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The Hierarchical Planning of Production in Agro Alimentary
Environment: Case of Interdependent Products

Ridha Erromdhani, Najeh Ben Mabrouk, and Abdelwaheb Reba

Abstract. In this paper, we are interested to the problem of planning inside
the agro-alimentary industry. In this context, we have take into account many
specific constraints such us products interdependence and the existence of many
changeable production procedures. We propose a hierarchical model that respects
the real capacities of the workshop and the product interdependence. Indeed, we
have established a mathematical model according to different production levels.
While taking into account real capacities of the shop and the interdependencies
between the products, the results of our formulation are satisfactory in terms of
quality of solution and time requirements. It’s shown that our model is able to
reach all optimal solutions for all treated models and for all system levels.

1. Introduction

The agroalimentary industries constitute the link between the agriculture and
the consumers. In the planning context, the problem consists of determining a
production plan which means knowing the demands among a given horizon,
determining the quantities of products which have to be produced in each period,
in order to minimize the costs such us production cost, transformation cost, and
stocking cost. Furthermore, the planning task in this domain is subjected to several
specificities concerning the production planning data because of the existence of
high degree of incertitude and imprecision in the data level, perishable finished
and semi-finished products and product interdependencies [1]. In fact, the
planning task remains an important piloting tool since we have the future demand
which refines over the time [4]. Moreover, the environment of these industries is
very dynamic due to the raw materials and finished products that have often a very
short life cycle [5]. The classics models of planning were not well adapted in the
context of agro alimentary environment because they did not offer a homogeneous
field at the level of the management of production resources.
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In the first section of this article, we propose a hierarchical model for planning
that take into account real constraints of Agro-Alimentary Environment (AAE). One
of the reasons of the choice of the hierarchical approach is that it permits to
simplify the global process of decision [7]. Indeed, the decisions transmitted at
the lower level are considered as constraints to be satisfied or as objectives to be
reached at a superior level.

In the second section, we present the problematic of the planning in the
Agro Alimentary Environment. Then, in the third section, we describe our new
formulation. To focus in the forth section on the case of a charcuterie to validate
our model .finally, the main conclusions and perspectives are presented in section
five.

2. Problematic of Planning in the Agro Alimentary Environment (AAE)

In the context of the AAE, many specific constraints are to be considered in
the planning process. In agroalimentary, the costs of the raw materials are not
fixed and can depend on some parameters such as the climate. Some products are
seasonal and in this time we note an increase in the production level which can
leads to an increasing demand for more workers and more supplementary working
hours [2].

In the AAE, the process of production is not stationary. A raw material can give
a finished product x, two products x and y or even more [6]. So, a resource can
be used in several tasks at the same time. In addition, the finished products are
sometimes interdependent. For example, we cannot finish producing x without
producing another finished product y.

Therefore, even if the demand concerns one variety of products, we must
produce a range. In this case, the company will be constrained to stock finished
or half-finished products knowing that the stocked products sometimes have very
short limit delays of consumption. So, these companies have no choice but to make
some sacrifices on their selling prices to liquidate their stock.

The cost of stoking can go up, if the product remains a long time in
stock since the weight and the price of some articles sometimes decreases
following a congealment. The agroalimentary products are often characterized by
a consumption delay (CD) [10]. The firms must consider not only this deadline, but
also they must take into account a selling delay (SD) for these products. Generally,
SD = %CD, this delay gives a short time for the firm which may be one or two
days.

In the AAE, and particularly in the case of the specialized companies in
charcuterie, some products can be considered as finished products intended
directly to be sold on the market or as half finished products being able to be
transformed and/or decomposed into some of other by-products. For example, the
thighs are sold directly, or decomposed into top of thigh and pestle. On the other
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hand, the production of a product A triggers the production of a product B or of its
derivatives without even having a demand of that product from the market.

Generally, in the agoralimentary industries, we distinguish three kinds of
products: finished products not decomposable, semi-finished products which
cannot be sold directly and finished decomposable products which can be destined
to selling or/and decomposed into other products.

Figure 1. Hierarchical nomenclature “products interdependencies”.

