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fundamental characteristics of the task and does not discuss questions about e g user-friendliness, 
maintainability or documentation. All these aspects are of significant importance to success in 
industrial praxis, but they are of interest only if the fundamentals of the problem first have been 
solved. It is the intention that by applying the methods described below much of the uncertainty 
associated with building large and complex DA-systems can be eliminated thus paving the way for 
more extensive use of DA also for complex design problems. There are several methods for planning 
DA-systems published like [Stokes et al. 2001], [Hvam 2008], [Cederfeldt 2007],  but they are 
directed towards issues that are closer to implementation. 

2. Four industrial cases of reference 
The approach is described against the background of recent experience from four industrial cases of 
applying DA-methods. Two of the companies studied have DA systems in full production since many 
years, while two are carrying out trials with prototype systems. The companies are described below: 
Company A - A large multinational company producing cutting tools and cutting tool holders. These 
are supplied in several thousand standard variants but also tailor made on customer specifications. 
Design and offered price for tailor made products can be guaranteed to reach the customer within 24 
hours after request thanks to the DA-system. Production preparation and control instructions are also 
carried out automatically. The system has been in use for more than 20 years. 
Company B – A large company designing and building aero engines and components. The company 
specializes in a number of components that are made in different variants for international OEMs. The 
DA system is intended mainly to be used at the conceptual stage to optimize the design in terms of 
costs or specific technical requirements such as minimization of resonance vibrations or residual 
stresses. 
Company C – The company is medium sized and manufactures leisure equipment add-ons for motor 
cars. One example is roof racks, which consist of standard components except for the fixture plates 
that attach the rack to the car roof. These plates are tailored to the shape of the car and each new car 
model requires a new fixture plate. The company designs about 150 new plates each year and has in 
stock more than 1000 variants. 
Company D – This is a medium sized company that manufactures seat heaters for the motor car 
industry. The seat heaters have a main element of resistance wire that forms a complicated loop. The 
loop should cover the seat area evenly to give a pleasant warming effect. The company makes 50-100 
new wire lay-outs per year for different car models and a skillfully arranged lay-out can save 
substantial costs. The DA system for the lay-out is linked to the company´s cost calculation system 
and can thus be used to find the most cost-effective lay-out by trial search using e g different wire 
types. 

3. What is the business purpose of the planned DA-system? 
There are many technical aspects of the DA-system that need to be addressed. The starting point 
however, must always be the expected benefit for the company’s business process. To clarify this fully 
makes it possible to plan the intended system appropriately in technical terms. We will see that the 
four reference companies have widely differing intentions with their systems and that these differences 
reflect in how the systems are built and used. 
To clarify what is important and not at an early stage prevents unnecessary effort spent on aspects of 
the system that are of minor importance. In three of the four cases the DA-system does not produce the 
final product definition but rather a conceptual design to be used for evaluation and optimization. This 
fact strongly reduces the demands of detail and also stringency of drawings. 

Table 1. Survey of industrial cases 

Company Main purpose Conclusions for planning DA-system 
A 1) On request, to produce a 

primary design to present to 
customer and to use for cost 
calculations 

Since the output of the DA-system is fed directly into 
production and the product shipped to customer 
without any human intervention, the reliability must 
be 100%. This requires a stringent quality control of 
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5.2 Classification of knowledge 

In order to identify suitable methods for knowledge representation it is helpful to classify the 
structured knowledge into groups. Each group or category maps naturally to the more common 
knowledge representation methods. Six classes of product knowledge for DA defined for this purpose 
were given in [Sunnersjö 2009]. The different categories represent knowledge with varying richness 
and stringency of background knowledge. It is to be expected that as design rules and methods evolve 
and mature over time there will a natural progression of knowledge towards the more stringent 
categories.  
The empirical basis for this study of knowledge categories is based on investigations at ten 
manufacturing companies in Denmark and Sweden. The applications represent high industrial variety, 
where some applications focus on advanced high-tech products that need to be highly optimised; 
others focus on tailoring each product to individual customers or to prepare layouts for quotation 
calculations. The six classes are: 

1. Tacit knowledge. Unexplained and unarticulated knowledge embedded in the human mind 
through common sense and experience. Includes intuition, convictions, skills, craftsmanship.  

2. Knowledge based on comparison. Guide lines based on experiences and insights from 
comparable products and processes. If previous experiences and lessons learned are stored, 
understood and taken into account the idea of basing new products on existing, proven 
solutions is attractive. However, previous experiences might not be applicable or 
misunderstood which can lead to unexpected malfunctioning of the new product.  

3. Experimental knowledge. Facts and relations that are reliably established by experiments, e g 
measured physical properties, performance, efficiency and so on. Within the bounds of the 
empirical investigations interpolation from measured data to required design data is often 
acceptable, while extrapolation outside the bounds of experience should be avoided. 

4. Geometrically related knowledge. In mechanical engineering spatial relationships and 
geometrical reasoning is often of great importance. Function is often achieved through the 
geometrical form of products, i e function is embedded in form. Examples where geometrical 
reasoning is a key factor are styling, packing problems, complex assemblies, load carrying 
structures and designs where action of flowing media is involved. 

