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ABSTRACT

We consider a set of parts divided into subsets called part ty-
pes, determined in such a way that the parts belonging to the same part
type are manufactured using the same sequence of tasks (i.e. the same
working process). We are looking for a partition of the set of part
types in subsets called part families, and for a partition of the set
‘of tasks in subsets called production subsystems defined as follows :
1) the number of part families and the number of production.subsystems
are equal 2) one (and only one) production subsystem corresponds to
each part family 3) One.(and 6n1y one) part family corresponds to
each production subsystem 4) the previous partitions minimize the
number of tasks performed in a production subsystem different from the
one which corresponds to the part family containing the part involved.
We give a fast algorithm which leads to a gooq solution depending on
the initia] set of part families. We also propose an algorithm to find
a "gobd" initial set of part families.
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RESUME

Nous considérons un ensemble de piéces divisé en sous-ensembles
appelés types de piéces et determinés de maniére que les piéces qui ap-
partiennent au méme type de piéces. soient fabriquées en subissant la méme
séquence de taches (i.e. la méme gamme de fabrication). Nous cherchons
a partitionner 1'ensemble des types de piéces en familles de piéces et
1'ensemble des taches en sous-systémes de production tels que les deux
partitions contiennent le méme nombre d'éléments, qu'il existe
une application biunivoque entre 1'ensemble des familles de piéces et
1'ensemble des sous-systémes de production et que ces partitions mini-
misent le nombre de taches accomplies dans un sous-systéme de produc-
tion différent du sous-systéme correspondant & la famille de piéces de
la piéce concernée. Nous donnons un algorithme rapide qui conduit a
une bonné solution qui dépend de 1'ensemble initial de familles de pie-

'ces, Nous proposons également un algorithme qui conduit a un "bon" en-
semble initial de familles de piéces.



I. INTRODUCTION

In this paper, we call working process a sequence of tasks to
perform in order to manufacture a part. We say that two parts belong
to the same part type if their working processes are the same. Note
that we don't take the processing times into account.

We are 1ooking for a partition of the set of part types in sub-
sets called part families, and for a partition of the set of tasks in
subsets called production subsystems defined as follows : 1) the
number of part families and the number of production subsystems
are equal 2) one (and only one) production subsystem corresponds to
each part family 3) one (and only one) part family icorresponds to each
production subsystem 4) these partitions minimize the number of tasks
performed in a production subsystem different from the one which corres-
ponds to the part family containing the part involved.

The objective is then to obtain production subsystems which are
as independant as possible at the point of view.of the production mana-
gement, according to the set of parts to produce : following the abo-
ve definition, each production subsystem can be considered approxima-
tely as an independant production system dedicated to perform the parts
belonging to the corresponding part family. This reduce the size of
f the scheduling problem. The case of parts which visit production sub-
systems different from the ones corresponding to their part families
is taken into account at the second step of the management process.

This paper is divided into five paragraphs. The problem is set
in paragraph 2. In the paragraph 3, we give an algorithm to obtain a
good solution of the problem starting from an initial partition of the
set of part types. In the paragfaph 4, we show how- to obtain a- good
initial partition of the set of part types. Finally, the paragraph 5
gives an example with 60 part types and 12 tasks.



I1. SETTING OF THE PROBLEM

We consider a set X of n part types and a set Y of m tasks.
We define the matrix :

A= [a_i j], i=1,2,...,n and j=1,2,...,m

as follows :
1 if the working process of a part
belonging to the part type i con-
3,57 ) tains the task j. (1)

0 if not.

Let p be the number of part families and of production subsys-
tems to consider. This integer is chosen by the user.

1f G- {Xl,...,Xp} and Y- {Yl,...,Yp} are respectively a par-

tition of X and a partition of Y, we define the sets wr 5 r=1,...,p

and s=1,...,p as follows :

e g= 105,3) € (Looumdx(L,...om)/ T €X,, and jeY, b (2)

*

o}

For a given value of p, §é5={xz,...,x;} and g%*= {YI,...,Y

are said to be the optimal solution of the problem if they verify :

p Y p
) ) U.a. o+ ) ) ) u.(l-a, ;) =
RO T SRS B W) d
? S#r »S 3
p p p (3)



where
uj is the weight of the part type 1 (for instance, the propdrtion of
parts of type i to produce during a given period) '
w; 5 r=1,2,...,p and s=1,2,...,p are built using (2), starting from
’ ‘.3g* and Y=*. ‘
U
U= {wr,s}r=l,..,p;s=1,..,p

35915 the set of admissible partitions éﬁﬁ(i.e. the partitions of
(1,...,n)x(1,...,m) which have p2 éléments).
Note that the maximal value of this criterion is m ¥ U .
: i=1
We also can set the problem as follows :

Starting from matrix A, build a matrix B by permutation of the rows
and the columns of A in order to obtain p diagonal blocks El""E*

p
such that :
2 p -|b-"J z p *ui(l-b'i,j) (4)
: (,J)GUE (i, U E.
r=1 r=1
where
B = (b J), i=1,2,...,n and j=1,2,...,m

uy= is the weight of the part type which corresponds to the row i
of the matrix B.