Figure 1 presents the notion of interdependencies between products. Both the
products X; and X, use the same raw material X. So, through X, we can produce
only X;, or only X,, or both X; and X,. X; is a non-decomposable finished product
directly intended for selling whereas X, is a semi-finished product which cannot
be sold directly. The latter may be transformed into X,;, X,, and X,3 such that we
cannot produce X,, without producing X,; but it’s possible to produce X,; only
without X,, and X, .

In the literature, few works treat the problems of production planning in the
Agro Alimentary Industry (AAI) or also in the case of perishable or interdependent
products.

Houba et al. [8] described a modelling method that reduces the effort required
for the development of decision making system in the AAI, based on the techniques
of the satisfaction of constrains that most manufacturers make it by hand. The
authors proposed a model based on the returns of the products and applied it on
dividing salad factory.

Tadei et al. [9] proposed a heuristic composed of two stages to treat
the problems of planning and of organization of the production in an agro
alimentary enterprise. The authors have considered contradictory objectives as the
minimization of the labour force cost and the inventory cost.

In this article, we propose a hierarchical planning method to manage the
notion of interdependence between products in agro alimentary environment. In
a classic approach, the, decision-makers must focus on an important database
whereas the hierarchical approach is based on a hierarchical decomposition of the
decisions that adapt well to the structure of the ties between the products as a tree
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representation [11]. In this tree, the decisions of a superior level can be considered
as constraints in a lower level where the decomposition is finer.

3. Mathematical Modelling Programming Models

The models used in different levels were constructed by aggregating
successively the entities that will be produced in the direction from low to high
level. The decisions of a superior level are considered as a constraint in an inferior
level [3].

The subjected entities in the model are:

e Type: consists of a set of items having the same basic raw-materials and are
related by interdependency constraints. The production of items of type i
followed by items of type j may require operations machine settings and
cleaning. We cannot find any interdependency between the products of two
different types.

e [tem: corresponds to a sold finished product, decomposable finished product
or semi-finished product.

We note that any item belongs to only one family, and likewise, every family is part
of only one type.

3.1. Linear Modelling per Type (LMT)

In the proposed linear model for production hierarchical planning, we consider
a production system consisted of several manufacturing stages with a general tree
of N products. The required data are: number of planning periods, the demand
per type per period, the availability of production resources during supplementary
hours, the unit production period per type, a set of unit costs. The used notations
are presented as follows:

The decision variables

X;; : The quantity of type i to produce on period t.

Si¢ : The stock of product of type i at the end of period t.

R, : The number of regular working hours used on period t.

O, : The number of supplementary working hours used on period t.
ST;. : The number of units of product i subcontracted over the period t.

The costs

Cp;; : Aggregate production cost of type i over the period t.
Cs;; : Aggregate inventory cost of type i over the period t.
Chs, : Cost of a supplementary working hour over the period t.
Chn, : Cost of a regular working hour over the period t.

CistT : Outsourcing cost per unit of product i over the period t.
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The parameters

D;, : Aggregate demand of type i over the period t.

thn, : The total of available regular working hours over the period t.
nh;  : The number of required hours for producing one unit of type i.
C, : The capacity of production (Kg/hour) over the period t.

Mhn, : Maximum number of regular working hours per day.
Mhs, : Maximum number of supplementary working hours per day.

Then, the proposed linear mathematical model, denoted LM T, is presented as
follows:

T N
(3.1) Minf =Min)_ (Z(CpitXir—i-CsitSit-}—CftT STit)+Chnth+ChstOt)
t=1 “i=1

subject to:
3.2) Sy 1+X;—Dyy=S; Vi=12,...,N;t=1,2,...,T

(33) S=0 Vi=1,2,...,N
T
(34) D.nhX, <R +0, Vi=12,.. Nit=12,..,T

i=1
N

(35 DX <C ¥t=12..,T
i=1

(3.6) O<R,<Mhn, Vt=1,2,...,T

(3.7) 0<0,<Mhs, Vt=1,2,...,T

(3.8) Sy +Dy =S, 1+Xy+ST;, Vi=1,2,...,N;t=1,2,...,T
(39 X,>0 Vi=1,2,...,N;t=1,2...,T

