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Abstract

The aim of this paper is to propose a framework by which the risks related to a customer}supplier relationship, the
service requirements by the customers and the strategies of the supplier company can be included in production capacity
allocation and supply chain design. Essentially, the target is to prepare a sales plan where the limited production capacity
is allocated to the customers based on their strategic importance and the risk involved. Furthermore, the supply chain is
designed on the basis of the customers' strategic importance and service requirements. The framework is demonstrated
with a numerical example and it is based on integrating the analytic hierarchy process (AHP) and mixed integer
programming (MIP). � 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Historically, the three stages of the supply chain,
procurement, production and distribution have
been managed independently and bu!ered by large
inventories [1]. This policy has changed, especially
manufacturers have increasingly given their atten-
tion to the management of the total logistics chain.
This means also that the focus of companies has
been expanded from improving one logistics opera-
tion towards improving the total chain and cross-
ing the borders of companies acting in the same
supply chain. It is a well-known fact that it is

possible to gain even more advantage by improving
the logistics chain instead of improving the perfor-
mance of one player in the chain. The area of
logistics chain is not solely restricted to the produc-
tion process itself but has spread into a wide range
of subjects relating to the entire material #ow into,
within and out of the organization [2]. Therefore,
the traditional and the most widely used cost
and pro"t based optimizations for production ca-
pacity allocation and supply chain design are not
su$cient in the present competitive business
environment.

2. The proposed framework

The aim of this paper is to propose a framework
by which the risks related to a supplier}customer
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relationship, the customers' preferences concerning
logistics and the strategies of the supplier can be
included in production capacity allocation and
supply chain design. The main utilization area of
this approach is the preparing of an annual sales
plan where the limited production capacity is allo-
cated to the customers on the basis of their strategic
importance and the risk related to the relationships
with the customers. Furthermore, the supply chain
is planned by taking into account the customers'
preferences.

The proposed approach is based on integrating
the analytic hierarchy process (AHP) and mixed
integer programming (MIP). The AHP and linear
programming have earlier been used together e.g.
by Liberatore for selecting R&D projects [3], by
Korhonen and Wallenius [4] for formulating
a marketing strategy, by Gass [5] for large-scale
personnel planning models, and by Olson et al. [6]
for an export planning model for a developing
country.

The AHP and linear programming have pre-
viously been used together for logistics network
design by e.g. Korpela and Tuominen [7], Korpela
and Lehmusvaara [8], Korpela et al. [9,10], and
Lehmusvaara et al. [11]. In these papers, the basic
principle has been that both the qualitative and
quantitative characteristics of the alternative sup-
ply chains (either as a whole or in parts) have been
analyzed with the AHP, resulting in a priority for
each alternative. In some of the papers, the import-
ance of the customers has also been analysed by
using the AHP and the importance has also been
included as a decision variable in the MIP}model
which has been used for optimizing the supply
chain. Thus, the design of the supply chain is not
only based on quantitative factors like costs but on
qualitative factors as well.

The approach presented in this paper builds on
the results presented in the papers mentioned
above. The analysis of the strategic importance of
the customers and the analysis of the alternative
supply chain structures are components that are
based on the earlier papers. However, the proposed
approach extends the earlier research in two main
ways: (1) the risks related to supplier}customer
relationships are included in the decision process
and (2) not only the supply chain capacity but also

the production capacity is divided between the cus-
tomers by using the MIP-model.

The proposed approach consists of "ve basic
steps:

1. Dexning the problem. The "rst step involves de-
"ning the decision problem by e.g. stating the
objectives, and determining the scope of the
problem in terms of e.g. alternative transporta-
tion modes and routes.

2. Analyzing the strategic importance of the cus-
tomers. The second step involves analyzing the
strategic importance of the customers a!ected
by the supply chain planning process. The AHP
is used for this analysis, resulting in an import-
ance priority for each customer. This priority
re#ects how well a certain customer "ts the stra-
tegic objectives of the supplier company.

