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Abstract. In the current market environment, more successful are usually the companies that seek to cre-
ate values not only for their own customers, but together with their partners they create a value network. 
Within the value network there is cooperation in various fields. One of the most important areas of coop-
eration is delivering products to end customers. But it is not only about coordinating sales, manufacturing 
and purchasing operations on sales of an established product, i.e. tactical and operational management of 
these activities. The coordination must also occur in the process of designing the product and the produc-
tion (or even entire logistics) systems. Only then can the value network partners shorten the time as much 
as possible in which they provide customers with an opportunity to purchase needed products and accom-
panying services. This paper looks at how to modify the research and development activities in the com-
pany that becomes part of the value network. 
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1. Introduction 

Global competition is stiff in almost every industry 
and sector (Flint et al. 2011). In the current market 
environment, more successful are usually the 
companies that seek to create values not only for 
their own customers, but together with their part-
ners they create a value network. The value net-
work is known as a successful business perspec-
tive that embraces both tangible and intangible 
value exchanges between two or more individuals, 
groups or organizations aimed at generating eco-
nomic value and other benefits for a network par-
ticipant (Albadvi, Hosseini 2011). The value net-
work creation requires us to choose primarily all 
elements of the network, then to propose all activi-
ties leading to the increase of the value for cus-
tomer and further to decide the responsibilities of 
the relevant elements to ensure the activities are 
covered, i.e. which activities are carried by par-
ticular chain elements or, as the case may be, if 
and how certain activities should be carried by all 
the elements together (Lostakova 2011).  

Within the value network there is cooperation 
in various fields. Collaboration, an organisation’s 
strategic orientation and market turbulence are the 
three main business performance drivers, and that 
of this collaboration had the most impact (Frost, 
Sullivan 2006). Collaboration enables partners to 
jointly gain a better understanding of future pro-
duct demand and implement more realistic pro-

grammes to satisfy that demand (Sahay 2003). 
One of the most important areas of cooperation is 
delivering products to end customers because the 
growing pressure of the supply chain customers on 
accelerated reaction of suppliers enforces shor-
tening time periods for processing orders (Vlčko-
vá, Paták 2010). In this case coordination activities 
between business partners mean that interdepend-
ent production; logistics, development, and admin-
istrative resources are modified and adapted in or-
der to bring about a better match between the co-
operating firms (Strandskov 2006).  

The coordination must also occur in pre-
production stages. If partners coordinate pre-
production phases in a value network, they seek 
together the answers to questions: 
• What will the form be of products delivered to 

end customers and, depending on that, also the 
form of products produced in the previous 
production phases (i.e. the form of products 
supplied by the suppliers to the customers in 
the value network) and 

• What form will individual logistics systems take 
in the value network, interconnected to each 
other (and within this, the form of individual 
production systems). 
This will gradually allow making optimum 

contributions to the value for end customers that 
mean customer´s perceived benefits and custo-
mer´perceived sacrifices (Lostakova 2010). 

http://www.sciencedirect.com/science/article/pii/S0003687011000573#bbib47
http://www.sciencedirect.com/science/article/pii/S0003687011000573#bbib47
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New product introduction time can be drama-
tically reduces through the involvement of suppliers 
in the innovation process (Christopher 2000) and 
the customers will be allowed to purchase required 
products in a short time. 

In the current context, innovation is not re-
stricted to the manufacturing of new product, but 
incorporates new solutions to across-market boun-
daries to cope with the needs of increasingly sophis-
ticated customers. Successful companies are there-
fore ‘solution’ providers (Liu, Hart 2011). Solutions 
are defined as individualized offers for complex 
customer problems that are interactively designed 
and whose components combine products and/or 
services where the value exceeds that of the sum of 
components (Evanschitzky et al. 2011). 

