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Abstract
Flexible cell formation is based on Group Technglo@roup Technology rests on the exploitation sereblances between products
or processes, which makes the identification oflpots’ families and machines’ cells easier. We ps#pa new approach based on
the language theory for product family grouping @wing to their manufacturing sequences. This apph uses linear sequences of
the manufacturing products which are assimilatethwords of a language. We have chosen the Letaintdistance for sequence
classification. We are going to compare our mettm@®ice-Czekanowski and Jaccard’s methods and ajbyglywectorial correlation

coefficient as a comparison tool between two higharal classifications.
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1. INTRODUCTION

Because of the diverse needs of the customers hed t
proliferation of the product, the manufacturers faeed to
difficulties treating the frequent change of then@eption and
the recurring variations of the processes, whidrease the
complexity of the product and the structures ofdpiaiion [1]
[2]. The development of multiple products basedpooduct
families sharing a common platform was well recagdias a
successful approach in many industries [3].

The Group Technology (GT) is an organization pprlei
which can be applied to all the domains of an itriais
company. This principle rests on the combinatiordehtical
or similar components to define groups, classdarilies by
using a system of classification [4]. The purpose td
decompose the industrial system into sub-systemnishwdre
easier to control.

The main stage in the design of industrial systems group
products into families and machines into cells imalk one or
several product families are made [5]. A familypobduct is a
collection of the products which are similar asamg their
geometrical forms, their dimensions and/or the gméstion of
similar stages in the manufacturing process. Thisrkw
considers the last criterion. The number of studedicated to
the determination of product families by takingoirdccount
the order of the operations is limited [6] [4] [B] [9]. This is
due to the difficulty of determining a resemblanoeasure
verifying some severe criteria [10] as to know then-
coincidence of operation, the order of operatiohe t

permutation of operation and the number of opemnatitvith

the aim of designing manufacturing systems, we @epa
new approach based on the theory of language fer th
determination of sequences families. It takes atoount all
the previous approaches based on the typologicdysia and
more particularly the hierarchical classification.

Thus, in the # part, we propose a measure of resemblance for
the sequences classification, suiting in the indhistase and
answering the above-mentioned criteria [4] [10]. the 3
part, the results of the method and the intergoetat are
presented. And as regards tHeahd last part, it will contain
the comparison between our method and the methéds o
Jaccard [11] and Dice-Czekanowski [12].

2. THE PROPOSED MEASURE OF
RESEMBLANCE

Several approaches were developed to identify mtodu
families and the associated machine cells. Thepeoaphes
can be classified according to two groups [13]:
 Approaches based on the characteristics of the
product,
» Approaches based on the methods of fabrication.

These approaches use measures of resemblancedapplie
search of the product families and the machinescéiivo
components are necessary [14]:

* A metric (the distance, the index of similarity...),

» A classification algorithm.
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2.1 The Language Theory Approach

For the grouping of products in families, it is semable to
develop partitions by making comparisons betweernrdmges

of manufacturing [15]. To this end, the treatedusstres are
linear sequences which are similar as for their ufeaturing
process. The measure of resemblance proposed for th
classification of these sequences has to verifyftflewing
criteria [4] [10]:

Table -1: The four criterion

Physical Property

criterion
C1:Non- The more the non-coincidenge
coincidence increases, the more the index |of

similarity grows
C2:0Order of The order of the operations
the operations| faithfully translated

S

C3:Permutatio| The permutation of two consecutive

n phases has less incidence on the index
than any other permutation
C4:Number of The difference of K operations
operations bybetween two short sequences must
sequence have more influence on the index than
for two long sequences

To solve this problem, we notice the analogy exgtietween
the words of a language and linear sequences diipts.

Accordingly, we propose the assimilation of the durct
sequences to the words of a language which is et&floy
using an alphabet (a set of machine operations).

We choose the balanced Levenhstein distance, $edddle
distance of edition [16] which verifies the abovéeria, see
the table 2 at the end of the chapter 2.

2.2 Calculation of the Distance and the Application to
the Manufacturing Sequences

The following definitions will be used:

« Alinear sequence is defined as a sequence in which

the operations are executed in the sequential order

« An empty operation is an operation which
corresponds to a no letter in the theory of languag

« An empty sequence corresponds to a no word in the
theory of language.

