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SELECTION AND EVALUATION OF INNOVATION 
PROJECTS 

Heinz-Dieter Haustein, Mathias Weber 

1. INTRODUCTION 

This working paper presents the first step of an ongoing 

research project which will be continued during the next few 

years at the University of Economic Sciences in Berlin. 

The subject of this paper is the decision-making process for 

decisions on innovations. During the past three decades consider- 

able efforts have been devoted to investigating the role and 

importance of innovations for the growth and prosperity of firms 

both in market and planned economies. Effective management of 

innovations is a decisive factor in their development. A certain 

increase of funds devoted to R&D does not result in an appropriate 

increase of output in terms of productivity. Problems of an 

"optimal" management of innovations are investigated in many 

countries. 

The scope of this study is indicated by a broken line--see 

Figure 1. A model proposed in this paper will formally enclose 

only the resource allocation for a set of ongoing and new projects. 

The study was initiated by decision-makers of a particular 

industrial branch in the GDR. An analysis of the advantages and 

disadvantages of the decision-making process revealed the neces- 

sity of a decision support system. The approach developed is 

tailored to the case study but is general in several aspects. 

-1- 
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This paper describes a model for resource allocation in R&D 

which is well suited for our case study. The choice of the model 

type was based on an analysis both of the decision-making process 

in the particular firm and of existing models for this purpose. 

A combination of innovation theory and economic-mathematical 

methods for aiding decisions is from our viewpoint a necessary 

condition for a successful development and implementation of a 

system we are aiming at. 

A system of this kind will improve the decision-maker's 

understanding of the relationship between the long-term develop- 

ment of the firm and the resource allocation in R&D. 

2. INNOVATION THEORY AS A BASIS FOR DECISION-MAKING ON PROJECTS 

FOR INNOVATIONS 

Innovation is a complex phenomenon, including all spheres 

of technological, economic and social activity. We cannot hope 

to grasp all these activities of different natures in one quan- 

titative model. Moreover, it is questionable whether such com- 

plex models would really assist the decision maker to arrive at 

better decisions. 

From our viewpoint the effect will be better if one tries 

to include some crucial qualitative aspects of innovations in the 

form of judgments concerning expected future states of the world. 

In order to take "good" decisions, the decision maker must 

rely on careful analyses of past experience and past trends. 

Many factors influence the development of innmatiom, and they 

all act in a space with at least three main dimensions: 

-- innovator 

-- organization 

-- environment. 

No list of factors influencing innovations is exhaustive, but a 

brief survey of them will make us aware of the value and short- 

comings of models proposed in the literature for aiding decisions 

on innovation projects (including our own approach). (For details 

see Haustein, et al., 1980.) Figure 2 can be used as a guideline 

for identification and classification of the influencing factors. 



INNOVATOR 

Input, output 

a1 Input related factors: necessary quantities and 
qualities of input (production) factors 

a2 Output related factors: knowledge and utilization 
of the properties and applicability of the 
technique 

(b) Interplay of innovative persons 

bl Interplay of the functional roles which have to be 
fulfilled to accomplish innovative activities 

b2 Characteristics of innovative persons who play the 
roles 

ORGANIZATION 

(c) Resources 

(dl Organizational dimensions - 

dl Relationships with the environment 

d2 Internal dimensions 

(e) Organizational measures 

el Planning measures 

e2 Control measures 

ENVIRONMENT 

(f) Resources 

(g) Environmental dimensions . . . .- 

gl Economic sector 

g2 Political sector 

g3 Social sector 

(h) Environmental . measures 

hl Economic sector 

h2 Political sector 

h3 Social sector 

Figure 2 



The groups of factors are listed below. Each factor governs 

the innovative activities in a specific way; this infli~ence is 

likely to be dependent on certain circumstances. No general pat- 

tern of influence can be found. Some factors can be inhibiting 

or promoting in dependence on the specific situation. The weight 

of influence changes over time and depends on the stage of a par- 

ticular innovation. The concept of the efficiency of the factors 

is a mixture of evidence from empirical studies, results of 

theoretical reasoning, plausible arguments, and sheer truism. 

Hypthoses about the efficiency of a more detailed list of influenc- 

ing factors are presented by Haustein, et a1 (1980). 

What we have to examine in this paper are the factors which 

can be included formally in the model proposed here. It is 

theoretically not difficult to include such input and output 

related factors like labor, capital equipment, raw materials, 

technological risk, unit scale, financial funds. Some relations 

with the business environment can be fairly accurately modeled. 

But many other factors remain outside of all models for project 

evaluation and selection reported in the literature, for instance, 

interplay of functional rules, characteristics of innovative per- 

sons, the economic mechanism and management system. This refers 

also to most factors of the political, social and economic sectors. 

We consider the above listed shortcomings of any model for deci- 

sion support to be theoretically, rather than practically, impor- 

tant because the decision maker of a parficular firm is not very 

concerned about most of the factors mentioned. In his daily work 

he has to deal more with the input and output related factors. 

With the model developed in this paper we try to look at the 

rather early stages of an innovation project, when only rough 

predictions exist about the level of technology and the range of 

application. Some of the most important relations between these 

early predictable characteristics of an innovation project and 

other variables are presented in Figure 1. One gets a first idea 

about an innovation project, intended to be realized in Table 1, 

which reflects an attempt to measure both the range of possible 

application and the scientific-technological level in specific 

scales. 



W a J W  
0 4  0  

0  
aJG 6'0 
03: $ 
L J m c  
G -  u u m  

4  
'0 x 

u c  0 3  
0 lo 

8 z ' ; :  
4 a o  
2 Z W  
s c o r n  

C 
O b l  3L4 

4 ° C  " 0 3  
0 4 J 4 8 C  
+ I O L ) U  r n m  
J U U I  $.urn 
- . - I - - (aa  o a, 
C 3 0  
n.4 a ~ a x  

In 
4 

6 
-4 
L) 
o 

L43 0 
Q I V  4 
P 0  
a ~4 
a a 

4 a J  F 
P) c 
cn .4 
aJ b 
4 c 
n a~ 

0) 
a -  

a a  TP 
5 P) 
E U 
0 0 
T. h  
E. a 

? 
0 
A 

a, . 
VJ 

'0, 
V 

CV 

m  

N 

c.l 

.. 
.+ 

4 

? 

I 

0 . 
0 
4 

a, 

10 

U) . 
W 

4 
m  

I U  
U -4 

m' 

2 2 
J J O  
C C d  
O C  0) 
.4 U > 
U Y Q )  
m + c :  

VJ 
-3 

a 
5 
e 

m 
m 

v 
rg 
> 

cn 
U 
c 
aJ 
0' 

CJ 
cv 

u 
a~ 

al 
C 
PI 
rr 
X 

X 

c 

v) 
V1 
Rl 
a 

3 
0 4 
0  
L4 
,% 

5. 

GI 

I 

? 
In 
4 

0 
o 
4 

m - 
a 

0) 
QI - 
4 w 
u 
$. 
U 

1 z 

0  
'3 L4 In- 
0 1 
o u n  
3 .! 4.4 L 
C L4 
jl J 
m a 

n 

cu 

In 

.-I 

In 

Q) P > C 
-4 4 

1 

IT 
c 
.4 r? 

c 2 n  C ,  
.4 - 
a 3 
m r, 

4 
Q 
o 
-4 21 
Ltlo 
i ,3 InL4  
o c ( c ( a  
a .-I 
- c a  
w Ll 

I 
aJ 
0  
.-I 

O D O S  
. C r _ Y d u  

€ 3  
0 ' 3  
JJ LC 
4~ 

P - .- 
L: 
U  
L I ' 0  
.-I c 
4-l 3 
,a 3 

a f a ? :  
o v  a a  J S ( U  

P il i 
I I 

C CJ 17 I I?- 

I ! 

. 

m 5  
C V ~  

A 

I ," 
8 .- 

I ?  
3 L 3 I 
9 1-1 3 I ?  - 

1: 
I 

i 

u 
c t 
PI 
3 i 5 
V) I 
a 
a I ', 
c VJ 

t .+ 
; -n lo 

vl L-3 I =  3 
CJ c 
c 3 

d 

. - . . . . . ,  

U .+ 
JJ 
Y cn 
L: 0 -  
i, u m  

a I X 
a t -  Q ) a J  

a -. 

L 4 0 c l c o  
--I o 

- ' O " E c L )  4 
n 3 3 ~ 4 r n a  
4aJaJ .-I C 

I 

c n 
> -i 
m '44 

N 

r; 

rn m  
c m  - 
3 0  m 
tn U 
21 o 
8 k 

3 

v 

"= 
u 
z 

CD 

U' 

c.l 

m 

I 
t =. I 

= j  3 - 
I I 
! 

! 

t c z L 4  a R o Q ) E  

---.. -. . - 

- - . 