5. Knowledge represented in mathematical form. When governing design variables can be 
derived from fundamental physical principles the problem can be represented in a 
mathematical form. For simplified problems explicit analytical expressions may be available, 
but for most realistic design problems approximate, numerical computations are required. 
Design methods in the form of mathematical expressions or numerical algorithms provide 
physical insight and rigour to the problem and are therefore often preferred when available and 
realistic in terms of effort, computer execution time and so on. 

6. Heuristic knowledge. Simple and useful guide lines that are based on experience, reasoning 
and fragments of theory. Knowledge expressed as facts and rules. Not necessarily based on 
stringent theory and consequently give poor insight into phenomena and governing parameters. 
Application outside range of experience may result in unpleasant surprises. When groups of 
authorities agree on heuristic rules, design praxis is defined. Praxis is a common and important 
form of documented knowledge; in particular, many commercial and legislative standards (e g 
ship classification rules, codes for pressure vessels, lifts and trains) belong to this category of 
knowledge. 

The accumulated distribution of the ten companies into the six knowledge categories is plotted in 
Figure 3. Heuristic knowledge dominates clearly, with mathematical and geometrical knowledge 
coming second and third.  
The “knowledge taxonomy” presented above were used to classify the sets of design rules used by the 
four reference companies in the present study, se table 2. This classification will serve as input to 
selection of method for knowledge representation below. 
 



128 

Figu

Comp
Know
categ

5.3 Repr

DA-syst
are techn
the more
The third
because 
problem

Figure 4

The diffe
well suit
is discus
compani

Comp

Mode
metho

ure 3. Accum

Ta

pany: 
wledge 
gory: 

resentation 

tems are ofte
nologies dev
e common D
d main grou
also proced

ms that are bes

4. Software 

ferent knowle
ted to that pa
ssed in [Sunn
ies can, using

Table 3. K

pany: 

elling 
od(s): 

 

0

5

10

15

20

25

30

35

40

P
er

ce
nt

ag
e

mulated dist
appl

able 2. Know

A 
Heuristic an
geometrical 

of knowledg

n based on te
veloped for th
DA-methods
up is “algorit
dural progra
st solved usin

technology 
for

edge categor
articular type
nersjö 2010] 
g this mappin

Knowledge m

A 

Rule system
modeller 

0

5

0

5

0

5

0

5

0

1

tribution of 
lication case

wledge categ

B 
nd Heu

mat
geo

ge  

echnologies 
he purpose o
 grouped int
thmic”, whic
amming has 
ng traditiona

often used i
r Knowledge

ies previousl
e of knowledg
and illustrate
ng matrix, be

modelling m

B 

m, solid Rul
mo

2

1:Tacit; 2: Com
5

 DE

knowledge 
es studied, [

gories of the

uristic,  
thematical an

ometrical 

developed in
of representin
to “knowled
ch is not an 

its place in
al programm

in DA system
e Based Eng

ly described 
ge. This map
ed in Figure 
e modeled as

methods chos

le system, so
odeller, FEA

3

mparative 3: Expe
5: Mathematical; 6

ESIGN ORGA

into six cate
Sunnersjo 2

e four refere

C 

nd 
Compa

n the field of
ng, or model

dge based” a
AI technolo

n DA-system
ing. 

ms. Rule sys
gineering, K

have a corre
pping betwee
5. The know

s shown in T

sen in the fou

C 

olid CBR 

4

erimental 4: Geom
6: Heuristic 

ANISATION A

egories for th
2009] 

nce compan

arative 

f Artificial In
lling, knowle
and “comput
ogy, but tradi
ms since the

stems are re
KBE 

esponding so
en knowledg
wledge from t
Table 3.   

ur refeence 

5

metrical; 

AND MANAG

 

he ten indus

nies 

D 
Heuristic a
geometric

ntelligence, A
edge. Figure
tational intel

ditional progr
ere are man

eferred to as

oftware meth
ge and model
the four refe

companies 

D 

Rule syste
2D geome
system 

6

GEMENT 

strial 

and 
al 

AI, which 
e 4 shows 
lligence”. 
ramming, 

ny design 

 
 systems 

od that is 
ling tools 
erence 

em, 
etry 



DESIGN

Figu

6. Anal
Having 
knowled
knowled
knowled
be enfor

Figur

6.1 Grap

Structure
mathema
flow of 

 ORGANISA

re 5. The m
engin

lysing pro
coded the k

dge processin
dgebase in o
dgebase, i e h
ced, is of fun

re 6. Examp

ph theory an

es of many k
atics. It is a 
information 

ATION AND M

atrix indica
neering know

oblem stru
knowledge b
ng, i e to fi
order to ret
how the rule
ndamental im

le of a direc

nd dependen

kinds can be
very useful m
in the proce

MANAGEME

tes possible 
wledge when

cture  
ase of the D
ind methods
turn the req
es and metho
mportance. 

