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ABSTRACT: For a manufacturer, the order fulfilment process is triggered by the final customer demand. The 
manufacturer plans its productions, procurements and deliveries. The supply process is often constrained by long-term 
supply arrangements defined in framework agreements, containing terms which can deeply impact the partners’ 
performance. On this evidence, the interest of this paper is to compare two different supply contracts. The first one 
called (Q/t) consists in committing to a certain quantity of components per time period t, whereas the other consists in 
committing to quantity per horizon of time, noted (Q/Hc).  
Both contracts are introduced and the issued constraints are formalized to be integrated in production planning model. 
The study then investigates by simulation the impact of both contracts on both partners: the manufacturer, noted OEM 
(Original Equipment Manufacturer) and its supplier. Simulations are carried out through telecom study case performed 
within the developed simulation platform. Computational results finally illustrate how the adoption of each contract can 
impact manufacturer and supplier’s performances. 
 
KEYWORDS: Manufacturing systems, production planning, supply contract, simulations, performance assessment. 
 

1 INTRODUCTION 

The manufacturers are evolving in an uncertain envi-
ronment. They are involving in supply chains where col-
laboration among partners is established through con-
tract-based relationships. Indeed, supply contract be-
comes a useful solution for partners, since each one tries 
to prevent itself from high threaten risks by ensuring a 
stability and safety of their activities through negotiating 
commitments on the contract.  
The supply chain contracts have been identified in litera-
ture as a powerful coordination mechanism (Arshinder et 
al., 2008) that provides benefits to supply chain members 
so that even decentralised and uncoordinated supply 
chains may behave nearly or exactly the same perfor-
mance as an integrated one (Wang, 2002); (Cachon, 
2002); (Gerchak & Wang, 2004); (Jammernegg & 
Kischka, 2005).  
Beyond the specific investigation in one kind of contract, 
the aim of this paper is to investigate two supply con-
tracts through simulations to find out their influence on 
manufacturer’s and supplier’s performance. 
 
The paper is organized as follows. The related literature 
review is presented in Section 2. In Section 3, detailed 
description of elaborated production planning model is 
given. Section 4 introduces the simulation framework 
including study case and architecture of simulation tool. 
Section 5 is devoted to investigate the computational 

results in terms of generated performances. Section 6 
concludes the paper and relates further research. 

2 BACKGROUND REVIEW 

Different supply contracts have been addressed in the 
literature: buyback (allowing the retailer to return unsold 
inventory up to a specified amount at an agreed price) in 
(Lee et al., 2002), quantity flexibility (the manufacturer 
modifies the order within limits as demand visibility 
increases) in (Tsay & Lovejoy, 1999), backup (the com-
pany commits purchasing units before the selling season, 
and the manufacturer holds a fraction of the commitment 
and delivers the remaining) in (Eppen & Iyer, 1997). 
Revenue sharing (the buyer pays a minimal amount for 
each unit purchased from the supplier but shares a frac-
tion of the revenue for each unit sold) in (Cachon & La-
riviere, 2005), (Chen et al., 2007), (Gerchak & Wang, 
2004).  In (Tsai & Wang, 2009), the authors use two 
quantity discount schemes to compare the influence on 
buying decisions. 
In (Taylor, 2002), two kinds of proposed contracts, a 
“buyback” and “target rebate” contracts, show interest in 
coordinating a supplier retailer system. In (Cachon & 
Lariviere, 2005), the authors analyze the strengths and 
limitations of revenue-sharing contracts in both single- 
and multi-retailer settings. They point out that these con-
tracts ensure better coordination when retailers do ef-
forts.  
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(Bassok & Anupindi, 1997) study the flexibility contract, 
defined as the amount of increase or decrease in an order 
to be served during a given period; the variation is li-
mited to a percentage of the supplies ordered at the pre-
vious period. According to (Liston et al., 2007), it con-
sists of negotiating upper and lower flexibility bounds of 
each ordered quantity. This contract can be connected 
with a contract of capacity reservation which offers  high 
flexibility with an availability for placing orders (Henig 
et al., 1997) and (Serel et al., 2001). 
 
Previously, in (Amrani et al., 2009), the relationship be-
tween risks and commitments was deeply studied. Later 
in (Amrani et al., 2011)  simulations prove an effective 
quantified sensitivity of manufacturer and supplier to 
different parameters of quantity contract. In this paper, 
the proposition is strictly different, the aim is to go 
beyond one kind of contract. The purpose is to extend 
the analysis by comparing quantity contract and another 
kind assimilated to capacity contract. Through simula-
tions, the impact of the length of commitment on buyer’s 
and supplier’s performance is highlighted. 
 
