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Abstract

The design and production o goods that satisfy the speda needs of individual customers are
of central interest to the European industry. A major trend is to improve astomer spedfic
adaptation with configurable products. We ae interested in the methods, pradices and tods
that suppat product configuration tasks. The reseach described in this paper is meant to
guide our future work. We have 1) established a framework for understanding the problem
areaof product configuration in afairly wide sense by identifying a number of fadors and 2
carried out ten actual case studies usingtbposedramework.

Our framework consists of five problem areas that are further refined into a number of
fadors charaderising the aeas. The problem areas cover the eamnamic importance of product
configuration, the cmplexity of the configuration task, the nature of the configuration
process longterm management of configuration related product knowledge and the interfaces
to aher proceses and systems. These aea and the included fadors are quantified and
qualified with "metrics® to help in analysing and comparing configuration problems. The
preliminary results indicae that configurable products and the related configuration processes
are very important to many companies. The main reasons for using configurable products are
the adility to med awide range of customer requirements, the increased control of production
and the reduced lea times in the delivery process However, configuration adivities and
related knowledge are usualy not systematised. The cae companies are not yet using
computer based configurator tods, bu nealy al of them intend to have computer suppat
within the next few yeas. There is considerable variation in the maturity of the companies to
make this transition. The long term management of products and product knowledge are
consideredisk factors.
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1 INTRODUCTION

This paper reports ongoing work in the field of product configuration. Our group hes worked
on poduct data management and product configuration for severa yeas. We have devel oped
an engineaing document management system that is being used in the Finnish industry
(Peltonen 1993, gained pradicd understanding of product configuration by developing an
experimental product configurator (Tiihoren 1994 and kegun the development of a prototype
based model for suppating the long term management of product configuration knowledge
(Peltonen 1999. In addition, we moperate with a number of companies in the domain of
product configuration. We ae arrently carrying out a survey of 10 companies to study their
adual product configuration problems. The companies have been motivated to spend a
considerable dfort on the survey to get some feedbadk on their plans and to be &le to
compare their situation with that of other companies. For us this has given a posshility to
increase our understanding of the red problems, indispensable to guide our future reseach
into areas opractical and scientific importance.

The paper has the foll owing structure. Sedion 1 summarises previous work in the field of
product configuration and gives our view on the subjed. It goes on to present our current
reseach problem, goals and reseach method. Sedion 2 pesents the mnceptua framework
used in analysing the caes. Sedion 3 gives an owverview on some of the preliminary results
and conclusions. Sedion 4 describes how the results affed the development of knowledge-
based configuration systems. Sedion 5 oulines sme reseach iswes that have aisen duing
the survey. The field study has been finished and analysis has only begun; therefore some of
the proposed results may not be fully conclusive.

Previous work

Product configuration hes been an area of adive reseach. There ae many definitions and
models of product configuration (Mittal and Frayman 1989, Ngman and Stein 192, Heinrich
and Jungst 1991, Klein 191, Snavely and Papalambros 1993 Klein 1994, Schreiber 1994,
Tong and Sriram 1992. Many reseach aiented and commercial product configuration
systems and systems advertised as suitable for product configuration have been developed;
examples include PLAKON (Cunis et a. 1989, Cunis et a. 191), Trilogy SalesBUILDER
(Hales 1992, the SAP configurator (SAP 1994), Design++ (Design++ 199), ICAD (ICAD
1994, Wisdom and Platypus (Havens and Rehfuss 1989. In addition, numerous sngle
purpose @nfigurators for narrow scopes have been developed. Probably the most famous and
best documented ores are XCON (McDermott 1981, Barker and O’ Conna 1989, McDermott
1993 and VT(Yost 1992 Marcus et al.192).

In ou view, the scope of much o the previous work has been qute limited. There is
surprisingly littl e reseach onthe way product configuration problems are understood in the
industry. For example, we have seen nolarge-scde studies on the organisations and processes
by which products are configured in pradice Existing definitions cover some apeds of
product configuration, bu ignore others. For example, parametric comporents are seldom
mentioned in configuration related literature. The implemented genera purpose product
configurators suppat just those aspeds that the designers considered relevant for some
subfield of product configuration.



We fed that as areseach areaproduct configurators will stay with usfor along time. The
red world priorities and requirements $houd be respeded in arder to make wise seledionsin
reseach problems. Any promising technique, be it constraint programming, logic goproaches
or rule based systems, is judged by how well it solves relevant configuration problems. We
need a broader view of product configuration. This paper tries to make asmall contributionin
that direction.

Product configuration and configurable produetsur view
Configurable productare predesigned products that

Are adaptedaccording tadherequirements of the customer for each arder
Consist of(almost) only pre-designed components

Havea pre-designed product structure

Are adaptedby a routine, systematmroduct configuration process.

The definition tries to cgpture many relevant charaderistics of product configuration and to us
it refledsredity in away that is easy to communicate to companies and relate to their view of
the subjed. In this form the definition is quite genera and covers a very broad range of
problems.

