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Abstract 
This paper considers a factory which produce n items on a single facility and which 
is confronted to a cyclic demand: each item is ordered relatively to a cyclic 
delivery schedule with a mean quantity for each delivery. This kind of «contract
order» is found very frequently, especially in the big distribution and the 
automotive sectors. So, the long-term information becomes the due date and the 
exact quantity that will be delivered is only known in the short term. 
This work aims at defming a new production management model which considers 
these new commercial paradigms. 
In a long-medium term we have calculated and generated cyclic production 
schedules. In a short term we present capacities adjustments approaches and safety 
stocks determination. 
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1 INTRODUCTION 

The supply chain integration and the emergence of new paradigms issued from the 
just in time philosophy have called into question the existing production 
management methods. 
Companies slowly moved from the classical order between a customer and a 
supplier with a quantity and a delay to the notion of a « contract-order» in which 
the supplier is linked with the customer through a cyclic delivery schedule with a 
forecasted quantity for each delivery. This kind of order is found very frequently, 
especially in the big distribution and the automotive sectors. So, the long-term 
information becomes the due date and the exact quantity, which will be delivered, 
is only known in the short term. 
The work presented in this paper aims at defming a new production management 
model taking into consideration these new paradigms. 
A large bibliographical study has been carried out and concerns mainly the cyclic 
scheduling. The study shows as evidence that the global problem is so complex 
that it is necessary to split it in several steps. In our work, we propose a 
decomposition of the problem in three steps: 

1. Determination of the global production cycle and the production 
frequency of the different items into the cycle (based on mean demands). 

2. Determination of a repetitive sequencement that takes into account the 
obtained results in the fIrst step and which is optimized relatively to specifIc 
criteria. 

3. Modelization of the capacity problems (arbitration between over-time 
and subcontracting) and determination of the fmal batch size responding to short
term events. The third step includes also the safety stocks determination. 
This subdivision corresponds also to a temporal decomposition. The fIrst and the 
second step correspond to a long-medium term level and the third one corresponds 
to a short-term level. 

2 PRODUCTION FREQUENCIES DETERMINATION 

In a previous paper (Bahroun, 98c), we have focused on the fIrst sub-problem. We 
have considered a factory which produces n items on a single facility and which is 
confronted to a cyclic delivery schedule (several independent deliveries of the 
same product in the cycle, for instance, we must deliver the fmished product 1, 
1000 units each Monday, 2000 each Tuesday and 5000 each Friday, the delivery 
cycle in this case is the week). We have modelized a total cost function, which 
regroups set-up, ordering and inventory carrying costs (raw material and fmished 
products). We have then developed heuristics to determinate a cycle time, a 
production frequency for each item in the cycle and a batch size. Those parameters 
must minimize the model total cost function. 
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The total cost function T.C. can be evaluated as: 

TC = r. [~* (en + i:Zi,k * eh)]~ + (1) 
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Where: ~- Lj 

n = number of fmished products (F .P.) 
~ = batch size of the F.P. j 
Tj = time interval between two productions of the F.P. j 
T = production cycle duration 
fj = production number of the F.P.j in a cycle T 
Yj = [Tj/T] 
Rj = set-up time of the F.P. j 
Pj = production rate of the F.P. j 
v = number of raw material (R.M.) references 
Zj,k = boolean indicating if the F.P.j use the raw material k 
rj,k = quantity of raw material k used by the F.P. j 
Sfj = holding cost of the F.P. j by unit product and unit time 
SPk = holding cost of the R.M. k by unit product and unit time 
Crj = manufacturing set-up cost of the F.P.j 
Clk = ordering cost of the R.M. k 
Wj = delivery number of the F.P.j in the cyclic delivery schedule 
Xuj = the uth delivery quantity of the F.P.j in the cyclic delivery schedule 
lUj = time interval between the uth delivery and the (u_l)th one for the F.P.j 
Xj represents the total delivery quantity by delivery cycle and Lj the total duration 
of the delivery cycle 

Wi 

]V = LXuj 
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Lj= Llu} (3) 
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The optimal solution consists at : 
Calculating for each item the optimal production cycle Tj* by considering each 
time only one variable Tj (which is equal to yjT) and deriving the T.C. function 
relatlvely to Tj. 
Taking as global cycle T the LCM of all the Tj. 