The main ideas that arise from this contribution compar-
ing to literature are the following possibilities: 
 

- Extend the quantity commitment: the quantity 
commitment is often expressed through the 
flexibility rate exclusively; in our contribution, 
its association with a frozen horizon produces 
more realistic simulations and forces us to in-
terpret relevant industrial situations. 

- Analyze the benefits of the contract to each 
stakeholder of the supply chain: in the majority 
of studies, the buyer’s point of view is adopted 
to treat the performance, disregarding the sup-
plier’s point of view. In our work, the buyer’s 
view, supplier’s view and global view are si-
multaneously analysed to provide a wide over-
view of the simulation results, which are helpful 
for managers regardless of their position in the 
supply chain. 

3 SUPPLY CONTRACTS RETAINED FOR THE 
STUDY 

Two types of engagement rise according to whether the 
quantity commitments is on a simple period (noted: Q/t) 
or on horizon of commitment (Q/Hc). Two types of 
supply contracts are hence generated. 
When a partner commits to quantity contract, the com-
mitment on procurement, signed by the manufacturer, 
can be of different kinds. Often, the commitment covers 
each period with flexibility clause in order to adapt sup-
plied quantity to the demand variation. However, the 
commitment on horizon rather than on period was not 
fully addressed in the literature. 
The idea of this paper is to compare two length of com-
mitment. The second studied commitment is over a 

global period of time called (Hc: Horizon of Commit-
ment).  
 
3.1 Supply contract on quantity per period (Q/t) 
 
In this type of procurement commitment, a manufacturer 
receives on behalf of his customer confirmed and esti-
mated orders. These are likely to be modified with the 
next update (Figure.1). 
The manufacturer is linked to his supplier by engage-
ment on the quantities per period, noted (Q/t). On a cer-
tain part of the production horizon, called Frozen hori-
zon FH, the quantities defined by the procurement plan 
have values of engagement and could not be modified 
with the next occurrence of planning. The FH has an aim 
to sustain the near planning periods in order to stabilize 
internal activities and to avoid the nervousness in work-
shops induced by recurrent modifications. 
On the other hand, certain flexibility is negotiated on 
behalf of manufacturer. The modification of the previous 
orders is often required in order to adapt the procurement 
plan to the variations of the customers’ demand. This 
flexibility rate represents a percentage (α %) of allowed 
variation (with the rise or with the fall) compared to val-
ues (ordered quantities) issued from the previous plan-
ning occurrence. 
 

ManufacturerSupplier Customer 

Confirmed
orders

Estimated
orders

Frozen 
horizon

Send an order
plan

Procurement plan

Flexible horizon 
(α %)

Contract Q/ t  
Figure1: Commitment of quantity/period 

 
 
3.2 Supply contract on quantity per horizon (Q/Hc) 
 
In this type of supply contract, we propose to observe the 
effect of a commitment on a given horizon called Hc 
such as:  HHc ≤  (horizon of planning) (Figure.2). Hc is 
negotiated between the manufacturer and the supplier. 
 

Horizon of 
commitment (Hc)

Procurement plan

Horizon gelé

Supplier

Contract Q/ Hc

Manufacturer

Frozen 
horizon

Customer 

Confirmed
orders

Estimated
orders

Send an order
plan

 
Figure 2: Commitment of quantity/horizon 

 
A manufacturer receives confirmed and estimated or-
ders. It is linked to its supplier by a contract, noted 
(Q/Hc). This type of supply contract constrains the ma-
naufacturer to buy  an amount of products from the sup-
plier over a negotiated horizon. 
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4  PRODUCTION PLANNING MODEL 
FORMALISED WITH TWO SUPPLY 
CONTRACTS 

The developed production planning process is based on 
linear programming model, with a criterion to maximize 
under a set of constraints. These constraints come from 
internal capacities and from the procurement commit-
ments stipulated in the contract. So the planning model, 
classically found in literature, will be completed with 
contractual constraints linked to the specific supply con-
tract negotiated between manufacturer and supplier. 
 
