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Abstract

Hierarchical production planning systems attract today much attention of
both management scientists and practitioners.Hierarchical prOduction planning
systems are often decomposed into three decision-making levels, i.e. a medlum
term level, a short term level, and a very short term level.

This paper presents a medium term production planning model. At first , all
machines which can perform the same operation are aggregated. Group
' technology is used to decompose the system into several subsystems, then specific
.attention is given on how to aggregate the subsystems. Similarly, parts are
aggregated. We end up with an aggregate planmng model involving production
subsystems and part families.

Résumé A

Les systémes hiérarchiques de planification de production interessent de
plus en plus les chercheurs de gestion de production et les praticiens. Les
systémes sont composés souvent de trois niveaux de prise de decisions, i.e. un
niveau de moyen terme,un niveau de court terme, et un niveau de trés court
terme.

Cet art1c1e propose un modéle de planification de productlon a moyen terme.
Au debut, toutes les machines qui sont capables de faire la méme opération sont
agrégées. La technologie de groupe est ensuite utilisée pour decomposer le
systéme en plusieurs sous-systémes. Similairement, les produits sont agrégés. A
la fin, on obtient un modele agrégé de planification composé de sous-systémes de
production et de familles de produit.

Key words: Hierachical production planning system, Production subsystems,
‘Part-Families,; Inventory control.

Mots Clés: Systemes hiérarchiques de planification de production,
‘Sous-systéemes de production, Familles de produit, Gestion de stock.



Medium Term Production Planning Model
with Production Subsystems and Part-Families

1. Introduction

In a production system, many decisions have to be made over time.For
example, many decisions at a very detailed level, such as who will do a particular
job and with what resources and when, must be made very frequently. On the
other hand, some tactical decisions have to made, concerning production
smoothing, coordination of different production groups, ordering of raw
materials, etc. Much information for the first type of decision-making may be
uncertain, for instance, machine breakdowns, raw material avaibility,etc. So a
centralized controler or decision-maker will not be competent due both to the lack
of adequate computing capability and to the uncertainty of the forecast
information. |

As opposed to centralized controlers, hierarchical controlers are well adapted
to the control of complex systems. A hierarchical controler for a production
system works in the following manner. Different types of decisions are made at
different levels and over different time horizons. At a higher level, some tactical
decisions are made without the detailed information. As a result, these decisions
impose constraints on the lower level decision-making. While at a lower level, the
level of details increases and the actions at this level provide a feedback to evaluate
the higher level decisions.

To summarize, a hierarchical controler is well adapted to the production
decision-making process. Furthermore, a hierarchical approach is a standard °
way to reduce the complexity of a problem.

There are several types of hierachical production planning systems.
Hierachical MRP system can be found in Axséter[1], where the product structures
and capacity requirements have been expressed in terms of product groups and
machine groups and the consistency of aggregation has been discussed.
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Hierarchical flexible manufacturing systems control has been studied by
Hildebrant[9] and Kimemia[10], where hierarchical controlers have been devised
in order to keep up with the demand flow by adjusting the production rate .

In this paper, we are interested in hierarchical production planning systems.
This subject has been previously adressed by Bitran,Haas and Hax[4], Hax and
Meal[8] and Graves[7].Their approach was limited to the case of batch production.
This is less successful in a more general case. Very recently, Proth,Hillion and
Meier{12] have proposed a top level model for the general case. But it is just a work
in its first phase, many problems still remain open. Our work is based on system
decomposition and part aggregation and a medium term planning model will be
proposed.



2. System Description

We shall establish in the following a medium term production planing model.
It is generally true that the time a part spends in the in-process inventories of the
system is much less than the time where a finished product stays in the inventory
for the delivery. So it seems to be meaningless to consider the in-process
inventories when we establish a medium term production planning model. For
this reason, we shall neglect in the following the in-process inventories and only
the inventories for the finished products will be considered. Consequently, the
sytem to be considered is composed of a set of machines, inventories for finished
products and the known demand.