3. Analyzing the risk involved in the supplier}cus-
tomer relationship. The AHP is used for ana-
lyzing the risk level related to a certain customer
relationship. This risk level basically re#ects the
potential deviations from the agreed sales quant-
ities per customer during the planning period.
Ultimately, the risk level is a factor measuring
the certainty level of the relationship with a cer-
tain customer. The risk level might be a!ected
by e.g. economical factors or competitors' ac-
tions. Taking the risk level into account in
the production capacity allocation enables the
supplier company to anticipate the possible
deviations.

4. Analyzing the customers+ preferences for supply
chain structures. The fourth step consists of an
analysis of the alternative supply chain struc-
tures from the customer point of view. Each
customer de"nes the criteria for analyzing the
alternative structures from their point of view
and then de"nes the importance of the criteria
on the basis of their requirements. Customers
then set preferences for the alternative supply
chain structures, based on these criteria. The
AHP-method is used for supporting this step.

5. MIP-based optimization. The "nal phase in the
proposed approach involves optimizing the util-
ization of the production capacity and the sup-
ply chain structure alternatives, based on the
priorities de"ned in the previous phases. Thus,
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the production capacity can be allocated "rst to
the customers with a high strategic importance
and a low risk level. Furthermore, the utilization
of the alternative supply chain structures can be
planned so that the requirements and prefer-
ences of the customers with a high strategic
importance and a low risk level are satis"ed "rst.

The utilization of the proposed approach is demon-
strated with a numerical, illustrative example.

3. An illustrative example

3.1. Dexning the problem

The "rst step of the proposed approach is to
de"ne the problem. In this illustrative example, the
supplying company (corporation A) is preparing
the sales plan for the next year. This planning
process includes allocating the production capacity
to the customers and de"ning the supply channels
that will be used for supplying the products to the
customers. The basic elements of the decision prob-
lem are the following: (1) one production plant, (2)
10 customers located in the same market area, and
(3) four alternative supply chain structures, each of
which can be used to transport the goods to all
customers. The constraints of the decision process
include the production capacity of the production
plant and the throughput capacities of the supply
channels. The anticipated demand for the products
is de"ned by estimating the upper and lower limits
for the amount of products sold to each customer.

3.2. Analyzing the strategic importance of the
customers

The second step in the proposed approach in-
volves determining the strategic importance of the
customers for corporation A. The AHP is used for
this step as the analysis involves multiple criteria,
many of which are qualitative. The analysis shown
here is based on the analyses presented in Lehmus-
vaara et al. [11] and Korpela et al. [9].

The AHP is a systematic procedure for repres-
enting the elements of any problem in the form of
a hierarchy [12]. AHP can be described as a theory

of measurement for dealing with quanti"able and
intangible criteria [13]. AHP is based on three
principles: decomposition, comparative judgements
and the synthesis of priorities [14]. First, a com-
plex, multicriteria problem is decomposed into a
hierarchy where each level consists of a few man-
ageable elements [15]. These elements are then
divided into another set of elements. Second,
a measurement methodology based on pairwise
comparisons is used for deriving priorities for the
elements. Third, the priorities of the elements are
synthesized to calculate the overall priorities for the
decision alternatives. A detailed description of the
AHP method can be found e.g. in [16].

According to the principles of the AHP method,
the "rst step in analyzing the strategic importance
of the customers involves de"ning the criteria on
which the analysis will be based. In this example,
the strategic importance of the customers is ana-
lyzed on the basis of the following criteria: (1) the
long-term pro"tability potential for the company
resulting from serving a certain customer, (2) the
possibilities of establishing a partnership-type rela-
tionship with a customer, and (3) the anticipated
development of the volumes purchased by a certain
customer.

