic approach; 
closed-loop; reverse logistics

Conflict of Interest: No conflict of interest is declared by the author.

For citation: Poliakova I. Yu. A variable neighborhood descent heuristic for a multi-item lot-sizing problem with 
remanufacturing, Actual Problems of Economics and Law, 2020, Vol. 14, No. 1, pp. 174–185 (in Engl.). DOI: http://dx.doi.
org/10.21202/1993-047X.14.2020.1.1.174-185.

Introduction
The problem solving in lot-sizing is applicable at the 

intersection of economics and manufacturing, especially 
in closed-loop logistics. 

It refers to the development of exact and heuristic 
methods for production planning and scheduling prob-
lems. Part Period Balancing (PPB), Wagner-Whitin al-
gorithm and Economic order quantity (EOQ) techniques 
are among the exact methods.

"Lot-for-lot techniques" orders that are required for 
production may not always be feasible. If setup costs 
are high, the costs may be high as well. Economic order 
quantity (EOQ) expects a known constant demand and 
Material requirements planning (MRP) systems often 
deal with unknown and variable demand. Part Period 
Balancing (PPB) looks at future orders to determine the 
most economic lot size. The Wagner-Whitin algorithm is 
a complex dynamic programming technique that assumes 
a finite time horizon [1, pp. 310–323].

Use of PPB, Wagner-Whitin or EOQ techniques gives 
reasonable results only when setup costs are significant 
and demand is reasonably smooth. That is why exact 
methods cannot be widely implemented in practice. The 
main goal in the fitting process is to obtain a model which 
makes good predictions for new inputs. The main purpose 
of this research is to show the heuristic method of solving 
lot-sizing problem with some extensions. 

However, a trend for not optimal, but heuristic ap-
proaches gains popularity. In this paper we will draw 
attention to heuristic approaches. To answer why heu-
ristic approaches are becoming more popular among the 
researchers, firstly, we need to define the term “heuristic”. 
A heuristic technique, often called just “heuristics”, is 
a kind of approach to problem solving that is suitable for 
achieving the goal in a limited time, but not guaranteed to 
be optimal. In other words, the time costs spent on finding 
the optimal solution are bigger than the effect of finding 
and applying this optimal solution. That is why it is worth 
looking for “local”, not “global”, optimal solutions and 
using heuristic approach (see above).

There are not many papers revealing the problem of 
multi-product dynamic lot-sizing with remanufacturing 
activities (MDLSRP). Li et al., for example, developed 
a multi-product lot-sizing problem, proposed some math-
ematic algorithms and then proposed heuristic genetic 
algorithm to solve the problem [2, pp. 101–115]. Another 
group of scientists led by Sahling proposed a new model 
formulation for the MDLSRP and fundamentally different 
approach – a column-generation solution with the combina-
tion of a truncated branch-and-bound method [3, pp. 55–75]. 
Figueira et al. applied a hybrid approach to the specific case 
in the industry of pulp and paper. This industry is one of 
the most significant and relevant where it is worth to apply 
different solutions with reverse logistics [4, pp. 1804–1818].
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This research refers to Variable Neighborhood Descent 
(VND) solution. The approach is based on a systematic 
change of the neighborhood structures in order to find the 
best solution. Sifaleras and Konstantaras provide their 
VND heuristic approach and present benchmark set with 
the largest instances in the literature [5, pp. 385–392].

In this paper, it is proposed the literature review on 
Lot-Sizing Problem with Remanufacturing, model formu-
lation, basic idea of neighborhood descent and numerical 
example for the two products in three periods with applied 
neighborhood descent heuristic techniques.

Literature review on Lot-Sizing  
in Closed-Loop with remanufacturing

The first dynamic lot-size model was announced in 
inventory theory as a generalization of the economic 
order quantity model. This model takes into account that 
demand for the product varies over time. Wagner and 
Whitin introduced the model in 1958 [6, pp. 89–96].

The idea of lot-sizing discussed in this paper is almost 
the same, but more applied to logistics. For example, the 
retailer orders items from the manufacturer to satisfy the 
customer's demand. The demand of the customers is fixed 
in each period and varies from one period to another. 