CJ 
CV 

C v 
o b 3  m P C -  
4 C Q ) h C Q U I  
J J - 4 Z a J -  aJ 
t ~ ~ c l c l i , ~ ~  
0 m  aJcn4Jv) 
- 4 d a e d o a  
u X s a X 3 0  .4 P) = s a J ' 8 :  
Z u m P u L a  
e o ~  O P  

- 
- .  
I 
-1 

I 
7 

CJ - 
ru 

I I I 

! 
i 
! 

i I 
U? u - i 

-4 
f 

i i 
6 

--A. - -- .; 
I I 

I 6 

i t 

! 

c 
r( 

I 

I I 

I 

I 
. - 8  

L 

! 

1 
4 0  mb4- 
I D  v ~ 4 c o m  

c v a l  aJ.4 Q) 
- . ~ c > i , ~ ) c n r n  
:;zzg:<; 
r .4 5 a m  x 3  o 

X ' U E h W  i o, H a  '8: 
i - acu ~4 a 

0  P 

LZ 
4 

aJ > 
-4 u p 
4J O C V  

J r Z S  
.44J111e 
u 3 4  Q) 
C o x v  
4 h a J  
5 0 '  a 

? 
4 

2 > 



Compatibility with existing funds, which is an indicator of 

the scientific-technological level of an innovation, and the 

range of application determine the next set of variables (the 

specific form of this determination can be only roughly evaluated): 

-- risk 

-- R&D time 

-- expected life time 

-- expected resource requirements (see Figure 1 ) .  

These four variables cannot be predicted precisely at the first 

stages of the innovation project but the estimates become more 

and more accurate with the progress of the project. The same 

refers to the expected economic benefits and the expected expendi- 

tures of a particular project. 

One has to take into account both the efficiency of the firm 

producing the innovation and applying it because the speed of 

adopting a new product or process depends greatly on the savings 

on the consumer side. In a centrally planned economy we speak 

about the socio-economic efficiency of innovations and about the 

socio-economic optimum we are aiming at (see for a survey and 

discussion of this topic Danilov-Danilyan, 1980). 

3. CHARACTERIZATION OF THE FIRM OF OUR CASE STUDY 

3.1  Problem Formulation 

The problem under consideration can be formulated in the 

following way: 

(a) Which projects of the set of possible proposals should 

be chosen in order to meet the goals both of the firm 

and of society as a whole? 

(b) How much should be allocated? This decision also 

includes rejection, postponement, termination or 

acceleration of ongoing or new projects. 

The decision is subjected to several constraints. First, 

the company cannot exceed the amount of resources (including man- 

power) currently available or expected to be available in future 

planning periods. Second, some projects are mandatory and have 



to be adopted in contradiction to their expected economic bene- 

fit. These projects are necessary to maintain a market position 

or to overcome bottlenecks in the production process. Third, 

the ongoing projects should be distributed over the stages of 

innovations in order to avoid demand peaks of certain resource 

types and to maintain continuity in the firm. Fourth, one has 

to adopt a portfolio of projects which combine in a special way 

innovations of certain classes (see ~austein and Maier, 1979). 

3 . 2  Objectives 

Let us briefly consider the objectives of the firm under 

consideration. As a result of discussions with the RED manage- 

ment we decided to include in the first step of the analysis of 

the decision making process and the design of a decision support 

system tailored to the particular needs of our firm, three 

objectives: 

1. maximization of profits 

2 .  maximization of exports 

3 .  maximization of a parameter, characterising consumption. 

The objectives were chosen in accordance with the existing 

economic mechanism in the GDR. It is obvious that the objectives 

listed above conflict with one another. This problem will not 

be dealt with in our paper. The conflict is more or less 

strong in the dependence on the attainment level, which compli- 

cates the problem considerably. 

From our viewpoint there is no sense in including all objec- 

tive functions of little importance because of two reasons: (1) 

people tend to select alternatives which are superior in the 

more important dimensions (Slovic, et a1 1977); (2) often formal 

complication of the analysis does not improve the decision maker's 

understanding of the decision situation. 

3 . 3  Types of Innovations Prevailing in the Firm 

The choice of a model type depends critically on which have 

to be characterised. The firm under consideration is the only 

producer of commodities of a s~ecial kind in the GDR. It has 

about 15,000 employees. The technical field represented by our 



company is relatively small and not difficult to survey. There 

ar2 about 10 basic products stemming from relatively "old" basic 

innovations. Most of the RED projects can be summarized under 

"improvement innovationsw. The percentage of basic research 

projects is small and we can consider it negligable. Many pro- 

jects are characterised by relatively well defined technical and 

commercial parameters. Hence decisions to be taken on innovation 

projects are not unique. They have some common features. This 

fact is very important for the method to be chosen. The disposal 

of innovation projects in accordance with the classification of 

innovations developed in Haustein and Maier (1979) is crucial for 

the understanding of the benefits which might be expected from 

a particular project. This concept distinguishes between basic, 

improvement and pseudo-innovations (for a more detailed classific- 

ation see Figures 3 and 4). Another important aspect reflecting 

the essence of an innovation can be added by distinguishing be- 

tween push, compensation and continuation process (see Haustein, 

1974) . 
Typical patterns of the development of efficiency are de- 

picted in Figure 5. These thoughts are more related to the level 

of RED strategy formulation (see Figure 1 )  than to the direct 

management of a portfolio of projects, but influence management 

in a number of ways. Management has to find a "good" mixture of 

projects yielding short-term as well as long-term benefits. It 

is almost impossible to define what a "good" mixture is. An 

accurate analysis of what was a good mixture in the.past is 

rendered more difficult by the fact that information about pre- 

vious projects is wide spread over several departments of the 

firm under consideration in this report. So in this question we 

have to rely exclusively on the experience of the decision-maker. 

In the firm under consideration, corporate strategy is 

greatly influenced by decisions on the level of the Council of 

Ministers, which determine the goals in the field of energy saving. 

The principal structure of the decision making process on innova- 

tions is given by law in the GDR, which defines the main decision 

points and the necessary documents and expertise to be presented 

as well as the members of the expert committee, who take the 

decision. 



N o .  Type B F u n d a m e n t a l  A p p l i e d  Range o f  Push  o n  Examples  
R e s e a r c h  R e s e a r c h  A p p l i c a t i o n  P r o d u c t i o n  
S h a r e  S h a r e  S y s t e m  

1 .  Major  Basic I .  Nigh I l igh Change  o f  t h e  Change  o f  t h e  U s e  o f  Micro- 
B I ~  w h o l e  s y s t e m  o f  w h o l e  p r o d u c -  e l e c t r o n i c s  new a I 

n e e d s  a n d  i t s  t i o n  s y s t e m  e n e r g y  s y s t e m s  o 
I 

2. M i d d l e  B a s i c  I. M i d d l e  High E s t a b l i s h i n g  o f  N e w  p a c k a g e  o f  Use o f  Micro- 
B12 a  new demand i n d u s t r i a l  p r o c e s s o r s  

comp lex  (or b r a n c h e s  N u c l e a r  e n e r g y  
m a r k e t )  

3 .  Minor  B a s i c  I .  Low M i d d l e  E s s e n t i a l  modi- N e w  i n d u s t r i a l  U s e  o f  f a s t  
BI 3 f i c a t i o n  o f  b r a n c h e s  b r e e d e r s  

e x i s t i n g  demand 
c o m p l e x e s  

F i g u r e  3 



No. T y p e  F u n d a m e n t a l  D e v e l o p -  Range o f  a p p l i c a t i o n  I m p a c t  o n  Examples  
a n d  a p p l i e d  ment  p r o d u c t i o n  
r e s e a r c h  s h a ~ - e  s y s t e m s  
s h a r e  

1 .  Very  M i d d l e  H i q h  N e w  demand.  N e w  N e w  i n d u s -  Use o f  p o l y e s t e r  
i m p o r t a n t  p r o d u c t  i n  a n  e x i s t -  t r i a l  s u b -  
I T  1 i n g  demand c o m p l e x  b r a n c h e s  

2.  I m p o r t a n t  Low M i d d l e  EssentialmodificationNew p r o d u c t  Use o f  Thomas 
I 1 2  o f  t h e  demand c o m p l e x . l i n e s  o r  S t e e l  p r o c e s s  I 

N e w  p a r a m e t e r s  o f  p r o c e s s e s  E l e c t r i c  t o o t h -  2 

2 

well -known p r o d u c t s  b r u s h e s  I 

3 .  Norrnal N o  Low S i m p l e  m o d i f i c a t i o n  I m p r o v e d  F l o u r i d e  
T I 3  o f  e x i s t i n g  demand.  p r o d u c t  t o o t h p a s t e  

Improved  p a r a m e t e r s  l i n e s  o r  
o f  we l l -known p r o -  p r o c e s s e s  
d u c t s  

