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Abstract - The paper describes a real application of mathematical optimization models in a large Czech company 
distributing iron goods. The problem consists in the optimization of cutting patterns of iron beams. The company buys the 
beams of given shape from iron and steel works and they are delivered always in given sizes. The consumers have their 
specific demand on the beam sizes. The problem is to optimize cutting of source beams into consumer’s sizes. This 
formulation is a standard integer linear programming problem. In our application it was necessary to modify the standard 
formulation with respect to several additional requirements of the company. A decision support system for processing of 
beams in company stocks is proposed. The system was built in MS Excel environment as the add-in application. The system 
makes it possible to generate cutting patterns according to the consumer’s order and to optimize the cutting process. The 
model was written in LINGO modeling language and we use built-in LINGO solver for solving the optimization problem. 
The model was verified in the company and now it is being applied and incorporated into the company business system. 
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I. INTRODUCTION 
 
Cutting stock problem belongs to one of the typical 
integer programming problems with variety of 
potential applications. Cutting stock problems were 
deeply studied by Gilmore and Gomory (1961) and 
(1963). Since their pioneering works many other 
publications have appeared dealing with theory 
and/or practice of cutting stock problems. Cutting 
stock problems can be classified in several ways. The 
most important classification is according to the 
dimensions considered in solving the problem. One- 
and two-dimensional problems are the main 
categories of this kind of problems even though one 
can imagine 3D cases also. 
 
Even though the basic formulation of cutting stock 
problem is very old the problem itself is still subject 
of research and its real applications are quite 
numerous. Theoretical research focuses mainly on 
two-dimensional cutting stock problem which is 
much more complicated with respect to its solution. 
(Cintra et al., 2008) presents a column generation 
algorithm for two-dimensional cutting stock problem. 
(Chen, Y., 2008) presents a recursive algorithm for 
constrained two-dimensional guillotine cutting 
problems of rectangular items. A nice review of 
cutting stock problems and solution procedures for 
this kind of problems is given in (Haessler and 
Sweeney, 1991).A heuristic procedure based on 
simulated annealing for solving two-dimensional 
problem is introduced in (Faina, 1999). A new 
heuristic algorithm and an original software for one-
dimensional cutting stock problem is presented in 
(Berberler et al., 2011).Except these mostly 
theoretical papers it is possible find numerous 
applications of on- or two-dimensional cutting stock 
problems. This paper deals with one of them. 

 
 
This article describes a real application of 
mathematical optimization models in a large Czech 
company distributing iron goods. The problem 
consists in optimization of cutting program of iron 
beams. The company buys the beams of given 
thickness from iron and steel works and they are 
delivered always in given sizes (12, 18 or 24 meters). 
The consumers have their specific demands on the 
beam sizes. The problem is to optimize cutting of 
source beams into consumer’s sizes. This formulation 
is a standard integer linear programming problem. In 
the application it was necessary to modify the 
standard formulation with respect to several 
additional requirements of the company. The most 
important among them consists in the following. 
After cutting of the source beams there are (almost) 
always some remaining parts. The rest shorter than a 
specified size is waste whereas the rest longer than 
this size can be used in further processing (so called 
usable rests/parts). The limit size for beams of higher 
thickness is 3 or even 4 meters. The company does 
not prefer to have too many usable rests on stock due 
to the stock processing limits. The objective of the 
cutting problem is usually minimization of waste. In 
our problem this objective is hardly possible to apply 
because its minimization leads usually to very big 
number of not-preferred usable rests. Another 
possibility is to formulate the objective as the 
minimization of the number of source beams cut 
within given order. This objective leads to higher 
waste than the previous one. Our model tries to find a 
compromise solution between two mentioned 
possibilities. We prepared a decision support system 
for processing of beams in company stocks. The 
system was created in MS Excel environment as the 
add-in application. The system makes it possible to 
generate cutting patterns according to the consumer’s 
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demands and to optimize the cutting program. The 
model was written in LINGO modeling language and 
uses built-in LINGO solver for optimization.  
 
