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o Many companies in the consumer electronic business and other commodity industry sectors 

have for many years been faced with continually decreasing product life-cycle times and 
0 with quick market changes. Nowadays this is true also for high-tech businesses that involve 
O exceptionally high assets to product development and where trading has been based on 

fixed, long term contracts This combination of requirements. ability to react quickly to 
O market needs and technidally demanding products, sets new challenges to increase the 
O organizations ability to make cruicial decisions fast and still maintain a wide commitment. 

Without a comprehensive commitment from all levels of the organization it is not possible to o implement quick changes in practise. Not only the marketing and development decisions but 
O also decisions concerning production technology need serious improvement considerations 

0 
O After several pilot cases that were run in the University of Oulu during the years 1985-1986, 

the Analytical Hierarchy Process and especially the "Expert Choice" sofware have proven to 
O be very effective and useful tool for production technology decisions. This paper describes 

three practical cases done at Nokia Telecommunications , Transmission Systems factory. 
The cases are typical for front edge manufacturers in the electronic sector: choosing the o best placement machine, manufacturing strategy decision making and selecting the best 

O way to carry out a software project. Besides the models there are also experiences showing 
how to organize decision processes and how to gain comprehensive commitment to 

0 decisions. 
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Development Manager, Lic Tech Professor, Dr. Tech 
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1. Introduction 

Nokia Telecommunications supplies telecommunications equipment and systems for 
use in public telecommunications networks, mobile telephone networks and didicated 
networks for use by companies and authorities. The main markets are in Europe but 
revenue from other countries is increasing gradually. Nokia can be considered a medium 
size company in this business and cannot thus take significant volume advantage in 
international competition. The success of Nokia is and will also in the future be based on 
superior product properties and quality, short development cycle, customer oriented 
production and advanced production technology. 
In such a business situation it is essential that production technology plays an active role in 
strategical and operational decision making. Nowadays production technology is more and 
more considered to be an equally important business factor as R&D and marketing. 
Previously production technology has been considered as a passive machine, where only 
productivity has to be optimized. Decision making in the past was in a way easy; just to 
calculate the monetary incomes and outcomes and choose the alternative that produces the 
biggest profit. For the challenges of today the requirements for decision making in high-tech 
production are more demanding. The decision making process has to be shorter, decisions 
have to be done at the same time as the product design goes on. failure in decision making 
can directly risk the whole business. The old decision making models and team work habits 
do not function in this world any more. Nokia decided to do something to improve the 
organizations ability to run decision processes as well as to make use of modern software 
tools. The company had already for some years had co-operation on this field with the local 
university. This paper describes briefly some points of method development and three 
examples of decision processes. The main requirements and benefits are included at the 
end. This paper concentrates more on the process not so much on the tool. 

2. Method development 

The start point was in 1985 when a research project to study design methodologies was 
launched in the University of Oulu. Machine Design department. A factory wide perspective 
was for the first time taken into account in the automation decision processes. The Method-
Development project was carried out with industry partners and it was obvious from the very 
beginning that for real industry applications the business related points of view also had to 
be considered. It is not enough to optimize only the technical points but also customer 
behaviour, economical criterias and risks had to be included. 

One target in the project was to find a Decision Support Software (DSS) suitable for 
research as well as for industrial needs. A most important criteria for.DSS is that its function 
is easy to understand, it is "straight forward" and it is quickly adaptable in practice. 
Analytical Hierarchy Process (AHP) was found to fulfill to a large extent these criterias and 
when this method was also supported with a software tool, "Expert Choice. it was tested in 
some pilot cases in this University project. 

This phase of method development ended up with recommendations like: 
- steps in decision process 
- organizing a decision project 
- the roles of group members and computers 
- how to use a computer directly in the meetings 
- advices to construct a decision hierarchy 

One detail of this method is a general recommendation to divide the decision process into 
several steps (fig 1). 
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Fig.1 A decision process can be divided into steps and tasks 321 
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3. Industry applications 

3.1. Background description 

Nokia Telecommunications was partner in the university project and that is why it was easy 
to apply DSS in practise. The same method (AHP) and the same software (Expert Choice) 
were still considered to be the most suitable tools. 

The following three appolicatons are developed at the companys Transmission Products 
factory in Haukipudas, Finland. The factory produces digital multiplexing and terminal units 
for telecommunication networks. The production is based on SMD- and ASIC-technologies. 
For many years production has been geared towards flow production with short lead times 
and without any set-up times. A lot size of one can be produced as effectively as a lot of 
100 units. 

The next three cases describe typical cruicial decision problems where AHP has proven its 
power in structuring and synthesising opinions in group decision making. In this paper it's 
not necessary to go through the details of each model. Instead only the essential 
background information will be given: 

- composition of decision group 
- organizing the process 
- the model 
- the basic influences at business level 

3.2. Case 1; Selection of manufacturing strategy 

When a new product generation is coming onto the market, its chances of success against 
competition are influenced by the way it will be produced. Alternatives for production 
strategy are: 

- to build a totally new production line. 
- to utilize present production lines. 
- to use subcontractors or 
- to chance the production philosophy of the factory. 

This kind of Strategy selection is a challenge for management, because it is not faced every 
year and is always a very special situation. In this case there were only a few detailed 
criterfas. the decision was mostly based on qualitive, factory level judgements. That is why 
the decision group was composed of the managers: 

- factory/ manager 
- production managers (three) 
- material manager 
- quality manager 
- production technology manager (project coordinator) 

The decision process followed exactly the flow chart in fig 1. Time between the first and last 
group meetings was three months. The model is shown in fig 2. 

