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ABSTRACT When designing a new product family, designers not only need to define the
product family but also need to consider its supply chains simultaneously. Study of the meth-
ods to optimise the product family configuration in conjunction with its supply chains could
significantly reduce the overall cost and be beneficial to all partners. In such a design process,
it is usually the brand holder who leads the design while the supply chain partners make their
own decisions accordingly. The previous research either optimising product family itself or
optimising product family and the supply chains at the same level. This paper presents a new
method for product family optimisation. In this method, a leader-followers joint decision
making model is proposed. The model consists of two optimisation levels, an upper level and
a lower level. The upper level determines product family configurations by selecting the
components to be assembled for the potential profit gaining. The lower level designs the sup-
ply chain of the product family by choosing suppliers and determining the timing for cost
minimisation. A genetic algorithm is proposed to solve the model. An example of designing a

simple product family is provided to demonstrate the method.

Keywords: Product family, Supply chain design, Leader-followers joint optimisation, Genetic
algorithms

Introduction

A product family, as an extension of a product, has the characteristics of both product cus-
tomisation and mass production. It is not only the core in mass customisation but also an im-
portant means for a company take advantages in competition. Comparing to a single product,
designing a product family is much more complex. Due to various types of components,
which may be supplied from different suppliers, used for the product family, the configura-
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tion of components for the product family and its supply chain design may have a significant
impact on the operating cost. For instance, when Apple’s iPhone was in its late design stage,
Steve Jobs went to the Far East himself to choose and secure the assemblers and the compo-
nent suppliers in order to reduce the operating cost and the production lead time with best
possible quality. Therefore, when a product family is being designed it is necessary to have a
method to optimise the product family configuration and its corresponding supply chain in
order to maximise customers’ satisfaction and to minimise the product cost.

A product family refers to a set of similar products that derived from on a common plat-
form, which have different functionalities to meet different requirements of customers
(Meyer and Lehnerd, 1997, p. 39). The platform means the shared resources or tools used in
the product development process, including technology, design, production process, and
components (Erens and Verhulst, 1997). Product family design includes two parts: platform
design and product family design based on the platform (Simpson, 2004). Many of the previ-
ous study assumed that the platform is known or has been determined (Fujimoto, 1999). For
the design of product family based on a platform, methods can be divided into two types:
configurational (modular) product family design and scalable (parametric) product family
design (Jiao et al., 2007). The advantage of configurational product family design is that each
functional element of the product can be configured independently by changing only the cor-
responding component. It makes standardisation possible for mass production to achieve
economy of scale (Ulrich, 1995). Newcomb et al. (1998) investigate the methods to design
product architectures and to perform configuration for modular products. Jiao et al. (1998)
propose a product family architecture (PFA) which systematically plans modularity and com-
monality and their configuration structures across the functional, technical and structural
perspectives. Based on the previous product architectures, the recent researches investigate
into further extension for optimal solutions. For instance, Kamrani and Gonzalez (2003) ap-
ply a genetic algorithm-based method in design of product modularity. Jiao et al. (2007) also
propose a genetic algorithm for product family modularity and configuration.

The product family design based on modular architectures generates product variety

which can meet different customers’ needs. Nevertheless, customers’ requirements for a
product, even in a same market, may vary significantly with economic situations, life styles,
and cultural backgrounds. Therefore, how to plan modularity of a product family and to de-
termine its configuration appear to be vital for a company to succeed, while the configuration
of the product family is ensured by its supply chain design (Jiao et al., 2007).
A supply chain, as defined by Lee (1993), is a network of manufacturing and distribution fa-
cilities (or nodes), of which each performs some functions for the final products, such as raw
material procurement, components fabrication, part subassembly, final product assembly,
product distribution, and delivery final products to ultimate customers (consumers). Supply
chain design is a set of suggested aims or decisions in the supply chain for each department or
organisation selection so that the best performance, e.g. the minimum cost, is achieved for
the whole supply chain.