The aim of this paper is to specify how the 
process of research and development should pro-
ceed in a company, especially in the chemical in-
dustry, that is a part of the supply chain or the value 
network in order to speed up the entire process. The 
goal of this paper was defined in this way because 
speed to market and product quality enhance prod-
uct profitability, but speed to market is more im-
pactful than product quality on product profitability 
(McNally et al. 2011). The main objective will be 
met partly on the basis of a research of professional 
literature and partly on the results of a qualitative 
primary research conducted in selected chemical, 
food and automotive industry companies. The re-
search was focused on mapping of company proc-
ess systems of the selected SBU (Strategic Business 
Unit) and their course, the possibility of accelera-
tion dealing with company process systems. The 
main aim of the primary research was to map what 
processes are being realized in the given SBU to 
provide value to the individual customers, their in-
ternal structure and the possibility of their accelera-
tion in order to increase the customer value. 

The method used for collecting the primary in-
formation was based on personal interviews with 
the aid of scenarios for interviewing company em-
ployees (the specification of the sought information 
was reflected in the questioning scenario). The re-
spondents consisted of SBU manager, product man-
ager responsible for sales of selected products, SBU 
production manager, SBU head of purchasing, ad-
ministrative staff of sales and purchasing and other 
managers of the individual SBU processes. 

2. Process of preparation of the production  
system in a company involved  
in the supply chain 

The main goal of the research and development in 
a company that is a part of a supply chain or a 
value network is to develop such a product and 

design such a solution of the product and form of 
business processes (especially the manufacturing 
ones) that will lead to value creation for direct cus-
tomers and end-customers of the chain. At the 
same time, it is necessary that a value for the firm 
itself be created as a result of conduct of produc-
tion and business operations.  

The product development process includes 
four major development stages: concept genera-
tion, product planning, product engineering, and 
process engineering (Clark, Fujimoto 1991). The 
given process should run in the company (not only 
of the chemical industry) according to the follow-
ing flow chart (Fig. 1):  

 

Sharing information on 
research and innovation plans 

of the direct customer  

Determining the actual 
requirements of the direct 

customer   

Converting the direct 
customer requirements into 

measurable parameters 

Development of the product 
for the direct customer in the 

chain, or the network 

The development of 
manufacturing and other 

processes in the company as 
a part of the chain or the 

network 

Developing technological 
and operational 
documentation  

Forecast of requirements 
of the customers of the 

chain 

Forecast of future 
requirements of the 

direct customer 

Requirements of the 
direct customer 

Direct customer 
requirements in 

measurable parameters 

Characteristics of the 
proposed product 

Characteristics of 
business processes  

Documentation 
describing the intended 
form of the product and 

the processes 

Sharing information on the 
development of needs and 

requirements of the 
customers of the chain 

Output of the Activity Activities of the Process 

 
Fig.1. Process of research and development from 

identification of customer needs and requirements for 
preparation of instructions for the conduct of business 
processes (Source: Juran 1988, Nenadál 2002, modi-
fied) 

Methods to accelerate this process in the com-
pany (as a link of the chain or the network) basi-
cally focus on two areas (Branská 2011): 
• Obtain information as quickly as possible on 

the need for research and development acti-
vities and requirements imposed on them 

http://www.sciencedirect.com/science/article/pii/S0019850111000563#ref_bb0035
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• Find the time savings in the very process of 
research and development. 
Understanding customer needs and values is 

fundamental to the definition of a product, particu-
larly a new product (Donaldson et al. 2006) be-
cause increased use of customer wants and needs 
information in the development phase was associ-
ated with increased market success (Zahay et al. 
2011). During last years, customers’ criterions and 
requirements are not only focused on functionality 
of products, but more and more criterions related 
with sustainable development are empowered 
(Vávra, Munzarová 2010). At present, the time 
required for the desired solution of the proposed 
product and the processes in the enterprise is ex-
tended by the fact that the businesses in the chain 
deficiently share the information on the needs of 
end customers. Information links in this area could 
also be closer between two adjacent links of the 
chain. It is crucial to identify the emerging trends 
and changes in the behaviour of end customers and 
consequently provide this information, or at least 
the information derived therefrom, to the partners 
in the chain.  