4 .  S m a l l  N o  N o  Low i n ~ p r o v e m e n t s  Low i m -  Better t o u c h -  
c h a n g e s  p r o v e m e n t s  o n  t e l e p h o n e s  
T I 4  
( M a r g i n a l  

- 1 1 )  

F i g u r e  4 



F i g u r e  5 T y p i c a l  B e n e f i t s  o f  B I  and I1 

BI 

11 

The f a c t  t h a t  t h e  f i r m  c o n s i d e r e d  i n  t h i s  p a p e r  i s  t h e  o n l y  

p roducer  o f  some s p e c i f i c  p r o d u c t s  i n  t h e  GDR makes t h e  a p p l i c a -  

t i o n  o f  t h e  c o n c e p t  o f  r e l a t i v e  e f f i c i e n c y  t o  o u r  case s t u d y  more 

d i f f i c u l t ,  b u t  n o t  i m p o s s i b l e .  T h i s  c o n c e p t  i s  b e i n g  deve loped  

i n  t h e  I n n o v a t i o n  Task Group o f  MMT a t  IIASA and was s t a r t e d  i n  

t h e  e a r l y  70s .  (For  d e t a i l s  see, f o r  i n s t a n c e ,  H a u s t e i n ,  1974; 

Maier ,  1979; H a u s t e i n ,  Maier  and Uhlmann, 1980--in p r e p a r a t i o n . )  

I t  r e p r e s e n t s  t h e  t h i r d  phase  o f  t h e  development  o f  i n n o v a t i o n  

t h e o r y  (Maie r ,  1979) and c a n  be  summarized i n  t h e  f o l l o w i n g  way. 

I n  t h e  60s management s c i e n t i s t s  and e c o n o m i s t s  w e r e  p r i m a r i l y  

concerned w i t h  t h e  " o p t i m a l R  management o f  RED and t h e  improve- 

ment o f  t h e  l i n k a g e  between t h e  s t a g e s  o f  a n  i n n o v a t i o n .  These 

i n v e s t i g a t i o n s  have  n o t  l o s t  t h e i r  a c t u a l i t y  and t h e i r  r e s u l t s  

need t o  be  r e c o n s i d e r e d  on t h e  b a s i s  o f  new i n s i g h t  i n t o  t h e  

f o r c e s ,  govern ing  i n n o v a t i o n  p r o c e s s e s  o b t a i n e d  i n  t h e  t h i r d  

phase  o f  t h e  development  o f  t h e  t h e o r y .  

The new a s p e c t  added was t h e  r e l a t i o n s h i p  between innova- 

t i o n s  and e f f i c i e n c y .  E f f i c i e n c y  and i n n o v a t i o n s  a r e  n o t  iden-  

t i c a l  i t e m s .  

To u n d e r s t a n d  t h a t ,  it was n e c e s s a r y  t o  i n v e s t i g a t e  

more c a r e f u l l y  t h e  development  o f  t h e  e f f i c i e n c y  o f  

t h e  p r o d u c t i o n  u n i t ,  which h a s  adop ted  t h e  innova-  

t i o n ,  i n  compar ison w i t h  t h e  a v e r a g e  e f f i c i e n c y  o f  

a l l  p r o d u c t i o n  u n i t s  a s  a whole i n  t h e  p r o d u c t i o n  

f i e l d .  (Maie r ,  1 9 7 9 ) .  

Push b e n e f i t s  
A 

1, :,;; ;; / 

1 . 1  y e a r s  

2 . 1  
- 

Compensat ion Cont inua  tion 7 

[,/;-;,, \ 

I 
1 . 2  j1 . 3 

- \ 
2 . 2  2 . 3  



The exploitation of this concept is more difficult when only 

one firm monopolizes the field. The transmission of the concept 

to the international level of investigation seems to be almost 

impossible because of the lack of data necessary to perform it. 

Information on international developments and trends is fed 

back to our particular firm only with considerable time delays 

and in a form badly suited to comparisons of relative and average 

efficiency. Data obtained on international fairs, prices, etc., 

are a bad indicator for the progress made by competing firms, but 

must be used as a basis for efficiency estimates. 

The ratio of relative and average efficiency and its develop- 

ment over time is crucial for the innovation strategy of a partic- 

ular firm, serves as a specific background for decisions to be 

taken on innovation projects preferred (important, normal or mar- 

ginal improvement innovations, for example). 

4. DECISION MAKING (EM) ON INNOVATIONS WITH A DECISION SUPPORT 

SYSTEM (DSS) 

We shall now briefly characterize the features of innovation 

decisions, which will influence the choice of an appropriate 

model approach. 

(a) Decisions on innovation can be reversed only with con- 

siderable losses of efficiency. The more an innovation 

advances, the more difficult it becomes to reverse the 

decision to adopt it because of the manpower involved. 

(b) Innovation decisions combine problems of all economic 

activities of a particular firm, for instance, invest- 

ment policy, the hiring of manpower, procurement policy, 

market strategy, etc. DM is subjected to many factors 

of different quality. 

(c) High uncertainties concerning further development of 

the adopted projects, the future market conditions, etc., 

complicate decision making. Uncertainties involved in 

scientific and technological progress are not predict- 

able contrary to the future business environment, which 

is generally characterised by long-term trends. 



(d) Decision makers have to deal with multiple conflicting 

objectives representing both qualitative and quantita- 

tive business aspects. Measurement in terms of corres- 

ponding scales combines objective and subjective ele- 

ments. The importance of experience represented in the 

firm of judgments cannot be overemphasised. The evalua- 

tion of alternatives in terms of the objectives can 

change rapidly as a result of unforeseen events. 

(e) Innovations are created not by chemical reactions but 

by people. The people involved (decision makers, RED 

specialists, workers) form groups with their own goals, 

which may differ considerably. In order to be success- 

ful, management must create an atmosphere of commitment 

for the eventually selected projects and weigh the 

interests of all groups. 

(f) Innovation projects extend over about 3-7 years (in the 

firm under consideration). The innovation process in- 

cludes all steps beginning with proposals and ending 

with the implementation of a certain product or process. 

(The methodology developed in this paper does not con- 

sider explicitly steps proceeding project proposals and 

following implementation). Hence, decision making on 

innovations is dynamic and multi-stage in nature. All 

stages have special problems and their own sources of 

uncertainty. Responsibility alters in accordance with 

the stage attained. A lot of partial decisions have 

to be taken in the iterative process of decision making 

during the development of a certain project. The under- 

standing both of the feasible set of alternatives and 

the aspiration level of the objectives can be subjected 

to considerable change. 

(g) Decisions on innovation projects have to be taken within 

a certain time period, sometimes rather quickly. Thus, 

we have to deal with a situation in which 

decisions are made sequentially in time; the 

task specifications may change over time, 

either independently or as a result of previous 



d e c i s i o n s ;  i n fo rma t ion  a v a i l a b l e  f o r  l a t e r  

d e c i s i o n s  may be c o n t i n g e n t  upon t h e  ou t -  

comes of e a r l i e r  d e c i s i o n s ;  and i m p l i c a t i o n s  

o f  any d e c i s i o n  may r each  i n t o  t h e  f u t u r e .  

(Rapoport ,  A., 1975) .  

The e v e n t u a l  aim of t h e  work r e p o r t e d  i n  t h i s  paper  i s  t h s  

development and implementat ion of a  dec i ' s ion  s u p p o r t  system (DSS) 

s u i t e d  f o r  d e c i s i o n  on i nnova t ion  p r o j e c t s  w i t h i n  a  p o r t f o l i o  

approach on t h e  l e v e l  o f  t h e  RED management. 

I n  Keen and Morton (1978) a  DSS i s  d e f i n e d  as computer-based 

suppor t  f o r  management d e c i s i o n  makers who a r e  d e a l i n g  w i t h  s e m i -  

s t r u c t u r e d  problems. The problem of  d e f i n i n g  an  "op t imal"  RED 

p o r t f o l i o  i s  o f t e n  cons ide red  a s  an u n s t r u c t u r e d  one.  But t h i s  

depends on t h e  f e a t u r e s  o f  t h e  i nnova t ion  d e c i s i o n s  i n  each  c e r -  

t a i n  c a s e .  Impor tan t  o p e r a t i o n s  i n  t h i s  d e c i s i o n  p r o c e s s  a r e  

comparison of r e s o u r c e  requ i rements  and a v a i l a b i l i t i e s  and a s s e s s -  

ments o f  t h e  degree  t o  which t h e  new p r o j e c t s  m e e t  t h e  g o a l s  of  

t h e  f i r m  under c o n s i d e r a t i o n .  Thus i n n o v a t i o n  d e c i s i o n s  r e q u i r e  

s u b s t a n t i a l  s e a r c h  i n  in format ion  f i l e s  on p rev ious  e x p e r i e n c e ,  

a p p l i c a t i o n  of  a n a l y t i c  t e chn iques .  Some of t h e  s t e p s  i n  d e c i -  

s i o n s  o f  t h i s  t y p e  can be p a r t i a l l y  d e l e g a t e d  t o  t h e  computer and 

so lved  i n  an i n t e r a c t i v e  mode of  o p e r a t i o n .  