For each configuration of a product family there is a bill of material (BOM). On BOM list
each item has its corresponding functional node in the supply network (Huang et al., 2005).
Therefore, the results of a product family configuration determine the structure of its supply
chain. In this sense, the configuration of a product family and the supply chain are interlinked.
Therefore, it is worth investigating into the integration of product family configuration and
its supply chain configuration. In fact, the previous researches have already studied into the
issue. Lamothe, Hadj-Hamou and Aldanondo (2006) assert that when designing a new prod-
uct family it is necessary to define the product family and its supply chain in two steps. The
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first step is to configure the product family and its corresponding BOM. The second step is to
determine the supply chain structure according to the product family. If necessary, the prod-
uct family configuration is modified in the first step so that the total cost incurred in the sup-
ply chain is minimal. Zhang and Huang (2010) acknowledge that in many cases in practice the
manufacturer takes a leading role by making the decisions on platform products configuration
and supplier selection. The manufacturer and concerned suppliers then make their ordering
and pricing decisions cooperatively with a common objective to maximise the profit. Baud-
Lavigne et al. (2012) show that solving product standardisation and supply chain design prob-
lems separately could result in a suboptimal, or even a bad, decision. They further propose a
compound optimisation model to illustrate the impact of standardisation choices on the struc-
ture of the supply chain and the gain that can be obtained from solving the problem. Fujita,
Amaya and Akai (2012) develop a genetic algorithm based mathematical model for simultane-
ous design of module commonalisation under the given product architecture and supply chain
configuration through selection of manufacturing sites for module production, assembly and
final distribution to minimise the total cost.

The most of the researches shown above present the optimization of product family and
supply chain at the same level, i.e. the mathematical models are presented as a simple single-
level programming problem. In fact, the issue of product family configuration and supply
chain design is, as Zhang and Huang (2010) suggest, a leader-followers joint design and coop-
erative decision making problem. Fujita, Amaya and Akai (2012) also recommend four stages
for the product family planning, including a stage of product family design and a stage of sup-
ply chain design which is dependent on the product family design. Thus, the optimisation
problem of product family and supply chain should be viewed as two sub-problems with dif-
ferent levels. Meeting customers’ requirements and profitability would be the main objective
of product family design and configuration, while the supply chain design is normally focus on
effectiveness and efficiency in operational activities, such as purchasing, manufacturing, and
distributing. These two levels are dependent and interlinked. The supply chain design should
be compliable to the overall objective for profitability and meeting customers’ requirements.
Therefore, the whole problem is not a single-level optimization but two-level optimization
with leader-follower architecture, i.e. a decision-making model of two decision-making enti-
ties — designers and operators.

This paper investigates into product family configuration and its supply chain design as a
leader-followers joint optimisation problem. The remainder of the paper is organised as fol-
lows. The next section describes the problem of product family configuration and its supply
chain design and builds a mathematical model for the leader-followers joint optimisation
problem. A genetic algorithm based method is proposed to resolve the model in Section 3.
Section 4 shows an example of product family design to illustrate the application of the pro-
posed method. Finally, Section 5 summarises the method proposed and conclusions derived.
The directions for further investigation are also provided in this section.

Problem Description
The problem of product family configuration and its supply chain design

This paper studies product family configuration and its supply chain design problem assuming
that the platform is known. Product family configuration is to select components from a set
of modules to form product family (normally) by a manufacture and then the manufacturer
selects a combination of product for production. As shown in Figure 1, there is a set of mod-
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M ={M,|j=1L ,J} M, OM
ules for the product family, denoted as .Each module has
M ={m, k=1L K}

an option set . Platform modules are common modules for the
product family without alternatives, i.e. only one option is available. In the figure, ! pre-

) R 11 71 ' ) )
sents a platform module and its option is . When configuration constraints are met, a

P={Pli=1L .1}

product family can be obtained by selection of different modules. Since

OPOP

each product consists of a set of modules, a product can be presented as
P =[mjk] i My ) )
, where is option k of module j. It is assumed that a product can choose up
[my]; O{MxMFxL x M}
to one option from each module, i.e. . A product combina-

Q={rlpOR 0P card(Q)=1"

tion Q is a set of selected product, , denoted as ,
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Figure 1 Diagram of product family configuration and supply chain design

After product configuration and module selection, the manufacturer needs to design its sup-
ply chain. In this paper, the supply chain is considered as an internal process of the company,
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which involves purchasing, stocking, production, distribution, and coordination among the

functional facilities. In the model, the pricing policy and profit distribution among suppliers

. . jk . .
are not considered. It is assumed that for every module there is a set of suppliers and

for every product there is a set of manufacturers and a set of ways for delivery. Interlink be-

tween product family configuration and supply chain design is illustrated in Figure 2.