For dependent demand, total cost is discrete, and the 
minimum total cost over the planning period usually oc-
curs at the point closest to the balance of the holding and 
setup costs. The goal of Lot-sizing problem is to satisfy 
the demand of items in each period while minimizing the 
combined costs. 

The setup costs – are the costs incurred to get equip-
ment ready to produce the next product lots. The setup 
costs incur whenever the production quantity is greater 
than zero.

The holding costs incur per unit and are costs associ-
ated with storing items that remains unsold. These costs 
are one part of total inventory costs among ordering and 
shortage costs.

Therefore, the manufacturer should decide how many 
items to produce in each period taking into account pro-
cess costs and holding costs in order to minimize the sum 
of holding and setup costs. The holding and setup costs 
in lot-sizing problem act as constraints.

Closed-Loop supply chain management is the de-
sign, control and operation of a system with the aim of 
maximizing value creation over the entire of a product`s 
life cycle. 

Closed-Loop logistics appears when it becomes 
cheaper for enterprise to remanufacture returned goods or 
parts of goods and to recover the value from different types 
and volumes of returns over time. The difference between 
direct logistics and closed-loop logistics is in the Fig. 1.

As we have already mentioned, the objective of 
Lot-Sizing in Closed-Loop is to determine the number 
of manufactured and remanufactured items in different 
periods, in order to minimize the sum of set up costs of 
the manufacturing and remanufacturing processes and 
holding costs for returns and units that were produced in 
previous period but not sold. The returned items could be 
remanufactured and sold as new ones.

Fig. 1. The difference between direct and closed-loop logistics
Source: compiled by the author.

Рис. 1. Различия между прямой и обратной логистикой
Источник: составлено автором.
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Lot size is the number of units that the producer 
needs either manufacture or remanufacture. The size 
of the lots in each period is set on the basics of market 
demand and the number of returns that are both given, 
but non-stationary. 

The problem discussed in the paper consists of the 
multi-product dynamic lot-sizing model with manufac-
turing and remanufacturing setup costs. "The lot-sizing 
problem under separate set up costs, for manufacturing 
and remanufacturing, is suitable for situations where there 
are separate production lines" [5, pp. 385–392].

Except the approach of A. Sifalerasand and I. Kon-
stantaras there is a big number of other approaches related 
to Lot-Sizing problem in Closed-Loop, which are worth 
taking under consideration. We will briefly say further 
about some of them.

Li, Chen, and Cai [2, 7] presented an uncapitalized lot-
sizing problem for several products and applied a heuristic 
technic to determine a production plan.

The authors described a model formulation for the 
lot-sizing problem with the “substitution”: the remanu-
factured product serves as new one. The model limits 
production capacity, ignores the interaction of products 
and setup times. [7, pp. 301–317].

Sahling suggests combination of two approaches: 
a column-generation and a truncated branch-and-bound 
to solve the multi-product capacitated lot-sizing prob-
lem. The author presents a new model formulation with 
remanufacturing and returns. [3, pp. 55–75].

Koken, Seok and Yoon address their research to the 
capacitated dynamic lot-sizing problem with returns and 
hybrid product. The problem is to identify how many of 
each product type to produce during each period for a hy-
brid system with manufacturing capacity constraints. The 
objective of their approach is "to maximize total profit of 
the production system that consists of new, remanufac-
tured and hybrid products" [8, pp. 739–747].

Model formulation for a Multi-Product Lot-Sizing 
Problem with Remanufacturing

Before presenting the model formulation for a Multi-
Product Lot-Sizing Problem with Remanufacturing, it is 
essential to introduce all the notations [6, pp. 301–317].

In the following, a set of k products k = {1, 2, … K} 
are considered. The production process is regarded in 
several time periods t = {1, 2,...,T}. 