The g e n e r a l  approach of DSS s t a r t s  w i t h  t h e  i n v e s t i g a t i o n  

of  t h e  key d e c i s i o n s  t o  be t aken  and w i t h  t h e  d e f i n i t i o n  which 

p a r t s  o f  t h e  whole p roces s  a r e  s t r u c t u r e d  and which judgmental .  

Then t h e  d e c i s i o n  maker t r y s  t o  automate s t r u c t u r e d  subproblems 

on t h e  b a s i s  o f  a p p r o p r i a t e  models. W e  b e l i e v e  t h a t  t h e  approach 

d i s c u s s e d  i n  t h i s  paper  f i t s  w e l l  i n t o  t h e  concep t  o f  DSS. A 

d e c i s i o n  a n a l y s i s  of t h e  proposed innova t ion  p r o j e c t s  (based  on 

d e c i s i o n  trees) may s e r v e  a s  a  conven ien t  s t a r t i n g  p o i n t  of  

f u r t h e r  a n a l y s i s  w i t h  o t h e r  i n t e r a c t i v e  p rocedures  d i s c u s s e d  

l a t e r  i n  t h i s  paper .  The f i r s t  s t e p  i s  c l o s e r  t o  t h e  r a t i o n a l  

framework of d e c i s i o n  making, t h e  second s t e p  t e n d s  more t o  t h e  

s a t i s f y i n g  concept  and w i l l  be c l o s e r  t o  t h e  r e a l  d e c i s i o n  making 

s i t u a t i o n .  We do n o t  unders tand  DSS a s  a  nega t ion  of  widely  

accep ted  management t o o l s  b u t  r a t h e r  a s  an e x t e n s i o n .  



A d e c i s i o n  suppor t  system based on ly  on t h e  outcome o r i e n t e d  

approach i s  t o o  narrow. A s  does ,  M .  Zeleny ( 1 9 7 6 ) ,  w e  d e f i n e  a  

d e c i s i o n  a s  a  dynamic p roces s  w i th  feedback l o o p s ,  s e a r c h  d e t o u r s ,  

s e q u e n t i a l  e x p l o r a t i o n  of t h e  preference and t h e  f e a s i b l e  set  of 

a l t e r n a t i v e s ,  i n fo rma t ion  g a t h e r i n g ,  reassessment  o f  t h e  s t r u c -  

t u r e  and g o a l s  o f  t h e  a l t e r n a t i v e s ,  w i th  adding and removing of 

a l t e r n a t i v e s .  An o p t i m i s a t i o n  of such a  complex sys tem is  on ly  

p o s s i b l e  w i t h i n  a  h i g h l y  s i m p l i f i e d  model based on a  l ong  l i s t  

o f  assumptions .  F igu re  6  p r e s e n t s  a  s i m p l i f i e d  version o f  t h e  

p rocess  o r i e n t e d  approach o f  d e c i s i o n  making ( f o r  d e t a i l s  see 

Zeleny, 1976) . 
A model w i t h  t h e  p r e t e n s i o n  t o  be h e l p f u l  i n  real l i f e  

d e c i s i o n  making should  meet t h e  requ i rements  based on o u r  d i s -  

cus s ion  of  f e a t u r e s  of  i nnova t ion  d e c i s i o n s .  The requ i rements  

are l i s t e d  i n  F i g u r e  7 .  

Development, t e s t  and implementat ion o f  a  d e c i s i o n  s u p p o r t  

system f o r  d e c i s i o n s  on i nnova t ion  i s  a  t i m e -  and money-consuming 

process  and i n c l u d e s  s e v e r a l  s t e p s  which d i f f e r  i n  t h e  degree  o f  

complexity o f  problem r e p r e s e n t a t i o n .  The p roces s  s tar ts  wi th  

a  r e l a t i v e l y  s imple  model and i n c l u d e s  new a s p e c t s  s t e p  by s t e p .  

5.  MODELS FOR EVALUATION AND SELECTION OF PROJECTS FOR INNOVATION 

5.1 P r i n c i p l e s  o f  Model Cons t ruc t i on  

To d a t e  no model ha s  been c o n s t r u c t e d  r e f l e c t i n g  a l l  r e q u i r e -  

ments l i s t e d  i n  F i g u r e ' 7 .  Real e v a l u a t i o n  and s e l e c t i o n  p roces se s  

c o n s i s t s  o f  a t  l e a s t  two d i f f e r e n t  s t e p s .  The f i r s t  s t e p  i s  a  

q u a l i t a t i v e  s c r e e n i n g  o f  t h e  i nnova t ion  p r o j e c t  p roposa l s .  Some 

rank ing  o r  s c o r i n g  methods can  h e l p  t o  r e j e c t  a l l  p roposa l s  which 

do n o t  meet c e r t a i n  minimum requi rements  o r  which a r e  obv ious ly  

dominated. I n  t h i s  q u a l i t a t i v e  phase one can adopt  r i s k y  b a s i c  

r e s e a r c h  o r  a p p l i e d  r e s e a r c h  p r o j e c t s  w i t h  h i g h l y  u n c e r t a i n  

economic paramete rs .  A f i n a l  d e c i s i o n  on t h e i r  c o n t i n u a t i o n  o r  

r e j e c t i o n  i s  de layed  u n t i l  some major u n c e r t a i n t i e s  can be 

c l a r i f i e d  o r  d i s a p p e a r .  

The second s t e p  of  e v a l u a t i o n  and s e l e c t i o n  i s  q u a n t i t a t i v e  

i n  n a t u r e .  The proposed methodology w i l l  be a p p l i e d  t o  s u p p o r t  
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F i g u r e 6  Simple process -or ien ted  model o f  DM 

(This  F igure  i s  based on t h e  theory  of t h e  d i s p l a c e d  i d e a l  developed 
by Zeleny ( 1  9 7 6 )  ; t h e  i d e a l  i s  de f ined  a s  t h e  a l t e r n a t i v e ,  i n f eas -  
i b l e  i n  g e n e r a l ,  p rov id ing  t h e  h i g h e s t  s c o r e  w i th  r e s p e c t  t o  a l l  
i n d i v i d u a l  a t t r i b u t e s  cons ide red . )  



A d e c i s i o n  s u p p o r t  sys tem f o r  d e c i s i o n s  i n  i n n o v a t i o n  shou ld :  

o  Combine outcome-or iented  and p r o c e s s - o r i e n t e d  approaches  

o  R e f l e c t  t h e  m u l t i - s t a g e  n a t u r e  o f  i n n o v a t i o n s ,  

u n c e r t a i n t y ,  

mutual  dependence between p r o j e c t s ,  

major  k i n d s  o f  r e s o u r c e s ,  

o  B e  s u i t e d  f o r  m u l t i p l e  o b j e c t i v e  d e c i s i o n  making (MODM) 

o  B e  compat ib le  (more o r  less) w i t h  t h e  e x i s t i n g  p l ann ing  

mechanism and management sys tem 

o  R e f l e c t  t h e  impact  o f  p o s s i b l e  f u t u r e  s o u r c e s  o f  

u n c e r t a i n t y  on  a c t u a l  p a r t i a l  d e c i s i o n s  

o  B e  s u i t e d  f o r  i n t e r a c t i v e  man-machine d i a l o g u e  

o  B e  based on e a s i l y  a c c e s s i b l e  d a t a  

o  B e  based on  e x i s t i n g  problem s o l v i n g  t e c h n i q u e s  which 

can  be compute r i sed  e a s i l y .  

F i g u r e  7 Requirements  f o r  a  Dec i s ion  Suppor t  System 



t h e  f i n a l  d e c i s i o n .  Eva l ua t i on  and s e l e c t i o n  i s  a  con t i nuous  

p r o c e s s  and has  t o  be r e p e a t e d  whenever c o n s i d e r a b l e  changes  

o c c u r .  Our approach i s  based on d e c i s i o n  t rees.  W e  a r e  con- 

v inced  t h a t  t h i s  methodology can  be a  u s e f u l  t o o l  f o r  t h e  d e c i -  

s i o n  maker t o  r e f l e c t  t h e  r e l a t i o n s h i p  between c o r p o r a t e  s t r a t e g y  

and r e s o u r c e  a l l o c a t i o n  on new and ongoing p r o j e c t s ,  i f  it i s  

combined w i th  a  f i r m  model f o r  f o r e c a s t i n g  o f l ong - t e rm  e f f e c t s  

o f  t h e  adopted i n n o v a t i o n  p r o j e c t s .  Such a  model i s  be ing  

developed and t e s t e d .  