Three operations are used for the calculation ef eédition
distance between the sequences S1 and S2:
e The substitution of an operation b of the sequeze
by an operation a of the sequence S1, noted h
and the cost of which is ¢ (a, b),

e« The insertion of an operation in a manufacturing
sequencell — a, the cost of which is ¢ (g, with p
the empty operation,

e« The deletion of an operation of a manufacturing
sequence, a |, the cost of which is ¢ (q), i the
empty operation.

Example

The sequence S1 = ab can be changed in sequercbd&s2y
the following set of elementary operations:

(M ~c), (b~ W), (¢~ b), (- )

Which corresponds to the stages of transformatibncab, ca,
ba, bac. The cost of this transformation which as optimal
is:

c(u, c)+c(b, p)+c(c, b)+c(y, c)

The distance d (S1, S2) is the cheapest orderecéldgmentary
transformation necessary to change S1 in S2. Taulegé d
(S1, S2) and avoid the combinatorial explosion, hewe to
consider the natural constraint: d (a, b) = c (p,which

consists in replacing an operation a by the op=mmath

implying the triangular disparity: c(a,b)+c(bxg(a,e)

This condition allows the determination of the mal cost
transformation in a finite set.

The transformation of the succession correspondghat
minimum of necessary steps to change S1 in S2gusia
three operations described below. As an exampkefitral
result is represented in the following way:

Sl=al a2 a3..an

. (I
S2=p bl b2..bn-1 bn

The operations connected by a line indicate a gubish. The
operations connected with the empty operation |irseztions
or deletions. It is as well compulsory as two limesnot have
to cross inside a sequence and do not particulzdye to
begin of (or to end on) the same operation.

S1 is thus transformed into S2 by:
(@l - p), (@2 - bl),..., (an bn-1 ), (u— bn)

2.2.1 Property [17]:

The cost of a minimal cost transformation is egoahe cost
of a minimal cost succession.
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Thus, the particular shape of successions allows th

introduction of a recursion relation with the mirimcost
transformation.

Sl=za. &

S2=p...hy

Si(i)=a..a

D(, j) =d(S1(i), S2(j))
[D(i-1,j-1) +c(a, b)

D@, j) = minl D(i-1,]) +c(a,p)
UD(i, j-1) + c( 1, b)

2.2.2 Algorithm for the Calculation of the Distance:

The additivity of the criterion of cost as for teéementary
cost assures that a method of dynamic programmemgbe
then used. It is translated by the following altfori [16]:
1)D(0,0)=0
2) fori:=1tondo
D(i,0):=D(i-1,0)+c(ai, )
3) forj;:=1tomdo
D(0,)):=D(0,j-1) +c(u, bj)
4) for i:==1to n do
for j;:=1 to m do
(D(i-1, j-1) + c(ai, bj)
DG, j)= min{D(i-1,j) +c(ai,p)
D(i,j-1) +c(u,bj)
5)d(S1,S2)=D(n, m).

2.2.3 Example of Execution:
Let O = {a, b, c, d} be the set of operations toelxecuted on

machines A, B, C and D. And let two manufacturing

sequences S1 =aabacdand S2=abd, ¢t yor every
X, y 0O O {u} and x# vy, c(x, X) = 0 for every X10.

The execution step by step of the algorithm of [@fs the
table 2, whose last element represents the result.

Table-2: Distance between sequences abd et aabacd

d
6
5
4

b
3
2
1
2

Q| T| o =

w| N | O ¥
N R o k| o
N P | N D
Nl N W o
w| w| K~ g o

Sequence corresponding to a distance of 3 betwkeam® S2:
aabacd
(N R
apbppd

Remark:

The links correspond to a minimal path by the matf
distance from the first element to the last one,table 2.

This distance verifies exactly the above mentiooidteria, as
indicated in the table 3:

Table-3:Verification of the criteria by the proposed digtan

Criteria sequences distance
non-coincidence | Sl=abc S2=4dfc d(S1,S2)=1
Sl=abc S2=efg d(S1,S2)=3
permutation Sl=abc S2=acb d(S1,S2)=2

Sl=acb S2=cab d(S1,S2)=2

Operations order| Sl=abc S2=4dbc d(S1,S2)=0

Sl=abc S2=bat d(S1,S2)=2
Number of theSl=abc S2=a d(S1,s2)=2
operations in aSl=abc S2=ab| d(S1,S2)=1

sequence

3.RESULTS, VALIDATION AND
INTERPRETATION
3.1. Basic Data

We proposed the consideration of linear sequensdseing
similar to the words of a language. As a conseqeieadight
modification in their representation is necessaith wegard to
the previous work. To estimate the results of thethmod, we
apply the proposed distance to the sequences beddr the
table 4. The sequences are noted Si, with i=1... 31.