Objective: to build product family of modular
optimizing configuration and optimized design of
the supply chain

Optimization of
product family
configuration

The optimal
decision of product
family configuration

Product family

architecture and
BOM

,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,

\ | The decision and !
 of product family 7772~ "===2I7___ cost of supply chain i

| __configuration | | optimization design |

Alternatives of
supply chain
nodes

he optimizing
design of the
supply chain

The optimal
design of the
supply chain

Figure 2 Interlink between product family cor1f1'gurat1’on and supply chain design

In order to simplify the module, the following assumptions are also made:

1.
2.

The set of modules have been previously determined.
The supply network is configured for initial product production for product release
and in growth stage, which is usually in a time frame within six months. Further sup-
ply network dynamics is not considered.
The price of products and components and cost of delivery are fixed within the time
frame indicated above, as pricing is a complicated issue, which are not only considered
by the market and operations issues, e.g., operating cost and quality, of an organisa-
tion in the supply chain but also the competitors’ performance (and their pricing pol-
icy) outside the supply chain.
There is no limitation to the capacity of manufacturers and suppliers, i.e. each sup-
plier can fulfil the demand on request.
Quality variation of each supplier is not included in the model and the product quality
or brand does not affect the demand.

D,(n=12L ,N)
One set of market segments is considered. The demand of each
market segment is previously given and selling price varies from segments.

The decision mechanism of leader-follower hierarchy

This research takes the whole problem as a cooperative leader-follower decision-making rela-

tionship for the product family configuration and its supply chain design. The theoretical

framework of the problem can be expressed in the mathematical model. The main decision
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maker (leader) is product family designer and the follower is the supply chain designer,
where both designers can be a real designer, a group of designers, or a virtual decision mak-

FOGVX)

ing body. The leader, L, determines the decision vector X for his objective n

f(X,Y) v(X)
the follower, F, determines the decision vector Y for the objective , where
is the optimum obtained by the follower after a decision X has been given by the leader.
Therefore, for the follower F, the decision set will be constrained by X, to be a reasonable
responding set (RRS) as follows.

RRS(X) ={Y(X)‘ f(X)= max f(X,Y),X 0 D}

(M
For the decision leader, the objective can be expressed as:
max F (X, v(X))
s.t. Y(X)ORRS(X) B

Equation (1) and (2) expresses the leader-follower decision-making relationship. A general
mathematical module hence can be written as follows.

max F(X,v(X))

{G(X)zo

S. t.

H(X)=0
v(X):innf(X,Y)

X,Y)=0
ot a(Xx,Y)
h(X,Y)=0
3)
This is a value-type two-level programming model, i.e. the follower sends the value of his
objective to the decision leader. The constraint set for higher level is

D ={X| G(X)=0, H(X) =0}

and for lower level

D (X) ={Y]g(X,Y) 20, h(X,Y) =0} X 0D and Y/ORRS(X')

exist for any

x0p YORRS(X)
a

>

d F(X, V(X)) < F(XT,v(XY)  (X7,Y9)

n , is then a solution of

Equation (3).

Mixed Integer Programming Model

In this section, the genetic model shown in the previous section will be converted into an
integer programming model for genetic algorithms.
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Model for the higher level

xP={xli=1L ,1}
For product family configuration, is denoted as product selection
xm={xn]i =1L, Jik=1L K}
vector and as module selection vector, i.e.
» _ | O, product i is not selected
1, product i is selected i=1L ,1.

>

. 0, module m,, isnot selected in product i
X = 1, module m, is selected in product i j=1L ,J;k=1L K.

X =(X?, XM
Therefore, the decision vector X for the leader is thus .
To objective of product family configuration is to maximise the profit, which is the total sales
minus the total cost of the supply chain. Based on the model built by Jiao et al. (2007), the
higher level programming model can be written as follows.