The assumptions of the model state that the demand is 
known along the planning horizon but is able to vary 
with the market between two occurrences of planning, 
multi-products (p) and multi periods (t) are considered, 
finished capacity is assigned and adjustment with addi-
tional capacity is ensured by the decision to resort to 
overtime (additional hours). Each actor carries out the 
calculation of production, replenishment and delivery 
plans and the levels of necessary stocks to each period. 
Planning process is dynamically depicted according to 
the principle of rolling horizon planning. Any modifica-
tion that occurs either on the demand or on operational 
execution can be taken into account at the next planning 
moment (named incrementing time inc).  
 
4.1 Classical production planning model 
 
Before introducing supply contracts commitments for-
malization along the chain, we summarize hereafter clas-
sical production planning model. It includes inventory 
constraints, capacity constraints and backorders ones. 
Decision variables 
Fp,t  Quantity of product (p) manufactured at period (t) 
Ip,t  Inventory level of product (p) at the end of period (t) 
Ij,t  Inventory level of component (j) at the end of (t) 
At  Additional hours to carry out at period (t) 
Bp,t  Shortages level of product (p) at the end of (t) 
Rj,t  Quantity of component (j) waited at period (t) 
Lp,t  Quantity of delivered product (p) at period (t) 
Cj,t  Purchasing quantity of component (j) at period (t) 
Dp,t  Global demand of finished product (p) at period (t) 
 
Costs  

pf̂     Production unit cost of product (p) 

pî     Inventory unit cost of product (p) 

pb̂     Shortage unit cost of product (p) 

pl̂      Delivery unit cost of product (p) 

ĥ     Additional hour unit cost 

jî       Inventory unit cost of component (j) 
jâ     Purchase unit cost of component (j) 

jp,γ   Bill of materials coefficients, linking product  
    (p) to component (j) consumption 

pα       Processing unit time of product (p) 

PVp     Selling price of product (p) 
 
Parameters of rolling horizon planning 
H       Planning horizon length (number of periods) 
PP      Planning Periodicity 
inc     Step of planning (increment) 
φ        Index of first period of next planning  PPinc.=ϕ  
FH     Frozen horizon 
α%     Flexibility rate 
t          Planning period index ( t = φ ,... ,φ + H-1 )        
 
Other parameters 
p              Index for product, p =1,...,n  
j               Index for component, j =1,...,m  
CAPN     Nominal capacity limitation 
CAPA     Additional capacity limitation 
θ%          Percentage of authorized capacity extension  
Dliv          Delivery time from supplier  
 
The objective function (1) tends to maximize the profit 
resulting from the difference between the sales and the 
various undergoing costs: 
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The constraints are valid 1,..., −+=∀ Ht ϕϕ . 
 
The equation (2) is a quantity conservation equation; it 
links the level of stocks and the produced quantity. The 
equation (3) links the level of shortages to the demand 
and deliveries.  The equation (4) calculates the level of 
stocks of components according to the receptions, the 
production and bill of materials coefficients.   
The equation (5) gives the limits of production quantities 
according to the normal capacity and additional capacity. 
The equation (6) guarantees limitation of overtime in 
such way that additional capacity is equal to a certain 
percentage (θ%) of the normal capacity. 
 
4.2 Contractual constraints in two supply contracts 
 
At this step, we will model the conditions of supply in 
mathematical form in order to include them as additional 
constraints in the generic production planning model 
previously proposed. 
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4.2.1 Formalization of (Q/t) 
 
This type of contract induces a commitment on quanti-
ties per elementary period (t). As the demand is not sta-
ble, it is implausible for the manufacturer to commit to 
all orders Cj,t on horizon of planning. 

Commitment

Frozen horizon Flexible horizon
1    2     3     4     5    6      7    8     9    10   11  12   13

100   150   130  100  120   100  100 180  190 100   110  150  120

t

Décisions 
reportées

Authorized flexibility α%

PP
4    5     6     7    8     9    10    11  12  13  14   15   16 

100   150   130 100  120   100  100 180  190 100   110  150  120  110  120  130 

Adjusted
decisions

Next
planning 
step

H

Completed
decisions

Cj,t

Reported 
decisions  

Figure 3:  Commitments on Q/t  
 
 
During the periods of the frozen horizon FH, the manu-
facturer launches quantities in production; the corres-
ponding supplied components are then transmitted to the 
supplier and have a commitment value. After the frozen 
horizon, appears the flexible horizon which, by defini-
tion exists to assess global activity volume, and allows 
the resources estimation necessary to the realization. On 
this horizon, each industrial actor in the supply chain 
negotiates the possibility to modify orders with condition 
to respect a lower and higher bound obtained with flex-
ibility rate. 
To ensure receptions of the required components arriv-
als, noted (R j, t), it is necessary to transmit orders (Cj, t) 
to the supplier anticipated by the delivery time (equation 
7). 
The values transmitted as orders have to belong to the 
interval authorized by engagement (α%). 
 