The product configuration process produces a configuration, which is a consistent and
complete plan that spedfies, in relevant detail, the make-up d an instance of the product
adapted to requirements of the austomer, within limitations st by the product architedure
Individual products are cnfigured within the posgbilities and limitations of the general
product. These are expressd in product configuration knavledge. In ou view ead
configurable product is described by a product configuration model. The information
contents, degree of systemisation, cegree of understandability and aher fadors of the model
may vary. A computer system suppating product configurationtasks, a product configurator,
must be able tatilise product configuration models.

Configurable products offer an aternative to standard products and ore-of-a-kind products.
Numerous companies have turned to configurable products to increase their profitability in
markets with low to moderate volumes and a requirement for customer spedfic adaptation
that can be dore in amore or lessroutine manner. The emergence of product configurationis
arefledion d atrendto reduce astomer requirement satisfadion into an engineeing process
withou innowetive or credive design of new solutions. To adhieve this goal, companies invest
in the design of configurable products that have provisions for anticipated customer
requirements. Effedively one wnfigurable product defines a very large family of different
concrete product instances.

Research problem and goals

Our long term research goal is to develop methods, pradices and tods to suppat product

configurationtasks Theresearch issuage are interested in are

e Modelling and configuring products in a manner that engileduct designer® model
the products and sales persons or sales engineers to configure them.

e Longterm managemenbf product configuration knowledge anshintenance gbroduct
configurators.

e Practices for imprang the processes related to product configuration.



We try to approach these aeas from an engineaing perspedive where ancrete problem
understanding must precede awy effort to solve it. This approach aids us to appredate dso
some of the "softer” aspeds of this areg such as how to develop systems and concepts that are
relevant, understandable and familiar to the actual designers, not only to computer scientists.

The research goals of the work presented in this paper are thredold. The first goa is to
establish a framework for understandng the product configuration areain a wide sense. This
framework is used to anayse product configuration cases and to derive qualifying and
quantifying fadors for charaderising product configuration tasks and processs. Furthermore,
it is used to compare product configuration problems of different companies, to identify the
most relevant isaues and to evaluate the feasibility of a product configurator in a particular
case. The framework can be utili sed as an extended chedkli st when assessng the usability of
propcsed models, solutions and tods. The second goal is to anayse ten adua product
configuration cases using the initial version d the framework as atodl. This part of the work
is cdled "The National Product Configuration Survey 1995 The third goa is to use the
acdhieved results to guide our future reseach into areas with induwstrial and scientific
significance.

Research method
We gproached approximately 180 companies with a letter describing the reseach and its
objedives. We chase the ampanies on the basis of our understanding of their likely interest
in configuration isaues. Ancther requirement was that their annual turnover was more than
USD 10M. Ten companies expressed their willi ngnessto participate and were subsequently
invited to the survey. A survey of ten companies was considered to be of manageale size for
a relatively detailed study but still large enough to give interesting results for our purposes.
The survey consists of
e a halfday initial meeting at each company;
e a study of the case product, based on documentation provided by the company;
e afull day interviewing session withekey persons involved in the product
configuration process in each company;
e writing, for each company detailed and confidential report structured by the
framework;
a feedback session of half a day based on the report for validation purposes;
e producing a summary report of the general results based ogsthits from companies
and presentinthe summary report in a seminar.

With the ad of the documentation supdied by the cmpanies, one and a half day for the visits
was considered enough for an adeqsaidyof a configuration case.

2 FRAMEWORK FOR PRODUCT CONFIGURATION

In our view, most product configuration problems consist of roughly the same dements, albeit
in different combinations. This observation hes led us to the development of the proposed
framework.The organisation of the framework is presented in Figure 1.
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Figure 1 The organisation of the framework

Our framework consists of problem areas that are further divided to factors. A fador
characterises some aspect of the related problemTdreaeas covered argigure 2:

e economic importance of product configuration;

product configuration task;

product configuration process;

longterm managemertf product knowledge and configuratipns

interfacesof the configuration process

In addition to these aeas, we @lled some badkgroundinformation onthe cmpanies, ontheir
products and processes.

We have developed charaderising questions related to eat fador and we will develop text
templates and “metrics’ for charaderising the fadors on the basis of the answers. For eath
fador and ead summary metric derived from it, we will try to quantify how important it is for
the operation d the company, how difficult it is to manage in an oljedive sense, and hav
well it i s managed in the particular company. Results of the fadors are aygregated at area ad
framework levels.

At the time of writing, most templates for case spedafic texts and metrics are not complete.
We exped some difficulty in development of the metrics. Objedive, soundand urembiguous
criteriafor deriving metric values for fadors from the axswers to the questions relevant to the
metric are difficult to define. In some caes applying a metric will require cnsiderable
judgement.

We will briefly discussthe problem areas and some of the fadors in this saion. Related
observations are discussedsettion3.