The demand for product k in time period t D(k, t) and 
the number of returned items of product k in period t R(k, t) 
are exogenous parameters and assumed to be time-varying. 
The demand of each product needs to be fulfilled for each 
product separately. The returned items can be completely 
remanufactured and sold as new. Also there are holding costs 
for the serviceable items of product k per unit time hM(k) and 
for the recoverable items of product k per unit time hR(k). 
The holding costs incur per unit, whereas the setup costs 
incur whenever the production quantity is greater than zero.

In each time period it is necessary to decide to produce 
or not to produce the items. Thus zM(k, t) and zR(k, t) 
shows the binary decision variable denoting the initiation 
of the  manufacturing and remanufacturing lot of product 
k in period t.

The number of manufactured items xM (k, t) and 
number of remanufactured items xR (k, t) of product k in 
period t shows lot sizes.

Setup costs of product k for manufacturing kM (k) and 
remanufacturing kR (k) shows the costs for setting of the 
the production lines. Also among the notations we need 
to set the production cost of product k per unit pM (k) and 
remanufacturing cost of product k per unit pR (k). 

YM (k, t) and yR (k, t) shows respectively the inventory 
level of serviceable and remanufacturable items of product 
k in period t. A sufficiently large number M is noted for 
its technical use. These notations give us opportunity to 
introduce mathematical formulation.

Mathematical formulation is borrowed from Sifal-
erasand and Konstantaras [5]. As it has been already said, 
the objective of solving lot-sizing problem is to build 
operations of manufacturing and remanufacturing and 
to figure out how many units the manufacturer need to 
produce in order to minimize the total costs for all items 
and during all the periods. 

The mathematical model (1) represents minimizing 
Z-value as sum of the total costs for holding items, both 
manufactured and remanufactured (row 1), costs to produce 
and re-produce the items (row 2) and the set up costs (row 3). 

min Z = �
K

k = 1

��hR(k)yR(k, t) + hM�k�xM�k, t�� +
T

t = 1

+ �
K

k = 1
��pR�k�xR�k, t�+pM�k�xM�k, t�� +

T

t = 1

+ �
K

k = 1
� (kR(k)zR(k, t) + kM(k)zM(k, t))

T

t = 1
.



178

Дискуссии
discussions

Актуальные проблемы экономики и права. 2020. Т. 14, № 1
Actual problems of economics and law, 2020, vol. 14, No. 1

ISSN 1993-047Х (Print) / ISSN 2410-0390 (Online)

Полякова И. Ю. Эвристика снижения чередующихся окрестностей для задачи определения величины разнородной партии в случае повторного производства
Poliakova I. Yu. A variable neighborhood descent heuristic for a multi-item lot-sizing problem with remanufacturing

min Z = �
K

k = 1

��hR(k)yR(k, t) + hM�k�xM�k, t�� +
T

t = 1

+ �
K

k = 1
��pR�k�xR�k, t�+pM�k�xM�k, t�� +

T

t = 1

+ �
K

k = 1
� (kR(k)zR(k, t) + kM(k)zM(k, t))

T

t = 1
.

The set up costs depends on the decision to manu-
facture or not and to remanufacture or not, so zR(k, t) 
and zM(k, t) are binary decision variables denoting the 
initiation of a remanufacturing or manufacturing lot (2).

zR(k, t) =

xM(k, t) = 

1, if xR(k, t) > 0  
otherwise

1, if xM(k, t) > 0 
otherwise .             (2)

The constraints defined in Equations (3) are the inven-
tory balance equations, which compute the inventory of 
returns and serviceables, respectively.
yR(k, t) = yR(k, t − 1) + R(k, t) − xR(k, t),
yM (k, t) = yM (k, t − 1) + xR(k, t) + xM (k, t) − D(k, t), 
∀t = 1, 2, ... , T,    ∀k = 1, 2, ... , K.				       (3)

Relations (4) are the adapted valid inequalities for 
the model. Relations (5) ensure that a fixed setup cost 
incurred when remanufacturing or manufacturing takes 
place, respectively. 