Not only must the end producers prepare for 
product innovation, but they need to be suffi-
ciently supported by their suppliers. It is desirable 
that innovations of the final manufacturers imme-
diately in turn bring about the derived innovations 
of the suppliers back in the chain.  

Sharing information among partners can bring 
about other benefits, e.g. removal of duplicate col-
lection of information on the behaviour of the cus-
tomers. 

 Sharing of sensitive information, commitment 
to unique (and costly) investments, and creation of 
competitors through collaboration are all potential 
downsides to buyer-supplier collaborative rela-
tionships (Cheung et al. 2011). Therefore, such a 
form of cooperation is realized only in chains 
where suppliers and buyers cannot get into a com-
petitive position or in chains, or networks of prop-
erty interconnection (such as chemical technology 
custom productions). In these chains the contrac-
tors are not likely to use the information obtained 
to develop their own product, damaging the busi-
ness interests of partners in the chain.  

 Generating great ideas is half the battle. The 
other half is getting from the concept stage 
through to development and into the Marketplace 
(Cooper 2011).  

If firms want to reduce the time needed for the 
actual research and development of the product 
and the process they can deepen cooperation in 
other stages of this process. For example, the labo-
ratory research phase can interconnect activities 

and solve the research project in a mutual coopera-
tion of the partners in the chain or the network. In 
essence, it is about applying the so called simulta-
neous engineering in the development where the 
development process takes place simultaneously 
with the manufacturer/s of the product and suppli-
ers of inputs. To ensure the best possible synchro-
nization of activities with the both (or more) part-
ners, it is necessary to get developers of the 
supplier involved in time in the research and de-
velopment (Keřkovský 2001). 

 An extremely good opportunity for intercon-
necting the research and development processes 
emerges with partners supplying expendable mate-
rials. There is only a slim chance that they could 
become competitors to the customer. For example, 
a supplier of labels for marking packages to trans-
port and handling of dangerous goods can be eas-
ily plugged into the innovation process. Shared or 
obtained knowledge about the innovation will help 
them significantly reduce the time for preparation 
of new labels. It seems desirable also because leg-
islative requirements for labels are changing very 
rapidly.  

Interconnecting research activities will bring 
additional effects, not only as a result of the intro-
duction of production at the supplier according to 
the needs and requirements of customers. It also 
increases the possibility that the contractor devel-
ops an input material for the customer with better 
properties than he/she originally anticipated. It will 
further increase the value that the contractor pro-
vides to him. To achieve this effect it is possible to 
implement an equivalent of the JIT II method (that 
consists in involving a sellesperson of a supplier in 
the purchase team of a customer), i.e. to involve a 
researcher or technology worker of the customer in 
the supplier’s research team. Or, on the contrary, 
to involve a supplier’s researcher in the customer’s 
research team. These activities are possible espe-
cially when applying a high degree of integration 
of business partners. There is an opportunity for 
the application especially if the customer partici-
pates through investments in the implementation 
of the supplier's production (as is the case with the 
custom chemical technology productions). 

Collaboration within organisations requires ef-
fective and appropriate support, which will usually 
make the difference between a successful collabo-
ration and an unsuccessful one. Even well-desig-
ned teams with good people can perform poorly if 
they are not provided with the management sup-
port and resources they require in order to meet 
their goals, and collaborate with internal and ex-
ternal colleagues and clients as necessary (Patel et 
al. 2012). 
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A simple and easy-to-implement way to 
transmit information allowing product innovation 
to the needs and requirements of the customer and 
communicate that information in an appropriate 
form are regular meetings of marketing research 
workers from particular companies. In these meet-
ings they can share information that mean that 
they basically work together and in a synchronized 
way on the design of the product and introduction 
of individual consecutive productions. Higher 
forms of information sharing (e.g. by electronic 
means) from research and development are cer-
tainly technically possible, but feasible only in rare 
cases as an extraordinary confidence of both the 
partners is necessary therefore. Usually is willing-
ness for information sharing is based more likely 
on long-term personal relations (Vlčková 2011). 