Framework for product configuration

Economic Product Configuration Long term Interfaces to
importance configuration task process management other systems
and processes
Economic — Components — Configuring Life cycle of Required
importance — Tasks involved organisation components interfaces
Future — Distance from — ABC division Life cycle to other
trends requirements of processes of products applications
to specification — Duration of Upgrade Interface
— Distance from configuration configuration to product
specification process development
to final — Stages of
configuration the process
— Product configuration = Configurers
knowledge — Differences by
market areas

— Modularity

— Price as a
controlling factor
— Production
capacity as a
controlling factor

— Changes
and errors

Figure 2 The structure of the framework.

2.1 Economic importance

The eonamic point of view gives a basis for understanding the importance and scde of
product configuration in a @mpany. Here we have identified orly two fadors: the arrent
significance and the trend d significance Both are dominantly charaderised by the
percentage of the total sales volume generated by configurable products. In addition, we
colled information on the quantities of delivered products and on issues affeding the
economic importance and its development.

2.2 Product configuration process

The product configuration processis a part of the order spedfic delivery process It has
interfaces to ather parts of the delivery process and to aher processes sich as product
development. Usually, the cnfiguration process is not a single step within the delivery
process Figure 3 gives an overview of the process Note that the adual configuration process
extends from the austomer-sales interadion to the logistics centre and the @nfiguration and
comporent orders fedfied by it. Other parts of the delivery process are shown for
completeness.
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Configuring organisation
The sadles function produces in interadion with the austomer the sales spedfication or
configuration 1 It is snt to a logistics centre. This function produces comporent orders for
the required comporents to the production units and subcontradors. Logistics centres also co-
ordinate the manufacturing, purchasing and/or collecting of all the required components.
A logistics centre typicdly receves orders from many sales units. It translates an order into
configuration 2 or in short configuration, that can be used as a basis for ordering the required
comporents from the production and subcontradors. A configuration, a a document derived
from it, can also be used as a spedficaion when assembling the product. In some caes, the
ordered comporents are themselves configurable products and there is a third phese in the
configuration process The manufaduring unit uses the cnfiguration, a part of it, or a report
derived from it as a specification for configuring tirderedcomponent.

Configurers

The adual work being dore in the cnfiguration pocess and the requirements on its
computerised suppat depend largely on the persons invalved. The number of the people and
their level of proficiency in thetechnicd domain of products and in computer use are aiticdly
important fadors. In global companies it may be necessary to suppat different languages and



different configuration processes in different cultures, which neturally makes the maintenance
effort of configuration systems harder and makes the configuration process more complex.

Changes and errors

The delivery and configuration processes do nd operate withou problems of their own. There
are two kinds of changes we confront here. First, customers change their orders, thisis a law
of nature in some industries. The caability to cope with them at least to a cetain degreeisa
competitive alvantage. Second, dwe to the complexity of the internal delivery processs errors
are ommitted within the company. According to a previous gudy (Luhtala 1994, companies
delivering customer tailored products in Finland waste 10-1%6 of their annual sales in
inefficient delivery processes.

Interesting problems arise if the production d a product has garted and the product must
be danged. How to change the onfiguration and manufaduring schedule so as to
acommodate the dhange with minima extra wsts? Can we aede adifferent, even a non
standard configuration and yet use the order-spedfic comporents being manufadured? In
order to answer these kinds of questions, a product configurator would have to contain very
spedafic knowledge on the comporents, their parts and interfaces. Less degp modelling is
usually adequate for configuring products if no changes occur or exceptions are taken care of
manually.

Other process related factors

Some @mpanies have separate processes for configurable products and products requiring
speda modificaions, for example, design o new comporents. ABC-clasdficaion of
processesis quite ammmon in Finland to charaderise this fador. In this classficaion aroutine
delivery process of configurable produwcts is referred to as A-process Nonroutine
combinations of pre-designed comporents are delivered through B-process In C-process
“real” order-specific design is needed.

The duration d the whaole delivery process and the configuration process as a part of it
varies and influences, among other things, the patential for labou cost savings and reduction
in total leal time of the delivery process Different market requirements in various geographic
areas may necesstate, at least for some aeas, the use of separate product databases or even
different configurators which increases the anourt of knowledge that must be managed.
Finally, the suppating tools may have to ded with price and ddlivery time determination. If
price and delivery time ae aucia fadors, ore may facenortrivial optimisation with multiple
goals: short delivery time, low price and acceptable functionality of the product.

2.3 Product configuration task

This problem area characterises the task of product configuratitwe basis of
kinds ofcomponents used;

required subtasks performed,;

distance frontustomerrequirements$o a sales specification;

distance fronthesales specification to a final configuration;
modularity of the product;

kinds of knowledge used the configurationtasks.