The next section of the paper presents in detail the 
economic and mathematical formulation of the 
problem including the discussion about the possible 
objectives. Section 3 describes computer imple-
mentation of the model in MS Excel environment. 
The last part of the paper presents the results of a test 
example and discusses the current usage of the 
system. 

 
II. FORMULATION OF THE PROBLEM 
 
Let us suppose that a consumer has demand on the 
specific iron beam of m different sizes within his/her 
order. The orders of several consumers can be 
merged and so, the demand in pieces for each size 
can be denoted by bi, i = 1, 2, ..., m. The demand can 
be satisfied by cutting of source beams of s different 
sizes. The source beams are usually of standard sizes 
(12, 18 or 24 meters) depending on current steel 
works practice. Nevertheless, among the source 
beams there can be usable parts originating from 
previous cutting programs. The number of available 
beams is ci, i = 1, 2, ..., s - the number of source 
beams of standard sizes can be unlimited, the number 
of usable rests of given size is very small (usually one 
or two only).  
 
The source beams can be cut according to generated 
patterns. Let n is the total number of patterns for all 
source beams. Let us denote the set of patterns for the 
k-th source size,k = 1, 2,..., s, as Jk , J1J2 ... Js = 
{1, 2, ..., n}. The individual patterns are described by 
columns of the matrix A. Their elements aij, i = 1, 2, 
..., m, j = 1, 2, ..., n, express the number of the beams 
of the size iobtained by one application of the pattern 
j. Except this, each pattern is characterised by the rest 
ri, i = 1, 2, ..., n, given by cutting according to this 
pattern. The total number of requested beams given 
by cutting program qi,  i = 1, 2, ..., m, can be 
expressed as  j jij xa , where xj , j = 1, 2,..., n is the 

frequency of using the pattern j.  
In the process of cutting and preparing the order the 
company usually works with two limit values ( and 
) for the remaining parts given by cutting patterns. 
According to these two limits the patterns can be 
divided into three disjunctive sets P1P2P3 = {1, 2, 
..., n}: 
1. P1 is the set of patterns with the remaining parts 

lower or equal to the limit value  - these parts 
are taken as waste and cannot be used in further 
processing. The company prefers using the 
patterns of the set P1 because of the low waste. 
In addition the application of patterns of this set 

does not fill up the stock by usable parts (as in 
the case of patterns of the set P3). 

2. P2 is the set of patterns with the rests greater 
than  and lower or equal to the limit value . 
The usage of the patterns of this set in the 
cutting program is almost prohibited because the 
rests greater than  and lower than  are too big 
(and expensive) to be a waste, and they cannot 
be sold in the future because they are too short, 
i.e. lower than . 

3. P3 is the set of patterns with the rests greater 
than the limit value . These so called usable 
rests can be sold within future orders. That is 
why they are not waste. Nevertheless, the usable 
rests fill up the stock. Their higher number in 
the stock is not desirable because of the possible 
processing problems.   

 
The mathematical model of the described cutting 
stock problem can be formulated as follows: 
Minimisez = f(x),  (2.1) 
subject to 
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 xj 0, xj – integer. (2.6) 
 
where the formulation of the objective function (2.1) 
is discussed further because it is not exactly clear 
which objective is the best for optimization in order 
to satisfy all the company’s expectations. The 
constraints (2.2) ensure receiving the appropriate 
number of pieces of all sizes of beams within the 
order. The constraints (2.3) compute the total number 
of requested sizes of beams given by cutting program. 
The constraint (2.4) ensures that the difference 
between the total number of beams given by cutting 
program and the requested number of beams is lower 
than specified parameter . The parameter  is set by 
decision maker usually tozero, one or another a very 
small integer. The excessive beams can be taken as 
usable rests for future processing. The constraints 
(2.5) are upper bounds for the number of usable rests 
and source beams available for building of the cutting 
program. (2.6) are non-negativity and integer 
constraints. 
 