We suppose that each machine in the system can perform only one operation
and the production process of any product is defined by a sequence of operations.
The system is typically a job-shop.It will be called in the following the zero level
model. ‘

e

Figure 1 shows a production system with 11 machines, on which 6
operations can be carried out ,and 6 products can be manufactured. All the
machines of the set opi can carry out the operation i. The production process of the
six products are shown in the following sequences :

product pl: opl, op2 ,0p3;

product p2: opl , op2;

product p3: opl , op5, op3;

product p4: op4 , op2, op6;

product p5: op4 , op5, op6;

product p6: op4 , op6.

In order to simplify the next developments, we assume that the processing time of
any operation is independent of the product and the machine on which the
operation is performed.These processing times are shown in the following,

opl: 2 min /part , op2: 0.1 min /part,

op3: 3 min /part , op4: 2 min /part,

op5: 0.2 min /part, op6: 1 min /part.
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Figure 1, Model of level 0



3 m tion

Often, one can simplify a complex problem by decomposing it into several
subproblems and the solution of the overall problem can be computed from the
subproblem solutions.For some production systems, we can decompose them into
several processing subsystems.As shown in Dridi,Portmann and Proth[5], we can
decompose a manufacturing system into several processing subsystems using
group technology, given the assumption that the production process of any product
is defined by a unique machine sequence.

We shall study how to make use of the decomposition for simplifying a
production system in the medium term production planning. Here, because of
parallel machines, the system will be simplified in two steps. At the first step, the
parallel machines are changed by the equivalent ones as shown in Meier and
Proth[11]. Then at the second step, the system will be decomposed into several
subsystems which are as independent as possible one to the others, using group
technology. |

3] e I. f !! l ! L4 .
Let { M;,M_, ... , M} denote the set of parallel machines which can

perform operation O. Let P_, denote a',product which requires operation O, and p_,

its production ratio. Let o5, denote the proportion of product P, to be produced

on machine M ; and let Toim be the processing time.Then a production plan of

productivity X and production ratio (p,,...,pp), Where M denotes the number of

products, is feasible if there exists an allocation ( o : ) such that the following set

oim

of constraints are satisfied.

Z Toim*pm*aoim*X <1 for all machines;
m=1,....M i=1,..,n;
Ogim =1 for all the products;
i=1,...,n

m=1,.M.
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It may be very complicated to determine the set of feasible solutions. But

we can represent the set of parallel machines by a equivalent one M,, on which

the processing time of the product P, will be computed as follows,

(X Tyl )1

i=1,...,n :
It will be shown in Appendix 1 that all feasible production plans for the resulting
system remain feasible in the original system. In the following, it will be referred
to as the model of level 1.

Example::
In the system shown in the Figure 1, the machines which can
perform the same operation will be represented by an equivalent machine. The

processing time on the equivalent machine M; for any product which requires

operation op3 becomes,

1/3+1/3+1/3)1 =1
The same computation can be carried out for other machines and the results are
shown in Figure 2.

M1 M2 ?‘3 )
op
(opl) (op2) »P2
o
1 0.1 1 <

)\ s

}

/ ”

——
1 0.1 1 —P
: —\ J
M4 — M6 ke
M5
(op3) (op5) (op6)

Figure 2, Model of level 1 : operations+products

(processing time unit is min/part)
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32D iti il I
At the second step of the aggregation scheme, we have initially in the
system a set of machines. Each of them corresponds to one different operation. We
have defined the production process of a product by a sequence of operations, it is
then equivalent to define it by a sequence of machines for a model of level 1.

Following the work of Dridi,Portmann and Proth[5], we shall decompose
the system into several subsystems so that most of the operations of any product
are carried out in only one subsystem. In the perfect decomposition case, all the
operations of any product are carried out in only one subsystem and the
subsystems are totally independent.

The processing times of the products on the machines will be used to
decompose the system. The are represented by a matrix described in following,

[T.]
ij

where i denote the products and j the equivalent machine (or operation ). Each
product will be weighted by its production ratio over the planning horizon. We can
then decompose the system into q subsystems in the same way as described in
Dridi, Portmann and Proth[5]. We will not detail the method here.