In the following, a comporent is a part of the product considered relevant for configuration
purposes. Defined this way, a cwmporent may correspond to a single cmporent or an
asembly of comporents. We have grouped comporents into three dasses. Sandad
comporents are spedfied by their identificaiion code. Oncethe cmmporent is spedfied, it can
be manufadured withou any addtional information from the nfiguration system.
Modifiable standad comporents are manufadured as gandard comporents but they can be
configured at asembly time, for instance by means of settings, jJumpers, dip-switches, etc.
Parametric comporents have parameters whose values must be determined before the
comporent can be manufadured. Typicd parameters gedfy physicd dimensions, surface
material, colour, etc. In ou view, the wmplexity of configuration tasks increases when
moving from standard comporents to modifiable standard comporents or parametric
comporents. This occurs, becaise the products that include parametric or modifiable standard
components typically have more possibilities of variation.
The taskgperformedduring and after configuratigprocessnay include:

component selection

parameter value determinatjon

layoutdesign

determination oEomponent connectign

determination of the price of the product based on the configuration

determination of the delivery time

preparing a big

preparing a technical specification

completeness chegks

consistency checks.

Configuration design typicaly includes at least comporent seledion, dcetermination d the
price of the product, preparing a bid and a technicd spedficaion, and cheding the
completeness and consistency of the cnfiguration. The cmplexity of the nfiguration
design increases, if some of the remaining tasks are included, espedally in the cae of layout
and component connection design.

The difficulty of mapping the austomer requirements to a sales edficaion (used inside
the company to spedfy the product a austomer has ordered) depends on the difference i.e.,
distance in the level of abstradion ketween the astomer requirements and the sales
spedficaion. Customers vary in their level of technicd sophsticaion. The mmplexity of
trandating customer requirements to a sales gedficaion increases with increasing distance
from the requirements to the spedficaion. Another mapping, where the mncept of distanceis
also applicable, takes placewhen the sales edficaion is transformed to comporent orders
and aher necessary outputs of a configuration pocess These tasks are & the heat of the
configuration problem, so understanding and characterising their difficulty is essential.

The complexity of product configuration tasks is assumed to be largely determined by the
degree of moduarity of the product. This fador is surveyed by studying the ways companies
define the moduar structure of their products, the ways in which products have been
modularised and how these affdéoe product configuratioriasks.



2.4 Long term management

The isaue of product evolution is complicated from many points of view. Product families
evolve over time & new comporents and fedures are introduced. In some businesss the
aftersales adivities are beaoming increasingly important emphasising the need to know
exadly what ead customer has, and passbly to enhance, in ather words recnfigure, the
particular product the austomer has. These dynamic aspeds raise the issues of long term
management of product configuration knavledge, product configurators and delivered product
instances. If the operation d the wmpany requires that both kinds of changes must be
managed, the configuration design processand the long term management become much more
complex.

Product evolution inevitably leads to dfferent versions of product configuration
knowledge. The mrrespondng product configuration models must be kept consistent with the
changes in products. This is one of the reasons that has dowed dawvn the large scde use of
product configurator techndogy. An example of these difficulties is the landmark XCON
system at Digital. At one point, 59 persons were required to maintain and develop the system
(Barker and O’'Conna 1989). Although the system itself was claimed to be commercialy
succesdul at Digital, such ateam is not feasible for most companies. It is quite passble that
product improvements could be delayed becaise of the dfort required to updie the
configurator. With the increasing pace of changes in the operating environment of the
companiesthe significance of this problem wirobably increase in the future.

The management of delivered products raises a series of questions. In aftersales operations
products are serviced and sometimes upgraded to adiieve increased new functionality. In
pradise, it may be impossble to suppat upgrades with product configuraors if the
configuration knawledge is distributed among different versions of product configuration
models.

In some industries comporents evolve independently of the products in which they are
used. In many cases the lifetime, understood as the time a @mporent typeis used in delivered
products, is shorter than the life time of the whole product or a delivered product. This can
apply both to purchased components and self-manufactured components.

We have nat seen any general models or solutions that would solve the related problemsin
apradicd way. This problem areaof the framework tries to survey current schemes of version
management, versioning padlicies, upgrade padlicies and the magnitude of the long term
management problem in companies. This sroud enable the development of a model for long
term managemenbf product configuration knowledge.

2.5 Interfaces to other systems and processes

Product configuration tasks use and produce information. The product configuration process
and the suppating systems are linked, for example, to product development and production
management systems. In this part of the framework we try to charaderise fadors related to
theseinterfaces. Tight integration o product configurators to ather systems such as production
management and poduct data management systems with hidiredional flow of information
makes the management of configuration process and related information much more complex.



3 PRELIMINARY RESULTS OF THE NATIONAL PRODUCT
CONFIGURATION SURVEY 1995

At the time of writing, we have made all the half-day and full-day visits in the participating
companies. The results presented in this chapter are preliminary observations that will be
validated in later phases of the survey. Our results originate from the Finnish industry. We do
not clam them to be globally valid, athough we assume similar results would be obtained in
other countries for companies delivering configurable products.