Profit(X):m;?x[iZl: p, D, x° —TC]

n=1 i=1

(4)
Subject to,
pni = p(x'Dni),n:l,Z,L ,N

5)
K;
> % =Li=1L 1;j=1L3;
k=1 (6)
J K
zz )ﬂ:k_)q:jk|>o'i1¢iz;
j=1 k=1

(7)
XN+ X, <L, # ,, forany k O{LL K, },k, O{LL K, }; N
X <X Js % B, forany k, O{LL K}k, O{LL K, }; N
|
X<l
i=1

(10)
P x" 040,
X", 0{0. -
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Where total cost TC is the objective of the lower level model. The price function

p(X.Dy)

in equation set (5) presents the product price regarding to the corresponding

ni

markets and is demand in market n for product i. Constraint set (6) ensures up to one

option can be selected in a product. Constraint set (7) provides difference among products in

mjlkl mjzkz jl 7 j2 jl and j2

a product family. Constraint set (8) means modules and ( ,

. a1 . . Jaks
are given) are not compatible in a product. Constraint set (9) means if module s used

Iaka jl and j2 .
module must be also selected, where are given.
Model for the lower level
Y*,Y? and Y
For supply chain design, are denoted as supplier selection vector, assembly

(and production) selection vector and delivery selection vector, i.e.

s _ |0, supplier r for modulej option k is not chosen
11, supplier r for modulej option k is selected

« _ |0, assemblier u for product i is not chosen
Yu = 1, assemblier u for product i is selected

d
nv

0, haulier v to market n is not chosen
1, haulier v to market n is selected
In supply chain management, stocking of raw materials, components and products cannot be

avoided. The level of inventory is mainly determined by demand and the frequency of replen-
ishment (or delivery in terms of distribution of products). Moreover, the decision vectors

T andT® Ik
are replenishment interval of module and dispatch interval to market n,
ti, td
J . .. .
denoted as and " respectively. The decision vector Y for the follower is hence

Y =(YS, YL Y T, TY)

As mentioned above, the objective for the supply chain design is to minimise the total cost,
which is the sums of the costs of purchase, the costs of stocking, the costs of production/
assembly, and the cost of distribution. Therefore,

J W] s s ORK hkd k[’k
S5 (e e e S Batath ),

+Z‘ (c® + crd )x/’

m i i

voRRsoo) v (or, C oD,
o8 (& 2 . )

(12)
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where and . are the holding cost of product i and module " respectively;
OR, OR;,
and are fixed ordering cost of each purchase made for product i and module
m, d d ik ik
respectively; and are demand of product i and module respectively.

They can be calculated the demand of products in each market as follows.

d =Y D,.i=1L ,I;
" (13)
|
dy :Zdixigﬂkxip,j =1L ,J, k=1L ,K;
. (14)

z,, 0{0,
is determined bythe decision made by the leader in the higher decision

m, (j=1L,3,k=1L ,K))

level. If a product module is selected in the higher decision
A R HE Y
level, the module has to be purchased in the lower level, i.e. if for any
iD{LL ,|} z, =1 z, =0
, then , otherwise in Equation (12). Or it is expressed as
constraints:

|
Z, <D XX S MM [z,,j =1L ,J, k=1L ,K;
i=1

(15)
mjk
It is assumed that we choose up to one supplier for a module ,i.e.
Rjk
DY =2zu, =1L I k=1L K;
= (16)

It is also assumed that the purchase cost is equal to the purchase cost from the supplier

S S

. fo>
. . . ik . ik .
selected, including fixed purchase cost and variable purchase cost respectively.

R

C5=D.ChV¥ i=1L ,J k=1L ,K;;
r=1

7)
Ry
Ch =2 Chu Vi i =1L I k=1L ,K;
':1 (28)
stkr stkr . . . .
where and are the supplier fixed cost, including development costs,

m.
and variable cost for module " from supplierr.
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Similar to Equations (16), (17) and (18), the assumptions for assembly (production) and

delivery respectively are made as follows.

Yi
2V =xhi=lL L
u=1

(19)
U\
Ci=> Cilys.i=1L ,I;
u=1 (20)
UI
= ciyn.i=1L 1,
ot (21)
Vn
2 Ya=Ln=1L,N;
v=l (22)
Vn
Cl=>Chyn.n=1L ,N;
v (23)
VH
¢ =Y clyl,n=1L N
v (24)

Joint model

Integrating the higher level and the lower level, the joint module can be written as follows.