yM (k, t) ≥ 
1

t p
s t
+
= +∑ (D(k, s) − M (k, s) (zM (k, s) + zR(k, s))),

∀k, ∀t = 1, ... , T−1, ∀p = 1, ... T−t, 			       (4)

yR(k, t) ≥ 
1

t
s t= -∑  (R(k, s) − M (k, s) zR(k, s)),

∀k, ∀t = 1, ... , T−1, ∀p = 1, ... T−t,

xR(k, t) ≤ MzR(k, t), xM(k, t) ≤ MzM(k, t), 

∀t = 1, 2, ... , T,    ∀k = 1, 2, ... , K.				        (5)

Equations (6) ensure that the inventories are initially 
empty, set the indicator variables and prevent negative 
manufacturing, remanufacturing or inventory.
yR(k, t), yM(k, t), xR(k, t), xM(k, t) ≥ 0,  
zR(k, t), zM(k, t) ∀{0, 1}, 					        (6) 
yR(k, 0) = yM (k, 0) = 0, ∀t = 1, 2, ... , T, ∀k = 1, 2, ..., K.

Basic idea of neighborhood descent

Variable neighborhood search (VNS) is "a metaheuristic 
method for solving a set of combinatorial optimization 

and global optimization problems" [9]. According to this 
method, distant neighborhoods of the current solution 
are explored. The next step includes moves to a new 
one neighborhood until an improvement was made. 
If an improvement was not made, the current solution is 
regarded as an optimal solution. The VNS method applied 
repeatedly to get to local optimum [9]. The goal is to find 
the local minimums in a time-limited environment.

The local search method is applied repeatedly to get 
from solutions in the neighborhood to local optimum. 
VNS was designed for approximating solutions of discrete 
and continuous optimization problems [9].

On the line S, which could be found in the Fig. 2, mark 
1 shows the starting point – our starting solution. After 
having the starting solution, according to VND, the neigh-
borhood descents (marks 2 and 3) should be analyzed and 
the optimal solutions there should be found. Here we can 
see that the value in mark 3 is better than in mark 2, so we 
can move to another neighborhood descent, for example, 
we can move to mark 4. The value in mark 4 seems to be 
worse than in mark 3, so we need to return to mark 3 and 
to explore some neigbourhood descents between marks 
1 and 3 and so on.

The Variable neighborhood search is built up on the 
three following perceptions [10].

Firstly, a local minimum (mark 3) with respect to all 
possible neighboring structures is recognized as a global, 
so that the global extremum (mark 5) from the Fig. 2 does 
not participate in the solution.

Secondly, a local minimum with respect to one neigh-
boring structure is not necessarily a local minimum for 
another neighborhood structure. It means that many dif-
ferent combinations of neighborhoods can be considered, 
and accordingly the final problem solutions will differ 
depending on which way we will move, what neighbor-
hood combinations we will choose.

Thirdly, for many problems, local minimum with re-
spect to one or several neighborhoods are relatively close 
to each other. This means that it would not be a mistake 
to choose ones neighborhood structures and not others.

Introduction of numerical example

In this paper we consider the numerical example of solv-
ing Multy-product Lot-Sizing Problem with Remanufac-
turing under separate manufacturing and remanufacturing 
set up costs. There are separate production lines, one for 

(1)
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manufacturing and one for remanufacturing. In the follow-
ing, the set of two products in three periods is considered. 

Holding costs per unit are 10. Set up costs are 300 
for the both lines: for manufacturing and remanufactur-
ing. The demand value in each period and the number of 
returns could be found in the Table 1.

The objective is to determine the number of remanufac-
tured and manufactured items in each period, in order to 
minimize the sum of set up costs of the manufacturing and 
remanufacturing processes and holding costs for returns 
and serviceables under various operational constraints.

According to the input data for the numerical example, 
we start from σ neighborhood descent for the first product:

σ =
 

1 0 0
0 1 1
 
 
 

.

The first row in vector σ shows decisions for the 
manufacturing production line and the second row shows 
decisions for the remanufacturing line. The columns are 
time-periods (from 1 to 3). Numbers 1 and 0 mean just if 
there is or not production in each period. Vector σ does not 
show the number of units that enterprise should produce.

