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Abstract. We present an approach to the cell formation problem,
known from group technology, which is inspired by formal concept analysis. The cell formation problem consists in allocating parts (objects)
to machines (attributes), based on the machine-part matrix. This can
be viewed as forming groups consisting of a set of parts and a set of
machines. Such groups resemble formal concepts in the input data. Due
to the speciﬁc nature of the performance assessment in the cell formation problem, good groups can be thought of as rectangles which, unlike
those corresponding to formal concepts, contain a few blanks, i.e. which
are not full of crosses in terms of formal concept analysis. Moreover,
such groups need to be disjoint both in terms of objects and attributes.
In this paper, we present an algorithm for the cell formation problem,
experimental results, and a comparison to some methods proposed in the
literature.

1

Introduction

Group technology (GT) is an approach to manufacturing management which
capitalizes on grouping of products with similar manufacturing characteristics.
Conceived originally in the 1940s in the Soviet Union, it has since been developed
and used in numerous countries [10,15]. There are several beneﬁts from applying
GT and they are discussed in e.g. [3,15,18].
One particular application of GT is cellular manufacturing (CM) [2,12,18].
CM involves grouping of machines or processes into manufacturing cells and
operation of manufacturing cells. Such grouping is based on parts or part families processed by the machines. This makes CM diﬀerent from a traditional
jobshop environment in which machines are grouped according to their functional similarities [8]. The companies surveyed in [17] reported several beneﬁts
from implementing CM, including setup time reduction, material handling cost
reduction, equipment cost and labor cost reduction, improvement in quality, improvement in material ﬂow, machine and space utilization, and improvement in
employee morale.
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One of the ﬁrst problems encountered in implementing CM is the cell formation (CF) problem which consists in grouping of machines into cells, grouping of
parts into families, and assignment of the part families to machine cells, so that
machine utilization is high and inter-cellular movement is low. Several other constraints need often be considered, such as safety and technological requirements
regarding the location of machines, maximum size of cells and maximum number of cells speciﬁed by a user, requirements regarding the capacity of machines,
or the need for designing ﬂexible cells, but the principal concern is machine
utilization and inter-cellular movement [8,9,18].
Several approaches to the CF problem were proposed in the literature.
[2,18,12,9,16] provide overviews of these approaches. [13] identiﬁes numerous approaches and classiﬁes them according to their methodology into the following
classes:
– descriptive procedures (they include informal methods based on rules of
thumb or visual inspection, as well as formal methods based on part coding
and classiﬁcation),
– methods based on cluster analysis (both hierarchical and non-hierarchical
clustering algorithms are utilized in these methods),
– methods based on graph partitioning,
– methods based on artiﬁcial intelligence techniques (a variety of techniques
underlies these approaches, such as rule-based knowledge systems, pattern
recognition, and artiﬁcial neural networks),
– methods based on mathematical programming (particularly, linear and
quadratic programming, and dynamic programming).
The evaluations available in the literature, see e.g. [10,13] suggest that there
is no clear winner among the proposed approaches to the CF problem, as the
approaches perform diﬀerently on diﬀerent types of datasets.
In this paper, we present a novel approach to the CF problem. The approach
is inspired by formal concept analysis (FCA) [5,7]. FCA identiﬁes particular
clusters, called formal concepts, in the input data which consists of objects, attributes, and an incidence relation between them. The main idea of our approach
consists in linking the conceptual framework of CF to the notions of FCA in a
way in which parts correspond to objects, machines correspond to attributes,
and the part-machine relationship, indicating which parts need to be processed
on which machines, is represented by the incidence relation. Doing so, the formal
concepts in the input data obtained using such link can naturally be interpreted
as cells whose machines correspond to the attributes of the concept intent and
whose parts correspond to the object of the concept extent. In terms of CF, the
original methods of FCA can recognize only cells with full machine utilization
and allow for overlapping cells. In order to ﬁt the requirements of CF, we thus
modify the notions of FCA and develop an algorithm that extracts a set of formal
concepts from the part-machine data which can be interpreted as a set of cells
provided as a solution to the CF problem. We demonstrate by comparison to
other methods described in the literature on several benchmark datasets that our
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algorithm performs well both in terms of machine utilization and inter-cellular
movement.
The paper is organized as follows. In Section 2.1, we deﬁne the cell formation
problem. Section 2.2 reviews basic notions from formal concept analysis and
links them to the conceptual framework of cell formation. Our method for cell
formation based on formal concept analysis is presented in Section 3. Section 4
presents an experimental evaluation of the proposed method including a comparison to other methods proposed in the literature. Section 5 contains conclusions
and directions for future research.