A special case, affording deep possibilities of 
interconnecting the research and development ac-
tivities, is the execution of research and develop-
ment through own research units (institutes) whose 
services are used also by partners involved in the 
same supply chain or network.   

Let's leave aside now the question of effective 
management of the technical quality of the product 
being developed, despite its high importance. Let's 
concentrate on the possibility of accelerating the 
product development and production process itself 
and the company involved in the chain, or the 
network. This is a fairly complex matter arising 
from the nature of this process. It is difficult, if not 
impossible, to schedule the end of a given process 
or its sub-activities in the chemical applied re-
search (such as completion of the research, testing 
of the proposed technological process in the labo-
ratory, proposal of specific technological parame-
ters and their tuning with the aid of testing in a 
bench scale and/or pilot plant, etc.) because it is a 
highly creative work of researchers. In some cases, 
despite the hard work of the research team, they 
fail to complete a specified research project. To 
reduce this risk, partial activities can be imple-
mented to support the quickness of process of re-
search and development. ISO 9001:2008 recom-
mends to (ISO 9001:2008, modified): 
• Clearly define the customer's requirements on 

the developed product/products. 
• Define the inputs to the research and develop-

ment process, relating in particular to the speci-
fication of the research project, for example 
through a procurement protocol. 

• Specify the outputs from the research and de-
velopment, i.e. the form of the technical solu-
tion developed. 

• Plan the timing of activities in the research and 
development process through: 

• planning the sequence and relations between 
developmental activities, for example using 
a network analysis, 

• a setting a timetable of activities as  a com-
plement to the network analysis, to guide 
and control of activities within the process 
in terms of time and 

• designation of responsible personnel for the 
timely completion of partial activities. 

• Ensure control of the results of research and 
development phases (verification of the out-
comes of the product and process design 
through its review by the opposition procedure, 
design verification procedure in a laboratory 
and a pilot plant, possibly in a bench scale). 

• Ensure procedures for the creation of new tech-
nical documentation, or procedures for imple-
menting changes thereof. 
The network analysis (and the schedule of ac-

tivities) as a time-tested practice to manage the 
process completion deadline should be applied 
with respect to the TOC (Theory of Constraints) 
principles. The conventional approach to project 
planning and management is based on the fact that 
the project is divided by time milestones whose 
accomplishment in the implementation phase of 
the project is closely monitored. It is expected that 
when all the activities are completed in time, so 
will the project be completed in time, which also 
serves as a base for evaluating and rewarding em-
ployees involved in the process. It naturally forces 
them to add a reserve to the estimates of the dura-
tion of each activity to increase the likelihood of 
completion as planned (the reserve is further in-
creased by the fact that more reserve time is added 
by senior managers). It rarely happens, however, 
that a task is completed before the deadline, even 
if the plan contains an embedded time reserve. 
Therefore, the research and development process 
needs to be controlled not on the basis of the criti-
cal path, but the critical chain method. Critical 
chain is the sequence of task and resource depend-
ent events that prevents a project from being com-
pleted in a shorter time, given finite resources.  
Safety time is aggregated in "buffers" and placed 
at strategic points on the network to protect due-
date performance (Goldratt 1997).  

The critical chain differs from the critical path 
by taking into account the availability of resources 
in a given time interval. The essence of the method 
is: 
• reduction of the estimated (and overstated) du-

ration of each activity and the determination of 
the aggregate time reserve on a smaller scale 
that serves to protect the overall project com-
pletion date and 
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• determination of partial temporal buffers, the so 
called feeding buffers ensuring protection of 
the beginning of the critical chain activities 
(protects the commencement date of the critical 
activity before the delay of activities standing 
outside the critical chain) (Goldratt 1997, Basl 
et al. 2003). 
When designing a chemical-technological pro-

duction process, we must respect especially (but 
not only) environmental and economic aspects. 
We must choose such a technology that produces 
the lowest impact on the environment. In many 
cases it is possible to use the recommended tech-
nology within the BAT (Best Available Technolo-
gies) register, or possibly to perform the eco-
balance of various possible procedures and, on its 
base, identify the best environmental practice. It is 
generally assumed that the above mentioned proc-
ess will also contribute to securing the requirement 
on the economy of the given manufacturing proc-
ess, because the effort to reduce the environmental 
impact usually also means economic savings. For 
example, raw materials savings, energy savings 
and production of lower quantities of waste and 
packaging also means cost savings. 