Table 1
Input data for the numerical example

Таблица 1. Входные данные для численного примера

Input data / 
Входные данные Product 1 / Продукт 1 Product 2 / Продукт 2

Time period /  
Период времени 1 2 3 1 2 3

Demand (t, k) /  
Спрос (t, k) 10 20 30 30 20 40

Returns (t, k) / 
Возвраты(t, k) 5 20 10 20 10 30

Source: compiled by the author. 
Источник: составлено автором.

For starting solution of the numerical example, vec-
tor σ means the decision to manufacture only in the first 
period and to remanufacture only in the second and third 
periods that is shown in the vector σ. Starting solution 
for the Product 1 can be found in the Table 2. Total costs 
for the 3 periods amount to 1 300.

 
Production plans / Производственные планы

To
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l c
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 / 

О
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 за
тр

ат

Fig. 2. Graphic example of neighborhood descent
Source: compiled by the author.

Рис. 2. Графический пример снижения окрестностей
Источник: составлено автором.



180

Дискуссии
discussions

Актуальные проблемы экономики и права. 2020. Т. 14, № 1
Actual problems of economics and law, 2020, vol. 14, No. 1

ISSN 1993-047Х (Print) / ISSN 2410-0390 (Online)

Полякова И. Ю. Эвристика снижения чередующихся окрестностей для задачи определения величины разнородной партии в случае повторного производства
Poliakova I. Yu. A variable neighborhood descent heuristic for a multi-item lot-sizing problem with remanufacturing

Table 2
Starting solution for the Product 1

Таблица  2. Начальное решение для Продукта 1

Period / Период 1 2 3 Σ

Demand (t) / Спрос (t) 10 20 30 60

Return (t) / Возвраты (t) 5 20 10 35

Lots: Q manufacture (t) /  
Партия: производство Q (t) 25 0 0 25

Lots: Q remanufacture (t) / 
Партия: повторное производство Q (t) 0 25 10 35

In the stock (units) /  
На складе (штук) 20 20 0 40

In the stock (rem units) /  
На складе (штук) 5 0 0 5

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs /  
Общие затраты на хранение 200 200 0 400

Set up costs, man /  
Затраты на запуск производства 300 0 0 300

Set up costs, rem /  
Затраты на запуск 2-й линии 0 300 300 600

Total costs / Общие затраты 500 500 300 1 300

Source: compiled by the author.
Источник: составлено автором.

The same we have for the Product 2. Vector σ shows 
that the starting solution regarding the second product 
for enterprise is to manufacture and remanufacture in the 
first period, only to manufacture in the second and only 
to remanufacture in the third period:

σ =
1 1 0
1 0 1
 
 
 

.

Starting solution for the Product 2 is shown in the 
Table 3. According to the outputs and chosen vector σ, the 
enterprise should manufacture 10 and remanufacture 20 
units in the first period. In the second period the number of 
manufactured items is 20. In the third period the enterprise 
should remanufacture 40 units of product 2. Total costs 
for the three periods are 1 300. The fact that the total costs 
for the both products coincided is accidental. 

The second step after getting results of starting solu-
tion is to explore the neighborhoods. 

Table 3
Starting solution for the Product 2

Таблица 3. Начальное решение для Продукта 2

Period / Период 1 2 3 Σ

Demand (t) / Спрос (t) 30 20 40 90

Return (t) / Возвраты (t) 20 10 30 60

Lots: Q manufacture (t) /  
Партия: производство Q (t) 10 20 0 30

Lots: Q remanufacture (t) /  
Партия: повторное производство Q (t) 20 0 40 60

In the stock (units) / На складе (штук) 0 10 0 10

In the stock (rem units) /  
На складе (штук) 0 10 0 10

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs /  
Общие затраты на хранение 0 100 0 100

Set up costs, man /  
Затраты на запуск производства 300 300 0 600

Set up costs, rem /  
Затраты на запуск 2-й линии 300 0 300 600

Total costs / Общие затраты 600 400 300 1 300

Source: compiled by the author.
Источник: составлено автором.