Our approach i s  based on some p r i n c i p l e s ,  which a r e  q u i t e  

common f o r  dynamic and complex s i t u a t i o n s  (see, f o r  i n s t a n c e ,  

Belyaev,  1 9 7 7 ) .  F i r s t ,  f a c e d  w i t h  a  complex i ty  o f  r e a l  world 

problems t h e  d e c i s i o n  maker and t h e  a n a l y s t  a r e  f o r c e d  t o  s i m p l i f y  

r e a l i t y  t o  a  c e r t a i n  d e g r e e .  These s i m p l i f i c a t i o n s  refer t o :  

( a )  t h e  p r o j e c t s  f o r m a l l y  cons ide r ed  

( b )  t h e  t i m e  p e r i o d s  (model ho r i zon  and b e n e f i t  h o r i z o n )  

(c )  t h e  number of o b j e c t i v e s  and k i n d s  o f  r e s o u r c e s  

( d )  t h e  d e c i s i o n  maker 

(e )  t h e  u t i l i t y  f u n c t i o n  

( f )  t h e  complex i ty  of  t h e  r e a l  s i t u a t i o n  ( i n t e r d e p e n d e n c i e s  

between s e v e r a l  a s p e c t s ) .  

Our model i n c l u d e s  o n l y  medium and l a r g e  p r o j e c t s .  A f i x e d  per-  

c en t age  o f  t h e  budget  i s  s p e n t  on a l l  r emain ing  RED p r o j e c t s  and 

on h i g h l y  u n c e r t a i n  b a s i c  p r o j e c t s  which sometimes canno t  be 

r e l a t e d  t o  p a r t i c u l a r  p r o d u c t s  and p r o c e s s e s  o r  have i l l - d e f i n e d  

economic and t e c h n i c a l  pa r ame te r s .  RED management i s  r e p r e s e n t e d  

i n  o u r  model by one d e c i s i o n  maker. W e  assume h i s  p r e f e r e n c e s  

t o  be t y p i c a l  f o r  RED management a s  a  whole. 

Most o f  t h e  v a r i a b l e s  i n  t h e  proposed model have  con t i nuous  

c h a r a c t e r .  I n  o r d e r  t o  hand le  t h e  problems w e  pe r fo rm a  " d i s -  

c r e t i z a t i o n "  o f  a l l  continuous variables and functions ( for  instance, pmbabil- 

i t y  d i s t r i b u t i o n s )  and c o n s i d e r  o n l y  a  l i m i t e d  n&r o f  o p t i o n s ,  

i n  most c a s e s  n o t  more t h a n  f i v e ,  i n c l u d i n g  mean v a l u e s  and 

extreme v a l u e s .  Th i s  s i m p l i f i c a t i o n  makes t h e  v e r y  compl i ca t ed  

assessment  p rocedures  o f  p r o b a b i l i t i e s  o f  f u t u r e  e v e n t s  much 



e a s i e r  because t h e  d e c i s i o n  maker w i l l  be a b l e  t o  pe rce ive  

s i g n i f i c a n t  d i f f e r e n c e s  between t h e  o p t i o n s .  The same r e f e r s  t o  

t ime.  So w e  have t i m e  pe r iods  wi th  a  l e n g t h  of h a l f  a  yea r .  

I n  a  dynamic environment w i t h  changing o b j e c t i v e s ,  sets of 

f e a s i b l e  a l t e r n a t i v e s  and p r e f e r e n c e s  an o p t i m i z a t i o n  of  t h e  

e v a l u a t i o n  and s e l e c t i o n  p roces s  of innova t ion  p r o j e c t s  ove r  t h e  

whole p lanning  hor izon  i s  n e a r l y  impossible .  Under such circum- 

s t a n c e s  t h e  p r i n c i p l e  o f  making p r i o r i t y  d e c i s i o n s  a p p l i e s .  The 

"opt imal"  s o l u t i o n  r e f e r s  o n l y  t o  t h e  f i r s t  t i m e  p e r i o d .  D e c i -  

s i o n s  r e l a t e d  t o  more d i s t a n t  t i m e  pe r iods  w i l l  be r econs ide red  

when t h e  i n fo rma t ion  on them becomes more r e l i a b l e .  Dec is ions  

are d iv ided  i n t o  s t a g e s  s i m i l a r  t o  t h e  s t a g e s  of i nnova t ions .  

Th i s  i s  t h e  main idea  o f  t h e  law, d e f i n i n g  t h e  g e n e r a l  s t r u c t u r e  

of t h e  d e c i s i o n  making p roces s  on innova t ion  p r o j e c t s  i n  t h e  GDR. 

A d e c i s i o n  on innova t ion  p r o j e c t s  cannot  be tak.en on an 

i n d i v i d u a l  b a s i s ,  because a l l  p r o j e c t s  compete f o r  s c a r c e  re- 

sou rces ,  e s p e c i a l l y  f o r  manpower and inves tments .  For t h i s  

reason  w e  app ly  a  p o r t f o l i o  approach.  I n  o r d e r  t o  f i n d  an ap- 

proach a p p r o p r i a t e  f o r  t h e  problem formula ted  above w e  s h a l l  t r y  

t o  s p l i t  o u r  problem i n t o  e x i s t i n g  c l a s s i f i c a t i o n s  o f  d e c i s i o n  

s i t u a t i o n s ,  which w i l l  throw l i g h t  upon p o s s i b l e  d i f f i c u l t i e s  

i n  handl ing  i t .  Danilov-Danilyan (1980) based h i s  c l a s s i f i c a -  

t i o n  on ( 1 )  t h e  d e s c r i p t i o n  o f  t h e  se t  o f  a l t e r n a t i v e s ,  ( 2 )  t h e  

d e s c r i p t i o n  of t h e  p re fe rence  s t r u c t u r e  and d i s t i n g u i s h e s  between 

f o u r  c l a s s e s  of  d e c i s i o n  s i t u a t i o n s  (see Figure  8 ) .  

F igu re  8 
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In our case the number of feasible alternatives (project 

proposals) is well known, but their description in terms of re- 

source requirements, development time, probabilities of technical 

and commercial success, short and long term effects on the firm 

under consideration and society as a whole is rather poor at least 

at early stages of the innovation process. Obviously preferences 

are defined even worse., Hence our problem belongs to class IV 

like almost all problems of socio-economic decision making. von 

Winterfeldt and Fischer (1975) classify decision situations on 

the basis of three features of the alternatives: multi-attributed, 

uncertain, time-variable (Table 2). The choice of an optimal 

portfolio of innovation projects is characterised by the presence 

of all three complicating features. Both references indicate, 

that appropriate models for our case are lacking at present. The 

only way to apply formal methods is to abstract from one of the 

features, for instance, from the time variability of the preference 

system. 

Table 2 A classification of choice situations and models 
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1 3 d d t t i ~ e  lime prel 'ercncc~ ~ 9 1 h  constant discounting rates 

, , 1  ves vcs I ,  a dd~ l ive  [ [ m e  preicr?ncrs - ct;tscied utillry model 
(consrant o r  Jar iable  d~,counring :ales) 

2 .  mu!tiplic:il~vc time prel'crenccs - sspecred utility model 
(sor.sr3nt r-r \ariilble d~.;counring - 2 1 ~ s )  
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5.2 E v a l u a t i o n  o f  E x i s t i n g  Models 

Models f o r  p r o j e c t  s e l e c t i o n  and e v a l u a t i o n  have been re- 

viewed e l s e w h e r e  (see Schwar tz ,  1976; C l a r k e ,  1974; Souder ,  1978; 

Souder t1973a and b ;  Gear ,  L o c k e t t  and Pearson ,  1971) and have  been 

c l a s s i f i e d  by 'Moore and Baker ( 1  969) , Souder (1  972) , Gear, e t  a1 

(1971) and o t h e r s .  W e  s h a l l  summarize t h e  most i m p o r t a n t  i s s u e s  

h e r e .  

( a )  Only a v e r y  few fo rmal  models are a c t u a l l y  i n  u s e .  

Some s u c c e s s f u l  implementa t ions  of  p r o j e c t  e v a l u a t i o n  

models a r e  r e p o r t e d  i n  Grossman & Gupta ( 1 9 7 4 ) ,  

Atkinson & Bobis  (1969) , Cochran e t  a1 (1971) , Souder 

( 1 9 6 8 ) ,  B e l l  ( 1 9 7 0 ) .  