Example :

Next to the parallel machine aggregation shown in the Figure 2,
we now decompose the system into several subsystems. The processing time
matrix is shown on Table 1 where it is assumed that all production ratios are
equal.



P1

P2

P3

P4

P5

P6

M1 M2 M3 M4 M5 MS
1 0.1 1 0 0 0
1 0.1 O 0 0 0
1 0 1 0 0.1 0
0 01 O 1 0 1
0 0 0 1 0.1 1
0 0 0 1 0 1

Table 1: Processing time matrix

ratio

1/6

1/6

1/6

1/6

1/6

1/6

As it can be noticed, a rather obvious decomposition is the following
one: (pl,p2,p3,M1,M2,M3) and (p4,p5,p6,M4,M5M6). Let us now turn to the
medium term planning model. |
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In this section, we are going to study how to make the system management
easier by applying some reasonnable operation rules.

Considering the decomposition obtained, we suppose that the batch production
is used to organize the production of each subsystem. It means that all the
operations to be perform on a subsystem will be carried out by lots. And at the top
level of the production planning system, we can consider the subsystems as
elementary components.

With the previous assumptions, each subsystem is now a ressource which is
shared only among the corresponding products and which can not be used by two
part-types simultaneously. Then a subsystem can be considered as a machine at a
higher level. The processing time of a product on the equivalent machine can be
computed by the inverse of the maximal production rate when only the product is
processed and only the operations in the subsystem are taken into account.

Example :

Following the decomposition made in the previous section for our
example, we apply now the batch production rule to each subsystem.Replacing
each subsystem by a equivalent machine as described above, the system is
aggregated as a two machines-system. For instance, the processing time of the
product pl on the equivalent machine of the subsystem S1 is computed this way:

(min (11,1/0.1,11)) 1 =1
The same computations can be carried out for the others, and the results are

shown in Figure 3.

The resulting model will now be called model of level 2.
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b
subsyst processing time(min/part)
S1 '
' F1 s1 S2
'—:’> P2
p P3 1 0 Pl
1 0 p2
/ - 1 1/30 p3
—>
S s 1/30 1 pd
—
P6 0 1 p5
subsyst 0 1 p6
S2 ‘

Figure 3, Model of level 2 : subsystems + products

At level 2, we finally end up with a smaller set of machines, corresponding to
the set of subsystems. The interesting points of this model can be shown by the two
following properties. '

Property 1: Any feasible plan in the model of level 2 is feasible in the
model of level 1 and consequently the model of level 0.

Property 2: Any feasible plan obtained by applying the batch production to the
overall system in a model of level 0 is also feasible for the model of
level 2.

7ill be shown in Appendix 2 and 3.

The system is now well designed to the medium term production planning.
But the number of products still remains too large. So we will aggregate in the

next section the nroducts which hava simil

tina in nart familing in
lll- N A A YV RAANVIA AACA Y

[=]
4 ADViIVLD 444 yuLU ACALLILALIAVD 11X

order to obtain a model composed of subsystems and part families. It is the top
level model that we seek to obtain .



11
5. P ion

In order to simplify the medium ierm production planning, we have to
aggregate the parts which have similar features. In the following we will sttidy at
first several characteristics. Then with the characteristics chosen, part
aggregation will be studied.

From a production planning point of view, some characteristics are often
taken into account in part aggregation, for example, the processing times, the
resources used, the inventory holding costs, the production costs and the
demands. In our model of decomposition, it is obvious to take into account the
processing times and the subsystems used by a part. The other characteristics will
be chosen according to the criteria used in the medium term production planning

which may be of different kinds.

Once the characteristics are chosen,a measure which takes into account all
the characteristics chosen will be proposed for computing the degree of similarity
of two parts.Many works have been devoted to the study of appropriate
measurement of similarity.Subsequently, many techniques of classification can be
used to aggregate similar parts into families.We shall not discuss the problem
here.