The objective function (2.1) of the above model will 
be always minimised but it can be formulated in 
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several ways. The main possible formulations are the 
following: 
1. Minimisation of the totalwaste (except the waste 

given by patterns of the set P2). This objective 
can be written as follows: 
z = ,

321





Pj

jj
Pj

j
Pj

jj xrMxxr (2.7) 

where M is a sufficiently big value. The 
minimisation of the sum of waste is the most 
often used objective in cutting stock problems. 
In our formulation it is questionable whether to 
include the rests of patterns of the set P3 into the 
function but the modification of this objective 
(discussed below) leads to the best results in our 
experiments and it is used in the decision 
support system accepted by the 
company’sauthorities.  

2. Minimisation of the total waste, i.e. the rests of 
patterns of the set P1.   
z = 




21 Pj

j
Pj

jj Mxxr  (2.8) 

This objective gives unacceptable results. The 
losses are very low but on the contrary it is often 
paid by very high number of cut source beams 
and especially by very high number of usable 
rests and it is unacceptable. 

3. Minimisation of the number of source beams 
used in the cutting program.   
z = ,

321





Pj

j
Pj

j
Pj

j xMxx (2.9) 

This objective often leads to worse results than 
the objective (2.7). The sum of losses can be 
lower here comparing to previous results but the 
number of generated undesirable usable rests 
can be often very high.  

 
After numerical experiments and consultations with 
company experts we decided to use the modified 
objective function (2.7)in the system. The 
modification consists in a possible penalisation of the 
usable rests available for the prepared cutting 
program. The company prefers higher waste by 
cutting usable rests in order to lower their number on 
the stock. We suppose that rests given by cutting of 
usable rests are always lower than level , i.e. their 
patterns belong to the set P1 or P2. That is why the set 
P1 can be divided into two disjunctive subsets P11 
(patterns corresponding to source beams) and P12 
(patterns corresponding to usable rests). Then, the 
coefficients of the objective function (2.7) rj,  jP1 
can be replaced by modified values hj as follows: 

hj =  rj ,  jP11 , 
hj =  rj,  jP12 , 

 
where  is a constant given by decision maker. In this 
way the patterns corresponding to the usable rests are 
preferred to the ones corresponding to source beams. 

The final objective function of our model looks as 
follows: 
z = ,

321





Pj

jj
Pj

j
Pj

jj xrMxxh  (2.10) 

 
III. RESULTS 
 
The model (2.1) - (2.6) is an integer linear 
programming problem with the number of integer 
variables corresponding to the number of cutting 
patterns - it can be several hundreds or even more 
than one thousand. The number of constraints is not 
very high - usually several tens. The problem of this 
size and the given structure can be successfully 
solved by professional linear programming solvers as 
CPLEX, GUROBI, XPRESS, LINDO or others.  
Due to the availability of standard software products 
in the firm we designed the system for optimization 
of cutting program within MS Excel. It was 
convenient because of all the input data as the 
number and lengths of usable rests and the number of 
source beams can be taken directly from the company 
stock information system to MS Excel sheets. The 
same holds for the demand of customers. According 
to the input information the system generates cutting 
patterns by means of the procedure written in VBA 
within MS Excel (first item of the pull-down menu on 
(Figure 1). The MS Excel environment is very 
suitable for almost all the users because it is well 
known and user-friendly for them. The presentation 
of results and their transfer to connecting applications 
is very simple. 