The nature of the configuration poblems and the way the wmpanies view them varies
from one company to aher. In terms of our framework the maturity of the cmpanies is not
even. Some aeass are fairly well dedt with while others are quite undeveloped. None of the
companiesnanages alhe areas well.

The framework has evolved during the survey and is expeded to change from the present
form after a thorough analysis of the survey has been dore. The aess, fadors and related
guestions have proven to be useful in colleding data from the companies and subsequently
analysing the caes. One aped of the framework has been very visible. The iswues and
problems in product configuration and long term management of products and relevant
information are tightly interconreded. As a result, it is amost impossble to organise the
framework into strictly orthogonal areas and factors.

3.1 Economic importance and background

The ideaof configurable products in the sense discussed ealier has been qute well adopted in
the cae companies. Current products foll ow this paradigm, at the least to a cetain degree and
improvements in the anfiguration area ae being made. The survey indicaes that the
eoonamic importance of product configuration is significant and a number of companies can
quantify it in red figures. All the companies surveyed generate 50-100%6 of their sales
volumesfrom configurable productshe average is approximately 80%

The companies have gproached configurable products from two diredions. On ore hand
companies that used to produce projed oriented ore-of-a-kind poducts have systematised
their products and processs to reuse knowledge and reduce the lead times in design and
delivery. On the other hand, producers of fixed off-the-shelf products have increased customer
choice with configurable products to compete in a more demanding market.

The aanual number of delivered products varies from a few dozens to a few thousands.
None of the @mmpanies considers operation withou configurable products possble. The
primary reasons for having configurable products seem to include
e The ability to fulfil a wide range of customer requirements
e Increased control of production, for example, a large variety of end productsfaitly a

small number of components
e Shorter delivery times and smaller stock

3.2 Product configuration processes

The genera processmodel in Figure 3 gained suppat, that is, the correspondng stages were
identified by the companies. Sometimes the logistics centre and the sales functions interad



quite tightly, and in some caes they are unified into a single function. Quite often, the
configuration phase 3 is not present.

One of the primary motives for building a suppat system for product configuration is to
assst in the transfer of up-to-date product configuration knavledge to the sales units and to
enforceits proper use. The technicd skill s of salespersons vary alot, bu usualy they are nat
technicd experts. Sales units are usually numerous, and the number of salespersons involved
is correspondngly in hundeds or thousands. The case companies do nd always own the sales
companies. This has implicaions on hav to introduce asales configurator to the process
sinceit may be necessary to fadlit ate dso traditional means of sales configuration in parall el
with some of the sales companies usaragpnfigurator.

In some caes, due to the cmmplexity of the product, the logistics centres do the adual
configuration task. Persons in the logistics centres are usualy technicdly very competent.
Their number is quitemallandthey provide configuration servicesrtany salesinits

Another driving force for automated product configuration is the desire to reduce the
number of errors to improve quality and to cut quality costs. Many changes to a configuration
take place because of internal reasons, due to errors that must be @rreded. Changes also
ocaur becaise the austomer changes his or her mind. Errors and changes that affed a
configuration seem to be cmmon. In extreme caes 80% of the sales pedficaions are dther
incomplete or inconsistent. This kind d operation is sometimes considered namal. Measures
have been taken to manage the dhanges caused by internal errors and changes originating from
the austomer, but not to prevent the erors from occurring in the first place An example
statistic from a cae mwmpany shows that lessthan 20% of the total working time used in order
processing is used for productive wofke rest is caused by managing changes and errors.

Products and product families are often diff erentiated for different market aress. However,
products are usually sold globally. The market area quite often affects the final configuration.

The @nfigurationisusually creaed onthe basis of customer’ s technica requirements. The
price of the product and the required delivery time do nd seem to be mgjor controls of the
process That is, the aistomer requirements are fairly fixed and can be satisfied in orly afew
ways. If the price or delivery time beaomes a aiticd fador, the requirements are usualy
reconsidered, a the astomer simply finds ancther supgier. The wnfigurationitself is usually
not changed to lower the price but there is usualy a cetain degreeof freedom in adjusting the
price of a given configuration.

3.3 Product configuration task

Product configuration models and their systemisation sean to be in their infancy. The
companies lack good methods and toadls to represent the models. For example, generic bill s-
of-materials (BOM) (van Veen 191) or equivalent structures are not used. Computer suppat
is available on the level of traditional fixed BOMs. Some mpanies have tested
configurators, but they are nat in day-to-day use. However, more aitomated suppat for
product configuration tasks is considered desirable and most of the @mpanies intend to
procedl in this diredion within a few yeas. The tods neal na be fully automatic, bu they
should in some manner ensure the completeness and consistency of a configuration.

The consistency and the completenessof a wnfiguration are thedked at logistics centres by
expert configurers on the basis of their experience on similar products and previous deliveries.