2
2.1

Cell Formation Problem and Formal Concept Analysis
Cell Formation Problem

Let
X = {M1 , . . . , Mn }
be a set of machines,
Y = {P1 , . . . , Pm }
be a set of parts,
I ⊆X ×Y
be a machine-part incidence relation with the following interpretation:
M, P  ∈ I

part P needs to be processed on machine M .

iff

The triplet X, Y, I can be depicted by a table in which rows correspond to
machines, columns correspond to parts, and a table entry is black or white
depending on whether M, P  ∈ I or M, P  ∈ I. Such table is called a partmachine matrix in the cell formation problem.
A cell in X, Y, I is a pair A, B of a set A ⊆ X of machines and a set B ⊆ Y
of parts. The cell formation problem (CF problem) can be described as follows.
Definition 1. A solution to the CF problem is a set
S = {A1 , B1 , . . . , Ak , Bk }

(1)

of cells for which
1. {A1 , . . . , Ak } forms a partition of the set X of machines,
2. {B1 , . . . , Bk } forms a partition of the set Y of parts.
That is, (1) is a solution if
1. for each l = 1, . . . , k: Al = ∅ and Bl = ∅,
2. for i, j = 1, . . . , k, i = j: Ai ∩ Aj = ∅ and Bi ∩ Bj = ∅,
3. A1 ∪ · · · ∪ Ak = X and B1 ∪ · · · ∪ Bk = Y .
Given X, Y, I, the following two objectives need to be achieved by any solution S which is considered to be a “good solution”:
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1. high machine utilization within cells, which means that for each cell Al ,Bl  ∈
S, the number of machine-part pairs Mi , Pj  in this cell (i.e. pairs Mi , Pj  ∈
Al × Bl ) for which Pj needs to be processed on Mi (i.e. Mi , Pj  ∈ I) is
(relatively) high;
2. low percentage of exceptional elements, which means that the number of pairs
Mi , Pj  ∈ I for which Mi belongs to a diﬀerent cell than Pj (i.e. for each
l = 1, . . . , k: Mi , Pj  ∈ Al × Bl ) is (relatively) low.
Evaluations of goodness of a solution are usually based on some variants of
the following functions.
Definition 2. Given a part-machine matrix represented by X, Y, I and a solution (1), we define
1. the machine utilization M U (S) of S by
M U (S) =

k
1  |(Al × Bl ) ∩ I|
,
k
|Al | · |Bl |

(2)

l=1

2. the percentage of exceptional elements P E(S) of S by

|I − kl=1 Al × Bl |
P E(S) =
.
(3)
m·n
Given a weight w ∈ [0, 1], the grouping eﬃciency GE(S, w) of S is defined by
GE(S, w) = w · M U (S) − (1 − w) · P E(S).
Instead of (3), one sometimes uses
P E(S) =

|I −

k

m·n−

l=1

k

Al × Bl |

l=1

|Al | · |Bl |

.

(4)

(5)

Note that M U (S) is the average machine utilization per cell, given that a machine utilization of a cell is the percentage of entries in a cell which are black.
P E(S) given by (3) is the percentage of black entries in the collection of entries
which do not belong to any cell.
2.2

Formal Concept Analysis

We refer to [7] and [5] for information on formal concept analysis (FCA). We
denote a formal context by X, Y, I, i.e. I ⊆ X × Y (object-attribute data
table, objects x ∈ X, attributes y ∈ Y ); the concept-forming operators by ↑
and ↓ , i.e. for A ⊆ X, A↑ = {y ∈ Y | for each x ∈ A : x, y ∈ I} and dually
for ↓ ; a concept lattice of X, Y, I by B(X, Y, I), i.e. B(X, Y, I) = {A, B ∈
2X × 2Y | A↑ = B, B ↓ = A}.