I1I. A GOOD SOLUTION STARTING FROM A PARTITION OF THE PART TYPES

III.1. A basic result

We first prove the following result.
THEOREM 1

Let E%Zk 1’X2""’ - and éyk 1,Y2,...,YE}Abe a parti-
tion of X and Y respectively.



1. For j=1,2,...,m, we consider :

Kooy o T " _
ar(J) = z u.ia.i’j""z Ui(l"a.i,j) for Y'—-l,..,p.
vk i=1
1€Xr K
1¢Xr
rk(j) is the integer which verifies :

k i k, .
a (j)= Max a.(J)
Ky ™ elp T

We assign the task j to the production subsystem Ykzl

ro(J)

Finally,we denote by %Zk+1 the partition :

ggk+l= {Y§+1,Y§+1,...;YE+1}
k+1

p May be empty).

(some of the production subsystems Y

2. For i=1,2,...,n, we consider :

m
p(1)= zk+1ai’j+ jzl (l'ai,j) for r=1,..,p.
jeY -

" jevkrt

rk(i) is the integer which verifies :

b, (i)= Max bX(1)
ro(i) r=1,..,p
k> assign the part type i to the part family szl
ro(i)

k+1

Finally,we denote by E%; the partition :

g€k+1= {X§+1,X;+l,...,XE+I}



Then, either the solution (@5¥+1, glk+1) is better than the so-
lution (§%$; gﬂk), or the value of the criterion (see(3)) is the same
for both solutions.

Proof :

1. Let us first consider the way to obtah1gﬂk+1 starting from
§2§k(see (5)). We see that the partition‘§€k+1 is one of the partitions
which lead to the greatest value of the criterion (see(3)) knowing EEK.
Then the value of the criterion for (glk+1,§2§k) is greater than or e-
qual to the value of the criterion for (gik,EQZk).

2. Let us now consider (6). We see that the partition§23k+l is
one of the partitions which lead to the greatest value of the criterion
knowing g%k+1. Then thé value of the criterion for (2%k+1,§2§k+1) is
greater than or equal to tha value of the criterion for (ggk+l’§2§k).

3. Finally, the value of the criterion for(%yk+1,§5:k+l) is
greater than or equal to the value of the criterion for (éyk,EQik). a

I11.2. The algorithm

We suppose that we know a partition 6f the part types(i.e. a
set of part families) denoted bnyZO. We first compute 840 using (5)
with k=0, then %%? using (6) with k=0, then ,gyl using (5) with k=1,
then %2 using (6) with k=1 and so on.

We stop the computation when two consecutive solutions lead to
the same value for the criterion.

Remark :

This algorithm leads to a solution which depends on the
initial set of part families. ' :



For instance, consider the matrix A (fig.1).

Let be :

. Y - {Yl’Yg% ’ %= ;Xl’le
X :

B AN A

<
=<
~N

|
!

X

The solution (%,2%) is stab-

le. It means that applying (5)

X, with 9% leads to @Y and applying
(6) with Y teads to % . The
value of the criterion is 57 for

O O O O i = s = e
O O O O = O = K =
O O O O O = = =
—_ 0O O O O O — =
o O~ = O O O +— O
— s = s = OO O O
— = e =~ = O O O
N T o T = B = I = R )

L}
L

this solution. The criterion ta-

*
*

Y kes the value 60 for the solu-
2 * * .
tion (94 , Y") : therefore
Fig.1 (GB.,%) is not optimal.

—

A consequence of the previous remark is that we have to execu-
te a number of trials to be sure to obtain a solution close to the'op-
timal one. ‘ A

We now give an algorithm which leads to an initial set of part '
families which seems to be a good initial set.

IV. THE INITIAL SET OF PART FAMILIES

Each part family is an element of R™. A distance d is given

on R". We denote by Xis i=1,2,...,n, the part families, and us the weight of Xy
The goal consists in partitioning E= {xl,xz,...,xn} in p sub-

sets. Two elcments of the same subset are close in the sense of the

distance d. |

We try to minimize the sum of the inertia of the subsets, i.e.



P
I udi(x,yS) (7)
k=1 k!

- 1/xiee

" where : ,
yk is the inertia center of ek, k=1,2,...,p

and : {el;éz,...,ep} is the partition.

THEOREM I1I
0.0 0 ' . m ,
Let xl,xz,...,xp (p € n) be some points of R™, belonging to E
or not.
We consider the following algorithm, called Al :

1. Set k=0.

2. Compute a partition e%,e;,...,e; of E as follows :

for i=1,2,...,n :
a.-Find the set Ji(:{l,z,...,p} defined as follows :

3= Lie(1,2,.,p)/d(x;x5) =

. k
i r1n d(xi,xsﬂ

s=1,..,p

b. If card(Ji)=l, X5 is assigned to eg, if not X5 is assigned to e§
1

where j1= Min j.

jed,
_ k+l . k
3. For i=1,2,...,p, compute Xj , inertia center of ej (see(7)).
4. Test. . .
k+1_ _k . \
4.1. If xj = xj for j=1,2,...,p, end of the process.