( b )  R i t c h i e  ( 1 9 7 0 ) ,  Rubens te in  ( 1 9 6 6 ) ,  Baker and Pound 

(1964) found t h e  r e a s o n s  f o r  t h e  manager ' s  i g n o r a n c e  

o f  a l m o s t  a l l  proposed models:  

-- l a c k i n g  o r  i n a d e q u a t e  h a n d l i n g  o f  i m p o r t a n t  a s p e c t s  

i n  t h e  DM p r o c e s s  ( f o r  i n s t a n c e ,  u n c e r t a i n t y ,  

s e q u e n t i a l  n a t u r e  o f  DM, d e p e n d e n c i e s  between pro- 

j e c t s ,  m u l t i p l e  c r i t e r i a )  

-- i n a b i l i t y  o f  e x i s t i n g  models t o  r e f l e c t  t h e  real  

e v a l u a t i o n  and s e l e c t i o n  p r o c e s s ,  t h e  r o l e  o f  

e x p e r i e n c e ,  i n t u i t i o n  and judgment 

-- l a c k  o f  needed i n p u t  d a t a  

-- l a c k  o f  mutual  u n d e r s t a n d i n g  between d e c i s i o n  makers 

and a n a l y s t s .  

5.3 D e c i s i o n  Tree  as a  B a s i s  o f  t h e  Proposed Model 

Recent  developments  i n  R&D p o r f o l i o  s e l e c t i o n  and e v a l u a t i o n  

models a r e  encourag ing  (see A l l e n  and Johnson ,  1971; Hespos & 

St rassman ,  1965; Gear e t  a l ,  1970; L o c k e t t  & Freeman, 1970; 

G i l l e s p i e  & Gear, 1972; Gear e t  a l ,  1972; L o c k e t t  & Gear ,  1972; 

Gear & L o c k e t t ,  1973; Gear, 1974; Chiu & Gear ,  1 9 7 9 ) .  C l a r k e ( 1 9 7 4 )  

s t a t e d  t h a t  models i n v o l v i n g  d e c i s i o n  t r e e  a n a l y s i s  have been 

r e c e i v i n g  i n c r e a s i n g  a t t e n t i o n  by management s c i e n t i s t s .  Based 

on a comprehensive l i t e r a t u r e  s u r v e y  w e  came t o  t h e  c o n c l u s i o n  



t h a t  a  model u s i n g  d e c i s i o n  trees i s  b e s t  s u i t e d  f o r  o u r  s p e c i f i c  

purpose .  

A d e c i s i o n  t r e e  i s  a  conven i en t  t o o l  t o  s t r u c t u r e  a l l  n o t i o n s  

o f  a  d e c i s i o n  maker abou t  a  p r o j e c t .  ( W e  w i l l  r e t u r n  t o  t h i s  ques-  

t i o n  from a  t h e o r e t i c a l  s t a n d p o i n t  i n  s e c t i o n  6 . 5 . )  With i t s  h e l p  

one can  r e p r e s e n t  and a n a l y s e  a  series of  p a r t i a l  d e c i s i o n s  t o  

be made o v e r  t i m e .  So d e c i s i o n  trees r e f l e c t  one  o f  t h e  most i m -  

p o r t a n t  f e a t u r e s  o f  i n n o v a t i o n  decis ions- thei r  s e q u e n t i a l  c h a r a c t e r .  

A fo rmal  method based on  d e c i s i o n  trees can  be a p p l i e d  s u c c e s s f u l l y  

on ly  when t h e  i n n o v a t i o n  p r o j e c t s  t o  be r e p r e s e n t e d  r e a c h  a  c e r t a i n  

d e g r e e  o f  m a t u r i t y  r e s u l t i n g  i n  r e l a t i v e l y  w e l l  d e f i n e d  n o t i o n s  on 

b a s i c  c o n s t r u c t i o n ,  p r o j e c t  v e r s i o n s ,  r e s o u r c e  r equ i r emen t s ,  main 

s o u r c e s  o f  u n c e r t a i n t y ,  development on a  t i m e  s c a l e ,  e tc .  W e  

assume t h a t  p r o j e c t s  a r e  e v a l u a t e d  and selected o v e r  a  c e r t a i n  

p lann ing  h o r i z o n ,  d i v i d e d  i n t o  T t i m e  p e r i o d s .  A d e c i s i o n  h a s  t o  

be t aken  on  N p r o j e c t s ,  each  o f  them w i t h  j  v e r s i o n s  o f  comple t ion  

( j  = l . . . j i ) .  P r o j e c t s  c a n  b ranch  o u t  whenever d e c i s i o n  nodes o r  

chance nodes o c c u r .  A d e c i s i o n  node on t h e  t i m e  s c a l e  r e p r e s e n t s  

a p o i n t  where t h e  d e c i s i o n  maker can  i n f l u e n c e  t h e  f u r t h e r  develop-  

ment o f  a  p r o j e c t  under c o n s i d e r a t i o n  by t a k i n g  a  d e c i s i o n  from 

which a  b r anch  o f  a  g i v e n  set w i l l  be s e l e c t e d .  Chance nodes  a r e  

n o t  under  t h e  c o n t r o l  o f  t h e  d e c i s i o n  maker. T h e i r  outcome depends 

on chance e v e n t s  l i k e ,  f o r  i n s t a n c e ,  rise o f  p r i c e s  on raw m a t e r i a l s ,  

supp ly  o f  n e c e s s a r y  machinery i n  a c e r t a i n  t i m e  p e r i o d .  The l e n g t h  

o f  t h e  t i m e  p e r i o d s  i n  t h e  model can  be chosen i n  a  way t h a t  wi th -  

o u t  l i m i t a t i o n s  o f  g e n e r a l i t y  w e  can  assume t h a t  d e c i s i o n s  on  t h e  

i n n o v a t i o n  p r o j e c t s  are t a k e n  i n  t h e  beg inn ing  o f  t h e  p e r i o d .  

The same assumpt ions  r e f e r  t o  chance  e v e n t s  which a r e  supposed t o  

occu r  b e f o r e  a  p a r t i a l  d e c i s i o n  i s  t aken .  For  each  t i m e  i n t e r v a l  

and each  p r o j e c t  v e r s i o n  t h e  r e s o u r c e  r equ i r emen t s  a r e  assumed t o  

be known. The number o f  r e s o u r c e  t y p e s  and t h e i r  k ind  is  s p e c i f i c  

f o r  a  p a r t i c u l a r  c a s e .  

Another  model a ssumpt ion  r e q u i r e s  t h a t  t h e  d e c i s i o n  maker 

i s  a b l e  t o  a s s i g n  p r o b a b i l i t i e s  t o  t h e  chance outcomes o f  a  chance  

node. Th i s  problem w i l l  be d i s c u s s e d  l a t e r .  A l l  combina t ions  o f  

p a r t i c u l a r  d e c i s i o n s  and chance  e v e n t s  have some outcome a s s o c i a t e d  

w i t h  them which a r e  measured i n  scales co r r e spond ing  t o  t h e  chosen 



multiple objectives. The presentation of innovation projects 

in the form of decision trees has several advantages. Some of 

them are listed in Figure 9. 

Schwartz and Vertinsky (1980) found, that the selection of 

RED projects rests most of all on consideration of certain project 

specific characteristics, such as probability of success (technical 

and commercial), rate of return, payback period. More general 

economic indicators are often ignored. 

RED decision making is ... stimulated by the oppor- 
tunity of particular RED projects rather than being 

part of an integral environmental adaptation stratey. 

This finding is an argument for the application of decision trees 

for the selection and evaluation of innovation projects, because 

they reflect project-specific attributes much better than environ- 

mental ones. 

-- One can look at all projects as a whole 

-- Representation and adequate handling of interrelated 

decisions at different points on the time scale 

-- Abstraction from all less important project features 

-- Decision maker is forced to present in an interactive 

manner notions, judgment, experience, intuition, 

quantitative data to construct decision trees 

-- Early detection of feasible options, bottlenecks 

-- Reflect mutual dependencies between partial decisions 

and main sources of uncertainty involved 

-- Combination of outcome- and process-oriented approach 

of decision making. 

Figure 9 Advantages of Decision Trees for Presentation 
of Innovation Projects 



On t h e  o t h e r  hand w e  c a n n o t  ove r look  s e v e r a l  weaknesses and 

problems i n  t h e  a p p l i c a t i o n  o f  d e c i s i o n  trees t o  improve t h e  

s e l e c t i o n  and e v a l u a t i o n  o f  i n n o v a t i o n  p r o j e c t s .  

( a )  Dec i s ion  trees canno t  r e f l e c t  t h e  whole complex o f  

f a c t o r s  i n f l u e n c i n g  t h e  r e a l  d e c i s i o n  making p r o c e s s .  