3

Proposed Method

This section describes our approach to ﬁnd a solution of a given cell-formation
problem which meets certain quality criteria. The criteria are formulated using
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suitable measures. The basic idea of our approach can be summarized as follows:
(1) Deﬁne a function f which measures quality of a cell in a given context; (2)
take a formal context I ⊆ X × Y representing the part-machine relationship; (3)
take sets A ⊆ X and B ⊆ Y which maximize f ; (4) output A, B and repeat
step (3) until all objects and attributes are covered. Thus, we follow a greedy
approach utilizing the measure f .
The greedy approach sketched above may end up in a situation where all
machines (parts) are covered by the discovered cells and some of the parts (machines) are not. In such a case, we are not able to form a solution from the
discovered cells because one of the conditions 1. and 2. of Deﬁnition 1 is not
satisﬁed. We therefore relax the notion of a solution as follows.
Definition 3. A cell A, B where exactly one of the sets A and B is empty is
called a degenerate cell. An admissible solution to the CF problem is any
set S = {A1 , B1 , . . . , Ak , Bk } of cells such that
1. S contains at most one degenerate cell,
2. for i, j = 1, . . . , k, i = j: Ai ∩ Aj = ∅ and Bi ∩ Bj = ∅, and
3. A1 ∪ · · · ∪ Ak = X and B1 ∪ · · · ∪ Bk = Y .
The algorithm can be formalized as follows:
FindCells(I, f )
1 U ← X; V ← Y ; C ← ∅
2 while U = ∅ and V = ∅
3
do A, B ← FindBestCell(I, U, V, f )
4
C ← C ∪ {A, B}; U ← U − A; V ← V − B
5 if U = ∅ or V = ∅
6
then
7
C ← C ∪ {U, V };
8 return C
The algorithm FindCells(I, f ) ﬁrst initializes sets U and V denoting the
remaining objects and attributes which can be used to form cells. FindBestCell(I, U, V, f ) at line 3 returns a new cell A, B, i.e. A ⊆ U , B ⊆ V , which
has a high value of f (preferably the highest one) among all possible cells formed
from U and V in I. Obviously, FindBestCell(I, U, V, f ) can be deﬁned in many
ways; some of them will be discussed later. Once a suitable cell A, B is found
by calling FindBestCell(I, U, V, f ), objects from A and attributes from B are
removed from U and V (see line 4) which ensures that the next cell will not
have an overlap with the cells computed in the previous steps. If if-then clause
between lines 5–7 adds to C a degenerate cell U, V  consisting of remanining
machines U and parts V provided that U = ∅ or V = ∅. At the end of the
computation, C contains an admissible solution.
Brute-Force Algorithm. We now focus on FindBestCell(I, U, V, f ) which is the
core of our algorithm. Since FindBestCell is supposed to ﬁnd a cell which, in
the ideal case, maximizes f , the best cell can be obtained by going through all
possible subsets of U and V :
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FindBestCell1 (I, U, V, f )
1 s ← −∞
2 for C ∈ 2U
3
do for D ∈ 2V
4
do if s < f (I, U, V, C, D)
5
then
6
s ← f (I, U, V, C, D); A, B ← C, D
7 return A, B
Needless to say, such an algorithm has an exponential time complexity. However, it can be applied to some of the small real-world problems presented in the
literature.
In what follows we focus on variants of FindBestCell1 which do not go
through the space of all possible subsets of U and V but only through a smaller
portion which contains promising cells (i.e., cells with high values of f ).
Algorithm Using Formal Concepts. The number of cells which are calculated
during a single call of FindBestCell1 (I, U, V, f ) can be reduced if we use formal
concepts as cells. This is based on the idea that any cell A, B which is a formal
concept has a full machine utilization and it is a maximal cell containing A, B
with this property. This is due to the fact that formal concepts in I correspond
to maximal rectangles in I containing black entries only. The corresponding
modiﬁcation of FindBestCell1 can be formalized as follows:
FindBestCell2 (I, U, V, f )
1 s ← −∞
2 for C, D ∈ B(X, Y, I)
3
do C ← C ∩ U ; D ← D ∩ V
4
if s < f (I, U, V, C, D)
5
then
6