Table-4: Examples of linear sequences

51 TEHKSF 517 ADPEGEINEQ
52 TCHEF 518 AEKLIHFN

53 TDCHKF 519 ABEMGUN

54 TCGHK 520 ABHKL

55 TDCHKEF 521 AEHESMIQFN
56 TCHEMEF 521 ACHKLF

57 TCHEMUQFN 823 ACHEF

58 TCHEMUQFN 524 AEGHKF

80 TDCHELEF 525 CHEKF

510 TDCHELEF 526 ABHEMIQFN
511 ABPEHIKM 517 ADHELEMIQFN
512 ACPEHKLMOIRQSN 528 ADHKLEMIQFN
513 ACPEHK 529 ABK

514 ADPEHELSMOQN 830 ABHELMIFN
515 ACPEHKMORON 531 ACHKEF

516 ADPEGKIN
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The distance of edition was applied to these sempsemwith
the following conditions:
* c(a, a) =0 for every operation,
 c(a,b) = 1 with &b (in this case the operations of
transformation : insertion, substitution and deleti
are applied) for every operatioibO O { p }.

We obtain a matrix of distances which we are gaigse for
the determination of the classification tree. Bytting Si=i
and by applying the algorithm of ascending hierialh
classification which takes as criterion of aggrematthe
average link, we arrive at the following dendrognaen(figure

il

L1 L
27 2 212630 7 B 18 1 2 3 2 23 253124 5 00 6 443 M0 20 1116 17 43 12 15 14
Sequence

a
T

o
T

Level

w

N

Fig -1: Hierarchical classification P1 of sequences with
Levenhstein distance

3.2. The Sequences Families

The determination of sequences families requiresth of the
classification tree in the appropriate threshold.

The determination of the threshalds easy. When we choose
o = 6, we obtain four families of sequences desdriimethe
table 5. Tables 5.a, 5.b, 5.c and 5.d specify ettsnand
profile of every family;

Table -5: families obtained witln =6

Family n° 1: F1={ 1, 2, 3, 4,
number of sequences 16,| 20, 22, 23, 24, 2
51.6 % of the total numbef.

F2={ 11, 16, 17, 19 }

56,9, 10, 13,
5, 29,31}

Family n°® 2:

number of sequences 4,
12.9% of the total numben,
Family n°® 3:

number of sequences 3,
9.6% of the total number,

F3={ 12, 14, 15}

Family n°® 4: F4={ 7, 8, 18, 21, 26, 27, 28,
number of sequences 8, |30}
25.8% of the total number}.

Table-5.a: Elements and profile of the family F1

sequences sequences
S1 TEHKSF S13 ACPEHK
S2 TCHKF S20 ABHKL
S3 TDCHKF S22 ACHKLF
S4  TCGHK S23 ACHKF
S5 TDCHKEF S24 AEGHKF
S6 TCIHKMEF S25 ACHKF
S9 TDCHKLEF S29 ABK
S10 TDCHKLEF S31 ACHKEF
Profile of family F1: Short sequences characterized by
the occurrence of successions CHKF and AHK

Table-5.b : Elements and profile of the family F2

sequences sequences
S11 ABPEHIKM S17 ADPEGKJINRQ
S16 ADPEGKJN S19 ABKMGIJN

Profile of family F2: Long sequences characterized b
the occurrence of the succession APEK

Table-5.c: Elements and profile of the family F3

S12 ACPEHKLMOJRQSN
S14 ADPEHKLSMOQN
S15 ACPEHKMORQN

Profile of family F3: Long sequences characterized by
the occurrence of the succession APEHKMOQN

Table-5.d : Elements and profile of the family F4

S7 TCHKMUQFN
S8 TCHKMUQFN
S18 AEKLIHFN

S21 AEHKSMIQFN

S26 ABHKMIQFN

S27 ADHKLEMIQFN
S28 ADHKLEMIQFN

S30 ABHKLMIFN

Profile of family F4: Short sequences characterized by
the occurrence of successions HKMFN and AKIFN

4. COMPARISON

We are going to compare our hierarchical clasdifica
obtained by the use of the distance of Levenhsteirthose
obtained by using:
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« Dice-Czekanowski distance [12], (figure 2)
e Jaccard distance [11], (figure 3)
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Fig-2: Hierarchical classification P2 of sequences with
Jaccard distance
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Fig -3: Hierarchical classification P3 of sequences withedi
Czekanowski distance

In the same way, we cut these two hierarchicalksdiaations.