Example : \

Following the model of level 2 shown in the Figure 3, we now want to
aggregate the different products. In this example, our aim is to minimize the
inventory cost and we suppose that the inventory holding cost is the same for all
the six products in order to simplify the computation. Then it is obvious that the
parts which have a similar processing time on all the machines ( or subsystems)
will be aggregated into one part family. If we represent a product by a point in the
euclidean space defined by the processing time on each subsystem, the points
which are close one to the others represent a part-family.

Figure 4 shows the distribution of parts in the plan defined by the
processing time on the two subsystems S1 and S2. It is obvious that the parts
pl,p2,p3 will be aggregated in one part family, denoted by f1 and the other ones in
another family, denoted by f2. The processing time of fl on the subsystems can be
computed as-follows:
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on subsystem S1: (1¥1/6+1*1/6+1*1/6)/(1/6+1/6+1/6) =1,
on subsystem S2: (0*¥1/6+0*1/6+0.1*¥1/6)/(1/6+1/6+1/6) =1/30.
The computation for f2 is the same and the results are shown in the Figure 5.At
this point we shall call the resulting system as the model of level 3 or the master
production planning model.

4 processing time
on Sl

P2 /

P4 . .
processing time
on S2
>
Flgure 4, plan of processing time
1 min/part

“ 1/30 min/part

1/30 min/part /

F2

- 1 min/part

Figure 5, model of level 3: subsystems+part familes
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6. Medium Term Production Planning

The medium term production planning is now much simpler with the system
resulting from the system decomposition and the part aggregation. The resulting
system is composed of a set of machines and a set of part families, the production
process of each part family is defined by a set of machines. Then the production
planning may be formulated in the following way,

T F :

2 2 ga(Xqolp) » min
t=1 £=1

Iy=Ig, +Xp-dy

I, 20

X 20

2 T XSy

fe S.

1
where Ly, X, dg, denote the inventory level at the end of period t, the production
and the demand of the part famile f. S; denotes the subsystem i and A,; the total

available time of the subsystem S; in period t. A;; may be different depending on the

length of each period and denotes the maximum running time.

The problem which is called in the litterature inventory control problem has
been adressed by many authers,for example Bensoussan, Crouhy and Proth[2]
and Bensoussan and Proth[3]. We shall not study it farther.
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1. Example |
For the model of level 3 shown in the Figure 5, suppose that we have to plan

production over one year period. The demand and the total available time in each
period are shown in Table 2. '

demands (1000 parts) subsystem avaibility
month (hours)
family 1 | family 2 . Alt=A2t
1 54 54 110
2 4.2 54 80
3 48 54 | 120
4 6.0 54 160
5 7.2 | 54 160
6 9.6 54 160
7 84 6.0 70
8 7.2 6.0 70
9 54 72 120
10 54 9.6 160
11 7.2 9.6 160
12 10.8 10.8 100

Table 2. Demand and System avaibility

Because the inventory holding cost is assumed to be the same for all the
products, then the inventory cost in each period can be computed by the number of

parts in the inventory, i.e.,

ga (Xg, Iy )=14.

The system capacity constraints can be written as follows,

1/30%X,, + Xp, < Ay, .
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And the inventories are assumed to be initially empty, i.e.,

Lig=1y =0.

We can then solve the problem using linear programing technics . The
results are shown in Table 3.

family 1 (1000 parts) | family 2 (1000 parts) | time used (hours)
month
production | inventory |production|inventory | S1 S2

1 5.400 0. 6.143 0.743 934 105.4
2 4310 0.110 4.656 0. 744 80.
3 7.020 2.330 5.400 0. 120. 93.9
4 9.358 5.689 7.248 1.848 160. 126.
5 9.290 7.780 9.290 5.739 160. 160.
6 9.290 7.470 9.290 9.629 160. 160.
7 4.064 3135 4.064 7.694 70. 70.
8 4.064 0. 4.064 5.759 - 10 70.
9 5.400 0. 7.020 5.579 939 120.
10 8.302 2.902 9.323 5.302 1435 | 160.
11 9.290 4993 9.290 4.993 160. 160.
12 5.806 0. 5.806 0. 100. 100.