s ← f (I, U, V, C, D); A, B ← C, D
7 return A, B
Note that after obtaining a formal concept C, D ∈ B(X, Y, I) at line 2,
the sets C and D are restricted to the objects and attributes from the sets of
remaining objects U and attributes V only. (See line 3.) As we demonstrate in
the next section, in several cases this method can deliver results which are nearly
as good as the results obtained by the brute-force algorithm. In addition to that,
if the best possible solution to the cell-formation problem exists, solution S for
which M U (S) = 1 and P E(S) = 0, it will be always found:
Theorem 1. If the cell-formation problem for I ⊆ X × Y has a solution such
that M U (S) = 1 and P E(S) = 0, this solution can be found by FindCells
combined with FindBestCell2 .
Proof. Let f be a function such that f (I, U, V, C, D) = 1 if (i) (C×D)∩I = C×D
(i.e., if C, D is a rectangle full of black entries) and (ii) ((U −C)×D)∩I = ∅ and
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(C×(V −D))∩I = ∅ (i.e., both (U −C)×D and C×(V −D) are empty rectangles),
and f (I, U, V, C, D) < 1 otherwise. (Such assumptions can be considered natural
requirements for f .) It is easily seen that if M U (S) = 1 and P E(S) = 0,
then for each cell C, D in the solution of the cell-formation problem, we have
f (I, X, Y, C, D) = 1 and C, D needs to be a maximal rectangle. Therefore, the
ﬁrst cell generated by the algorithm is one the cells contained in the solution.
The rest follows directly by induction.
Algorithm Using Dense Rectangles. If the best possible solution does not exist,
i.e., if there is no admissible solution for a cell-formation problem such that
M U (S) = 1 and P E(S) = 0, the method based on formal concepts may not yield
optimal results. Intuitively, there may be interesting cells which have almost full
machine utilization (i.e., M U (S) is close to 1) and low percentage of exceptional
elements. Such cell may be more useful than a cell with full machine utilization
but a higher percentage of exceptional elements.
Therefore, we modify the “cells as concepts” approach to include cells formed
of rectangles almost full of 1’s. We ﬁnd such rectangles by ﬁnding formal concepts
ﬁrst and then adding promising objects and attributes as long as the quality
measure of the particular rectangle increases. This leads to a modiﬁed version
of the algorithm described in the previous paragraph:
FindBestCell3 (I, U, V, f )
1 s ← −∞
2 for E, F  ∈ B(X, Y, I)
3
do E ← E ∩ U ; F ← F ∩ V
4
repeat
5
C ← E; D ← F ; r ← f (I, U, V, C, D)
6
select M ∈ U − C that maximizes f (I, U, V, C ∪ {M }, D)
7
select P ∈ V − D that maximizes f (I, U, V, C, D ∪ {P })
8
if f (I, U, V, C ∪ {M }, D) ≤ f (I, U, V, C, D ∪ {P })
9
then q ← f (I, U, V, C, D ∪ {P }); F ← D ∪ {P };
10
else q ← f (I, U, V, C ∪ {M }, D); E ← C ∪ {M };
11
until q < r
12
if s < f (I, U, V, C, D)
13
then
14
s ← f (I, U, V, C, D); A, B ← C, D
15 return A, B
Compared to the previous algorithm, a new repeat∼until loop is added. The
loop searches for remaining objects and attributes which can be added to the
current rectangle (originally, a formal concept) and which increase (or do not
decrease) the quality measure.
Quality Measures. The quality of solution found by FindCells combined with
any of the variants of FindBestCell depends on our choice of the quality
measure f . For given I, U , V , and A ⊆ U and B ⊆ V , f (I, U, V, A, B) is the
measure of goodness of A, B in I. We consider quality measures which assign
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higher values to better cells. Although the notion of a “better cell” is subjective,
we can agree that in certain situations there are “best cells” with full machine
utilization (in the cell) and no exceptional elements (in the cell).
All the quality measures proposed below use percentages of machine utilization and exceptional elements in a single cell to compute the resulting value of
f . We introduce functions g(I, U, V, A, B) ∈ [0, 1] and h(I, U, V, A, B) ∈ [0, 1] as
follows:
|(A × B) ∩ I|
,
(6)
g(I, U, V, A, B) =
|A| · |B|
h(I, U, V, A, B) = 1 −