Firstly, we start the VND procedure and repeat it. 
Then asking if we find a better solution, we get 1 or 0 
(1 – yes, 0 – no). After finding a solution that is better 
than the previous one, we set this best solution as start 
for the second iteration. 

Thus, we continue doing iterations and finding the best 
neighbors with best solutions until the improvement in-
dicates zero, i. e. a better solution is not found and this 
means the end of VND procedure. VND heuristics takes 
its advantage of evaluating several solutions at each 
iteration, comparing them and selecting the best among 
them before it goes through all other steps at an iteration. 

In terms of considered example, we limit each iteration 
up to three neighborhoods. Thus, three neighborhoods 
of starting solution are explored. These neighborhoods 
are obtained by shifting the set-up for manufacturing and 
remanufacturing from 1 to 0 and from 0 to 1, respectively. 
Neighborhoods, in the conditions of our example, are struc-
tures that differ from starting solution by only one parameter 
in one of the two production lines. The tree of neighborhood 
structures for the Product 1 can be found in the Fig. 3.
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Fig. 3. Neighborhood descents for the Product 1
Source: compiled by the author.

Рис. 3. Снижение окрестностей для Продукта 1
Источник: составлено автором.

Regarding the first iteration, the optimal solution that 
minimizes total costs in each neighborhood has been 

found. In the Table 4 the lot sizes and inventories in the 
stock in each of three periods are given.

Total costs in neighborhoods are 1 100, 1 250 and 
1 150, respectively. It is obvious that the best from these 
thee solutions is 1 100.

Thus, the best solution from the first iteration, which 

corresponds to vector 
1 0 1
0 1 1
 
 
 

, is selected as starting 

solution for the second iteration, and is indicated by the 
arrows in the Fig. 4. The second poole of solutions is 
introduced in the Table 5. 

According to the new total costs, there is no one 
better solution than the starting one. Therefore, the 
VND solution for the Product 1 shows that the global 
minimum of  total costs achieves while manufacturing 
15  units in the first period, remanufacturing 15 units 
in the second and both manufacturing (10) and remanu-
facturing (20) in the third period. The tree of neighbor-
hood structures within two iterations for the Product 2 
can be found in the Fig. 4.

Table 4
Three solutions in neighborhood descents during first iteration for the Product 1

Таблица 4. Три решения при снижении окрестностей в первой итерации для Продукта 1

t
Neighborhood № 1 / Окрестность № 1 Neighborhood № 2 / Окрестность № 2 Neighborhood № 3 / Окрестность № 3

1 2 3 Σ 1 2 3 Σ 1 2 3 Σ

Demand (t) / Спрос (t) 10 20 30 60 10 20 30 60 10 20 30 60

Return (t) / Возвраты (t) 5 20 10 35 5 20 10 35 5 20 10 35

Lots: Q manufacture (t) / Партия: 
производство Q (t) 15 0 10 25 30 0 0 30 30 0 0 30

Lots: Q remanufacture (t) / Партия: 
повторное производство Q (t) 0 15 20 35 0 25 0 25 0 0 30 30

In the stock (units) / На складе (штук) 10 10 0 20 25 30 10 65 25 25 5 55

In the stock (rem units) / На складе 
(штук) 5 10 0 15 5 25 10 40 5 25 5 35

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs / Общие затраты 
на хранение 100 100 0 200 250 300 100 650 250 250 50 550

Set up costs, man / Затраты на запуск 
производства 300 0 0 300 300 0 0 300 300 0 0 300

Set up costs, rem / Затраты на запуск 
повторного производства 0 300 300 600 0 300 0 300 0 0 300 300

Total costs / Общие затраты 400 400 300 1 100 550 600 100 1 250 550 250 350 1 150

Source: compiled by the author.
Источник: составлено автором.
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Fig. 4. Neighborhood descents for the Product 2
Source: compiled by the author.

Рис. 4. Снижение окрестностей для Продукта 2
Источник: составлено автором.