Table 3. Production Plan
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Conclusion

We have propbsed a medium term production planning model. The main
interest of this model lies in that all feasible plan for a model without the part
aggregation remains feasible for the original model. Another point deserves
attention as well. Recall that we have supposed that the batch production rule are

used to organize the production of each subsystem. It is then possible to introduce

‘set-up costs in a way similar to the one described by Bitran, Haas and Hax[4] but
in a more general case.
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Appendix 1: Proof of the Property of the model of level 1

Property: All feasible production plan in the model of level 1 remains feasible in
the ongmal model.

Proof We use the same notations as in the section 3 Let { xl, ,xM} be a

production plan where M is the number of products.

It is said to be -feasible foi‘ an operation O in the model of level 0, if there exists

an allocation (aoiﬁ) for the set of parallel machines { M,1.M,o,....M,,} such that

| z | IOIm*aOIm m S1 for all the machines;
m=1,....M o ' i=1,...,n
2 o, = - ‘ for all the products.
| i=1,..;n g m=1,... M

A It is said to be feasible for the equivalent machine Mo in the model of level 1, if
it satisfies the following constraint, '

%
T x <1
om ™M
m=1,.. ,M
where T = (2 (Tgp)t )1
om
o i=1,...,n

Obiously, the two admissible regions are both convex. And all the vertices of
the second region are also the vertices of the first region. So, the first region is a
subset of the second one. And it is true for all the operations, then the property is
shown.
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Appendix 2: Proof of Property 1

Property 1: All feasible plan in the model of level 2 is feasible in the model of level 1

defined by operations, consequently it is feasible in the original model, i.e. the
- model of level 0. '

Proof. Let { Sl,..,‘S.ns} denote the set of subsystems ,and let {Pq,...,Pyq} be the
set of products and let t be the processing time of the product Pi on the subsystem

Sj in the model of level 2.Assume that a production plan {xy,...,x\q} is feasible in

the model 6f level 2. Then for all subsystems Sj,

- 2 g* xSl .
i=1,...,.M

We have defined ts; by the inverse of the maximal production rate when only

the product Pi is processed and only the operations in subsystem Sj are
considered. Since we assume that the production process of a product is defined by

a sequence of operations, then the quantity tij*xi is equal to the maximal

utilization ratio of the equivalent machines of the subsystem Sj by the product Pi.

From equation (1), the total utilization ratio of any equivalent machine of the

subsystem S; by the set of products { Py,...,Pyj} is always less than one.And it is

true for all the subsystems. So the production plan is feasible in the mddel of level
1.

Since all production plan feasible in the model of level 1 remains feasible in the
original model, the property is then shown.
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Appendix 3: Proof of Property 2

Property 2: All feasible plan obtained by applying the batch production to the
overall system in a model of level 0 is also feasible for the model of level 2.

Proof. Let Sj, t; and P; be the same notations as these in the Appendix 2.

We recall that the processing time of a product on an equivalent machine in
the model of level 1 is the inverse of the maximal production rate when only the
product is processed by the set of machines. It means that applying the batch
production rule to the overall system in the model of level 0 is equivalent to apply
the batch production mle to the model of level 1.

Let r; denote the inverse of the production rate when only the product Pi is

processed in the model of level 1.Assume that a plan { Xy,...,X)} is feasible
obtained by applying the batch production rule to the overall system in the model of
level 1, then
i=1,...,.M
By the definition of t» it is obvious that t;; is not bigger than r;i.e.,

t;<rj (3)

Combining relation (2) and (3), it comes:

2 ty*x <l @)
i=1,...,M
M shla 3 A smmnAdAl ALY T O TV b
Relation (4) shows that the plan is feasible in the model of level 2. The propert;
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