The knowledge required is very rarely systematicdly documented as a product configuration
model. The few more alvanced companies that document the knowledge & product
configuration models do nd have systematic formalisms for this purpose. Free form text,
often of limited readability and acairacy, is typicdly used. In addition to text, seledion tables
and dedsion graphs are sometimes used. Seledion tables can be difficult to use when there ae
severa dependencies between comporents that are represented in several tables. The dedsion
graphs can be very complex. The maintenance of product configuration models represented as
text, selection tables and especially decision graphs is burdensome.

All the three @mporent classes — standard, modifiable standard and parametric —are being
used in the industry. However, most of the comporents used in configuration are standard.
Parametric ananodifiable standardomponents seem rarer.

In addition to configurable products, many companies deliver tail ored products that involve
bath configuration and innoetive engineaing design. In several cases approximately 70-80 %
of the taloring can be dore by a @nfiguration process The rest of the work is more
innovative product design.

With some products, the sales gedficaion can be quite diredly used as an inpu for
production. In other cases, the processof trandating a sales spedficationto a cwnfiguration is
long and complex, requiring most of the time and effort spent in the whole configuration
process The trandation from a sales gedficaion to a cmnfiguration can be smplified by the
modularity of the product.

The moduarity of produwcts has a favourable dfed on the cmplexity of product
configuration tasks. Two ways to understand product moduarity are goparent. One starts from
the austomer neals and moduarises the product into functional modues, ead of which
corresponds to a set of anticipated customer requirements The other looks at the moduarity
from the product structure and manufadurability. The first approach helps the configuration
processat the sales gage because it simplifies the mapping from customer requirements to a
technicd spedficaion. The seandis more helpful at the later phases of the delivery process
as it enhances the ontrol of production and reduces the work-in-process inventory. This is
achieved by reducing the number of comporent types used in product assemblies, whil e still
retaining a large variety of end products that can be assefntedhe component types

3.4 Long term management of product data

Long term management of delivered products is a ansiderable problem for the cmpanies.
Most companies do nd even attempt to recnfigure existing product instances using the same
methods as in configuring new instances. Rather, the reconfigurationtask is done on a cae by
case basis. The processis difficult and dsliked because of the troubde of accessng a large
amount of old product information, which usualy is not stored in an integrated, compad
form, but has to be retrieved from various sources.

Long term management of product configuration models, as oppased to individua
configurations, is also a problem. Products and comporents evolve; communicding the
changes to the product configuration process is error-prone and, in many cases, causes
unrecessary extra work. The processes that develop the products usualy do nd creae the
configuration related information as a part of the development effort. Rather, this is an



additional task dore by persons that are not product experts. This may lead to lossof data and
erroneous configuration knowledge being used in the configuration process.

3.5 Interfacesto other systems and processes

Extradion d product configuration knavledge from the product development process £ems
to be aproblem. The process is rarely systematised. The previously mentioned ladk of
methods and took® represent configuration modédsa problem.

The integration level between applicationsis nat very high. Separate islands of automation
sean to be common. The companies are moving towards tighter integration to fadlitate a
more dfedive process The systems used for R&D related adivities are not capable of
handing information at the level of abstradion required for configuration knavledge.
Therefore, the knowledge on the use of comporents within a product must first be recorded
for design puposes in CAD drawings and aher design dacuments, and then reaeaed when
defining the cnfiguration model. If there was a way to represent the configuration aiented
knowledge in the R&D systems, this information could be entered only once and theredter
used and modified more or less automatically, thus eliminating the duplicate work.

4 IMPLICATIONS TO PRODUCT CONFIGURATION SYSTEMS

In this ®dion the results of the survey are @mnsidered from the point of view of developing
genera knowledge based systems that can be used to mode the @nfiguration knavledge of
different products and then to configure them on basis of this knowledge.

Configuration knowledge
Configuration knawvledge in product configuration models typicdly describes the posshbiliti es
of modifying the product acording to the austomer requirements and the constraints on the
products. The knowledge on hav to adually configure on the basis of the configuration model
is mostly not explicitly described. Below, we present the fundamental concepts and their
relationships that, in our view, can best be used to represent product configuration knowledge.
Typicd concepts that are used in the companies to describe their produwcts are the
comporents of which the product consists of, and the functions that the product provides to
the austomer. In addition to these, some mmpanies use dso parametric comporents with the
attendant concepts of parameters and parameter values. The comporents relate to ead ather
by aggegation relationships, which form BOM hierarchies with ogional and alternative
comporents. The mporents are related to the parameters and parameter values. The
companies also describe mnfiguration knowvledge through incompatibility and requires
relationships between comporents and parameter values. An incompatibility relationship
records the fad that two comporents or parameter values canna be used together in a product,
since then the configuration would na describe aworking product. A requires-relationship
specifies, that a component needs another component for the whole product to work.
We fed that many of the surveyed products could more eaily be modelled, if one were to
use in addition to the &ove mentioned concepts and relationships also conredors, ports
(Struss 1987 and resources (Heinrich and Jungst 1991). Conredors are things that conned