The constraints of the contract (Q/t) can then be written 
as follows: 
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The equations (8), (9), (10) express the reports of the 
decisions for each period FHt ∈  to the next planning 
step. Example of equation (8): The quantity produced at 
the planning step (inc) will be deduced from the values 
of previous step of planning (inc-1).  
The equations (11), (12) express the flexibility rate for 
each period FLHt ∈ . For )(, incC tj , the order may vary 
between more or less %α  of )1(, −incC tj .  
 
 

4.2.2 Supply contract (Q/Hc) 
 
This type of supply contract can be perceived as an al-
ternative of the commitment per period except that in 
this case the engagement relates to an horizon split into 
number of periods. It induces a commitment on quanti-
ties on horizon of commitment (Q/Hc). The quantities 
delivered from one period to another are variable.  
 
This type of supply commitment provides to the manu-
facturer some flexibility as he is not constrained any 
more to buy a fixed quantity per period. Supplied quanti-
ties may be distributed on a whole periods of Hc.  
Considering this contract, it is assumed that the length of 
interval Hc can be lower or equal to the horizon of plan-
ning H. Moreover, the frozen horizon FH is included in 
the horizon of commitment (FH < Hc) 
 

(Cj,t)
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Figure 4: Commitments on Q/Hc 

 
This type of supply commitment requires a detailed at-
tention, because the planning is established with rolling 
horizon to update the values of the orders, but the en-
gagement is given for a fixed date on the axis of real-
time. Therefore, a dynamic constraint of commitment 
has to be formulated mathematically according to the 
planning step (inc) and the number of intervals (i=H/Hc) 
of commitments that results from this dynamic pheno-
menon. 
Example for the formulation: in Figure.4, the constraint 
of engagement (E) is written like this: 
 

- At first planning step (inc=0) 
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- At following planning step (inc =1) 
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The deadline of engagement is represented on the axis of 
real-time. At each new planning inc, the quantities to be 
delivered have to respect the engagement Q on Hc re-
duced by effective deliveries on FH (resulting from the 
previous planning, at step (inc-1). 
 



MOSIM’12 - June 06-08, 2012 - Bordeaux - France 

 

 
Important comments:  
The two parameters Q and Hc characterizing the contract 
studied here cannot be dissociated one of the other. None 
attributed value of engagement Q can be done without 
referring to the forecast of the demand on a given hori-
zon Hc. To bind these two parameters, we consider a 
quantity of commitment Q equal to the sum of the esti-
mated demands defined per period on the horizon of 
commitment Hc, raised or decreased by a certain ρ% of 
Q. The parameter ρ makes possible to express the policy 
of procurement of the manufacturer according to his per-
ception of the future variations of the market. The manu-
facturer can prefer to make safe its activity while engag-
ing on a quantity Q beyond the estimated needs (positive 
value of ρ). It can also decide to limit its stocks while 
engaging on a quantity Q lower than its estimated needs 
(negative value of ρ), even if it means to order the miss-
ing quantities sporadically.  
The quantity Q of commitment can be expressed by the 

following equation: t
Hc

t
QQ ∑

=
±=

1
).1( ρ  

Where: Qt is the estimated demand for period t.  
In general, the choice of the value ρ represents a percep-
tion of the increase or decrease of the market demand. 
 
Contractual constraints for (Q/Hc) 
 
The additional variables needed to formulate the supply 
constraints at each step of planning are the following: 
Qj       Quantity of engagement on component (j) pur-
chase on the horizon Hc. 
Linc-1

j,t Delivery of component (j) for period (t) at step of 
planning (inc-1)  
Cinc-1

j,t  Order of component (j) for period (t) at step of 
planning (inc-1) 
 
In addition, we should consider the following dynamic 
variables: 
r   index of horizon of commitment, r = 1…R, such as 
R  Total number of horizons Hc, R is given by: H/Hc. 
 
Fph   First period of the horizon Hc currently considered; 
it is the dynamic index of period from which the calcula-
tion of the last deliveries is done. 
 
ηinc

j   State of engagement on components (j) at the step 
(inc), it corresponds to the quantities effectively deli-
vered over the PP periods increased by the orders of 
components (j) on the frozen horizon reported from pre-
vious planning. 
 