4.2. Else, set k=k+1 and go to 2.

The algorithm Al converges.
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Proof :

We define :

I(y,E) = } uxdz(y,x), where u, is the-weight of x and E a
xeE
finite set.
If x§+1¢ x§ for at least one je{1,2,...,p}, then :
k+1 k " k k
+
) I( . '
2 1(§*el) < I 10x.e5) (8)

j=1
(see step 3 of the algorithm)

Furthermore :

z 1(xK,ek"1) (9)

ZI(x 3¢

j=1
(see step 2 of the algorithm and the relat1on (7))

J

Finally, considering the relations (8) and (9) :

P
I 10§ e) < ; 1(x§,e57) (10)
j=1 J=1

This complete the proof. a

Using theorem II, we can easily obtain an algorithm which leads

to a "good" partition of E starting from a set x?,xg,...,xg

points.

of initial

We summarize the algorithm which Teads to this set of points.
It consists in finding p points which are :

1. located in high density zones of R" (i.e. in zones where are
located a great number of points).
2. far one from the others.
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V. AN EXAMPLE

The matrix to transform is given in figure 2.

It concerns 60

represents the part type

The first column
numbers, and the last one contains the weights.

part types and 12 tasks.

e o ¢ & ¢ o & o o & 0 5 0 8 O s s 0 s & ° o 9o
-l N F N rd O e N rd od e T bt M M NN
e ® o & o o & o & &6 o 8 O o o 06 s o & 5 s & 0

OMOOO0ODO0OO0O0OOOOCOO0OOHOOO O~

CO0COO0ODROOO0OOCOOOHMOOOOO

OrM~mNOOO0OCOmHONOOMOOHO OO0~

® 6 & & & o o & 6 ¢ & 5 & > ©o & & & O ¢ o b o

COO0O0OOOOOOOOOCOMHOFNOOAHA~MOO~
e 6 © & 06 & © & ® O 5 & 6 @ 6 & 0 s o o 0 o o
QO MO OO0 FAOHMOMMdOOOOODO~A—O
® 6 6 6 8 0 ¢ 5 & o 0 & 0 5 2 o 0 0 0 o o .0

OrHOODOODOO0OO0OOO0OOOmMOOOOO0OO0O0A

e & o & o e ® o © & & o & & o & o o O &6 o 9 o0

OO0 HOAOO0O0OHOOO0OOMOO~A~OOO

® & 6 6 @ 0 &6 0 o 6 6 6 5. 8 0 86 0 s ° 0 0 s o
HOQOOMOMOOFOOMOOOOO~O0O0OO0O

e & 6 © O & & » & & & & 6 0 & & o & & » s o o

OCO0O0O0OO0O0O0OHMOO-HOQOFOOMOAO~A0CO

L] L ] e & o e o o . o o ¢ o o e o L] e o . L I .

HAOOOMOOMOOHMOOOOOOOOOOO

* e e & o . o o ¢ & @ * o o L L] L L ] L 4 L d

COO0O0OOCOHNOMOQOMmMOO~OO0OOA0~

010001100000000001011000
567890123456789012345678

MO OOHOAOITITITIITIT

® & & & o © ¢ o o o L ]
331222241131
® & & @ & ® o ®» o o o
100010111000
. e @& &6 & o o o o * o
010000001000
® & & & o 9 & 0 ¢ & ¢ o
CriO OO AmMO 4O =t
® & & & o & ° o » © 9 o
QO e OO HO OO i
® 6 ¢ & & o o 0 & o v
OO0 0O~ O0O000CO
e & ® o & & o 06 o o o o
[eReoNoNoNoNel NeNoNeoNale]
e & & & 6 & o o o @ o o
OO~ mHMOOOOOOO
. ® & & o & & & o & o o° o
OCmrMCOO0OO0COOOOOO
e & & ¢ & o o o & o o o

MO OHHNOO0COO0OO0O0OO0

T T T TON NN N NnNnNn

-
OrMOOO0OO0OO0OO0O0O~NO

e o o e o [ ] *e o o L ]

e & o * ® [ ] o @ L e o

0¢60060¢0e60¢6000e0e1+00l04.

'y

(=]

OCOO0OCHOOOAOOO

O OOQCO OO rm ;i e

AOH OO~ ~00O0

Cr1O0OO0OmMOOHN~NO~MO

OMOOOr-mrrO~0OCO0O

COO0O0CONMOO0O~A00O0

MOO~OOOOOOOO

[
L]

o ¢ o o & 0 o o o @
2423321312
e o o o ® o 0 o 0 o
0001010101
® & o o & ¢ o 0 0 o
Cmt OOmOOO O~
e @ & & @ o o o & »
OO0 FAFMOOOO
¢ &6 8 o 6 0 8 0 o o
[oNoNeNoN_ NeoNal o Nolle]
¢ ¢ 6 o6 06 0 ¢ s o o
OCOO0OO0OO0OmMO~O
s 6 o 0o & 0 s 0 0 o
HO A OO OCO0OO~
o o o o 0 ~ o o o o
OQCOO0OO0OODLO~OO
® e & @ ¢ o ¢ o o o
HO~00000O0O0
e o 8 & 0 o o o o o