comporents. These may be ather physicd comporents or more astrad concepts like ar in
the cgpadty of a hea conredor that, e.g., conreds a transformer (hea source) to the outside
world (hea sink). Ports are things that the cnredors are onreded to. In the @ncrete cae
these may be boards or sockets, and in the @strad case a hed emanating place of a
comporent. Resources are things that some parts of the product produce and ahers consume.
Examples include dedricd power or spacein arad. Thus, the @ove mentioned transformer
would provide the resource hed, which is condwcted through the wnnedor air to the outside
world, which consumes the resource This kind d bondgraph-like modelli ng is presented in
the paper by (Snavebnd Papalambrdk993).

Additional relationship useful for modelling the caes include dassficdion herarchies
formed by is a -relationships and instance of relationships between comporent types and
instances. The spedfication mapping between required functions and comporents could also
be modelled by a separate relationship.

Need of parameters

As the results indicaed, standard comporents are much more wmmon than parametric
comporents. Therefore, fair coverage of configuration proceses could be obtained by
concentrating only on standard comporents. This could be amotivation for a restricted, and
subsequently simpler, configurator system. However, a general system shoud also have to be
able to represent and configure with modifiable standard and parametric components.

Comporent types used in products have afundamenta effed on a product configuration
system: a nfigurator system deding with standard componrents can dowithout parameters,
but one suppating parametric componrents must suppat many kinds of additional concepts
and operations discussed below.

Once astandard comporent has been identified, al its properties are known and fixed.
Eadh standard comporent may have some dtributes that describe its properties, bu these
properties do nd change in ead instance of the mmporent. Therefore it is easy to describe
relevant properties, for example, by storing them into arelational database by componrent type.
There is no reed to chedk for inconsistent attribute value combinations within a componrent
but this may still be necessary between the dtribute values of diff erent comporents. One does
nat have to baher with storing descriptions of instance-spedfic parameter values, ways of
determining parameter values or checking consistency of parameter values.

A product configuration system suppating modifiable standard or parametric comporents
must be ale to determine and record suitable values for parameters. This introduces the need
to represent and store instance spedfic descriptions of comporents as it must be possble to
store descriptions of configured instances. One must be ale to describe the domains of the
parameters, ways to determine parameter values (including complex expressons with
references to ather parts of the configuration and asking from the user) and ways to ched for
consistent combinations of parameter values. In addition, dedsions may have to be changed or
badcktradked. Keeping the parameter values consistent after changes is yet anaother topic. Thus
the neal to present parameters adds ancther level of complexity to a system suppating
product configuration.



Geometry and product configuration

It is IMetimes necessary to generate instance-spedfic drawings of parametric comporents on
basis of cdculated parameter values. Generation d manufaduring drawings of parametric
comporents is an example. Drawings may be generated either by the product configurator
system, or with a separate, possbly model-based or parametric, drafting system. In these
simple caes a onfigurator does not have to “understand’ abou geometric modelling and a
demuded system with undiredional information flow from product configuration system to
the drafting system may be gpropriate. Many product configuration cases that require
generating drawings fall into this category.

More complex topdogic or geometric reasoning is also sometimes a part of the product
configuration process A typicd exampleis 2D or 3D layout design. In some caes one may be
able to design the layout in the configurator with simple topdogic reasoning, in some other
cases advanced 3D reasoning may be required. Complex 3D-layout generation problems
would require that the configurator is able to model the spatial relationships of objeds,
possbly keeping dynamic behaviour of the system in mind. Because of the cmplexity
involved, these tasks might be better done by humans.

Requirement for topdogicd or geometric reasoning seems to be quite common in the
industry. Due to limited use of parametric comporents, the generation d drawings of
parametric components is not so common.

Customer requirements at different levels of abstraction

As mentioned, the distance from customer requirements to the spedfication and to the final
configuration varies considerably. Some austomer requirements can be given as a functional
spedficaion, while some other requirements are best formulated as low-level comporent-by-
comporent seledions and parameter value spedficdions, for example by diredly giving the
required part numbers. A system shoud be &le to suppat this gpedrum of spedficdions
given at different levels of abstradion. In some caes, a wmbination d different abstradion
levels of spedfications might be preferable. Thisvariation peses osme dhallenges as, in away,
thisis analogicd to being able to give some inpus, some intermediate results and some final
results of a amplex cdculation, then performing the rest of the cdculation to get the rest of
final results.

Fully automatic operation not always desirable

Companies have relatively strong disbelief in and bad experiences with expert systems. The
users are not willi ng to trust the dedsions made by an automatic system. They want to make
the dedsions themselves. In the problem solving sense, automatic operation is also more
difficult to aceomplish than semi-automatic, interadive operation, where the user can assst
the system by making choices that guide the design effedively to corred solutions. Therefore,
if automatic configuration is dill desired, it may in most cases be better to first develop
suppat on chedking and validating configurations, and peceby piece &tend this to more
automatic operation. In this way the users can be @nvinced o the mrredness of
configurations and the risks of the development project reduced.