As shown in Fig. 1, the overall goal for the
analysis is located on the highest level of the hier-
archy, and the criteria can be found on the second
level. In a typical AHP-hierarchy, the actual deci-
sion alternatives are located on the lowest level of
the hierarchy. In this example, however, the rat-
ings-feature (see [17]) of the AHP-method and the
corresponding Expert Choice-software is utilized,
i.e. a set of ratings is located on the lowest level of
the hierarchy. The ratings are qualitative descrip-
tions about the characteristics of a customer with
regard to a certain criterion. The customers are
then analyzed by using the ratings scales with re-
spect to each criterion. The use of the ratings fea-
ture enables the analysis of several customers and
makes it easy to add new customers to the evalu-
ation process at any time. Naturally, the ratings can
be di!erent for each criterion but in this illustrative
example the same ratings scale is used for all
criteria.

The second step in using AHP is to derive priori-
ties for each element in the hierarchy. The priorities
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Fig. 1. The AHP-hierarchy for analyzing the strategic importance of the customers.

Table 1
The strategic importance of the customers

Customer Total Pro"tability Relationship Volume

Customer 4 0.690 Abv.aver Outstand Abv.aver
Customer 1 0.621 Outstand Blw aver Abv.aver
Customer 3 0.581 Outstand Blw aver Average
Customer 2 0.517 Average Abv.aver Outstand
Customer 8 0.483 Abv.aver Abv.aver Average
Customer 7 0.401 Blw aver Abv.aver Abv.aver
Customer 10 0.351 Abv.aver Average Unsatisf
Customer 6 0.324 Average Average Average
Customer 5 0.318 Abv.aver Blw aver Blw aver
Customer 9 0.243 Average Blw aver Blw aver

are set by comparing each set of elements pairwise
with respect to each of the elements in a higher level
[15]. A verbal or a corresponding 9-point numer-
ical scale can be used for the comparisons, which
can be based on objective, quantitative data or
subjective, qualitative judgements. In a group set-
ting, there are several ways of including the views
and judgements of each person in the priority set-
ting process including e.g. (1) consensus, (2) vote or
compromise, (3) geometric mean of the individuals'
judgements, and (4) separate models or players
[18].

With the hierarchy illustrated in Fig. 1, the prior-
ity setting procedure is started by comparing the
criteria pairwise with respect to the goal. The sec-
ond step is to derive priorities to the ratings with
respect to each evaluation criterion. In a classical
weights and scores approach, the ratings would be
given ordinal numbers, such as 1 for unsatisfactory
and 5 for outstanding [17]. Forman et al. state that
the classical approach violates the proper use of
`scales of measurementa with the implicit and in-
correct assumption that, for example, outstanding
is "ve times better than unsatisfactory. The prob-
lem is avoided in the AHP-method by deriving the
priorities to the ratings with regard to each
criterion using pairwise comparisons. The overall
priorities for the elements in the hierarchy are
calculated by adding all the contributions of the
elements in a level with respect to all the elements in
the level above.

The priorities of the evaluation criteria are
shown in Fig. 1. The pro"tability potential is the
most important aspect of a customer's strategic
importance with a priority of 0.443. The possibility
of establishing a long-term partnership is also
a major factor with an importance priority of 0.387.

The development of the volumes sold to a customer
has a priority of 0.169.

The strategic importance of customers is ana-
lyzed by relating a rating and the corresponding
priority to a customer with regard to each evalu-
ation criterion. The ratings are assigned to the
customers by using the software program Expert
Choice. The ratings module of the program makes
it easy to enter and modify the evaluations. The
results of the evaluation of the strategic importance
of the customers are shown in Table 1. The column
labeled Total shows the overall strategic import-
ance of the customers. The analysis reveals that, the
Customer 4 is the most important with the priority
0.690 whereas the priority of the Customer 1 is
0.621 and the priority of Customer 3 is 0.581.