(3.10) S, >0 Vi=1,2,...,N;t=1,2,...,T

(3.11) ST, >0 Vi=1,2,...,N;t=1,2,...,T

The objective function (3.1) is the sum of production costs, inventory costs, cost of
total regular and supplementary working hours for all products over the horizon
period. The constraints (3.2) are balancing stocks equations. They state that
the stock at the end of period t is equal to the stocks at the period (t — 1)
plus the produced quantity at the period t minus the demand of the period t.
The constraints (3.3) ensure that the initial stock is equal to 0 at (¢t = 1). The
constraints (3.4)ensure that the planned production cannot exceed the available
capacity over regular and supplementary working hours over the period t. The
production capacity is restricted to an upper bound at each period t (constraints
(3.5)). The constraints (3.6) and (3.7) require that the number of working hours
cannot exceed the maximum number of regular and supplementary working hours
respectively. The constraints (3.8) show that, in the overload case, the firm can
use outsourcing. The total quantity of product i produced over given period is
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calculated as the sum of its production for different products. The inequalities
(3.9), (3.10) and (3.11) are the non-negativity conditions.

The proposed model aims to determine the produced quantities of each type of
item. The output of this model is considered as specific constraints to the second
proposed model presented in the next section.

3.2. Linear Modelling per item (LMI)

This modelling consists in sharing the available capacity of an item from a level
iinto each obtained item processed from it to a level i + 1. This is done subject
to satisfaction demand constraints with the objective to minimize production costs
and inventory costs. The used notations are presented as follows:

Cpixe : The production cost of product ik over the period t.
Cs;x : The inventory cost of product ik over the period t.
Qi : Minimum starting quantity of product ik over the period t.
Xixe : The quantity of product ik to produce over the period t.
Sixe : The stocked quantity of product ik over the period t.
X}, : The obtained quantity of the product X; from the MLT.
X; is a decomposable product into n; items X;;, (k=1,...,n;).

The structure of the LMI can be formulated as follows:
T n;

(3.12) Ming(S,X)=Min > ¥ CsySie + CPixeXite
t=1 k=1
Subject to:

(313) Sikt—1+Xikt_Sikt=Dikt VKZ1,2...,ni;i=1,2,...,N;t=1,2,...,T
n;

(3.14) ZXikt <X: VK=1,2..,n;i=1,2,...,N;t=1,2,...,T
K=1

3.15) Xuyr=que VYK=1,2...,n;5i=1,2,...,N;t=1,2,...,T
3.16) Xy, =0 VK=12...,n;i=1,2,...,N;t=1,2,...,T
(317) Sy, >0 YK=1,2...,n;i=1,2,...,N;t=1,2,...,T
The objective function (3.12) consists of both the production costs, the inventory
costs for all products over all periods. The constraints (3.13) represent the state
equations of the inventory level. They indicate that the stock at the end of period
t is equal to the stock at the period (t — 1) plus the produced quantity over the
period t minus the demand of the period t. The constraints (3.14) insure that the
sum of produced quantities of sub products of X; cannot exceed X

The demand of each type is obtained by aggregating the demands of finished
items belonging to such type. In order to determine this aggregate demand
we multiply the sum of demands of all finished items by a coefficient A. So
D;, = A, 27:1 d;; will be minimized. As shown in Figure 2, first, we reinitialize
the value of A and we solve the proposed hirerachical model. If the system provide
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Resolution of hierarchical model of
planming in JAA

Reduce A
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Figure 2. The steps of the resolution procedure.
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Return to the last value of A which
ives feasible solution

a feasible solution, then we substract A and we restart the resolution. These steps
will be repeated until reaching a value of A where the system cannot provide a
feasible solution.

4. Case Study: Butcher’s Shop Firm

In order to validate our proposed approach, we consider a real case study in
a butcher’s shop firm. Its activities consist in raising, slaughtering and selling
of poultries. In our modelling, several aggregate products are considered which
consist of two families: chicken and turkey. The compositions of these two families
are limited to items representing similarities in their ranges in order to modelling
the interdependencies between the products. The trees of turkey and chicken items
are represented respectively in Figure 3 and 4.

The planning horizon (T) is set to a week subdivided into 7 periods. The
predictions of the demand of each finished item to sell for the chicken family, over
a week, are given in Table 1.