The state of commitment is obtained like this:  
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Finally, the constraints of the Q/Hc contract perceived by 
the manufacturer are written at each step of planning 
(inc): 
 

- On the first horizon of the commitment Hc   
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- On the remaining other horizon of commitments  
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The inequality (13) aims to check that the commitment 
on the first horizon of engagement (r = 1) is updated and 
is calculated dynamically according to the effective last 
deliveries and the orders of FH. 
 
The inequality (14) extends the expression of the con-
straint on the remaining horizons Hc of commitments (r 
= 2,.., R) that are independent of the dynamics of plan-
ning.  
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 The idea of constraint (13) in the expression of (E) is to 
determine the first interval of engagement depending on 
the dynamic aspect of planning and FH, and the second 
member constraint (14) determines by the sum of all the 
remaining engagement intervals. 

5 SIMULATION FRAMEWORK 

To perform experimentations, supply chain study case 
simulation platform is required. Several scenarios with 
various commitments could be performed on developed 
platform in accordance with the study case. 
Supply chain study case deals with telecom supply 
chain. 
The supply chain is composed of a manufacturer OEM 
(Original Equipment manufacturer) (example: Nokia, 
Ericsson, Lucent...) developing trading relations with a  
Parts producer assimilated to Electronics Manufacturing 
Services Provider (EMS). This supplier is responsible for 
the assembly of components that are sold to partners 
who incorporate them in their own production and put 
them on the market with their own mark (ex: Flextron-
ics...).  Another rank of supplier is also added, such as-
Material fabricators or 2nd tier suppliers (example:  
Freescale, Philips…).  
 
The simulation tool, developed in (Amrani et al., 2011) 
is articulated around simulation module and exploitation 
module. The interest from a simulation tool is to ensure a 
centralized interface to lead the different scenarios. The 
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tool was developed to measure performance of the three 
partners composing the studied telecom supply chain. 
In the case of this paper, the proposed analysis focuses 
on two partners with the willing to check two contracts 
for both partners and compare the issued results. 
Each of manufacturer and supplier carries out their pro-
duction planning process including the constraints of 
different supply contracts.  
 
In the Figure.5, the procedure of simulation is shown: 
each partner performs its production planning from the 
technical and financial database of the company in order 
to satisfy the demand plan. 
Xpress-MP Optimizer is used to solve each mathemati-
cal model which performs the local decision making, and 
computes planning results, such as plans of inventory, 
plan of procurement, backorders, additional hours, 
 

Demandplan  Manufacturer’s
planning

Technical and 
financial data

Supply contract
«Q/t »or « Q/Hc »

Production planning model
Xpress‐MP 
Optimizer

Supplier  ’s 
planning

Technical and 
financial data

Supply contract
«Q/t »or « Q/Hc »

Production planning model
Xpress‐MP 
Optimizer

Procurement
plan

Formalisation

Formalisation

Check the impact 
on performance

‐ Costs (m.u)
‐ Service level (%)

Supplier 
(Q/t and Q/Hc)

‐ Costs (m.u)
‐ Service level (%)

Manufacturer
(Q/t and Q/Hc)

Sim
ulation of partner’s

behavior
Perform

ance com
parison

 
Figure 5: Simulation framework 

 
Procurement plan is then sent to the supplier, after what 
performance assessment can be led on both partners 
(manufacturer and supplier) under both supply contracts 
(Q/t and Q/Hc).  
 
The evaluation will be given in terms of costs measured 
in monetary units (m.u); it represents the aggregation of 
costs of storage, costs of shortages, and costs of addi-
tional hours. Also, we find interesting to perceive the 
ensured customer service level, expressed in (%); it gives 
an appreciation about the reliability of partner’s delive-
ries. The service level assesses the number of time pe-

riods over the planning horizon where the orders are 
delivered on time. 

6 COMPUTATIONAL RESULTS 

At this step, we try a cross analysis of the performances 
resulting from the application of both contracts to both 
partners Manufacturer OEM (Original Equipment Manu-
facturer) and supplier, noted SUPP. Some technical pa-
rameters are added hereafter inTable.1. 
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Costs (u.m)

MP1 MP2 MP3 MP4 MP5
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(p)

XPF1 1 2 3 0 0 1 45 17 18,9 42
35XPF2 1 0 3 2 0 3 11 18 16,2 36

XPF3 1 2 0 0 3 4 12 19 10,5 24
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MP3 0 0 0 0 0 1 2 9 28 13 8,1 18
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Table 1: Technical parameters of the simulations 

 
Some couples of parameters particularly characterize the 
two supply contracts: (FH, α) for the Q/t and (Q, Hc) for 
the Q/Hc. Their values will be defined when scenarios of 
simulations will be presented. 
We wish here to empirically study the behavior of manu-
facturer and supplier facing to the same demand varia-
tion through the analysis of their performances. 
 