T h i s  r e f e r s ,  moreover,  t o  a l l  q u a n t i t a t i v e  models.  I t  

i s  very  d i f f i c u l t  and s u b j e c t i v e  t o  b u i l d  q u a l i t a t i v e  

f a c t o r s  i n  t h e  d e c i s i o n  tree. The problem whether  it 

i s  p o s s i b l e  o r  n o t  t o  app ly  d e c i s i o n  trees t o  t h e  

s i t u a t i o n  d e s c r i b e d  i n  t h i s  pape r  i s  d i s c u s s e d  i n  t h e  

l i t e r a t u r e .  La r i chev  (1979 ) ,  f o r  i n s t a n c e ,  q u e s t i o n s  

t h e  v a l u e  o f  a  d e c i s i o n  tree a n a l y s i s  f o r  un ique  d e c i -  

s i o n s .  On t h e  o t h e r  hand t h e r e  a r e  a  l o t  o f  a p p l i c a -  

t i o n s  even t o  problems o f  t h i s  k ind  (see Keeney and 

R a i f f a ,  1976; B e l l ,  Kenney and R a i f f a ,  1977; Ope ra t i ons  

Research ,  Vo1.28, No.1, Jan-Feb. 1980 ) .  

( b )  The c o n s t r u c t i o n  o f  a  d e c i s i o n  t r e e  i s  t i m e  consuming. 

A l l  d a t a  i s  needed a t  t h e  same t i m e .  O f t en  d e c i s i o n  

makers a r e  n o t  w i l l i n g  t o  spend t h e  t i m e  n e c e s s a r y  

and t o  answer t h e  a n a l y s t ' s  q u e s t i o n s  a b o u t  t h e i r  

p r e f e r e n c e  sys tem.  

( c )  I t  i s  ex t r eme ly  d i f f i c u l t  t o  c o n s t r u c t  d e c i s i o n  trees 

f o r  c a s e s  where t h e i r  a p p l i c a t i o n  i s  most promising- 

f o r  b a s i c  r e s e a r c h  and a p p l i e d  r e s e a r c h  t o p i c s  a t  e a r l y  

s t a g e s  o f  t h e i r  development.  A c e r t a i n  deg ree  o f  con- 

f i d e n c e  i n  b o t h  ob j ec ' t i ve s  and t echn ica l / commerc ia l  

pa ramete r s  o f  t h e  p r o j e c t s  is  r e q u i r e d .  

( d )  Some methodolog ica l  problems have t o  be s o l v e d  i n  a  

s p e c i f i c  way f o r  each  case. Among t h e s e  a r e ,  f o r  

i n s t a n c e  : 

-- i n c l u s i o n  o f  new p r o j e c t  p r o p o s a l s  i n  f u t u r e  t i m e  

p e r i o d s ,  

-- l e n g t h  o f  p l ann ing  h o r i z o n  (problem o f  p r o j e c t s  

which a r e  n o t  completed by t h e  e n d ) ,  

-- i n t e rdependences  between s e v e r a l  p r o j e c t s ,  



-- t r a n s f e r  between some d i f f e r e n t  r e s o u r c e s ,  

-- deg ree  o f  d e t a i l  o f  t h e  d e c i s i o n  trees 

( e )  Dec i s ion  trees do n o t  t a k e  i n t o  accoun t  s t r a t e g i c  con- 

s i d e r a t i o n s  which might g r e a t l y  i n f l u e n c e  t h e  s e l e c t i o n  

o f  i n n o v a t i o n  p r o j e c t s .  Not a l l  impor t an t  a s p e c t s  o f  

d e c i s i o n  making on  i n n o v a t i o n  p r o j e c t s  are q u a n t i f i -  

a b l e .  For t h i s  r e a son  mathemat ica l  models f o r  p r o j e c t  

s e l e c t i o n  may be  mi s l ead ing  i n  some a p p l i c a t i o n s  (see 

Roman, 1980 ) .  

Dec i s ion  t rees canno t  r e f l e c t  t h e  whole l i f e t i m e  o f  a n  

i n n o v a t i o n .  I t  is  imposs ib l e  t o  s p e c i f y  t h e  r e s o u r c e  

requ i rementsover  5-7 y e a r s  ahead.  The k i n d s  o f  re- 

s o u r c e s  r e q u i r e d  f o r  a n  i n n o v a t i o n  d i f f e r  c o n s i d e r a b l y  

from s t a g e  t o  s t a g e .  Hence t h e  a n a l y s t  i s  f o r c e d  t o  

a g g r e g a t e  and l o o s e s  a  g r e a t  p a r t  o f  t h e  i n f o r m a t i o n  

a v a i l a b l e .  Only rough numbers c an  be c a l c u l a t e d  w i t h  

a  model based on  d e c i s i o n  trees. But t h i s  r e f e r s  t o  

a l l  -.econ&nico-mathematical models p r e t e n d i n g  t o  s u p p o r t  

i n n o v a t i o n  d e c i s i o n s .  

( g )  Sometimes d e c i s i o n  trees c r e a t e  t h e  i l l u s i o n  o f  a  f r e e -  

dom of  c h o i c e  which does  n o t  e x i s t  i n  r e a l  l i f e  because  

o f  t h e  c o n s t r a i n t s  which w e r e  n o t  f o rma l ly  i n c l u d e d  i n  

t h e  a n a l y s i s .  

( h )  The b a s i c  model is  l i n e a r  (see S e c t i o n  7 ) .  

One c o u l d  p robab ly  add some more l i m i t a t i o n s  o f  t h e  approach 

d e s c r i b e d  i n  t h i s  paper .  Desp i t e  a l l  shor tcomings  w e  a r e  con- 

v inced  t h a t  t h e  model c an  be u s e f u l  n o t  o n l y  i n  t h e  s p e c i f i c  c a s e  

d i s c u s s e d  h e r e .  

Smallwood and Morr i s  (1980) used d e c i s i o n  trees o n l y  t o  

s t r u c t u r e  t h e  d e c i s i o n  t o  be t a k e n ,  b u t  g e n e r a t e d  t h e  numbers 

w i t h  u n d e r l y i n g  and i n t e r c o n n e c t e d  mathemat ica l  models.  F i r s t  

a t t e m p t s  to  r e a l i s e  t h i s  i d e a  were r e p o r t e d  by Gear e t  a 1  (1970) . 



The fo l l owing  c o n c l u s i o n  can be drawn. Not a l l  problems c a n  be 

so lved  a p p l y i n g  t h e  proposed methodology. Other  models and 

t e chn iques  which a r e  wide ly  accep t ed  i n  i n d u s t r y  have  t o  be used 

a s  an i n f o r m a t i o n  i n p u t  o f  t h e  d e s c r i b e d  dynamic m u l t i - s t a g e  

method f o r  p r o j e c t  e v a l u a t i o n  and s e l e c t i o n ,  f o r  i n s t a n c e :  

-- d i f f u s i o n  models o f  i n n o v a t i o n s  (see Mansf ie ld  e t  a l ,  

1971; Davies ,  1 9 7 9 ) ,  

-- models f o r  f o r e c a s t i n g  manpower r e q u i r e m e n t s ,  

-- models o f  t e c h n o l o g i c a l  s u b s t i t u t i o n  (see L ins tone  and 

S a h a l ,  1 9 7 6 ) ,  

-- models f o r  o p t i m a l  t im ing  o f  i n n o v a t i o n s ,  

-- s c e n a r i o  a n a l y s i s  and o t h e r s .  

W e  w i l l  t a k e  f i r s t  t h i n g s  f i r s t  and c o n c e n t r a t e  o u r  a t t e n t i o n  

on t h e  b a s i c  model. 

6  . COl*lPAF?ISOLJ OF I:OCELS FOR MULTI-OBJECTIVE DECIS IOTJMAKING (MODM) 

6.1 C l a s s i f i c a t i o n s  o f  Models f o r  MODM 

Almost a l l  models f o r  i n n o v a t i o n  p r o j e c t  e v a l u a t i o n  and 

s e l e c t i o n  o p e r a t e  w i t h  o n l y  one  o b j e c t i v e .  D i scus s ions  w i t h  

d e c i s i o n  makers o f  t h e  company of  o u r  case s t u d y  r e v e a l e d  t h e  

n e c e s s i t y  t o  i n c l u d e  a t  l e a s t  t h r e e  o b j e c t i v e  f u n c t i o n s  l i s t e d  

above. The o b j e c t i v e s  a r e  non-commensurable. Thus, t h e  q u e s t i o n  

arises which methodology f o r  m u l t i p l e  o b j e c t i v e  d e c i s i o n  making 

i s  b e s t  s u i t e d  f o r  o u r  c a s e  s t udy .  W e  w i l l  d i s c u s s  t h i s  q u e s t i o n  

i n  S e c t i o n  6 .  E x c e l l e n t  l i t e r a t u r e  rev iews  on m u l t i p l e  o b j e c t i v e  

d e c i s i o n  making w e r e  c a r r i e d  o u t  by MacCrimrnon ( 1 9 7 3 ) ,  Hwang e t  a 1  

(1980) and many o t h e r s .  C l a s s i f i c a t i o n s  o f  m u l t i p l e  o b j e c t i v e  

d e c i s i o n  making models p rov ided  by MacCrimmon ( 1 9 7 3 ) ,  L a r i c h e v  

(1979) and Hwang e t  a 1  (1980) w i l l  throw l i g h t  on o u r  problem 

o f  c h o i c e  because  t h e y  a r e  based on d i f f e r e n t  c l a s s i f i c a t i o n  

p r i n c i p l e s .  