We choosea = 0.8 for figure 3 andx = 0.87 for figure 2.

Then we obtain four sequences families describedbtes 6
and 7.

Table -6: families obtained witlm =0,87 and Jaccard distance

Family n°® 1: F1={1,2,3,4,5,6,7,8,9, 10,
number of sequences 16,| 13, 22, 23, 24, 25, 31}
51.6 % of the total numbe}.

Family n°® 2:
number of sequences 3,
9.6 % of the total number.

F2={ 16, 17, 19}

Family n°® 3: F3={ 11, 12, 14, 15, 18, 21, 26,
number of sequences 10,| 27, 28, 30}
32.2 % of the total numbe}.

Family n° 4:
number of sequences 2,
6.4 % of the total number.

F4={ 20, 29}

Table -7: families obtained witlu =0,8 and Dice-
Czekanowski distance

Family n° 1: F1={1,2,3,4,5,6,7,8,9, 10,
number of sequences 16,| 13, 22, 23, 24, 25, 31}
51.6 % of the total numbe}.

Family n°® 2:
number of sequences 3,
9.6 % of the total number,

F2={ 16, 17, 19}

Family n° 3: F3={ 11, 12, 14, 15, 18, 21, 26,
number of sequences 10,| 27, 28, 30}
32.2 % of the total numbe}.

Family n° 4:
number of sequences 2,
6.4 % of the total number,

F4={ 20, 29}

To compare the 3 classifications P1, P2 and PXaneeoing
to use the index of vectorial correlation RV [18his index is
formulated as follows [19]:

20 (CHECE)
%i(Ch)” 2 (C2)?

RV (P1,P2) =

With : Ck is the relational table associated witkhhk Rhose
general terrrCL-’j- is defined by :

J
_ {1 if the sequences i and j are in the same class of partiti
0 otherwise

We find that: RV (P1,P2) = 0.7259
RV (P1,P3) = 0.7259
RV (P2,P3) =1

Thus, as regards classifications P2 (distance ofald) and
P3 (distance of Dice-Czekanowski), they are idehtidhe

only difference is that the distance of Dice-Czekaski

allows a better spreading and a better discrinonatit can be
explained by the fact that these two distanceshegput under
the general shape [12]:

N
XP+N

With: respectivelyx = 2 and « =1 for Dice-Czekanowski
and Jaccard.

P is the copresence

N is the non-coincidence

The coefficient RV between P1, P2 and P1, P3 isebigugh
to judge that the hierarchical classifications rmearby.
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CONCLUSIONS

The theory of language approach opens a very stiage
direction for the determination of families of ptad. On one
hand, it allows the resolution of the representapooblem of
operations which are repeated several times inrd@eroThus
the method eliminates the distribution of error ihe
calculation of distance and, accordingly, in theutes of
classification process. On the other hand, thisregoh
allowed the adaptation of the Levenhstein balamtgiénce in
the case of the linear manufacturing sequences.didtance
verifies the criteria underlined by [4] and [10]rfdhe
determination of product family. The distance:

» Applies to the sequences of different lengths,

e Takes into account permutations of operations,

» Takes into account the order of operations,

 Does not take into account the co-absences, which

can increase the similarity of the sequences.

This is due to the conception of the distance wigdbased on
three fundamental operations: substitution, insertiand
deletion of elements. Besides, the distance usesthli raw
data without transcoding.

For the determination of the sequences families fidinkness
of the threshold determination, allows the intraétut of new
subjective criteria for the characterization ofguot family.

This approach opens new perspectives for the reptason
of sequences families by means of finite state raaton.
Then the decision-making for the classification wéw
products becomes simpler and makes the searchdomtin
sequences more determined.
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