
1 Introduction

At the turn of the third millennium, world industry finds
itself in probably the largest restructuring since the first indus-
trial revolution. The progress is determined by two trends:
� dynamic progress of information and communication tech-

nologies, which have enabled the creation of new markets
and a redefinition of entire professions,

� globalization of the economy thanks to new purchasing
and selling markets.

Such progress forces enterprises to modify their produc-
tion strategies. New competitors and greater changes in
demand in the course of time in a stagnant market are pre-
senting enormous cost pressure for many enterprises. In
order to meet customers’ needs everywhere in the world, the
enterprises should increase their flexibility.

The main requirements put upon industry are the
following:
1. Cost pressure:

� stagnant markets,
� great changes in demand,
� producers with a cheap work force.

2. economic globalization:
� new markets for sales (Asia/Eastern Europe),
� new purchasing markets,
� new competitors.

3. The third industrial revolution:
� new potentials obtained by the application of informa-

tion and communication technologies,
� structural changes in entire professions,
� new products and markets.

Nowadays, the main conditions for a successful enterprise
are as follows:

� the existence of products/ideas/services,
� the existence of a market,
� maximum fulfilment of customers’ requirements,
� minimum use of resources.

Long–lasting success will be achieved only by enterprises
which not only achieve the necessary optimization of
their production process but also identify and conquer new
markets.

One possible conception for survival in a turbulent world
market is chain cooperation involving the producer, his sup-
pliers and customers, according to the concept of Supply
Chain Management.

2 The basics of supply chain
management
Supply Chain Management (SCM) comprises process-ori-

ented integration of planning, proceeding, coordination and
control of material and information flows in a one-stage or
multi-stage supply chain in the area of planning, purchasing,
production and distribution.

The basic idea of SCM is a further development of supply
logic. Classical supply management is engaged in optimizing
material and information flows in a particular enterprise,
while SCM focuses on the entire integration of all partners in
a supply chain. The aim of SCM is to reduce costs in the entire
production process, from raw materials purchasing to the
delivery to the final customer, optimizing all partners in a
chain. The partners in a supply chain can be departments of
either one enterprise or single enterprise.

A number of SCM initiatives have already been taken,
SCOR being the most important of them. This represents a
new generation of SCM systems. Supply Chain Operation
Reference (SCOR) was founded in the USA in 1996, by
the Supply Chain Council (SCC), as an independent organi-
zation (Web pages http://www.supply-chain.org). It uses SCM
systems and further improves them. The SCOR model is a
significant auxiliary device, which standardizes cooperation
processes among several enterprises and makes them trans-
parent. The main aim of the SCOR initiative is business
process modelling, which takes place among several enter-
prises in a Supply Chain, so that SCM can be realized. The
processes are comparable by the process reference model.
The SCOR model consists of four fundamental processes:
PLAN, SOURCE, MAKE and DELIVER, which are inter-
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linked in a chain (Fig. 1.). The figure shows the interconnec-
tion in the chain between supplier, producer and distributor
in order to achieve the common optimum with reference to
costs, delivery time, delivery amount and inventories.

According to the definition, SCM contains the following
potentials:
� supplier service improvement,
� reduction of net inventories,
� shortening of the entire production cycle,
� enhancement of predicting accuracy,
� a rice in productivity,
� lower costs for purchasing, production and distribution in

the chain.

By applying the SCM concept it is possible to reduce in-
ventories up to 60 %, shorten the production cycle up to 50 %,
increase profit up to 30 % and total costs up to 25 %. Thus, for
example, the Coca Cola Company, after introducing SCM
and using potentials for rationalization, has achieved a 3,5 %
increase in profit in the European market [2, 3].

With regard to the planned horizon and planning objects,
global and local planned assignments within SCM are divided
into three time and logic levels:

� Strategy level. The main task of the strategic level of plan-
ning is to define the enterprise strategy by shaping a
configurationally optimal production and supply network
among several enterprises. On the basis of alternative con-
figurations, a simulation with reference to given criteria
chooses an optimal solution. Distribution channels, from
the raw material supplier to the selling market, are ana-
lysed in this phase. This is done on the basis of the annual
planned quantity, production quantity and the situation on
the stock. The aim of shaping is to get a deliverer’s real
supply chain with reference to all relevant limits.

� Tactical level. Based on the data obtained on the strategic
level, particular members of the production network, with
reference to long-term production and transport plans, are
defined in this phase. The aim of planning is to synchro-
nize a medium-term and long-term planning programme
with reference to capacities and terms (between 3 and 6

72 ©  Czech Technical University Publishing House http://ctn.cvut.cz/ap/

Acta Polytechnica Vol. 44  No. 3/2004

Deliver Deliver Deliver DeliverSourceSourceSource SourceMake Make Make

Plan

Your Company
Customer

Internal or External
Customer’s
Customer

Supplier
Internal or External

Supplier’s
Supplier

Fig. 1: The basis of the SCOR reference model (Top-Level) [1]

Network planning

Production planning

Inventory planning

Distribution planning

Detailed scheduling

Transport planning

Needs planning

Strategic
planning

operational tactical strategic

hours days weeks months years

Planned period

Fig. 2: Planned assignments with regard to the planned period



months). The input data for this planning are necessary in-
formation on the Supply Chain structure, selling predic-
tions and customers’ needs. Rough planning of
purchasing, production and distribution is done on the ba-
sis of the input data. Planning is done by means of simula-
tion of different alternatives with reference to resource,
costs and delivery times.