6.1 Initial conditions 

In order to carry out a comparison between the two con-
tracts, we must specify comparable initial conditions; 
with this intention, we look for two initial data sets gene-
rating a similar or close performance for the two con-
tracts.  
We need to create a situation where the two supply con-
tracts can be applied in comparable situations; thus, we 
will use, for various simulations, the same Demand plan, 
the same disturbing demand variation, the same length 
of FH.  
We decide to put the values of α and ρ equal to zero.  
Thus, the performances generated by the two contracts 
are initially similar (without allowing flexibility), in an 
identical environment with identical disturbances, only 
the character of flexibility is likely to vary; the initial 
conditions of comparison appear then favorable to carry 
out the comparison. 
The simulated discrepancy relates to the parameter α of 
the Q/t contract and ρ of the Q/Hc contract. 
 
6.2 Comparative results 

We choose to study the behavior of the partners OEM 
and Supplier facing a variation of the demand plan over 
multiple periods. The total demand variation is increased 
to 16% of initial values.  The frozen horizon is fixed at 4 
periods. 
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The adaptation of the partner to the disturbance gene-
rates certain costs of adaptation according to the simu-
lated contract and its parameter settings. The results of 
simulations are presented in the form of overall costs 
generated by the adaptation, called also adaptation costs.  
 
The Figure.6 shows the evolution of the overall costs 
when setting contract’s parameters. It reveals a down-
ward trend with the increase in the rate of flexibility α 
(Q/t) contrary to a rise in the costs induced by the in-
crease in the value of ρ (Q/Hc). 
 

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1 2 3 4 5 6

Co
ût
s g
lo
ba
ux

Contrat Q/t

Contrat Q/He

2%        4%         7%       8%        10%      20%      ρ
10%       15%      18%     20%       30%     45%      α

Contract
Q/t

Contract
Q/HcG

lo
ba

l c
os

ts

m.u

Parameter

  
Figure 6: Cost evolution with Q/T and Q/H 

For the contract Q/t, we notice that the increase in α 
proves to be beneficial to the chain (the costs decrease) 
because essentially the manufacturer records a gain in 
increasing the flexibility rate during the negotiation and 
as his part is considerable in the overall costs, it justifies 
this tendency. 
 
For the contract Q/Hc, the increase in ρ does not help to 
absorb the variation, and proves thus to be not very use-
ful by bringing additional costs able to penalize the 
whole costs. The increase in ρ will not bring financial 
interest but accentuate the storage of final products at 
last period of commitment horizon Hc. 
 
However, from these results, certainly empirical, 
emerges an interesting remark. In certain circumstances, 
the Q/Hc contract proposes solutions being able to be 
regarded as close to those offered by the Q/t contract 
from the point of view of the costs of adaptation.  
It is the case for α = 20% and ρ = 8%. However, if per-
formances can be judged like comparable with the finan-
cial plan, the behaviors of partners differ from one con-
tract to another. We propose to decipher the dissimilari-
ties of these behaviors. 
 
6.3  Study of partner’s behaviors 

In the case of contract parameterized with α = 20% and ρ 
= 8%, the Table. 2 details the specific performances of 
each actor, as well as the total performance. A first ob-
servation makes possible to put forward the differentia-
tion of the local costs regarding similar overall costs. 
In table.2, the global costs of adaptation are almost simi-
lar using different supply contract Q/t and Q/Hc, How-

ever, we observe different distribution of costs at the 
partners OEM and SUPP.  
 

Supply
contract

Global performance Local performance

OEM                       SUPP
Q/t Costs (m.u)

Service level (%)
390440
97.89

181212                   209228
95.78                         100

Q/Hc Costs (m.u)
Service level (%)

389323
99.26

113888                   275434
98.86                      99.66

 
Table 2: Recorded performances at OEM, SUPP with 
Q/t and Q/Hc 

 
To deepen the analysis, the followin graphs make possi-
ble to support the analysis of the results of the Table.2. 
We choose to examine the adaptation mechanisms that 
adopt each partner, in terms of level of storage for end 
products, components, and the recourse to overtime. 
 