Turkey Pac

Scallo Blanguette Thigh Carcass Aileron

Sale  Congealment Sale Congealment

BAV BAR Coffers  Transforraation Sale

Sale Salarai

teak

Sale ‘y-b\w:c‘o Gnlled l
Sale %W ot

P il W

Sale Scallopin  Congealwent Transforration Katpat Salarai Soucisse Jarhon
/b’m% / \ " a8
Sale Transformation  Sale” Ham Salarai  Kat stalemate Sale or Transformation

Figure 3. The items of Turkey Pac product.
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Chicken Pac

/ScnllnpR 711?,5\ Thigh Carcass hicken in srall boat
Sale Transformation  Congealraent Sale Highof Thigh Pestle Congealrment Transformation Sale  Back Blan Congealment Transformation  Sale

Salard  Kap Saleraate  Transfolmation  Sale Congealment Salarmd Sale

Salari  Kat Salemate Rammer inbarquitte  Transformation  Congealment

Figure 4. The items of chiken Pac product.

Table 1. The prediction of the demand of some finished items for
chicken’s case.

Demand designation t=1 t=2 t=3 t=4 t=5 t=6 t=7
Chicken dq; 1800 1500 1000 1300 1800 1100 1700
Turkey dy; 1000 1200 2300 1800 1300 2100 1600
Cut out chicken di1s 1000 1200 500 900 1050 850 1100
Chicken in the small boot dio¢ 450 375 400 275 350 400 420
Scallop selling di;;e 400 350 250 400 550 220 350
Scallop congealment di113¢ 350 360 250 270 200 200 250
Wings sale di1p;; 150 100 90 130 165 100 110
Wings congealment di129¢ 130 100 110 110 100 60 100
thigh sale dijar; 250 220 200 220 250 140 250
Thigh congealment dq143¢ 190 140 200 180 180 115 130
Carcass sale dq132¢ 85 75 45 60 70 35 50

Transformation of scallop dq112¢ 350 300 250 270 300 210 250

Starting from the demands of finished products, we will determine the
aggregate demands of each semi-finished product. Starting from the lowest level
of the tree of each type and rising from one level to another by aggregating the
demand of lower level. The forecasts of demands of semi-finished products are
obtained by aggregation. Aggregate demand of a semi finished product may be
the sum of requests for these derivatives or the weighted sum by coefficients
provided by the company. Concerning the aggregate demand of a type, it cannot
be equal to the sum of its derivatives demands because of the existence of the
interdependency constraints between the products and other specificities. The
results of the hierarchical model for different values of A are summarized in
Table 2.

By using the WinQSB program, it’s shown that, for A = 1.8, all the demands of
finished products intended directly for sale are satisfied and the holding inventory
costs is very high. So, it’s recommended to reduce the value of A. By reducing
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Table 2. Results of hierarchical model for A =1.8; A =1.5; A =1.4.

t=1 t=2 t=3 t=4 t=5 t=6 t=7

Finisheditem [ S Q | S Q | S Q |S Q |[S Q|[S O[S 0O
0 1800| 50 1500| 35 1000| 12 1300| 26 1800| 12 1100| 21 1700
Chicken 32 1600| 32 1350 24 950 | 0O 1210| 29 1650| O 1050| 26 1570
0 1200| 35 1195| 30 800 | 11 1040| 30 1480| 10 900 | 30 1300
0 100 | 14 1200| 31 2300| 14 1800| 34 1300| 15 2100| 45 1600
Turkey 0 900 | 20 1075| 37 2100| 16 1700| 50 1157| 17 1900| 47 1400
33 730 | 27 800 | 41 1970| 18 1500| 42 1010| 10 1700| 50 1100
42 402 | 68 350 | 72 320 | 80 240 | 63 316 | 15 280 | 40 300
Chickenin |34 318 | 54 300 | 68 303 | 69 215| 0 300 | 62 210 | 33 280
the small boot |30 250 | 48 265 | 57 242 | 59 200 | 8 278 | 58 187 | 27 241
33 380 |62 300 |71 240 | 35 300 | 80 489 | 32 189 | 90 280
Scallop selling |17 310 | 54 257 | 66 208 | 31 280 | 60 400 | 27 166 | 63 210
13 280 | 37 218 |59 175 |27 235 |54 307 |24 112 |59 184
99 3582 (194 3350|209 3860|141 3640|203 3905|134 3369|196 3880
Total 83 3128|170 2982|195 3561|116 3405|139 3507|106 3326|169 3460
76 2460|147 2478|187 3187|115 297 |134 3075|102 2899|166 2825