Profit(x):m?x[ii P, D, % —TC]

n=1 i=1
Subject to: Equation (5) to (11).
where TC is the minimum of the problem below:

J K OR. h d. t
> [Cjk +Cjdj +Tjk+%] Z +
j=1 k=1 jk
I
Y (Cr+cid )
i=1

min

YORRS(X) d
+i ORu +IZ h Dni )ﬂptn ]

TC

Subject to: Equation (13) to (24) and
X7 X Vi Yo Yo 23 {0,338 > 0,87 >0.
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Proposed method

Optimisation methods can be divided into two categories, direct methods and indirect meth-
ods. Direct methods find a solution to the model directly. Examples of direct methods in-
clude implicit enumeration (Li and Sun, 2006), satisfactory solution procedure (Lai, 1996;
Emam, 2006). Indirect methods convert a two-level problem to one (or two) equivalent sin-
gle-level problem and apply ordinary methods to find a solution. An example (Fortuny-Amat
and McCarl, 1981) is to transform the sub-problem by its Kuhn-Tucker conditions. In prac-
tise, there are many options in the model (26). As the problem becomes large, the methods
above are shown to be inefficient (Jiao et al., 2007).

Genetic algorithms have the advantages for large and complex combinatorial optimisation
problems. Some researchers have applied genetic algorithms in bi-level programming prob-
lems. Liu (2000) uses Stackelberg-Nash equilibrium with genetic algorithms for multilevel
optimization. Niwa et al. (1998) apply double strings in genetic algorithms for two-level 0-1
programming. Oduguwa and Roy (2002) also propose a bi-level genetic algorithm to encour-
age limited asymmetric cooperation between the two players. Li and Wang (2008) propose a
method based a genetic-algorithm incorporating with Lemke algorithm. In their method, the
follower’s problem, a convex quadratic programming problem, is transformed by using Ka-
rush-Kuhn-Tucher conditions.

In this paper, a genetic-algorithm-based solution finding strategy is proposed for bi-level
optimisation problems. In the strategy, any newly generated solution is firstly checked for the
feasibility in the higher level. If it is feasible, it will be used for iterations in genetic algorithms

Y (X)
in the lower level to obtain a solution and use the solution of lower level to calcu-
late the fitness of the higher level for the genetic algorithm to select, crossover, and mutate
Y (X"
until the optimal (or near optimal) solution is found. The programme diagram of
the propose method is shown in Figure 3.

Computational Example
Case description

In order to illustrate the use of the proposed method, the design of a product family of laptop
computers from a case study is taken as an example. The product family includes a platform
and four modules, in which the number of options varies between 2 and 4. Specifically, the

. My My My My My My My My, My
optional modules are , , , , , , , , ,

m, m ms My,

, . Among them, 2 and , and , and ' do not
R R
compatible. From the feasible combination of these modules, 16 types of product, , ,
s FRe S 4 4
. , ,can be produced. The configuration of each type of products is shown in Ta-

ble 1. The demand and price of the products in each market is shown in Table 2 and 3 respec-
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tively.

( Start )

Y

Initial population{X} of leader
Population size(N;)

»

\ 4

Constraint handling
eConfiguration constraints
*Compatibility
#Selection condition

Yes
Feasible?
Y
No Put every feasible individual X
Penalty for infeasible into the follow level
individuals programming. Initial the lower
il population {Y*(X),Y*X),Y(X)}
Fi . Return TC'(X)
itness evaluation P

oFitness values Profit(X)

<

Select elite individuals
eRank individual by fitness

A 4

Select individual for reproduction

®Rank selection

17

v
Crossover

eSingle and multi-point

o(Crossover rate

v
Next Mutation

®Mutation rate

Calculate replenishment
interval T" and dispatch
interval T

A

A
Fitness evaluation

Y
Selection. Crossover-
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Reach?
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Record the optimal
Y'(X) and the optimal
value TC'TY"(X)]

End

Figure 3 The diagram of proposed bi-level genetic algorithm
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Table 2 Demandsin different market

Ry R, Rs Total
P, 6,000 5,000 3,000 14,000
P, 8,000 6,000 4,000 18,000
P; 9,000 7,000 4,500 20,500
P 10,000 7,500 5,000 22,500
Ps 7,000 6,000 4,000 17,000
Ps 9,500 7,000 4,500 21,000
P; 9,000 7,500 4,000 20,500
Pg 10,000 8,000 5,000 23,000
Pq 8,000 7,000 4,000 19,000
P 8,500 6,500 5,000 20,000
Py 8,500 6,000 4,000 18,500
P 6,000 4,500 2,000 12,500
P13 7,000 6,000 3,000 16,000
P 8,500 6,500 5,000 20,000
Pis 8,000 6,000 3,000 17,000
Pis 4,000 2,500 1,000 7,500
Total 127,500 99,000 61,000
Table 1 Product model configuration
Table 3 Pricesat different market
Ry R, Ry