cted graph fo

ncy structur

e studied usi
method for p
essing proced

ENT 

implementa
n planning s

DA-system i
s that activa
quested solu
ods depend o

or design ca
(right) 

re matrices,

ing graph th
planning DA
dure. Figure

ation metho
systems for 

t remains to
te the releva

utions. In th
on each other

alculations (l

 DSM 

heory, see an
A-systems be

 6 shows the

ds for differ
automatic d

o determine 
ant sequence
his context 
r and what c

left) and cor

ny standard t
ecause it give
e flow of inf

 
rent categor
design 

suitable met
e of elemen
the structur

causalities th

rresponding

text book on
es a clear vie
formation (li

129

ries of 

thods for 
nts of the 
re of the 
at should 

 
g DSM 

n discrete 
ew of the 
inks) and 



130 

the execu
compone
Graph th
complica
[Eppinge
format a
the links
DSM. 

6.2 DA-r

Studying
[Sunners
tradition
diagonal
inference
point of 
“alfa”. In
variables
infinite 
variables
variables
with cyc

6.3 Stru

Of the fo
and B al
a techniq
The DSM
recognis
were res

ution of met
ent. 
heory is very
ated and clut
er 1990]. D

and is compu
s of the graph

related conc

g the graph 
sjö 1999]. I

nal, procedur
l, but the row
e engine ass
view. Furthe
n the corresp
s, see figure 
loop. Instea
s and their 
s) it may be
cles. 

uctural analy

Figure 7. 

four compani
lready had w
que without a
M for compa
sed their own
olved  by me

thods (nodes

y useful and 
ttered.   An a
SM maps to

uter readable.
h are the “x”

clusions from

or the DSM
If the matrix
ral software 
ws can be re
sociated with
er, if any nod
ponding DSM
6, right. An 

ad the progr
methods are
 possible to 

ysis of desig

DSM for th

ies a DSM st
working syste

any explicit k
any D is show
n workflow 
erginf where

) for an exam

illustrative, b
alternative m
o correspond
. The nodes 

” of the DSM

m DSMs 

M give som
x is such th
is the most 
arranged so 
h rule based
des have link
M the cycle 
inference en

rammer need
e merged. I
use constrai

n knowledg

e implemen

tructural ana
ems and had 
knowledge r
wn in Figure
more clearly

eupon an infe

 DE

mple problem

but for more
method is then
ding graph a
of the graph

M. Informatio

me clear ind
hat all “x” 
efficient cho
that this is n

d systems (K
ks that form 
has the form

ngine can no
ds to devise

In some cas
int programm

ge for referen

nted design p

alysis was ca
no need for 

representatio
e 6. This anal
y. The DSM
erence based

ESIGN ORGA

m regarding 

e complex pr
n the Depend
as one-to-on
s are the row

on is defined 

dications for
are below t

oice. If howe
no longer the
KBE) is mor

a cycle, see 
m of a box w
ot resolve this
e some spec
es (limited 
ming, a meth

nce compan

process of se

arried out on
this analysis
n. 
lysis proved 

M also reveal
d solver could

ANISATION A

design calcu

roblems the 
dency Structu
e, but provi

ws (and colum
to always flo

the knowle
the diagonal
ever there ar
e case, then a
re effective f
figure 6, lef
ith mutual d
s problem bu
cial solution
search spac
hod that can

nies 

eat heater, c

nly for comp
s. Company C

very useful f
led a few co
d be used.  

AND MANAG

ulations for a

graphs tend 
ure Matrix, D
ides a more 
mns) of the D
ow downwar

edge proces
al, then prob
re any “x” a
a system bas
from a prog
ft, variables “
dependencies
ut will get st
n where the
ce, preferably
n solve also p

company D 

any D. Com
C uses CBR

for the desig
oupled variab

GEMENT 

a balancer 

to be too 
DSM, see 

compact 
DSM and 
rds in the 

sing, see 
bably the 
above the 
sed on an 
gramming 
“R1” and 

s between 
uck in an 
 coupled 
y integer 
problems 

 

mpanies A 
R which is 

gners who 
bles, that 



DESIGN ORGANISATION AND MANAGEMENT 131

7. Conclusions 
A theory for how to plan a new DA-system has been presented. The DA-system is regarded as a 
simulator of the design office. The approach is top-down, starting with idealization of product design 
knowledge, classification of this knowledge and selection of appropriate modelling (representation) 
methods. A graph based method is proposed to analyse problem structure and select appropriate 
knowledge processing method.  
The novelty of this work does not lie in the individual methods described, but rather in forming a 
coherent sequence of steps to identify the fundamental characteristics of the design problem and a 
logical procedure to select appropriate knowledge processing methods. The applicability and 
usefulness of the approach has been tested on four reference companies working with DA systems. 
Our experience is that this approach provides early insight and relevant information that helps in the 
subsequent work when implementing DA. Having gone through the proposed procedure, much of the 
uncertainty of a new DA project should have been eliminated.  The four cases represent very different 
applications but the analyses methods presented appear relevant.    
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