During the second iteration the better solution in the 
second neighborhood was found. The total costs in this 
solution amount to 1 200 (Table 6). Taking the solution of 

neighborhood  
1 0 0
1 0 1
 
 
 

 as a new starting point we move 

to the second iteration of VND heuristics.
The Table 7 indicates that we should finish our VND 

method and get back to starting solution of the second 
iteration because of absence of better solution comparing 

with starting one. The global minimum accounts for the fol-

lowing neighborhood 1 0 0
1 0 1
 
 
 

, where total costs are 1 200. 

The strategy implies manufacturing and remanufac-
turing in the first period, 30 and 20, respectively, no pro-
duction in the second period and then remanufacturing 
40 units in the third period.

Table 5
 Three solutions in neighborhoods during second iteration for the Product 1

Таблица 5. Три решения при снижении окрестностей во второй итерации для Продукта 1

t
Neighborhood № 1 / Окрестность № 1 Neighborhood № 2 / Окрестность № 2 Neighborhood № 3 / Окрестность № 3

1 2 3 Σ 1 2 3 Σ 1 2 3 Σ

Demand (t) / Спрос (t) 10 20 30 60 10 20 30 60 10 20 30 60

Return (t) / Возвраты (t) 5 20 10 35 5 20 10 35 5 20 10 35

Lots: Q manufacture (t) / Партия: 
производство Q (t) 5 0 30 35 5 0 20 25 30 0 5 35

Lots: Q remanufacture (t) / Партия: 
повторное производство Q (t) 5 20 0 25 5 20 10 35 0 0 5 5

In the stock (units) / На складе (штук) 0 0 10 10 0 0 0 0 25 25 10 60

In the stock (rem units) / На складе 
(штук) 0 0 10 10 0 0 0 0 5 25 5 35

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs / Общие затраты 
на хранение 0 0 100 100 0 0 0 0 250 250 100 600

Set up costs, man / Затраты на запуск 
производства 300 0 300 600 300 0 300 600 300 0 300 600

Set up costs, rem / Затраты на запуск 
2-й линии 300 300 0 600 300 300 300 900 0 0 300 300

TOTAL COSTS / Общие затраты 600 300 400 1 300 600 300 600 1 500 550 250 700 1 500

Source: compiled by the author.
Источник: составлено автором.



183

Дискуссии
discussions

Актуальные проблемы экономики и права. 2020. Т. 14, № 1
Actual problems of economics and law, 2020, vol. 14, No. 1

ISSN 1993-047Х (Print) / ISSN 2410-0390 (Online)

Полякова И. Ю. Эвристика снижения чередующихся окрестностей для задачи определения величины разнородной партии в случае повторного производства
Poliakova I. Yu. A variable neighborhood descent heuristic for a multi-item lot-sizing problem with remanufacturing

The results of the research

In this research, the multy-product lot-sizing problem 
with returns has been studied. And to solve this problem, 
the VND heuristic method has been applied. In the first 
part of the work the basic ideas of neighborhood descent 
and closed-loop were revealed. 

VND heuristic method explores small neighborhoods 
until a local optimum is encountered. VND is not a trajectory 
following method (as Simulated Annealing or Tabu Search) 
and does not specify forbidden moves. While the basic VND 
heuristic method is clearly useful for approximate solution 
of many combinatorial and global optimization problems, 
it remains difficult or long to solve very large instances. 
Often, the size of problems considered is limited in practice 
by the tools available to solve them more than by the needs 
of potential users of these tools. Therefore, improvements 
appear to be highly desirable. Moreover, when heuristics 

are applied to large instances, the strengths and weaknesses 
become clearly apparent. Three improvements of the basic 
VNS for solving large instances are now considered.

Then we introduced the literature review on Lot-Sizing 
Problem with Remanufacturing and explored differ-
ent views on this problem in the scientific society. We 
presented the model formulation and model assumption 
for the further introducing of numerical example. The 
example was given for the two products in three periods 
with applied neighborhood descent heuristic techniques. 
The example provides some mathematic calculations, 
computed in Microsoft Excel.

Using the variable neighborhood descents for solving 
multi-product dynamic lot-sizing problem with remanu-
facturing activities showed the solutions for producing 
two products. Minimum total costs for both products 
amount to 2 300. Both obtained best solutions were in 
the pool of neighborhoods of the first iteration.