Emphasis on long-term management of product configuration models important
Perhaps the most severe restraint on using a product configurator is the difficulty of managing
product configuration models. One way to make this easier is to abstrad and extend the
underlying modelling concepts in a diredion that more acarately can cagpture the relevant
aspeds of configuration design withou extra cmplexities or transformations. In ou view this
is neaded as the first step. In addtion ore @uld integrate some kind d traditional
Configuration Management (CM) madinery (Babich 1986, Buckley 1993, e.g., version
control todls, into a product configuration system. Naturally these shoud be used with namal
CM pradises to yield the best benefits. To fully apply CM pradices to product configuration,
a model for describing changes to produwcts $oud be avalable. This is a reseach isaue
described briefly in section 5.

In oder to spread the maintenance dfort of product configuration systems to
nonpogrammers such as product developers, the systems must be ale to describe product
configuration models in dedarative, high level terms familiar to the users. The basic concepts
could be thaose discussd in the beginning of this sdion. A product configuration system
shoud be &le to represent these & data, withou programming effort, to fadlitate the
maintenance This poses interesting chalenges bath to visuaising product configuration
models and to the underlying data model of the product configuration system.

Semi-configurable products

As was mentioned in the results, the C-process products can dften be partly configured and
must be partly designed. In these caes the mnfigurator shoud have an ability to integrate
results of innovative or creaive design into a wnfiguration. A succesful computer system for
these processes would have to include away to represent comporents that are not pre-
designed along with the rest of the configuration consisting of pre-designed components.

Market areas

The differences between market areas indicaed in the results suggest that a product
configurator shoud take them into acmurt. It seems that a single @nfigurator and several
product data bases or a single product database with rules to prevent the use of comporents
notavailableto somemarket areg) would correspond to the needs of the companies.

5 FUTURE RESEARCH

We hope to be ale to elaborate the metrics emerging from our survey very much from their
present form. In addition to this, the summary report of the results of the survey will be
published.The remainder of this section discusses l@mmresearchissues.

5.1 Model of product configuration knowledge

There seems to be a need for a general methoddogy and tods for suppating the
representation d product configuration models. On the basis of our first results, similar
concepts are being used in different companies. It would seem to indicate the possbility of
finding a general model of product configuration knavledge that would be feasible for arange



of companies. In the simplest form, this model would include concepts like spedfications,
comporents, parameters and their values. In addition to the ancepts, the model would include
relationships guch as a generalised has-part-relationship with opional and aternative
comporents, a spedficaion mapping between spedficaions and comporents or parameters,
and two speda relationships between comporents or parameter vaues, the requires
relationship and the incompatibility relationship.

5.2 Model of long term management of product data

The long term management of products and configurations has not been solved in an adequate
way in any company or system. Most of the companies remgnise the risks involved. Our
objedive is to oltain a general view of the danges to the cnfiguration knawvledge in
pradice This would fadlit ate reseaching and defining a general model of changes to the
knowledge. This model would form a basis for computerising the long term management of
product data in a manner that would suppat both the management of configuration models
and related knowledge, and the managemedeloferedproduct instance

5.3 Configuration maturity model

Companies sam to bein dfferent stages of maturity and have varying cgpabiliti es in the aea
of product configuration. It is quite evident that it makes snse to first concentrate on the
basics and then move on to more alvanced topics. Fundamentally we ae talking abou an
organisational leaning process For example, a well documented and systematic way to
configure prodwcts fadlitates automating the process Besides other benefits, well-
moduarised products smplify the product configuration tasks sgnificantly. Changes to the
products and comporents must be under control to enable dficient and timely updates of
product configuration information. All the &ove mentioned issues fadlitate the
implementation o computerised suppat for product configuration and help in reducing the
maintenance burden pfoduct configuratis.

These observations sem to parallel the underlying thoughts of the Capability Maturity
Modd (CMM) (Paulk et al. 1993 commonly referenced in software industry. We am to
develop a similar, yet lessambitious model based on ou observations. This model could be
used for the evaluation d the maturity of a company in terms of configuration processes and
product data management. It could also be used to suggest the most effedive and relevant
development adions to be taken in the cmpany in order to gain maximal benefits from the
improvement effort.

5.4 Design for configurability

The general configuration problem canna be solved solely with better models and toadls.
Flexible configuration d products must be mnsidered aready whil e products and comporents
are designed. For example, comporents and products shoud have well-defined interfaces and
they shodd na place unrecessary constraints on aher parts of the product structure.
Therefore ancother future research isaue is to produce guidelines for designing produicts that
can be onfigured easily — an approach we cdl Design for Configurahility. We hope to



elaborate techniques for measuring the complexity and configurability of products. The
modularity of products will probably be one of the factors in this area.
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