COO0OO0O0OM~0O0~NO

COCO0OO00CO0OO0O0COOOOO0OLOOO0COOOOOMONOHNOA0O0OOOO

¢ & o . e o e o [ ] s & L] e o L ] e @ [ ] e e L] L] L] L J s o L ] e & o s & o L

OO OO HOOODOOHOHOMMMOOOOMOOHOOMOO O

e & o e o L J e e L ] e L e & o ® o L4 * o L e o [ ] o o . . o » L] L [ ] L]

OO mMMOOOHMOOOOODOO0OOOOCOOCHMNOOMOOOODOOOO

FNMTONOMMNDOCOSNNMITONOMNDOCOANNMITINONODOCO~NNMT
A A A S-S NNNNNNNNNNOOONO®N

Figure 2
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The algorithm leads to the matrix of figure 3 if 5 part families
are requested. The first column and the first row contain the class
numbers. The second column contains the part type numbers.

The second row contains the column numbers of the initial matrix.

Value of the criterion : 1369

1 1 1 2 2 2 3 3 4 4 5 5
8 4 21210 7 9 6 5 3 11 1
1 1 ]0. 1. 14 1. 0. 0., 0. 0. Q. 0. 0. 0, 3.
1 5 1. 1. 1. 1. 0. O. o. 0. 0. 0. o. 1. 2.
1 6 1. 0. 04 0. 0. 0. 0. 0. O, 0. 0. 0., 2.
1 13 1. 1. 1. 0. O. 0. 0. O, 0. 0. 0. 0. 1,
1 15 J1. 0. 14 0. 0. 0. 0. 0. O. 0. 0. 0. 1,
1 16 |l1s 1. Ouf 1. 0. O« 0. O 0. 0. 0., 0. 2,
1 19 11. 0. 1 04 0. 0. 0o 1. 0. 0. 0. 0, 5,
1 30 jl. 1. 14/ 1o O, 0. 0. O, 0. 0. 0, 0. 2,
1 31 1. 1. o. o. o. o. 00 o. O. o. o. o. 1.
1 33 f1. 1. 1.,/ 0Os 0. 0. 0o O, 0. 0. 0, 0. 1,
1 42 1le 14 14 0. 0e 0. 0. O, 0. 0. 0. 0. 1.
1 44 1. O0e 14/ 0. 1. 0. 0. O, 0. 0. 0., 0. 1,
1 45 11. 1. 0. 0. 0. 0. 0. 1. 0. 0. 0. 0. 1,
1 47 11s O+ 1o 04 0. 0. 0. 0. 0. 0. 0., 0. 1,
1 48 1. 1. 14 0. 0. 0., 1. O, O¢ 0o 0o 0. 4.
1 51 0. 1. 1. 1. 0. 00 o. o. o. O. O. 00 3.
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2

55 H1e 1le 14 1. 0. 0. 0. O, 0. 0. 0. 1, 2.
56 jl. 0Oe 0o 0. O, 0. 0. O, 0. 0. 0. 0. 2,
34 0. 0. 0. 1. 1. I.]0. 0. 0. 0, 1. 0, 2,
36 O. 0. ol 1. 1. 1. 0. 0. o. 1. O. 1. 2.
37 1. O. 0. 00 1. o. o. OO 0. 00 o. OO t’.
7 0. 00 l. 1. 1. 1. 1. 0. OC O. 0. 0. 2.
21 1., 0. 0. 1. 1. 1.[0. O. 1. 0. 0. 0. 4.
23 0e 0. 04/ 1. 0e 1of1. O, 0. 1. 00 1. 3,
28 0. 0. o. 1. 1. 0. 00 o. 0. 0. 0‘ 0. 3.
29 0. 0. 0. 0. 1., 1.]1. 0. 00 1o 1. 0. 3,
49 0. 0. 0./ 0. 1. 1.}0. 0. 0. 0. 0., 0, 1.
8 0. 0. 04 1. 1. 0.]0. O, 0. 0. 0, 0. 4,
16 0. 0. 0. 0. 1, 0.}O. 0. 0. 0, 0., 0, 1,
17 0. 0. 1.)/1. 1. 1.}0. 0. 0. 0. 0., 0. 1,
5? 0. o. l. 1. 1. 1. 1. 0. o. o. 0. o. 2.




58

60
11
12
18

32
50
20
53
54
14
22

39
24
38
46
35
40
27
43
25
26

52

59
41

0. O.

1.

0. 0./ 0,

0. O.
0. O.
0. 1.
0. 0.
0. 0.
0. O.
o. 0.

0. O.
o. o.

l. 0.
0. O.
O. 1.
Oo o.
0. O’
0. O.
0. O.
0. 1.
Vs 0o
0. O.

O. O.
0. O.
0. 0.
0. O.
0. O

0.
0.

O.
0.
o.
O.
1.

O.
0.
0.
O.
0.
O.

0.
0.
0.
O.
0.
0.
O.

0.
O.
O.
1.
1.
O.

Figure 3

1.
l.
1.

1.
1.
1,
1'.
1.

1.
1.
0.
1.

0.
0.
0.

0.

1.
0.
0.
O.
O,

0.
O.
0.

0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.

0. .

0.
0.
0.
0.
O.
0.