In this case there was a goal from the very beginning towards a simple model based on the 
outline of the problem and not on details. The decision problem was the difficulty to compare 
very many important objetives with each other. For example it is difficult to say if the flexibility 
is more important than the economical points of view. The thoughts of decision makers had 
to go down to the roots of the companys business foundations. 
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Fig.2 The AHP-model for the case 1 
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3.3. Case 2; Comparison of placement machines 

This case is a typical investment decision; the decision making group has to choose the 
best placement machine for SMD (Surface Mounted Devices). SMD's are electrical 
components that have no leads to go through the small holes in the printed circuit boards 
(PCB) but will be soldered directly on the surface of the PCB. This new assembly technology 
has made it possible to integrate more functions on the same PCB and thus to increase the 
competitiveness of the product. In this case the main problem is that SMD technology is 
relatively new and developing fast . There are no traditions nor standard priority settings for 
the comparison of different machines. It is now, after some years experience, that the users 
have learnt what are the most important criterias. 

in this case the decision group was: 
- factory manager (he was present only when the top level of hierarchy was 

under consideration) 
- production technology manager 
- engineer for production machines 
- machine operator (he was present only when the bottom level of hierarchy 

was under consideration) 
- reseach engineer from the university (project coordinator) 

Also this decision process followed the flow chart in fig 1. The most time consuming part 
was the information collection from the machine suppliers. Many trips had to be made to 
become familiar with the references in other. factories.Time between the first and last group 
meetings was two months. In the beginning there were four alternatives but after the first 
comparison two of the alternatives were dropped. After this the decision group found it a 
little difficult to compare by Expert Choice only two alternatives because the pairwise 
comparison is not available now. There was a feeling that the scale was reduced to "good" 
or "bad". When there are more than two alternatives the pairwise comparison mode gives 
autimatically the scale. 

The model in this case is divided to four levels: 
- the goal 
- the objectives 
- the independent criterias 
- the alternatives 

Fig 3 shows the entire model. 

In this case the most important benefit on the business level was the learning process that 
indirectly followed the well organized decision process. The organization learnt to know 
"what we want from a good placemant machine" as well as what is the relationship 
between technology and the "soft properties" (service. etc.) of machine supplier. 
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Flg.3 The AHP-model for the case 2 
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3.4. Case 3; How to run a CIM-project? 

Nokia Telecommunications is advanced in customer oriented production. This means that 
production lot is started only on placed orders. Customer oriented production requires high 
flexibility, short lead times and short set-up times from production. To be able to implement 
this requirements into practise the control of production and production machines is based 
on am (Computer Integrated Manufacturing). The main structure of the computer network 
to run the whole Transmission system business and the shop floor level CIM-applications 
are illustrated in fig 4. 
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0 
The basic infrastructure and the main tool selections have been made already some years 
ago for the whole CIM system but the realization of applications takes place step by step. 
When a new application is considered the real need as well as the different possibilities to 
carry out the development project are considered. Fig 5 shows a AHP-model to compare 
three different ways to carry out a CIM-software project. The team was comprised of the 
development manager, the information technology manager and three application 
engineers. For this decision process only one team meeting was needed, because the 
problem was rather simple and the team was homogenious of its knowledge. There was not 
as much need for clarifying discussions as in the previous cases, where the teams were not 
so homogenious. 
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Fig.5 The AHP-model for the case 3 
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4. Requirements for and benefits of using Expert Choice in the Cases 

Based on the experiences gained by these cases, it can be stated that at least the following 
requirements have to be fullfilled to have a successful decision process: 

* Participants have to understand the basic AHP working principle. 
* Participants have to be familiar with the factors within the problem. 
* There has to be a commonly agreed agenda for a systematic process. 
* The decision situation is real: there are several alternatives and several 

criterias and subgoals. 

The Analytic Hierarchy Process is a straight forward method and perhaps that is why there 
were no big difficulties to get people to understand the idea. All the three examples 
described were handling very concrete problems and the decision making team had no 
difficulties to understand and discuss the goals, subgoals. criterias and alternatives. So, the 
two first requirements were {unfilled . 
The third requirement, to have a commonly agreed agenda for the process, was not in the 
first cases fullfilled. The old custom to try to solve the problem at once is rooted very deep 
into people's mind. It takes time to learn to discuss about all the factors affecting the 
decision and to change the point of view during the process. But once the participants learn 
to stucturize the decision process. and it is the AHP that helps a lot in this, the whole team 
work gets a fruifull grounding, upon which the decisions can be built. 
The last requirement, to have a real decision situation, is just a checking point whether to 
start a process or not. If the problem is very simple or if there is one superior allternative, it is 
only wasting time to build decision models. Expert Choice, like other software, is just an 
effective tool and should not be used only for its own sake. 

The benefits from using AHP in these cases were more indirect. Of course the direct benefit. 
to find the best solution for a problem, can not be ignored. Especially in the third case. the 
UM project, the choice where the team ended up was not in the beginning considered to 
have any chances. The indirect benefits from Expert Choice were: 

* Decision process was faster than a "manually driven" process, when a certain 
reliability level is striven for. 

* Process will be documented automatically. • 
* The opinions will be stored for later reviewing needs. 
* Computer graphics helps to visualize ratios. 
* Process can be controlled and projected easily. 
* The quality level of team work rises. 
* Overall reliability increases. 

In summary the experiences were so good for everi) team member, that it is easy to take this 
software tool and AHP into use whenever it is needed. 
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