� Operational level. Operational realization of the set pro-
grammes takes place through production planning and
control (PPC). The existing PPC organizational structures
can be used to realize SCM, but they have to be extended
in dependence on the exterior partner. It is indispens-
able to ensure quick exchange of information between the
supplier and the customer so that a quick reaction to
unplanned events (e.g. disturbances, short-term special
orders and others) can be provided. Typical planned func-
tions at the operational level are detailed scheduling (on
the basis of plans at the tactical level) and controlling of
orders, warehouse and transport.

Planned assignments with regard to the planned period
are presented in Fig. 2.

The major goal of this paper is to show a model for supply
chain management in mathematical terms with an example
of mathematical formulation.

3 Model for supply chain
management
In most industries the cost of raw materials and compo-

nent parts from external vendors constitutes the main part of
the total product cost, and in some cases it can account for up
to 80 % of the total product cost. For this reason, supplier
selection is one of the most important tasks in every industry.

Basically there are two kinds of supplier problems; the first
is supplier selection when there is no constraint. In other
words when all suppliers can satisfy the buyer’s requirements
for demand, quality, delivery, etc. In this kind of supplier
selection the management needs to make only one decision –
which supplier is the best.

The second type of supplier selection problem is when
there are some limitations on suppliers capacity, quality and
so on. In other words, no supplier can satisfy the buyer’s total
requirements and the buyer needs to purchase partly from
one supplier and partly from another to compensate for the
shortage of capacity or low quality of the first supplier. The
enterprise must decide which supplier it should contract, and
it must determine the appropriate order quantity for each
supplier selected.

This paper will present a cost minimizing model for
supplier selection with price breaks. The existence of variable
prices offered by the supplier usually complicates the selec-
tion process for the purchaser [5]. The change in prices
depends upon the size of the order. In cases when variable
prices are combined with capacities or limited conditions of
delivery, supplier selection can be very complicated.

Consider a buyer who requires an amount D of a particu-
lar product over a fixed planning period. There are n suppli-
ers that can meet the buyer’s demand. Let xi be the order
quantity of this product placed with supplier i, where

x Di
i

n

�
� �

1

(1)

Supplier i can provide up to vi units of the product over
the planning period, i.e.

x vi i� (2)

It is assumed that the aggregate amount of the product
available from this multiple-sourcing network is sufficient to
satisfy D, i.e.

v Di
i

n

�
� �

1

(3)

Depending on the type of product, aggregate supplier
performance measures of quality and delivery may or may not
be meaningful to the buyer. We assume that they are in this
section, for the purpose of illustration. The order quantity
must therefore satisfy:

q x QDi i
i
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1

and l x LDi i
i

n

�
� �

1

(4)

where:
qi quality of a unit of the product of supplier i,
Q buyer’s minimum quality requirement for a unit of a

product,
li lead time from the supplier that is needed to fulfill an

order,
L deadline, measured from the order date.

Let pi(xi) be the price that the buyer must pay to supplier i
for supplying the order quantity xi. Assume that the suppliers
offer some type of price breaks. The net price that the buyer

must pay for D is then p xi i
i

n
( )

�
�

1

, which the buyer desires to

minimize.
The supplier selection problem of the buyer may then be

modeled by the following mathematical program:

min ( )p xi i
i

n

�
�

1

(objective: minimize the buyer’s price for

ordering D) (5)

q x QDi i
i

n

�
� �

1

(aggregate quality constraint) (6)

l x LDi i
i

n

�
� �

1

(aggregate delivery constraint) (7)

x Di
i

n

�
� �

1

(demand constraint) (8)

x v i ni i� �1, ,� (supplier constraints) (9)

x i ni � �0 1, ,� (non-negativity constraint) (10)

The objective function is nonlinear due to the presence of
price breaks. A special case for supplier selection is cumula-
tive price breaks. Suppose each supplier offers all-unit price
breaks. This implies that the cost of purchasing xi units from
supplier i, pi(xi) is defined to be
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p x p xi i ij i( ) � if b x bi j i ij, � � �1 , 1� �j m i( ) (11)
where:
pij is the unit price for level j,
bij are the quantities at which price breaks occur,
m(i) is the number of quantity ranges in vendor is price

schedule. If pij is a decreasing (increasing) function of
j, then quantity discounts are being offered.

We define a more specific set of decision variables that
describes the order quantities:
xij is the number of units purchased from supplier i at

price level j.