6.3.1 Behavior of the manufacturer OEM 
 
The Q/Hc contract allows the manufacturer to have cer-
tain flexibility for order’s placement (Figure 7), the only 
constraint being to respect total engagement on the hori-
zon Hc (in general easily honorable when the fluctuation 
of the demand is high). The storage of components and 
end products is less used in Q/Hc because of the availa-
ble flexibility to manufacturer for placing orders.   
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Figure 7: Adjustment of storage at manufacturer with Q/t 
and Q/Hc 
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Within the Q/t supply contract, the rate of flexibility α 
limits possibilities of increased variation acceptance 
from the supplier, inducing manufacturer to anticipate its 
requirements in components and consequently to consti-
tute inventory of finished products. (Figure 7). 
 
Let us now depict the Figure.8. 

0

50

100

150

200

250

1 4 7 10 13 16 19 22 25 28

Heures supp avec Q/t
Heures supp avec Q/He

0
100
200
300
400
500
600
700
800
900

1 4 7 10 13 16 19 22 25 28

Ruptures avec Q/t
Ruptures avec Q/He

Additionel hours with Q/t
Additionel hours with Q/Hc

Overtime at OEM

Recorded shortages at OEM

Shortages with Q/t
Shortages with Q/Hc

Quantity

Period

Quantity

Period

 
Figure 8:  Adjustment of overtime and shortages at man-
ufacturer with Q/t et Q/Hc. 

The contract Q/Hc enables the manufacturer to order an 
amount of components close to its needs, even if it 
means to resort to overtime; indeed this solution remains 
economically more profitable than to make a smoothing 
of upstream production and to endorse its costs.  
In Q/t, recourse to overtime is also essential to face the 
increase in the demand, however shortages appear when 
the possibilities of upstream smoothing and overtime are 
exhausted, in Figure.8. 
The Q/Hc contract thus proves to be more interesting for 
the manufacturer OEM. Flexibility offered indeed allows 
a better adaptation of the manufacturer to the demand 
variations, because this one enables receptions of com-
ponents close to the real needs without obligation of sto-
rage.  
Manufacturer has enough suppleness to satisfy the final 
demand with les shortages possible.  

6.3.2 Behavior of the supplier SUPP 
 
A similar analysis is carried out for the supplier. The 
demand perceived by the supplier presents low ampli-

tude variations with Q/t contract compared to more pro-
nounced variations observed with the Q/Hc contract. 
(Figure.9) 
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Figure 9: Perceived demand for the supplier 

 
The simulation of Q/Hc proves to be less beneficial for 
the supplier. The behavior of the manufacturer, some-
times opportunistic, generates a strong variability of the 
demand sent the supplier who is thus obliged to store by 
anticipation more finished products and resort to more 
overtime for facing the undergone variations (Figure.10). 
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Figure 10: Adjustment of inventory and overtime at  
supplier 

 
The recorded level of products inventory at the supplier 
is more pronounced with Q/Hc comparing to Q/t.  
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It is due the surprising orders of the manufacturer and 
the flexibility that he gets for placing orders up to his 
choice. 
When analyzing the overtime (in Figure.10), this ad-
justment, in general costly for the supplier, is outlined 
when working under Q/Hc. 
The choice of the Q/t is then more advantageous to the 
supplier. The stability gotten on the orders at the supplier 
is dependant of the manufacturer demand which is 
spread out period per period. For the supplier, it allows a 
better use of the production means .  
In conclusion, the Q/Hc generates nervousness for the 
supplier on the finished products quantities to produce 
per period; it represents a real brake for the achievement 
of good performance level for this partner. 
 

7 CONCLUSION 

This paper leads a comparative study and shows how the 
choice of contract (Q/t or Q/Hc) may influence the beha-
vior of partners involved in telecommunications supply 
chain. In this contribution, the paper tends to assess and 
compare the impact of the two supply contracts on man-
ufacturer’s and supplier’s performances. A simulation 
tool has been developed to implement the different strat-
egies of procurement provided by contracts’ commit-
ments. 
We can deduce that with comparable total performance, 
two strategies of procurement are confronted according 
to the bargaining power of each partner. Thus, a manu-
facturer having a strong influence on his supplier will be 
able to direct the supply contract towards Q/Hc, this last 
being more favorable to him. If the bargaining power is 
equitably distributed between the two partners, each one 
will seek to maximize its profit, and the Q/t contract is 
proved to be more adequate because it makes possible to 
tend towards a better distribution of costs on the whole 
partners. However, if the supplier has an important bar-
gaining power comparing to the manufacturer (case of 
specific know how at the supplier), the supplier can 
refuse the supply contract of kind Q/Hc and prefer the 
Q/t contract because it constitutes an interesting way to 
prevent the company from strong variations from the 
customers and also the supplier may negotiate to the 
decrease the flexibility rate. 
 