0.
O
0.
0.
O
0.
0.
O
0.
0.
(V8
O.
0.

1.
1.
1.
1.
l,.

O

l.
l.
l.
l.
l.

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
1.
1.
0.
0.
0.
0.
O
0.
0.
O.
0.
Oe

0.
1.
1.
0.
C.
0.

0.
O.
0.
0.
O.
0.

l.
1.
1.
l.
l.
l.
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4,
1.
3.
1.
l.
2.

1.
2.
1.
2o
2.
3.
1.

3.
5.
3.
1.
3.
2.
2.
2.
4,
3.
3.
1.
1,
3.
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The figure -4 gives the result obtained in the case of 10 part fami-
lies are requested. Note that the algorithm leads to only 7 part fami-

1ies and production subsystems.

Value of the criterion : 1378

2 2 3 3 4 4 5 6 9 910 10
1210 4 2 5 3 7 811 1 9 6

7 10 10 Oo 10 Oo 0. lo 0. O« 0- 1. 0. 20

8]1le 1./0¢ 0o 0. O¢ O O¢o 0o Os O 0. 4o
10 0. 1.0, Os O, O Oe Os Oe O¢ Oo 0. 1.
17]1. 1.0 1¢ 0o Oo le O. Oo 0o 0. 0. 1.
21 1.. 1. o. 00 1. 0. 1. 1. 0. o. O. 0. l’.
28 le 14}0¢ 0. 0. O 0¢ Os O¢ O¢ 0..0. 3.
34 1. 1. 0. o. 0. 0. 1. o. 1. O. o. o. 2.
36 | 1o 1./0. Oo Os 1o 1o 0. O, 1. O, 0. 2.
57 {1¢ 1¢f0¢ 1o O¢ Oc 1o 0o Oe 0o 1. 0. 2.
58 | 1« 14]0s Oo Os Os Oe Os Oe Oe O, 0. 4.
60 |0, 1,10, 0, 0O, Os 0o Os Os 0o Oo 0. 1.

5 1. Oe}ls 10, 0o 00 1o Os 1e 0. 0. 2

1 1' O. 1. 1' Oc Oo o. 0. o. o. o. 00 30
42 Oe Oe}jle 1¢/Os O 06 1o Oy Oe O 0o 1o
48 0o OoJls 14/ 0. O¢ 0o 1o 0o 0. 1. 0o 4.
51 le Oefjle 1406 0o 00 O Os O 0. 0. 3.
55 le Oe}jle 1./0. O 0o 1o O¢ 1o 0. O. 2.
13 0. Os/2s 1¢fO0Os O 0o 1. Os 0o O. 0. 1.
30 le O6j1lse 1§ 0. 0o 0o 1. Oo 0. 0o 0. 2.
33 0. Oells 140, O. O. 1. 0. O. Os O. 1.
46 0o 1o 0o Osfls 1} 0s Os Os Oo Oo O. 3.
35 0¢ O¢ O¢ Oojle 1ef0s O 0o O 00 O 1,
25 O¢ O O¢ O} le 1ej1s O, O¢ Oe Os 04 2.
38 0e¢ O¢ O¢ Oefle Oe]Os Gs O¢ Oe Oe Os 5.
40 0. 0o O, Oefjlse 1.J0s Os Co 1. 00 Oo 3.
27 Oe¢ Oe O¢ 1lejls 1eflse Os Os Os Oo O« 2.
43 o. 1. 0. o. ll 1. 0. O. 0. o. 0. 0. 2.
49 0. 1o O¢ Os Oo Ol I.JO. 0. Os Os 0. 1.
29 0. 1. 0. o. 0. 1. 1. O. 1. o- 1. 0. 3.
23 1. O¢ O¢ O¢ O¢ 1le}lejOe O 1o 1o 0. 3.

t O, O¢ Oo O¢ Oo 0. O. 1.]0. 0. 0. 0. 2.
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The Tast trial has been made with 15 requested part families.

The figure 5 gives the results :

production subsystems have been obtained.

;bb-b&NNNNNNNNNNNNNHHHHHHHH'—-.—-...a

finally, only 7 part families and
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Main Program

programme mumu -> remplissage manuel du fichier 70
programme alea => remplissage aleatoire du fichier 70
programme umum => verification du contenue du fichier 70

. le tichier 70 est deja rempli pour |'exemple demande (15455)
te fichier 50 =-> resultats '

CONTRAINTES ACTUELLES DU PROGRAMME
c---=Nombre maxi. d'observations ¢ 1999
c—--==Nombre maxi. de classes : 50

c---=Nombre maxi. de parametres t 19

OO0 O0000O0

200

201

400

401

2

8
4

dimension a(50,20),aon|(50.20),12(2000),ds(50)git(SOO),bl(20) b2(20)
dimension kz{(20),jz(20)ybj(50)4kr(2000) skw(20)
open(70yaccess="direct",form="formatted"srecl=2000)
open(bB,access-"dlrect",form-"formatted"’recI-ZOOO)
open{50,form="formatted")

read{70s¢lsrec=leerr=27)nym

eps=,001
wrjte(0970)n,m : ,
format ("_Nombre d'observations"si4." _Nombre de parametres",i4)

format(2i4)

write(045)

format(2x,'"_Nombre de classes ? ")

read(0+3)ip

format(v) .
write(04200) ‘
format (12x4,"<< CHOIX DES DISTANCES POUR LA CONSTITUTION DES CLASSES