The selected technology directly affects the 
appearance of the proposed production facility. It 
must allow the creation of the desired product, but 
its arrangement must also support the possibility of 
high speed and flexibility for future delivery of the 
product. The arrangement of the production equip-
ment must support the optimal material flow that 
should meet the following requirements:  
• maximum possible flow of the movement of 

the material production process must be rea-
ched, 

• the material handling must be restricted to a 
maximum possible extent when entering and 
exiting the manufacturing facility, 

• time loses must be eliminated or limited with 
the material passing between two operations 
(Líbal 1980, modified). 
Therefore, the directness and the shortest route 

of the material flow, as well as its simple course, is 
the basis in determining the spatial distribution of 
machinery, equipment and facilities inside the 
building as well as individual buildings in the en-
terprise. The placement of workplaces and build-
ings in a continuous mass and usually large-series 
production is carried out according to the techno-
logical sequence of production operations while in 
the (small) series production it is determined by 
the technological sequence of production opera-
tions of which the major production is composed, 
i.e. a production in the largest quantities (Líbal 

1980) or a production of a product for key custom-
ers, or customers in the chain or network. 

A difficult problem is associated with the de-
termination of the size and distribution of the pro-
duction capacity. If the production is primarily in-
tended for one chain or network (which may occur 
in the case of chemical technology custom-made 
products), it is necessary to adjust the capacity of 
production, its distribution and the size of its re-
serve capacity to the needs of end customers and 
make this decision in cooperation with other links. 
The proposed product may also find application 
with other trading partners. In this case, the size of 
the production capacity must be adjusted to the 
anticipated demands of other customers. Subse-
quently, the distribution of production capacity is 
solved. The need for flexibility to meet future cus-
tomers’ requirement shows that it may be prefer-
able to distribute the total capacity into several 
smaller production facilities. If there was a sale 
forecast 500 tons of the products per year, it might 
seem appropriate to have one large manufacturing 
facility for 600 tons, for example, instead of 6 
smaller plants by 100 tons. This will allow the 
company to flexibly adjust the capacity to the ac-
tual sales with lower current requirements of the 
direct customers while maintaining the economy 
of the manufacturing process (reduction of the 
production output in the production facility with 
the total production capacity by 50 % causes, ac-
cording to a qualified estimate, a reduction of the 
cost by about 20 %). 

Furthermore, it would be possible to meet a 
higher current demand for another product with 
the released production facilities. However, this 
distribution of the total capacity into several facili-
ties will increase investment costs. By a qualified 
estimate, it will be approximately 1.5 times the 
cost compared to building one production facility 
with a production capacity in the total amount. 

When addressing the distribution of the total 
production capacity in sub-components, we can 
use the queuing analysis. 

The queuing analysis leads to answering ques-
tions such as (Gros 2003): 
• How many requirements for service can be ex-

pected? 
• What will be the use of the installed service 

points? 
• What is the length of the queue, how long will 

customers have to wait before they are served? 
• How many service points to install so that the 

logistics output of the company reached a com-
petitive level? 
The number of the production facilities must 

be such as to enable the company to meet the tar-
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gets it has set as standards of service of direct cus-
tomers, or which resulted from the coordination of 
activities among the partners in the chain or the 
network. The objective of this task is not to find 
such process conditions that give an optimal effect 
with regard to the defined criteria function (proc-
ess costs, proceeds from the process), but to exam-
ine at what number of the production facilities will 
the objectives be met or what level of the objec-
tives could be achieved in the implementation of a 
certain number of production facilities. 