For further developments, the case of multi-sourcing 
supply will be studied to bring closer the case study to 
industrial reality, because till now, the simulations were 
performed under a mono-sourcing situation. 
 

8 REFERENCES 

Amrani A., Deschamps J.-C. and Bourrieres J.-P., 2009. 
Supply chain planning under various quantity com-
mitment contracts. IFAC symposium on Information 
Control Problems in Manufacturing (INCOM 2009), 
Moscow, Russia. 

 
Amrani A., Deschamps J.-C. and Bourrieres J.-P., 2011. 

The impact of supply contracts on supply chain 
product-flow management, Journal of Manufacturing 
Systems. ELSEVIER editions. Available online 12 
November 2011, doi:10.1016/j.jmsy.2011.09.004.  

 
Arshinder A., Kanda A. and Deshmukh S.G., 2008. 

Supply chain coordination: Perspectives, empirical 
studies and research directions. Int. J. Production 
Economics, vol. 115, p. 316 – 335. 

 
Bassok Y. and Anupindi, R., 1997. Analysis of supply 

contracts with total minimum commitment. IIE 
Transactions, vol. 29, p. 373 – 381 . 

 
Cachon, G. and Lariviere, M.A., 2005. Supply chain 

coordination with revenue sharing contracts: 
Strengths and limitations. Management Science, vol. 
51, p. 30 – 44. 

 
Cachon, G., 2002. Supply chain coordination with con-

tracts. Handbooks in Operations Research and Man-
agement Science: Supply Chain Management. North-
Holland, Amsterdam, The Netherlands. 

 
 
Chen, K., Gao, C. and Wang, Y., 2007. Revenue-sharing 

contract to coordinate independent participants with-
in the supply chain. Journal of Systems Engineering 
and Electronics, vol. 18, p. 520 – 526. 

 
Eppen, G. and Iyer, A., 1997. Backup agreements in 

fashion buying – the value of upstream flexibility. 
Management Science, vol. 43, p. 1469 – 1484. 

 
Gerchak, Y. and Wang, Y., 2004. Revenue-sharing vs. 

wholesale-price contracts in assembly systems with 
random demand. Production and Operations Man-
agement, vol. 13, p. 23 – 33. 

 
Henig M., Gerchak Y., Emst R. and Pyke D.F., 1997. An 

inventory model embedded in designing a supply 
contract. Management science, vol. 43, p.184 – 189. 

 
Jammernegg, W. and Kischka P., 2005. Dynamic, cus-

tomer-oriented improvement of supply networks. Eu-
ropean Journal of Operational Research. vol. 167, p. 
413– 426. 

 
Lee, H., Padmanabhan, V., Taylor T. and Whang S., 

2002. Price protection in the personal computer in-
dustry. Management Science, vol. 46, p. 467 – 482. 

 
Liston, P., Byrne, P.J. and Heavey, C., 2007. Contract 

costing in outsourcing enterprises: Exploring the 
benefits of discrete-event simulation, International 
Journal of Production Economics, vol. 110, p. 97 – 
114 . 

 



MOSIM’12 - June 06-08, 2012 - Bordeaux - France 

 

Serel D.A., Dada M. and Moslowitz H., 2001. Sourcing 
decisions with capacity reservation contracts. Euro-
pean journal of Operational Research, vol. 131, 
p.635 – 648. 

 
Taylor, T.A., 2002. Supply chain coordination under 

channel rebates with sales effort effects, Management 
Science, vol. 48, p. 992 – 1007. 

 
Tsay, A.A. and Lovejoy, W., 1999. Quantity flexibility 

contracts and supply chain performance, Manufactur-
ing & Service Operations Management, vol. 1, p. 89 
– 111. 

 
Tsai, W.C. and Wang, C.H., 2010. Decision making of 

sourcing and order allocation with price discounts. 
Journal of Manufacturing Systems, vol. 9, p. 47 – 54. 

 
Wang, C., 2002. A general framework of supply chain 

contract model. Supply Chain, Management: An In-
ternational Journal, vol. 7, p. 431 – 436. 