Py 3,700 3,750 3,800

P, 3,900 3,950 4,000

Ps 4,100 4,150 4,200

P, 4,400 4,450 4,500

Ps 4,100 4,150 4,200

Ps 4,200 4,250 4,300

P, 4,350 4,400 4,450

Ps 4,600 4,650 4,700

Py 4,300 4,350 4,400

Pio 4,700 4,750 4,800

Py 5,200 5,250 5,300

P 6,500 6,550 6,600

P13 4,600 4,650 4,700

Py 5,000 5,050 5,100

Pis 5,600 5,650 5,700

Pis 6,900 6,950 7,000
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Furthermore, according to the case study,
Si=S,=8, =878, =8,=5,=5,=5;=L=Ss=2 §'=§=L =S5;=5;=3

§=5,=5,=2 1"=6

and

>

Computational results

In the genetic algorithm used, the parameters are set as follows. In the higher level, the size
of generations and the number of iterations were 50 and 100 respectively; the probabilities of
crossover and mutation were 0.8 and 0.01 respectively. In the lower level, the size of genera-
tions and the number of iterations were 50 and 200 respectively; the probabilities of cross-
over and mutation were 0.8 and 0.01 respectively. The iteration results and the final results
obtained by the proposed genetic algorithm are respectively shown in Figure 4 and Table 4.

Genetic algorithm running

1.8

1.6

1.4

1:2

Function walue
&

0.8

DE 1 - A z : L z '
— The best individual fithess value of each generation
Y The average fithess value of each generation
02 T A NS SN N S N SR
a 10 20 30 40 a0 60 70 a0 a0 100

[terations

Figure 4 The results of each generation obtained by the genetic algorithm

P B P (1 P,
The result shows that production of products 6 , 10 , " , 2 , “ , * , with the

corresponding selection of suppliers, manufacturers and haulers collaborating in the supply

chain, to fulfil the demands in the markets maximises the total profit.
Concluding Remarks

This paper has clarified the leader-follower relationship in design of product families and the
corresponding supply network, in which product designers leads product family configura-
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Table 4 Decision results by the proposed genetic algorithm

Purchase/production | Supplier/hauler | Replenishment/delivery
decision selected interval (year)

P 0

P, 0

Py 0

Py 0

Ps 0

Ps 1 1

P, 0

Ps 0

Py 0

Pio 1

Pu 1

Py 1

Pis 0

P 1

Pis 1

P 0

My 1 0.0137
My 1 0.0690
My 1 0.0350
mz 0

My 1 1 0.0445
Mag 1 1 0.0621
My 0

My 1 2 0.0713
Mg 1 1 0.0500
m 1 1 0.0562
Mys 1 2 0.0894
Ry 2 0.0658
R, 1 0.0763
Rs 1 0.0956

tion and operation managers interactively determines the supply chain structure. Based on
this perception, an optimisation model with leader-follower hierarchy for achieving overall
profit of the product families and supply network has been built and a bi-level genetic algo-
rithm has been proposed, while achieving overall optimisation by the previous methods is
difficult. A computational example of a laptop family design case study shows goodness of the
proposed and feasibility of extension of the model and the method in application to similar
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problems in other area. The integration of product family design and supply network design
reduces the total cost for the products and product development lead times. Therefore, the
research proposed may help practitioners make better decisions to improve competitiveness.

Due to timing and scope of the research, many assumptions have been made in the model,
which presents a major limitation of the study. Since nowadays supply chain changes rapidly,
another limitation is that the model is static in both product structure and the supply net-
work. There are many areas which can be further explored. The near future research direc-
tions include to enclose the platform design in the model, to refine the leader-follower hier-
archic structure, to make the model more adaptable to rapidly changing situations to reflect
the supply network dynamics, and to put more detailed considerations, such as pricing policy
among suppliers, capacity limitations, refined market segments with demand correlations,
lead times, inventory availability and supply chain responsiveness, in the model in order to
make the model and the method more applicable.
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