|((A × (V − B)) ∪ ((U − A) × B)) ∩ I|
.
|A| · |V − B| + |U − A| · |B|

(7)

Clearly, g(I, U, V, A, B) is the machine utilization of A, B, i.e. the fraction of
black entries in the rectangle A, B. Analogously, h(I, U, V, A, B) is the fraction
of non-exceptional elements, i.e. the fraction of white entries in the rectangles
A, V − B and U − A, B. Obviously, if A, B is a cell with full machine utilization and no exceptional elements then g(I, U, V, A, B) = h(I, U, V, A, B) = 1.
Remark 1. In the rest of this section, we ﬁx I, U, V and simplify the notation: For
brevity, we write just f (A, B), g(A, B), h(A, B), . . . instead of f (I, U, V, A, B),
g(I, U, V, A, B), h(I, U, V, A, B), . . .
We can introduce two families of quality measures which are based on weighted
arithmetic and geometric averages of g(A, B) and h(A, B). Namely, we deﬁne
f1w and f2w as follows:
f1w (A, B) = w · g(A, B) + (1 − w) · h(A, B),
1

f2w (A, B) = g(A, B)w · h(A, B) w .

(8)
(9)

These measures will be used in the next section.

4

Experimental Evaluation

In this section we present examples of solutions to sample cell-formation problems which we identiﬁed in the literature and provide a comparison with other
approaches. First, let us note that qualifying a solution as “good” among admissible solutions is highly subjective. Usually, an expert judgment or additional
knowledge is needed to select the best solution among several ones. Second, despite the computational complexity of the method we propose, the results are
obtained with acceptable response times because the data sets that appear in the
cell-formation problem domain are usually small (with |Y | around 30 or less).
In this section we focus on the eﬀect of selecting various quality measures and
variants of the FindBestCell algorithm.
Results Obtained by Variants of FindBestCell Algorithm. As discussed in the
previous section, the algorithm can deliver the best solution possible if it exists.
If not, the algorithm varies based on the choice of f and FindBestCelli . If one
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Fig. 1. Various quality measures used to solve the same cell-formation problem

uses FindBestCell2 using formal concepts as cells, we usually get an acceptable
solution which however might not be natural for a user. For instance, in Fig. 1
we have the input data matrix (left), a brute-force admissible solution (second
from left), and a solution found by taking “formal concepts as cells” (third from
left) with f21 as the quality measure. Note that the cells in Fig. 1 are depicted
by thick rectangles drawn in data tables with permuted rows and columns. For
example, the ﬁrst cell in the second diagram consists of machines 0 and 11 and
parts 7, 8, and 9.
For an industrial engineer, the second solution may seem not natural because
it has more exceptional elements and it contains an “empty cell” with no machine utilization. Interestingly, if we use FindBestCell3 which uses “dense
rectangles”, we obtain an admissible solution which is the same is in case of
the brute-force algorithms (ﬁrst from right). We have tested the algorithms on
various artiﬁcial as well as real-world machine-part datasets and we have observed that the admissible solution using “dense rectangles” produces the same
or almost as good results as the brute-force algorithm with considerable smaller
demands.
Choice of Quality Measures. The choice of a quality measure, i.e. function f ,
seems to be crucial for ﬁnding a satisfactory solution. There seems to be no
single measure which works well for all datasets because the problem of ﬁnding
a “good solution” is subjective. In general, good choices seem to be f10.5 (equal
emphasis is put on utilization and exceptions) and f2w with lower values of w
(tends to suppress exceptions). Sample results corresponding to various measures
are depicted in Fig. 2.
In Fig. 2, we have used the “dense rectangles” to form the cells. Notice that
f10 is trivial because all emphasis is put on no exceptional elements with no
emphasis on the utilization, i.e. a trivial solution is to have one cell covering the
entire part-machine dataset. In a similar sense, f11 produces degenerate solution
as well because the high demand of utilization leaves large amount of exceptional
elements and 4 machines are not contained in any cell. In case of this dataset,
f20.01 seems to produce the best solution.
Illustrative Examples. We now show examples of (admissible) solutions to the
cell-formation problem with datasets which we identiﬁed in the literature [1,6,14].
The solutions have been found using “dense rectangles” as cells and f2w taken
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Fig. 2. Various quality measures used to solve the same cell-formation problem

input data

f20.2

f21

f∗

Fig. 3. Various quality measures used to solve the same cell-formation problem

as the quality measure. In addition to that, we have used a quality measure
which takes into account the size of cells. The motivation is the following: an
engineer often follows not only the utilization but also the numbers of cells. As an
extreme example, it does not make much sense to have as much cells as machines
in the system, making each machine a separate cell. Therefore, we introduce the
following measure:



(10)
f ∗ (A, B) = g(A, B) · h(A, B)2 · ln 1 + |A| · |B| ,
which is similar to f2w except for it multiplies the result by the size of a possible
cell, putting more emphasis on large cells. In order to avoid another extreme
(having all machines in one or just a few cells), we adjusted the quality measure
by the logarithm of the size of the edge of a possible cell. Fig. 3 contains results
for two datasets using various quality measures.
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Table 1. Comparing results from [14] with the proposed method for the 8 × 20 matrix
from Fig. 3 (top)
Method Cells
[14]
f20.2
f21
f∗