Table 6
Three solutions in neighborhood descents during first iteration for the Product 2

Таблица 6. Три решения при снижении окрестностей в первой итерации для Продукта 2

t
Neighborhood № 1 / Окрестность № 1 Neighborhood № 2 / Окрестность № 2 Neighborhood № 3 / Окрестность № 3

1 2 3 Σ 1 2 3 Σ 1 2 3 Σ

Demand (t) / Спрос (t) 30 20 40 90 30 20 40 90 30 20 40 90

Return (t) / Возвраты (t) 20 10 30 60 20 10 30 60 20 10 30 60

Lots: Q manufacture (t) / Партия: 
производствоQ (t) 30 20 0 50 30 0 0 30 30 60 0 90

Lots: Q remanufacture (t) / Партия: 
повторное производство Q (t) 0 0 60 60 20 0 40 60 20 0 0 20

In the stock (units) / На складе (штук) 20 30 20 70 20 10 0 30 20 50 40 110

In the stock (rem units) / На складе 
(штук) 20 30 20 70 20 10 0 30 20 50 30 100

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs / Общие затраты 
на хранение 200 300 200 700 200 100 0 300 200 500 400 1100

Set up costs, man / Затраты на запуск 
производства 300 300 0 600 300 0 0 300 300 300 0 600

Set up costs, rem / Затраты на запуск 
2-й линии 0 0 300 300 300 0 300 600 300 0 0 300

Total costs / Общие затраты 500 600 500 1 600 800 100 300 1 200 800 800 400 2 000

Source: compiled by the author.
Источник: составлено автором.
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Conclusion

The method has a wide usage in industrial field, espe-
cially in heavy industry and in pulp and paper industry. 
Proper formulation of the problem and correct method 
application would help to optimize manufacturing process 
in a short time, saving rather large funds for setting ups 
and inventory storing. Many companies are very inter-
ested in this kind of process optimisations and need to be 
connected with the scientific society to solve lot-sizing 
problems and grow up their business.

Regarding further research directions, it would be 
interesting to expand the planning horizon from three 
periods that seems to be unrealistic in practice to 52–
360 periods. The second thing that could be improved 
in the model is increasing of the considered products 
number. Also it would be interesting to consider in the 
algorithm the possibility of changing input parameters. 
For example, expenses for starting a production line 
or the cost of a unit storing can differ from one period 
to another.

Table 7
Three solutions in neighborhoods during second iteration for the Product 2

Таблица 7. Три решения при снижении окрестностей во второй итерации для Продукта 2

t
Neighborhood № 1 / Окрестность № 1 Neighborhood № 2 / Окрестность № 2 Neighborhood № 3 / Окрестность № 3

1 2 3 Σ 1 2 3 Σ 1 2 3 Σ

Demand (t) / Спрос (t) 30 20 40 90 30 20 40 90 30 20 40 90

Return (t) / Возвраты (t) 20 10 30 60 20 10 30 60 20 10 30 60

Lots: Q manufacture (t) / Партия: 
производство Q (t) 50 0 0 50 30 0 0 30 30 0 10 40

Lots: Q remanufacture (t) / Партия: 
повторное производство Q (t) 0 0 40 40 20 10 30 60 20 0 30 50

In the stock (units) / На складе (штук) 40 30 20 90 20 10 0 30 20 10 10 40

In the stock (rem units) / На складе 
(штук) 20 30 20 70 20 10 0 30 20 10 0 30

Satisfy demand / Спрос удовлетворен Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да Yes / Да

Total holding costs / Общие затраты 
на хранение 400 300 200 900 200 100 0 300 200 100 100 400

Set up costs, man / Затраты на запуск 
производства 300 0 0 300 300 0 0 300 300 0 300 600

Set up costs, rem / Затраты на запуск 
2-й линии 0 0 300 300 300 300 300 900 300 0 300 600

Total costs / Общие затраты 700 300 500 1 500 800 400 300 1 500 800 100 700 1 600

Source: compiled by the author.
Источник: составлено автором.
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