this value, we observe that the demands remain satisfied but stocks are still
generated then it’s possible to decrease A. We have solved the hierarchical model
by setting A to several values A = {1.8;1.5;1.4;1.3;1.29;1.28;1.27}. It’s shown
that more reducing the value of A, more the total quantity of stocks decreases. For
A = 1.27,the model has not provided a feasible solution. So, we have returned
to the last value which corresponds to a feasible solution A = 1.28.In general, it’s
observed that our model is able to reach optimal solutions for all system levels with
minimum cost.

Figure 5 and Figure 6 present the output of the WinQSB software. It’s observed
that our model is able to reach optimal solutions for all system levels with
minimum cost both for LMT and LMI.

5. Conclusions and perspectives

In this paper, we have performed the resolution of hierarchical production
planning problem in the agroalimentary industries.

We established a mathematical programming relative to the different levels of
production, the mathematical program, using the software WinQSB, generated
satisfactory results because it gives optimal solutions for all models and levels of
the system with a minimal cost. One of the strong points of that program is its
flexibility and its adaptation to all new situations. Indeed, decision-maker can use
this program in future years.

As future directions, several other problems can be treated in more depth as the
problems related to breeding, subcontracting and distribution of finished products.
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Figure 6. Results for the LMI with WinQSB interface.

References

[1] S. Axater and and H. Jonsson, Aggregation and disaggregation in hierarchical
production planning, European Journal of Operational Research 17(1984), 338-350.

[2] G. Buxey, Production planning and scheduling for seasonal demand, International
Journal of Operations & Production Management 13(1993), 4-21.



The Hierarchical Planning of Production in Agro Alimentary Environment 159

[3] P Cohendet and P Llerena, Flexibilite et Evaluation des Systeme de Production,
ECOSIP “Gestion Industrielle et Mesure Economique: Approches et applications
Nouvelles", Economica, Paris, 1990.

[4] M. Erol and L. Dupont, Les Modes de Flexibilite: Classification et Integration dans la
Planification, 3eme Congres International de Genie Industriel, Montreal, Mai, 1999.

[5] M. Erol, Analysis of production planning in case of the random demand, Computers
and Industrial Engineering 37(1999), 21-25.

[6] E. Gargouri, S. Hammadi and P Borne, A study of scheduling problem in agro-food
manufacturing systems, Mathematics and Computers in Simulation 60(2002), 277-
291.

[7] A.C. Hax, H.C. Meal and P Borne, Hierarchical integration of production planning and
scheduling, in TIMS Studies in Management Science, 1, Logistics, M. Geisler (editor),
North Holland-American Elsevier, 1 (1975).

[8] H.G. Houba Iris,J.M. Hartog Rob, L. Top Jan, J.M. Beulens Adrie and N. Linda Van
Berkel, Using recipe classes for supporting detailed planning in food industry: A case
study, European Journal of Operational Research 122(2000), 367-373.

[9] R. Tadei, J.L. Trubian Avendafio, E. Della Croce and G. Menga, Aggregate planning
and scheduling in the food industry: A case study, European Journal of Operational
Research 87(1995), 564-573.

[10] E Tangour and I. Saad, Multiobjective optimization scheduling problems by
pareto-optimality in agroalimentary workshop, International Journal of Computers
Communications & Control 1(2006), 71-83.

[11] W. Van Wezel, D.P van Donk and G. Gaalman, The planning flexibility bottleneck in
food processing industries, Journal of Operations Management 24(2006), 287-300.

Ridha Erromdhani, FSEGS, route de Uaeroport km 4, Sfax 3018, Tunisie.
E-mail: erromdhaniridha@yahoo.fr

Najeh Ben Mabrouk, FSEGS, route de Uaeroport km 4, Sfax 3018, Tunisie.
E-mail: mabrouknejah@gmail.com

Abdelwaheb Reba , FSEGS, route de Uaeroport km 4, Sfax 3018, Tunisie.
E-mail: abdelwaheb.rebai@fsegs.rnu.tn

Received June 30, 2009
Accepted November 21, 2010