3
3
3
3

Cell 1
Cell 2
Cell 3 Exceptional Voids
Utilization Utilization Utilization Elements
1
1
1
9
0
1
1
1
9
0
1
1
1
9
0
1
1
1
9
0

Table 2. Comparing results from [1] with the proposed method for 12 × 10 matrix
from Fig. 1
Method

Cells

[1]
Brute Force
Formal Concepts
Dense Rectangles

3
3
4
3

Cell 1
Cell 2
Cell 3
Cell 4 Exceptional Voids
Utilization Utilization Utilization Utilization Elements
0.8125
0.8667
0.8889
5
6
1
1
0.7083
7
7
1
1
1
0
12
0
1
1
0.7083
7
7

In the ﬁrst example, the measures produce practically the same solution which
can be seen as satisfactory solutions. In the second case, f20.2 and f ∗ produce
similar solutions which have lower machine utilization than the solution obtained
using f21 (which has full machine utilization). On the contrary, f21 has a large
number of small cells and larger amount of exceptional elements. Which of the
solutions is actually the best one depends on particular application and preferences of users. This example demonstrates that by tuning parameters of quality
functions, one can inﬂuence the solutions based on user-speciﬁed requests (i.e.,
larger utilization, smaller number of cells, etc.).
Comparison With Other Approaches. The aim of this section is to compare the
quality results obtained by other authors to the results obtained by the method
proposed in this paper. For this purpose, we use some of the datasets which we
identiﬁed in the literature. We present the comparisons by means of uniform
tables which contain the characteristics of solutions available in the literature.
The data sets used for comparisons are benchmark data problems and are
obtained from [1,6,14]. We use the comparison criteria for which the results are
available in those papers. The papers use diﬀerent approaches to solve the cell
formation problem. [1] proposes a two-phase approach. The ﬁrst phase makes
use of principal component analysis to identify machine cells; the second phase
uses an integer programming model to assign parts to these identiﬁed machine
cells. [6] uses a particular iterative clustering algorithm to ﬁnd cells. [14] utilizes
a similarity matrix assessing similarity between machines and uses this matrix
in an assignment procedure which solves a particular maximization problem to
form cells.
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Table 3. Comparing results from [14] with the proposed method for 14 × 24 matrix
from Fig. 2 (bottom)
Method Cells
[14]
f20.2
f21
f∗

4
4
7
4

Cell 1
Cell 2
Cell 3
Cell 4
Cell 5
Cell 6
Utilization Utilization Utilization Utilization Utilization Utilization
1
0.5
0.625
0.639
0.6875
0.6
0.8333
0.6667
1
1
1
1
1
1
0.9333
0.6389
0.6875
0.6667
Method
[14]
f20.2
f21
f∗

Cell 7 Exceptional Voids
Utilization Elements
4
29
2
28
1
20
0
4
23

Table 4. Comparing results from [6] with the proposed method for 15 × 10 matrix
from Fig. 2
Method Cells
[6]
f20.01
f21
f21

3
3
4
3

Cell 1
Cell 2
Cell 3
Cell 4 Exceptional Voids
Utilization Utilization Utilization Utilization Elements
0.8125
1
0.9333
0
4
1
0.9333
0.85
0
4
1
0.9333
1
1
6
1
1
1
0.85
2
3

Table 1, Table 2, Table 3, and Table 4 contain the comparisons. For every
table, we provide a reference to the paper from which we got the dataset and
the characteristics of the solutions obtained by the authors in the respective
paper. For every solution listed, we provide the number of cells in the solution,
machine utilization for every cell, the number of exceptional elements (black
entries in the data matrix which are not covered by any cell), and the number
of voids (white entries in the cells).

5

Conclusions

We presented a new method for the cell-formation problem known from the group
technology. The method is inspired by formal concept analysis. We provided
results of experiments and a basic comparison with other methods presented in
the literature. One advantage of our method is that it is transparent in that
it does not use any preprocessing method (such as the principal component
analysis) which some of the methods in the literature use. Another advantage
is the fact that our method is parameterizable and yields solutions based on
user’s preference regarding the importance of machine utilization and exceptional
elements, as well as the overall number of cells.
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Future research will include more comprehensive comparison with existing
approaches; exploring the possibility to add interactivity to the method via a
visual inspection of the concept lattice associated to the input data (the user
might give some initial information to the algorithm based on such inspection);
and extending our method to be able to take into account in a natural way the
user’s expert knowledge and preferences. In addition, we plan to explore other
approaches to dense rectangles which appeared in the literature (suggested by
an anonymous reviewer).
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