3.3. Analyzing the risk related to a
supplier}customer relationship

The aim of the third phase in the proposed
approach is to analyze the risk related to the
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Fig. 2. Risk analysis concerning Customer 1.

supplier}customer relationships. Corporation A is
involved in an industry with many competing com-
panies. As there are no huge di!erences between
the products o!ered by these companies, it is
easy for the customers of this industry to switch
suppliers. Therefore, it is important for corporation
A to be able to develop business relationships with
those customers that are ready to commit themsel-
ves to the agreed volumes to be bought and to joint
development both in the short and long term. Risk
analysis is the tool for measuring the level of
uncertainty related to the customer relationships.
Risk analysis is important especially for supporting
production allocation: e.g. allocating a lot of
production capacity for a high-risk customer (i.e.
the probability of not achieving the expected an-
nual sales is high) might result in ine!ective utiliz-
ation of production capacity during the course of
the year.

The AHP is applied to risk analysis as the analy-
sis involves multiple criteria and subjective judge-
ments. The risk factors to be included in the "rst
level of the AHP-hierarchy are the following: (1) the
history of the relationship with a customer } i.e.
how the relationship has worked in the past con-
cerning e.g. loyalty, (2) the position of corporation
A in the purchasing policy of a customer, meaning
e.g. the share of corporation A of the total pur-
chases of the customer and the level of satisfaction
that the customer has concerning the products and
service provided by corporation A, (3) competitor's
expected actions } i.e. how interested the competi-
tors are to gain more sales with a customer and
what actions they might take in order to reach their
objectives, and (4) development of a customer's
business } i.e. what the prospects of the future de-

velopment of the customer are in terms of turnover,
pro"tability and other key factors.

In order to estimate the risk level related to
a customer relationship, the following risk classes
are added to the second level of the AHP-hierarchy:
(1) low risk (0}20%), (2) moderate risk (20}40%),
(3) high risk (40}60%), (4) very high risk (60}80%),
and (5) extremely high risk (80}100%). These alter-
natives are used for measuring the probabilities of
having problems with a customer relationship, re-
ferring especially to the probability of not achieving
the expected and agreed sales levels with a cus-
tomer.

The described AHP-hierarchy can be considered
to be an application of the AHP to forecasting, and
the structure of the hierarchy is a simpli"ed version
of the one presented by Dyer and Forman [19] for
forecasting enrollment growth of certain educa-
tional programs. Applications of the AHP for fore-
casting and prediction can be found in e.g. [20}24].

The risk level is analyzed separately for each
customer by using the described AHP-hierarchy.
The priorities for the elements in the hierarchy are
derived by following the standard AHP-proced-
ures. The "rst step is to derive the priorities for the
risk factors in the "rst level of the hierarchy by
using pairwise comparisons. The second step in-
volves deriving probabilities for the risk classes
separately for each of the risk factors. An example
of the hierarchy and the priorities of the elements at
the "rst level of the hierarchy is presented in Fig. 2.
The overall probabilities of the risk classes are
presented in Fig. 3.

The results presented in Fig. 3 show the prob-
abilities of the risk classes concerning the relation-
ship with Customer 1. As shown in the "gure, the
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Fig. 3. The probabilities of risk classes concerning Customer 1.

Table 2
Calculation of the composite risk rate

Risk class Range
(%)

Range
average
(RA) (%)

Overall
probability
(OP)

RA*OP
(%)

Low risk 0}20 10 0.231 2.31
Moderate risk 20}40 30 0.308 9.24
High risk 40}60 50 0.226 11.30
Very high risk 60}80 70 0.146 10.22
Extremely high risk 80}100 90 0.089 8.01
Total 1.000 41.08

risk class `moderate riska has the highest probabil-
ity. In order to calculate the composite risk related
to a customer relationship, the probabilities of the
di!erent risk classes are combined by multiplying
the average of each risk class by its overall prob-
ability. The composite risk is then de"ned by calcu-
lating the sum of the multiplication results (see e.g.
[22]). The calculation of the composite forecast is
presented in Table 2.

As shown in Table 2, the composite risk related
to the relationship with Customer 1 is 41.8%. The
composite risk rates concerning the other cus-
tomers are calculated in the same way.