 

 
Fig.1. Cutting program optimization: MS Excel environment 

 
In the first experiments we have tried to optimize 
cutting patterns by means of the built-in Excel solver. 
The experience with this solver show that the solution 
of integer problems even for a small number of 
integer variables is unacceptable time-consuming. 
That is why we decided to work with the external 
professional solver included in the LINGO modelling 
language. More details about this systems can be 
found in (Schrage, 2003). LINGO belongs among 
modelling support systems. This kind of software 
contains a special modelling language that makes it 
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possible to write a mathematical model of a problem 
in a very close way to its standard mathematical 
formulation. The decision maker can also prepare 
general models by means of this language. LINGO 
contains linear, integer and non-linear solver which 
makes it possible to work with a variety of models 
from different operational research fields. It is 
suitable for solving linear and non-linear 
programming problems, multiple criteria decision 
making problems, inventory management problems, 
queuing problems, etc. LINGO is available in several 
versions differing by the size of problems that can be 
solved. Due to the firm’s expectations about the 
maximum number of patterns it was decided to order 
the second largest version that enables to solve 
problems with up to 4000 variables. The LINGO 
modelling system (as other systems of this category) 
has several advantages that enable its using in real 
applications. The most important for our purposes are 
the following: 
 The model written in LINGO is general - it can 

be simply linked with the data sets taken from 
other applications (spreadsheet, text file, 
database) and then solved. 

 LINGO can operate as an external optimisation 
solver of MS Excel (or other applications). It is 
possible to write a simple procedure that reads a 
general model and modify it, link it with 
prepared data set, start an optimisation run and 
then to export the results to an Excel sheet for 
further processing. In our application it is 
realised by the second item of the menu on 
Figure 1. 

 The properties of the LINGO integer solver are 
much better comparing to the built-in MS Excel 
solver. It enables to solve our cutting stock 
problems of the size up to 2000 patterns in 
several seconds. 

 
The third item of the menu (Parameters) enables to 
decision makers to specify parameters for 
optimization  - limit values  and , value  for the 
penalization of losses, tolerance constant  used in 
constraint (2.4) and the time limit for the optimization 
(if the optimal solution is not found within the 
specified time limit the current best integer solution is 
proposed). 
 
The results of the model are further illustrated on a 
real example. The company has available an 
unlimited number of source beams of 12, 18 and 24 
lengths. Except this it has two usable rests 5 m long 
and four rests 6.2 m long. The order of customers 
consists of 47 pieces of 10 different sizes – their total 
length is more than 318 m (see Figure 1). The total 
number of patterns for all three source beams is 547 
here. Thus, the total number of integer variables of 
the model is 553 (547 plus 6 variables for usable 
rests). In the following list we show the results of the 

models differing by used objective function and some 
of the parameters. 
1. Optimisation of the total waste – objective 

function (2.7) or (2.10) with  = 0. 
The results are given on Figure 1. One usable 
rest and together 14 source beams are cut (two 
of them 12 m long, one 18 m and eleven 24 m 
long). The total rest is 4.45 m, i.e. approx. 
1.4 %of the total order length. All the used 
patterns are of the set P1, i.e. all the rests are 
further unusable. In the optimal program only 
one of the six usable rests is used.   

2. Optimisation of the sum of cut beams.  
The minimum number of cut beams in our 
example is 14 (all of them are 24 m long), i.e. 
one less than in the previous case. However, the 
total rest is much higher here – more than 17 
meters with more than 12 meters of four usable 
rests. The patterns used are of the sets P1 and P3 
only. 

3. Optimisation of the total waste - objective 
function (2.8). 
This optimization leads to the zero waste but it 
is paid by very high number of cut beams, 22 in 
our example. That is why the total rest 
(including usable parts) is very high. All the 
computed patterns are of the set P3. 

 
The most acceptable result is offered by the first 
model. The total losses are slightly more than 1% of 
the total order and the total number of beams cut is 
low. 
 
CONCLUSIONS 
 
The presented application was verified and accepted 
during the preliminary experiments by the responsible 
managers of the company. Now it is used in daily 
practice in the company’s stocks. The mathematical 
model of the problem is simple and belongs to 
standard integer programming problems but it shows 
that even very simple optimization models can find 
its real use and can help to improve the analyzed 
system. This conclusion is very important, e.g. with 
respect to the presentation of real results of 
operational research models to students during 
introductory courses. 
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