The problem is that generally we obtain a big global cycle. An important cycle 
leads to the loss of the benefits which can be obtained with a cyclic production. So, 
we have decided to try to fmd out a smaller cycle with a small difference in the 
cost in comparison of the optimal cycle. 

The first approach consists at calculating the total cost of all the possible cycles 
until a fixed value and testing at each time the difference with the optimal 
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solution. We choose after that the best cycle from those inferior to a fixed value. 
The experiments show that the difference is generally inferior to 2 per cent. 

The second approach consists at using an heuristic program. This heuristic 
determines the production cycle and the different Yj (the production frequency of 
each itemj in the global cycle T). It is mainly composed of three steps: 
Step 1: -We calculate for each item the optimal production cycle Tj* by 
considering each time only one variable Tj (which is equal to yjT) and deriving the 
T.e. function relatively to Tj. 

-We fix arbitrarily all the Yj to 1 in the T.e. function. 
Step 2: The T.e. function becomes mono-variable (T), we calculate the optimal 
cycle T* by deriving the T.e. function relatively to T. 
Step 3: We calculate the new values of yj* (equal to Tj*/T*). If the rounds of Yj 
differ from those found in the precedent iteration we repeat the steps 2 and 3. 
The second step consists on calculating T* with the new values of yj*. We test both 
the inferior and the superior round of yj*. 
Step 4: We calculate then the batch sizes with this formula: 

'if J' n _,.,. Xl .final (4) 
~ - 10P'- y, 

Ij 
(yral is the last value ofYj and ToP! is the last T* calculated with the yra1). 

We calculate after that u the LCM of the Yi linal. Then, we determine the production 

frequency £: 'if J' jjjinal = _u_ (5) 
J J final 

Yj 
In a global cycle that is equal to u times the base cycle T opt> we will produce fj 
times the product j: 

Tglobal = Topt * U (6) 

The experiments shows also that the difference in costs of the cycle obtained with 
this heuristic and the optimal one is not important (generally inferior to 4 per cent). 

3 SEQUENCE AND PHASE DETERMINATION 

For the second problem of our global philosophy (Bahroun, 1998c). We have 
determinate from the production frequencies, the, best production sequence and 
phase. This determination is based on the Pinto-Mabert sequence generation and on 
a linear program to determinate for each sequence the best phase in terms of 
minimizing the carrying costs and respecting in the same time the deliveries. 

In this paper, we focus on the second problem of our global philosophy. Our goal 
is to determinate from the production .frequencies, the best production sequence 
and phase. This determination is based on the Pinto-Mabert sequence generation 
(Kim, Mabert and Pinto, 1993, 1995) and on a linear program to determinate for 
each sequence the best phase. 
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The initial sequence ( Initial Sequence Generation Algorithm ISGA) is generated 
in three steps: 
The step 1 consists on calculating the total number of batches (b) in a repetitive 
cycle, and the number of cells (lk) in the kth sub-cycle such that: 

b= D and lk = [b/ut= I V k. (7) 
j 

The second step consists on sorting the items in the ascending order of fj. If there 
are ties among the fj's we sort in the ascending order of the processing time per 
batch. 

The third step consists on assigning the ranked, sorted items to cell SCik (ith cell in 
the kth sub-cycle; i=l, .. oo,lk; k=l, .. oo,u) until all items are assigned, using: 

Rule 1 : Cell order (O(SCik)) arrangement 
O(SC~ = {ascending order of k / i = 2p-l, descending order of k / i=2p}, where 
O(SCik)= cell number by which an item is assigned; pE "W. 

Rule 2 : Sub-cycle skipping interval (SIj) determination 

(8) 

We generate after that the dominant sequences by swapping the products having 
the same frequency in the initial sequence. 

After generating the dominant sequences, we must found the best phase of each 
sequence (the phasing consists on placing the repetitive sequence in the time) using 
a linear program. The best phase is the one, which minimize the necessary initial 
stocks that ensure that the stock of all the products remain superior to zero at any 
time. 