3.4. Analyzing the alternative supply chain structures

The aim of this step is to derive customer prefer-
ences for the alternative supply chain structures by

using the AHP. Each customer de"nes the criteria
to be used for evaluating the structural alternatives,
derives priorities for the criteria and evaluates the
alternatives. As the customers may not always have
the needed experience and knowledge concerning
the alternative supply chain structures, the repre-
sentatives of the supplying company will give sup-
porting information. The hierarchy used in this
analysis is based on the approach presented in [11],
where the supply channels were evaluated as
a whole. However, each node and link (e.g. ware-
houses, transportation companies) of the supply
channel alternatives could also be analyzed separ-
ately as shown in [9].

As mentioned in the problem de"nition section,
there are four alternative supply channels to be
used for each customer. These supply channels con-
sist mainly of the following parts: (1) production, (2)
transportation from the production plant to the
port of loading, (3) sea transport, (4) warehousing at
the port of destination, and (5) "nal delivery to the
customer either by road or rail.

In this example, the analysis is shown as per-
formed by Customer 1. The criteria used for ana-
lyzing the alternatives are the following: (1) order
lead time, (2) delivery time reliability, (3) absence of
damage, (4) #exibility (e.g. urgent deliveries), and
(5) total cost. As with the analysis of the strategic
importance of the customers, the ratings feature of
the AHP-method is utilized. The following ratings
scales are de"ned for the criteria: (1) order lead

192 J. Korpela et al. / Int. J. Production Economics 78 (2002) 187}195



1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96

Fig. 4. The AHP-hierarchy for analyzing the alternative structures.

Table 3
Analysis of the supply chain alternatives

Supply chain
alternative

Total Order lead
time (weeks)

Reliability
(hours)

Absence of
damage (%)

Flexibility Total cost

Supply channel 1 0.315 3 6 90}95 Blw aver Abv aver
Supply channel 2 0.721 2 2 95}99 Abv aver Blw aver
Supply channel 3 0.391 2 6 90}95 Average Abv aver
Supply channel 4 0.650 1 4 95}99 Abv aver Average

time: 1, 2, 3 weeks, or more, (2) delivery time relia-
bility: products are normally delivered within
2 hours, 4 hours, 6 hours or 8 hours the target deliv-
ery time, (3) absence of damage: over 99%, 95}99%,
90}95%, or below 90% of the products are de-
livered without damage, (4) #exibility: outstanding,
above average, average, below average or unsatis-
factory, and (5) total cost level: outstanding, above
average, average, below average or unsatisfactory.
The AHP-hierarchy is shown in Fig. 4.

The priorities for the elements in the hierarchy
are derived by using the standard AHP-procedure.
Thus, the "rst step is to derive the priorities for the
evaluation criteria through pairwise comparisons.
Then, priorities are derived for the ratings with
regard to each evaluation criterion. For example,
concerning the order lead time, the representatives
of Customer 1 de"ne the preferences for the alterna-
tive lead times. The actual structural alternatives
are then evaluated with regard to each criterion by
selecting the rating that most accurately describes

the performance level of a certain alternative. The
evaluation of the alternatives is shown in Table 3.
The column Total shows the overall preference of
the alternatives for the customer.

The other customers derive the priorities for the
supply chain alternatives correspondingly. One of
the main advantages of the approach is the #exibil-
ity it provides. Each customer can de"ne the speci-
"c criteria they want to include in the analysis, as
well as the desired performance levels with regard
to these criteria, and the priorities for the elements
in the hierarchy.