£E55%17)

write{0,201)

format(2xs"_Distance euclidienne jeesesestaper 1 "y//)
read(0,3)idis '
write(0s400)

format (12x4"<< CHOIX DES REPRESENTANTS >>")
write(0,401)

format(2xe"centre d'inertie; tapez 1")

read(0s3)irep :

dededoddk ook ok kb ook ok dok b ok ok &

% PHASE D'INITIALISATION *
Ao e o oo oo ok e o e ol el ok ol ok ok ek el ok

Recherche du premier point.

writel(0+2)

format(2xs"_Choix du rayon pour le calcul des densites. ")
read(0+3)r '
write(Os4) _
format (2x,."_ Choux de Ia distance minimale entre points initiaux. ")
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read(0s3)dl
jf(dlslter) goto 8

call random_Suniform(x)
itfi{xegtel(le=lee=4))x=1o-1.0=4%
k=x*®*n+1

kl=(k=e5)/50+2

kZ2=k=(kl=2)%50

k3=n=(kl=2)%50

if(k3.9t.50) k3=50
read(70s6srec=klyerr=13)((alkyjlyj=lom)yk=14k3)}
format (1000f2.0)

Jj=1

do 7 j=lem

bl(jl=alk2sj)

ainil{lyjl=atk2sj)

Recherche de la densite du premier
point et des points suivants.

do 12 j=1,50
ds(j)=0

ii=0

do 9 k=1lyn

kl=(k=4.5)/50+2

k2=k=(kl=2)%*50

if{k2.gt.1l)go to 10
k3=n=(kl1=-2)%50

if(k3.9t.50) k3=50
read(?O,b,rec=k1,err=26)((a(igj)oj=l,m),i=1,k3)
do 11 j=1lem

b2(j)=alk2,j)

continue

call dist{blyb2smyidisyy)
iflyeleosr) ds{jjl=ds(jj)+1
ifl{y.1t.d!) goto 9

ti=ii+l

itCii)=k

continue

Bk ook e ook ol ko o o ok o oo o o ok ok ok

* ITERATIONS *
R L T L Ll LT LT ururn

Choix du point suivant

call rando. _$uniform(x)
if(Xogto(10-106‘4)))(:10"108-4
fil=x*ii+l

k=tt(iil)

kl=(k=e5)/50+2

k2=k=-(kl=2)%50

k3=n—-(kl=2)%50

if(k3sgt.50) k3=50
read(?O,bqrec=k1,err=28)((a(kgj),j=19m)gk=19k3)
Ji=jj+1

do 14 j=lem

bl(jl=a(k2,j)
ainiljjsjdl=alk2,j)

14 continue
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+ 119
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130
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135
136
137
138
139
140
141
142
143
144
145
146
“ 147
148
. 149
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165
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170
171
172

GO0 0Oo0o0n
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OO0

17

15

19

20

22

24

23
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Recherche de la densite du point
et des points a retenir,

ii1=0 .
do 15 k5=1sii
k=it(kS)
Kl=(k=e5)/50+2
k2=k=-(k1=2)%50
k3=n-(k1=2)%50

"if(k3.gte50) k3=50

read(70s6srec=klyerr=29){(alisjlej=lemd)yi=1yk3)
do 17 j=lem

b2(j)=alk2sj)

call dist(blyb2ymsidissy)

iflyeleer) ds{jjl=ds(jjl+l

jflys.ltedl) goto 15

itl=iil+l

ft(iil)=k

continue

ii=til

if‘iiothO) gOtO 18

ifljjegeeip) goto 22

write(0+s19) _
format(2xs" _Nombre de points initiaux insuffisant ")
write(0,20) :

format(2xs*_Abandon = 0"y/+2x9" _Reprise = 1"4/)
read{(043)is .

if(iseeq.0) goto 1664

goto 21

ke ok ook e ool ook ok ok ok ko e el ok ok ook o

* CLASSEMENT DES POINTS INITIAUX *
* POSSIBLES %
Ao de e Aol e e ok g ok ool ol o sk ook ook ok ok ok

do 23 i=l.jj-1"

do 23 j=i+lejj
if(ds(i)egteds(j))goto 23
do 24 k=lem-
x=aini(iysk)
ainilisk)=ainiljsk)
ainitjsk)=x

x=ds (i)

dsti)=ds(])

ds{jl=x

continue

e oo o e e o ek ke Ak kol ek ke e e ol ok kR

* FIN DE LYINITIALISATION *
e e o e ook o ok o o okl ol e ko ook Rk ok ok ko

index=0

T PP S L P PR SRS P P PP T 2



173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

193

194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209

210 .