For each sequence and phase we must calculate the necessary stocks, we will use 
for this a linear program. 
We will cut the time in h sub-periods (the sub-period may be the hour) and we will 
defme this program: 

~\t = 1 if the product i is in production in the sub-period t (0 ifnot) 
'I't,i = 1 if the product i will be delivered in the sub-period t (0 ifnot) 

So, the stock of the product i at the end of the sub-period t can be calculated with 
this formula: : 

St,i = St-I,i + Pi * ~\t - Qi * 'I't V t> 1 (9) 
Sl,i = Sh,i + Pi * 0i,1 - Qi * WI V t>0 (10) 

The necessary initial stocks for the sequence and the phase can be given by 
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n T 

Min(IISI,I) 
1=1 1=1 

with St,j >=O'if t 

4 CAPACITY ADJUSTMENT AND SAFETY STOCKS 
DETERMINATION 

(11) 

(12) 
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In this paper, we focus on the last sub-problem, the short term production 
management. 

The cyclic schedule determined in the precedent steps is based on mean demands. 
The defInitive quantities of the orders are known only few days before the delivery. 
So, we propose an approach to adjust the necessary capacity considering the 
defmitive order quantities. We have defmed for this, a linear program which 
minimize the difference between the starting date of the order and the latest 
starting date of this order considering the quantities and the dates of the deliveries 
covered by this order: 

u=1 

where: 
Xj = the supplementary capacity associated to the order i. 
di = the starting date of the order i. 
ei = the ending date of the order i 
qi = the quantity of the order i. 
X = the total supplementary capacity. 
K = the total number of the orders. 

(13) 

R j = production rate of the fmished product j. 
~Ui = the uth delivery quantity covered by the order i in the cyclic delivery schedule. 

ui = date of the uth delivery covered by the order i. 
V j = the number of deliveries covered by the order i. 
s, r = variables fIxed by the user to limit the supplementary capacity allocated to an 
order in comparison of his own production rate. 
With these constraints: 

dl=O 

'if. (ql-I) 1>1 di=dt-I+ ---Xi-I 
Ri-I 

(14) 

(15) 
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(16) 

u=l 

qi qi 
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& & 

(17) 

The originality of this approach is that we allocate a supplementary capacity 
(negative or positive) to an order and no to a period. 

The second problem which must be treated is the safety stocks determination. We 
have for this also developed an approach for fixing safety stocks. In fact, the safety 
stocks in our case will cover the uncertainty of the starting date of the different 
orders. So, each order will produce a safety stock to cover the uncertainty of the 
starting date of the next order and will consume the safety stock created by the 
precedent order for covering his uncertainty of his starting date. 

The approach consists at estimating the variance of the uncertainty of the starting 
date of each order of the sequence. Then we can fix a safety stock for each order 
which can cover two variances. 

5 CONCLUSION 

We have defmed in this paper a new management model taking into consideration 
the cyclic delivery context. We have first of all calculated from a delivery 
frequency and a mean demand for each delivery, production frequencies and batch 
sizes for each product. We have used for this three approaches. The first one gives 
us an optimal solution in cost but with a big cycle. The second one gives us a better 
solution in terms of the lengthening of the cycle but with a slight difference in the 
cost in comparison with the optimal solution. The third approach is an heuristic 
which gives us directly a good solution in terms of cost and lengthening of the 
cycle. So, by using these three approaches we can choose the best cycle in terms of 
cost and lengthening of the cycle. 

We have after that generated the best sequence and phase of our cyclic production 
planning. We have used and modified the Pinto-Mabert approach to generate the 
dominant sequences. We developed then a linear program which fmd out the best 
sequence and phase. 

We have then studied the short term management. We have proposed in this 
context approaches to adjust capacities and calculate safety stocks. A linear 
program has been developed to allocate a supplementary capacity (negative or 
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positive) to an order. The safety stocks calculation is based on estimating the 
variance of the uncertainty of the starting date of each order of the sequence. 

This work can be easily extended to a multi-stage and multi-ressources production 
system. We must only consider that, from stage to stage, we have a supplier
customer relationship. 

We can also the study the long-term management which consists for example to 
decide if we take a new contract or not and with which conditions. 
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