3.5. MIP-based optimization

In this example, there is one production plant
that distributes its products to 10 customers either
via three warehouses or by direct shipments from
the plant to the customers. This means totally four
alternative supply chains to each customer. In addi-
tion, the minimum and maximum levels of the
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Table 4
The results of MIP optimization

Cus-
tomers

Lower
demand

Upper
demand

Risks Supply channels

1 2 3 4

10 000
2 8000 13000 0.33 8000
3 6000 8000 0.20 8000
4 3500 3500 0.44 3500
5 4000 6000 0.25 4000
6 5500 6000 0.55 5500
7 3000 7000 0.18 7000
8 12 000 15000 0.29 2000 10 000
9 7000 8000 0.48 7000

10 15 000 20000 0.22 10 000 5000

Total 15 500 34 000 30 500

annual demand have been de"ned for all cus-
tomers. The production capacity of the plant is
higher than the sum of the minimum level customer
demands, and on the other hand it is lower than the
maximum level customer demands. The ultimate
idea of the proposed approach is to determine how
much production capacity is given to each cus-
tomer. This problem is solved with an MIP-model
where the objective function takes into account the
strategic importance of the customers, the risk re-
lated to the customers and the preferences that the
customers have de"ned for the alternative supply
channels. To summarize, the MIP-model tries to
allocate the production capacity to the most impor-
tant customers with the lowest risk levels, and to
allocate the supply channels according to the pref-
erences of the most important customers. The re-
sults of the AHP based evaluations are utilized as
input "gures in the MIP-model. The objective func-
tion of the preference maximization MIP model is
de"ned as follows:
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where I
�
is the strategic importance of customer d;

P
��

the preference of supply chain t from plant to
customer d; R

�
the risk related to customer rela-

tionship d; <
��

the delivery from plant via supply
chain t to customer d; DEM

�
the market demand of

customer d; PVOL the production of plant; t the
supply chains, t"1,2,¹; and d the customers,
d"1,2,D.

Basically, it is possible to build theMIP model in
a way that it can solve several distribution structure
related problems, e.g. it can be utilized in determin-
ing the number of warehouses by introducing 0/1
variables and needed constraints to the problem.
Therefore, it is possible to introduce risk related
factors more widely to the distribution network
evaluation problems than in the given illustrative
example. In addition, it is possible to give di!erent

weights to customers' strategic importance, supply
chain preferences and risk factors.

In this example, the throughput capacities of the
supply channels are limited to be under 10 000 tons
and the production capacity of the plant is
80 000 tons. The minimum and maximum levels of
the annual demand, customer related risks, and the
results of the MIP-model calculations are given in
Table 4.

The table shows that the production has been
80 000 tons and supply channel 4 has not been used,
and in addition transport volumes to Customers
8 and 10 come through two channels. In all cases
the given upper throughput limit of 10 000 tons per
channel has been followed. The customer related
risks are relatively high to Customers 1, 6 and 9,
and therefore, the model has selected lower market
demands for those customers. On the other hand,
the highest market demands have been selected to
customers 3, 5 and 7, where the risk related factors
are on the lowest level.

4. Implementation and follow-up

After implementing the results of the analysis, the
proposed approach forms a #exible procedure for
solving the production allocation problem. The
present customers can be evaluated periodically,
e.g. two times a year, in order to recalculate the
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problem. However, the AHP-models can be up-
dated whenever needed and the results can be en-
tered to the MIP-model in order to validate the
present solution, which allows the model to be used
also in the monthly level. In addition, the proposed
approach forces to evaluate the strategic and risk
factors related to customers, which also gives more
information and understanding to solve other dis-
tribution related problems.

5. Conclusions

The proposed approach provides a systematic
and #exible framework for solving production allo-
cation problems that maximizes the strategic im-
portance of customers, minimizes customer related
risks, and in addition, maximizes the preferences of
customers. Compared to the traditional cost and
pro"t based approaches for production allocation,
this approach makes it possible to take into ac-
count both qualitative and quantitative factors for
solving the problem. Traditionally, the focus has
been on the company's own quantitative view-
points, but this approach enables focusing on the
customers viewpoints. Finally, the proposed ap-
proach forms a basis for evaluating the production
allocation problem on the tactical decision making
level.
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