211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

OO0 00

OO0 00000

O0O00O0O0 000

333
40

42
43

45

46

44
41

31

600

700

900

* CONSTITUTION DES CLASSES *
Foaok kiR pok ok ko okk kR

do 40 i=lsn

iz(i)=0

do 41 k=len
kl=(k=e5)/50+2
k2=k=(kl=21%50
iflk2.g9tel) goto 42
k3=n={(kl=2)%*50
if{k3.9t.50) k3=50
read(70s6srec=klserr=39)((aliSsj)lej=lam)yiS5=19k3)
do 43 J=1lym

bllj)=alk2y]J)

do 44 i=1,ip

do 45 j=1lsm
b2{j)=ainiliisj)

call dist{bleb2emseidiSsy)
iflisgtsl) goto 46

z=y

iztk)=}

goto44

iflyesgtez) goto 44

z=y

iz(k)=i

continue

continue
o 30 ok ol ok ol o o ok e ok ook o o ook ol ool o ke e sk ok ok ok bk o ke
* RECHERCHE DES REPRESENTANTS *
e o o sl ok oo ok o o o o ok ol o oo e ol e kol ok oledk ek ook ok ke ol ok
Recherche des representants suivantse.

call replipsizsainisirepsnymyidisyitel seps)

index=index+1
iflindexe.!te30) goto 600
write(0,31)

format(2xs"_Nombre d'iterations superieur a 30 .")
goto 700 .
if(iteleseqgesl) goto 333

s o o s o o o o o o o ot oo o o e o o oo o ok e ok e e ek

* MAXIMISATION DU POIDS DU TABLEAU*

% ool oo ool ko ek dofealr ok ol b ok ek sk ok kol e e ek e

Aok ookl ok ol ook ok ok ko ko Rk ok Xk ok ok ko k

* REGROUPEMENT DES OPERATIONS *

oo o e ok ol ook bbb ok Rk ok okl dok ok e ko
pod=0.,

do 900 i=lsm-1

do 900 j=l,ip
ainilisjr=0.

do 901 k=14n

kl=(k=0.5)/50+2

k2=k=(kl=2)%50
if(k2.9t.l)go to 904

-22-



233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274

275

276
277
278
279
280
281
282
283
284
285
286
287
288
289
© 290
291
292

904

907
906
909

905
901

911
910

1115

O 0O00O0

924

75

76

927
929
928

930

921

k3=n=(kl=2)%*50

if(k3.gte50)k3=50 ,

read(70ys69rec=kloerr=30)((aliSy jlej=lem)yiS=19k3)
do 905 j=lyip

ifliz(kleegejlgo to 906

do 907 i=lem-1

ainilisjl=ainitisjl+(l-a(k2sid))*alk2ym)

go to 905 .

do 909 i=1lem=-1:

ainilisjl=ainitisj)+al(k2yi)*alk2ym)

continue

continue .

do 910 i=lym=-1

z2z=0.

nn=1

do 911 j=1lyip

iflainilisjleltezz)go to 911

zz=ainiliosj)

nn=j

continue

pod=pod+z2

jzli)=nn

write(Oy1115)pod

format(5xs"Poids de la matrice :"4f5.,0)

B e ol ok oo ook ok ol ok ol ook o oo o ol o oo ol ok

* REGROUPEMENT DES PRODUITS *
Ao ok e e ool o ook ok ok ok ek ok ok o

poc=0,

do 921 k=1l4n
kl={k=0.5)/5042
k2=k=(kl=2)%50
if(k2esgtel)go to 924
k3=n=(kl=2)%*50
if({k3.9t.50)k3=50 ‘
read(70s69rec=klserr=30){((ali5sJjlej=lem),siS=19k3)
do 928 j=lyip
bj(jl=0.

do 75 ii=lem=-1
itf(jz{(ii)deeqej) go to 76
continue

go to 928

do 929 i=lem=-1
if(jzli)leeqejlgo to 927
bjlij)=bjlj)+(l-a(k2si))*alk2em)
go to 929
bjljl=bjly,+a(k2yi)*al(k2sm)
continue

continue

zz=0.,

nn=1

do 930 j=l,ip
iftbjtjleltezz)go to 930
zz=bj(j)

nn=j

continue

poc=poc+22Z

iz(k)=nn
write(0,1115)poc
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293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
‘331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

0OO000O000000

1012

1013

1301

1300

1025

1020

OO0 00
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if(abs(poc=podlegtel)go to 700

Ekdk ok kA ok

¥ EDITION %*
YT I I LI

e o e A o o ale o o o o o o o ok e e ool o o oo ol e o e e o o o e ol ok

* CREATION DU FICHIER FINAL %
ok kR bk bk Rk a Rk Rk R b a Rk Rk RRg

write(5041115)poc
nn={n=0.51/50+2
write(63slsrec=lyerr=27)nym
do 1012 k=1l4n
kr{k)=k

do 1013 i=lyn=-1

do 1013 j=i+len
iflliztj)-izti))ege.0)go to 1013
kk=iz(i)

iz()=iz(J)

iz(j)=kk

kk=kr (i)
kr(id=kr(j)

kr(Jj)=kk

continue

do 1301 j=1lsm
kw(jd=J

do 1300 i=1lsm=-2

do 1300 j=i+lem~-1 .
if(jzlj)legtejz(i)dgo to 1300
kk=jz (1)

Jzltiy=jz(j)