When deciding on the optimal number of the 
production facilities, we should take into account 
that the provision of too intensive operation pro-
duces excessive costs of acquisition and operation 
of the production equipment while a little intensity 
of service due to an insufficient total capacity, 
however, causes an insufficient level of service of 
customers whose requirements will begin to 
queue. This results in delays and inability to meet 
the set targets, which will threaten the retention of 
the existing customers and acquiring of new ones. 
It is therefore necessary to choose a number (of 
equally powerful apparatuses) with which the sum 
of operating costs for operating the given produc-
tion system and the waiting-incurred losses is 
minimal. 

The mathematical tool of queuing analysis is 
the probability theory. In the considered case, the 
units of service consist of individual production 
facilities. A queue of customer requirements is 
formed before them. The length of intervals be-
tween consecutive requirements represents a ran-
dom variable that is characterized by a certain 
probability distribution - exponential, Erlang, hy-
per-exponential or Poisson distribution (Líbal 
1980).  

Λ denotes the mean number of inputs of cus-
tomer requirements per unit of time and 1/λ is the 
mean length of intervals between consecutive in-
puts. The time to serve a single customer require-
ment is also variable and usually characterized by 
the same probability distribution as the length of 
input intervals of two consecutive requirements. Μ 
is the intensity of service as the mean number of 
services performed per time unit by one manufac-
turing facility at its uninterrupted work and 1/μ is 
the mean service time per requirement. 

In order to satisfy all customers, i.e. to make 
sure that the queue does not only constantly grow, 
it must be true that: λµ ≥ .  

To solve the optimal number of production fa-
cilities, into which the total production capacity is 
divided, it is necessary to characterize each ele-
ment of the service system (Líbal 1980, Gros 
2003): 

• The total intensity of generation of the re-
quirements in the source is final and virtually 
not affected by changes in the number of cus-
tomers in the source. 

• All requirements are considered to be patient 
and without prioritization of the requirements. 

• The queue length is unlimited. 
• Poisson distribution of the input of require-

ments is assumed. The random variable is the 
number of requirements resulting in a fixed 
time interval of length ΔT as recommended by 
the authors (Líbal 1980, Gros 2003). The suit-
ability of using this type of the probability dis-
tribution can be verified on the basis of experi-
ence in selling a similar product. 

• The production system is arranged in parallel. 
The queue is common for all the manufacturing 
facilities (Fig. 2). 

 

Manufacturing 
Facility No.1 

Manufacturing 
Facility No.2 

Manufacturing 
Facility No.3 

Serviced 
customer 
requirements 

The queue of 
requirements 

Input of 
requirements  

 
Fig.2. Diagram of the proposed production process 
(Source: Líbal 1980, modified) 
 
• Each production facility can handle any 

requirement, but only one at a time. 
• The intensity of the service of all production 

facilities is the same and equal to μ. 
• The service time on a single manufacturing 

facility independs on the time of service at 
other facilities. 

• The mean number of inputs of requirements per 
a unit of time does not change with time nor 
does the number of services performed per a 
unit of time, it is true that  

                                1<
µ
λ
r

               (1)   

     where r is the number of production facilities. 
• The exponential distribution of the service time 

is assumed, because we consider the random 
variable to be time intervals between conse-
cutive inputs, which is due to different volume 
sizes of customer requirement (Líbal 1980, 
Gros 2003). Also it is desirable to verify this 
assumption on the basis of the experience with 
the sale and production of the like product. 
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Taking into account the above assumptions 
we can directly determine the numerical values of 
the characteristics related to the mean course of the 
service process. 