It follows that xi is related to these xij by

x x i ni ij
j

m i
� �

�
�

1

1
( )

, , ,� . (12)

Since xij can be nonzero only if
b x bi j ij ij, � � �1 , (13)

it follows that the objective function becomes
p x p xi i ij ij( ) � (14)

which is nonlinear.
To circumvent this nonlinearity, we introduce binary inte-

ger variables yij in the following way:

y
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xij
ij
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0 0
1 0

if
if

. (15)

This definition can be realized by adding constraints of
the form
b y x bi j ij ij ij,

*
� � �1 , j m i�1, , ( )� (lower and upper quantity

range constraints). (16)

bij
* is a number slightly lower than bij introduced to realize

x b yij ij ij� (17)
for all i and j m i� �1 1, , ( )� , and

b Di m i, ( )
* � (18)

for all i, since D is the most any supplier can supply.
Actually, for i n�1, ,� , the constraints

b y xi i i0 1 1� (19)
are redundant, since bi0 and xi1 is defined to be non-negative.
A further constraint for each supplier is that at most one price
level can be chosen, i.e.

y i nij
j

m i

�
� � �

1

1 1
( )

, , ,� (price level constraints). (20)

The situation can be even more complex. Namely, let xijk
be the number of units of the good k (the kind of material re-
quired) offered by supplier i at price level j. At the same time
there are n different suppliers, (i n�1, ,� ), l kinds of goods
( , ,k l�1 � ), and each supplier offers m(i) ( j m i�1, , ( )� ) price
levels, where the numbers of different discount categories
depends on each supplier.

Let us assume that the producer requires the total quantity
of goods D, therefore

x Dijk
k

l

j

m i

i
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( )
(21)

must be valid.

At the same time there are individual requirements for
each kind of goods Dk, i.e. the following relations must be
valid:
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j
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and D Dk
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. (22)

If we consider in this way all kinds of goods required to-
gether, the model becomes extremely complex, with a great
number of variables and constraints. Such a model can be
subdivided into a number of small models, each to be sepa-
rately solved, which makes the problem simpler.

4 Supply chain management – the
case of Croatia

Construction of a modern and efficient economic struc-
ture is, certainly, one of the fundamental objectives for the
reconstruction and development of the Republic of Croatia.
It can be safely assumed that many different factors and
processes, especially privatisation and restructuring, influ-
ence the realisation of such an objective.

Namely, privatization in Croatia is entering a new stage,
which is characterized by the further privatization of small
and medium-sized enterprises, as well as the end of privat-
ization of large production systems, banks and public
enterprises. Restructuring is oriented toward the creation of
a network of small and medium-sized enterprises, character-
ized by a high degree of flexibility, adaptability and creativity.
They should be based on the principles of entrepreneurial
economics and entrepreneurial spirit. Restructuring is being
carried out at all levels, especially at the level of large and
complex systems.

The Republic of Croatia is a country in transition from the
socialist, state-dictated economy toward market principles.
Such a process implies a need for overall transformation of
Croatian companies, which includes all segments of the orga-
nizational restructuring process.

All these factors are also related to the need for the inter-
nationalization of Croatian enterprises, and by the imperative
to be included in the international processes of economic
cooperation and globalization.

Croatian companies are facing severe competition, on
both the international, and the domestic market, which is
becoming more and more dynamic and complex. In such a
context, Supply Chain Management (i.e. logistic chain man-
agement) becomes a significant factor that contributes to
the creation of competitive advantage, which can be justified
by the costs of logistics in the total costs of goods produced
in Croatia (which is estimated to be higher than 40 %).

Threats from the environment, as well as rising competi-
tion, require Croatian enterprises to utilize new strategies of
logistics and distribution, with the objective to optimize the
flows of both goods and materials – from their source to the
final consumer. Such an objective is to be implemented with
the idea of partnership in all the stages of the supply chain.

The supply chain philosophy is based on partnership
among all those involved. Instead of the traditional competi-
tion, the supply chain is being built upon the concept of
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“co-operation”, which aims to mutually maximize the profit of
all members of the supply chain. Lowering the costs and im-
proving the quality of the shared logistics – e.g., by better
planning of the materials and goods requirements, by utiliza-
tion of contemporary information technology in information
exchange, etc., – can achieve this.

Even in Croatian enterprises, the traditional approach
to competitive advantage usually referred to as the 4Ps
(product, price, promotion and place – i.e. the philosophy of
a quality product as an acceptable price, with appropriate
promotion and found in the right place) is being replaced
by the 3R concept (referring to reliability, responsiveness and
relationships).

This concept is based on the principles of reliable and re-
sponsive delivery, as well as on stable relationships. Such a
concept is being increasingly used by a range of Croatian en-
terprises. AD Plastik d.d. can be identified as one such enter-
prise, as evidenced by its long-term cooperation with Renault
and Peugeot.

5 Conclusion
With regard to the development trend of supplier chains

between enterprises in different locations, today in Europe,
and particularly in the USA, inter-enterprises networking is
constantly increasing. In the USA there are already well
known examples of networking among several enterprises
(e.g. Wall Mart trade work chain).These potentials are avail-
able for those who introduce SCM should be used in Croatian
enterprises in the future. In order to realise this, it is necessary
to network enterprises in a particular region and to connect
them, for the purpose of knowledge transfer, with science
and research institutions. An important role in this network
should be played by state institutions (economic chambers, re-
gional and municipal government, etc.) which should decide
on a development strategy and projects for faster transfer to a
market economy and entry into European integration.
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