Jz(Jj)=kk

kk=kw(i)
kwlid=kw(j)

kw(j)=kk

continue
kk=0
do 1020 ig=lsn

k=kr(ig)
kl=(k=0.5)/50+2
k2=k={kl=2)%50
k3=n=(kl1=2)%50
itf{k3.9t.50)k3=50
read(70s69rec=klyerr=30)}{(aliSsjlej=leom)eiS=1lyk3)
kk=kk+1

kkl=(kk=0.5)/50+42
kk2=kk=(kki=2)#%50
kk3=n=-(kkl=2)%*50
iflkk3.6te50)kk3=50

do 1025 j=lem

aini{kk2y j)=alk2sj)
if(kk2.neskk3)go to 1020
write(63s69rec=kklyerr=9999)({(aini(iSykwlj))si=lem)yi5=14k3)
continue

Ao e el oo ok o o e ool ok o ook o o ok ok oo oo o o ok ek

* IMPRESSION DES RESULTATS *
Ao oo e o Aok A o Ao ORok ok ol ok ool ok ek Bk



353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381l
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

801

704
802
702
701

30
32

29
33

28
34
26
35
27
36

13
37

39
38

9999
3001

8888
3002
1664

write(504801)(jz(k)sk=1ym=-1)
write(504801) (kw(k)gok=1ym=1)
format(12x,20i3)

do 702 k=1lgn
kl=(k=e5)/50+2
k2=k=(kl=2)%50 .
if{k2.gt.l) goto 704
k3=n=(kl=2)%50
if(k3.9t.50) k3=50

read(63s69rec=klyerr=8888)((aliS5sjloj=loem)yi5=1yk3)
write(50,802)iz(k)skrik)slalk2ysjloj=lom)

format(2(2x9i4) 92%x920(f2.091x))
continue

continue

go to 1664

write(04s32)

format("erreur label 30")
goto 1664

write(0433)

format("erreur label 29")
goto 1664 :
write(0434)

format("erreur label 28")
goto 1664 :
write(0435)

format ("erreur label 26")
goto 1664 :
writet0y36)

format("erreur tabel 27")
goto 1664

write(0437)

format("erreur label 13")
go to 1664

write(0,38)

format("erreur label 39")
goto 1664

write(043001)
format(2xs"Erreur label 9999")
goto 1664

write(043002) .
format(2xs"Erreur label 8888")
ctose(70)

closel(50)

close(63) _

stop &
end
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Subroutine rep

subroutine replipsizsainisireposnameidissitelseps)
dimension a(50920),aini(50+20),12(2000)9b1(20)9b2(20)9c0(5052043)
goto (1,100)sirep

do 2 i=1s50

do 2sj=1lym=-1

do 2 k=13

colisjok)=0

do 12 i=1450

do 12 j=1,20

ainilisj)=0,

do 3 i=lyn

kl=(i=.5)/50+2

k2=i=(kl=2)%50

if(kZ.gt.l) goto 4

k3=n={kl=2)%50

if(k3.9t«50) k3=50

read(70s5yrec=kloerr=9)((alkyjloj=lem) ok=19k3)
format (1000f2.0)

is=iz(i)

do 6 j=1,m—1

coliSejsl)=coliSejel)+talk2em)
coliSyje2)=colib5sje2)=2%a(k2ym)*alk2sj)
coli59je3)=coliBSyje3)+talk2ym)*alklyj)*%2
continue .

itel=0

do 7 i=lyip

iflco(islel)egtsepslgo to 17

write(Os18)i

format (2xy'"Representant num,"si4s"non utilise")
go to 7

do 7 j=lem=1

al=colisyjel)

a2=colisjs2)

a3=coflisjs3)

pp=-al2/2./al

uu=abs(pp=ainilisj))

if(uusgt,eps) itel=]

ainiliysjr=pp

continue

goto 1000

write{(0,15)

format (2xs"_Coefficient de dissimilarite non prevu !")
go to 1000 g

write(*,8)

format(2xs"_Erreur lecture fichier70 dans sous=-programme rep.")
return

end



A

400 c
401 c
402 c
403
404
405
406
407
408
409
410
411
412

413

414
415
416
417

subrout:ne dlSt(blva!MsldiS,y)'

dlmensnon bl(ZO),bZ(ZO)

20
100

goto (1,2),ad|s

do 10 j=lsm~1
=y+(bl(j)=~b2(j))*%x2

y=y*¥.,5

goto 100

do 20j=1sm=-1

i5=1
i5=bl(j)+b2(j)
ifli5.eq. 2) i5=0
y=y+i5

return

end

Subroutine dist
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CONCLUSION

Number of trials have been made with the algorithm presented
in this paper. 11 seems to be effective and well adapted to the prob-
lems of great dimension.

The problem of the choise of the distance to use for finding
the initial part families remains open. We used the euclidian distance
for solving the above example. A systematic study of the available dis-
tances is expected.

A final remark : the:approach proposed in this paper not only
leads to the part families, but also gives the subsystems which are res-
ponsible of this classification. Using the Data Analysis 1énguage, this
algorithm gives then the classes and, for each of them, the parameters
which explain these classes.
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