The number manufacturing facilities r may 
generally have values  

( )∞<= nr ...3,2,1   
and the number of customer requirements   

( )ri ....3,2,1=  , or ( ),....1, += rri . 
For the number of customer requirements in 

the interval (1; r) we can derive an equation to 
calculate the probability with which there is just i 
requirements in the system that are serviced and 
waiting (Líbal 1980):  

                      0!
1 p
i

p
i

i ⋅







⋅=
µ
λ

               (2)   

 
and for the number of customer requirements 

ri ≥  then it is true that: 
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= − µ

λ
               (3)   

while for i = r the both equations give the same 
value. To calculate the probability with which 
there is no requirement in the service system (i.e. 
in the proposed production system) we can use the 
equation: 
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   (4) 

 
On the basis of these basic equations and 

probability distribution it is possible to derive for-
mulas for the numerical characteristics of the mean 
course of the service process (Líbal 1980): 
• The mean waiting time of all requirements:  

( ) ( ) o

r

p
rr

L ⋅







−⋅−

⋅
=

µ
λ

λµ
µλ

2!1
            (5)   

• The average number of requirements in the ser-
vice system, considered for the entire operation 
of the system: 

                     
µ
λ

−= Ls            (6) 

• The mean waiting time of one requirement for 
the beginning of service: 

   
( ) ( ) µµ

λ
λµ

µ Lp
rr

w o

r

=⋅



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


−⋅−

= 2!1
   (7) 

• The mean time spent by a requirement in the 
service system: 

          
λµλµ
sLwv =+=+=

11
                (8) 

• The average number of vacant production fa-
cilities:  

                   
µ
λ

−= rz          (9) 

• The mean load of a single production facility: 

                 
r

qu
⋅

=−=
µ
λ1                          (10) 

 where q  is 
• The average proportion of one idle production 

facility: 

           u
rr

zq −=
⋅

−== 11
µ
λ

         (11) 

• The unavailability probability of all service 
channels Pc, i.e. the probability that a require-
ment that has entered the system will have to 
wait: 

     ( ) ( ) o

r

č p
rr

P ⋅







⋅

−⋅−
=

µ
λ

λµ
µ

!1
    (12) 

• The probability that the request will have to 
wait longer than T: 

       }{ ( )Tr
c ePTwP λµ−−=> .               (13) 

• The probability that the number of requests in 
the system will be greater than N ( )rN > : 

}{ ( ) o

N

rN p
rrr

NsP ⋅







⋅

−⋅⋅
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+

−

1

! µ
λ

λµ
µ

, (14)  

 
Using these mathematical equations it is pos-

sible to calculate parametric values for various so-
lutions, i.e. for different numbers of production 
facilities. Subsequently, the calculated values are 
compared with the objectives defining the required 
logistic performance of the firm as a part of the 
chain and a decision is made on the optimal vari-
ant. 

Many workflows can be analysed using simu-
lation, or linear programming with similar results, 
depending on the purpose of the analysis. Al-
though simulation is useful in any analyses, queu-
ing analyses and linear programming are more ef-
ficient because they have a firm analytical basis 
(Martin 2008).  

In the event that it is necessary to build also a 
new production plant for the proposed production 
process, it is necessary to decide on its location 
with regard to the form of the logistic systems of 
the firm and also with regard to the entire 
chain.The aim is to locate the object so that the 
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material flow through the chain and the firm could 
be considered optimal. 

3. Conclusions 

If the firm builds linked logistics chain, or net-
work, with its customers and suppliers, it will 
modify the course of a number of corporate activi-
ties, including the research and development proc-
ess. Its specific form will be influenced both by 
the number of entities involved both vertically and 
horizontally in the network, as well as by the 
tightness of cooperation. 

The longer the chain or the more extensive the 
network and the closer the cooperation will be, the 
higher synergistic effects can be achieved. These 
effects can occur both in creating the benefits for 
the end customer (in creating the customer value) 
and in increasing the efficiency of its own business 
activities. 

The closest forms of cooperation can result in 
not only coordination of the research and devel-
opment activities, but also in integration of this 
activity. In that case, the possibility arises to use 
the queuing theory for designing not only the 
manufacturing facility in one of the enterprises, 
but also for designing a synchronized manufactur-
ing facility within the entire chain, or the network.   

This publication is the starting point for a fur-
ther follow-up research. It will focus on how to 
identify crucial links of the value network and 
their role in the process of creating value for the 
end customer. It will become the basis for recom-
mendations regarding the management of mutual 
relations in the value network that should help to 
create competitive advantage of both the firm and 
the chain. 
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