MacCrimrnon (1973) stresses s t r u c t u r a l  d i f f e r e n c e s  between 

s e v e r a l  methods (see F i g u r e  l o ) ,  Hwang (1980) t h e  s t a g e s  a t  which 

t h e  i n fo rma t ion  i s  needed and t h e  t y p e  o f  i n f o r m a t i o n  ( F i g u r e  1 1 )  

and La r i chev  (1 979) t h e  t y p e  o f  i n f o r m a t i o n  p rov ided  by t h e  

d e c i s i o n  maker and t h e  mode i f  i t s  usage  ( F i g u r e  1 2 ) .  



A. WEIGHTING METHODS 

Inferred preferences 

(a) Linear regression 
(b) Analysis of variance 
(c) Quasi-linear regression 

Directly assessed preferences: general aggregation 

(a) Trade-offs 
(b) Simple additive weighting 
(c) Hierarchical additive weighting 
(d) Quasi-additive weighting 

Directly assessed preferences: specialized aggregation 

(a) Maximin 
(b) Maximax 

B. SEQUENTIAL ELIMINATION METHODS 

1. Alternative versus standard: comparison across - attributes .- 

(a) Disjunctive and conjunctive constraints 

2. Alternative - versus alternative: comparison across attributes 

(a) Dominance 

3. Alternative versus alternative: comparison - ~ akross atrributes 

(a) Lexicography 
(b) Elimination by aspects 

C. MATHEMATICAL PROGRAMMING METHODS 

1. Global objective function - 

(a) Linear programming 

2. Goals in constraints 

(a) Goal programming 

3. Local objectives: interactive 

(a) Interactive, multi-criterion programming 

D. SPATIAL PROXIMITY METHODS 

1. Iso-preference graphs 

(a) Indifference map 

2. Ideal points 

(a) Multi-dimensional, non-metric scaling 

3. Graphical preferences 

(a) Graphical overlays 

Figure 10 Multiple Objective/Multiple Attribute Decision Models 

(Source: MacCrimrnon, 1973). 
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C l a s s  Bas ic  I dea  

1 .  AXIOMATIC methods S e v e r a l  axioms a r e  i n t r o d u c e d  and 
t h e i r  v a l i d i t y  i s  tes ted  i n  o r d e r  
t o  c o n s t r u c t  a  m u l t i a t t r i b u t e  
u t i l i t y  f u n c t i o n  o f  a s p e c i f i c  
t y p e  (von W i n t e r f e l d t  and F i s c h e r ,  
1975; Hurnphreys, 1977; Keeney and 
R a i f f a ,  1976 ) .  

2. DIRECT methods Dec i s ion  maker p r e s c r i b e s  t h e  form 
o f  t h e  a g g r e g a t i o n  f u n c t i o n  f o r  
t h e  measurement ( o r  a s s e s smen t s )  
i n  terms of  t h e  i n d i v i d u a l  ob j ec -  
t i v e s  

2.1 P r e s c r i p t i o n  o f  b o t h  t h e  
form of  t h e  a g g r e g a t i o n  
f u n c t i o n  and a l l  i t s  para-  
meters. 

A p p l i c a t i o n  o f  s p e c i f i c  
c r i t e r i a  (Savage,  Wald, 
Lap lace ,  Hurwicz) i n  de- 
pendence o f  t h e  a t t r a c t i v e  
power f o r  t h e  d e c i s i o n  
maker under  c o n d i t i o n s  o f  
unknown p r o b a b i l i t i e s  o f  
t h e  s t a t e s  o f  t h e  wor ld .  

2.3 P o s t u l a t i o n  o f  t h e  aggre-  
g a t i o n  r u l e ,  b u t  pa ra -  
meters are de te rmined  by 
t h e  d e c i s i o n  maker. 

2.4 P o s t u l a t i o n  o f  t h e  aggre -  
g a t i o n  r u l e ;  pa r ame te r s  
are determined by c a l c u l a -  
t i o n s .  

2.5 P o s t u l a t i o n  o f  t h e  r u l e  o f  
maximizat ion  o f  expec ted  
v a l u e  ( u t i l i t y ) .  

3 .  COMPENSATION methods Dec i s ion  maker d e f i n e s  s t e p  by 
s t e p  a  compromise between t h e  
o b j e c t i v e s  

4 .  Method o f  t h e  t h r e s h o l d s  o f  Comparisons among t h e  a l t e r n a t i v e s  
i n c o m p a r a b i l i t y  a r e  made i n  p a i r s  and f o r  e ach  cr i -  

t e r i o n  s e p a r a t e l y .  An i ndex  i s  c a l -  
c u l a t e d  and tested a g a i n s t  3 t h r e s -  
h o l d s  set by t h e  d e c i s i o n  maker. 
The r e l a t i o n s h i p  between a l t e r n a t i v e s  
is determined as " s t r o n g l y  p r e f e r r e d  
to" ,  "weakly p r e f e r r e d  t o "  o r  "no 
p r e f e r e n c e " .  A r ank ing  is  developed 
from t h e  p r e f e r e n c e  m a t r i x .  (Roy, 197 1 ,  
1977; La r i chev ,  1979) . 

5.  INTERACTIVE Methods (Discussed i n  S e c t i o n  7 )  

F i g u r e  12 L a r i c h e v ' s  c l a s s i f i c a t i o n  o f  m u l t i p l e  o b j e c t i v e  d e c i s i o n  
making methods 



A f i r s t  g l a n c e  o f  t h e  models proposed i n  t h e  l i t e r a t u r e  i n -  

d i c a t e s  t h a t  t h e  f o l l o w i n g  model c l a s s e s  a r e  wor th  c o n s i d e r i n g  i n  

o u r  c o n t e x t :  

-- g l o b a l  c r i t e r i o n  method models ( s e c t i o n  6 .2 )  

-- g o a l  programming ( s e c t i o n  6 .3 )  

-- STEM ( s e c t i o n  6 . 4 )  

-- models based o n  d e c i s i o n  a n a l y s i s  ( s e c t i o n  6 .5 )  

-- r e f e r e n c e  p o i n t  approach  ( s e c t i o n  6 .6)  

-- method of  t h r e s h o l d s  o f  i n c o m p a r a b i l i t y  ( s e c t i o n  6 .7 )  

W e  w i l l  b r i e f l y  c o n s i d e r  weaknesses and s t r e n g t h s  o f  t h e  models 

l i s t e d  above,  i n  o r d e r  t o  d e f i n e  p o s s i b l e  o p t i o n s  f o r  o u r  c a s e  

s t u d y .  W e  are conv inced  t h a t  n o t  j u s t  any model w i l l  s o l v e  a l l  

t h e  problems.  For t h i s  r e a s o n  w e  w i l l  t r y  t o  implement two o r  

t h r e e  o f  them and compare t h e  r e s u l t s  o b t a i n e d .  

6 . 2  Globa l  C r i t e r i o n  Model 

The o b j e c t i v e  f u n c t i o n  is  p o s t u l a t e d  i n  t h e  form 

min Fk = Z ( 
f i ( X * )  - f i ( x )  )K 

f i  (X*) I . . 

Where X* i s  t h e  s o l u t i o n  o f  t h e  problem w i t h  a  s i n g l e  o b j e c t i v e .  

A comparison o f  t h e  p r o s  and cons  i n d i c a t e s  t h a t  t h e  g l o b a l  

c r i t e r i o n  model can  be  a p p l i e d  t o  o u r  c o n t e x t  o n l y  i n  o r d e r  t o  

g e t  a  rough i d e a  o f  a  "good" s o l u t i o n .  

ADVANTAGES DISADVANTAGES 
~ ~ p -  -pp - - 

-- do  n o t  need a d d i t i o n a l  i n -  -- w i t h o u t  a r t i c u l a t i o n  o f  p r e -  
f o r m a t i o n  from t h e  DM f e r e n c e  i n f o r m a t i o n  

- DM n o t  d i s t u r b e d  by analyst - low c o n f i d e n c e  i n  s o l u t i o n s  

-- e a s y  t o  u s e  w i t h  K = 1 -- many assumpt ions  on  DM'S  p r e -  
f e r e n c e s  i m p l i c i t l y  i n v o l v e d  

-- c h o i c e  o f  p a r a m e t e r  K p r e d e t e r -  
mines " o p t i m a l "  s o l u t i o n ,  b u t  
v a l u e  o f  K c a n n o t  be chosen  i n  
a  t h e o r e t i c a l l y  s a t i s f y i n g  man- 
n e r ,  c h o i c e  o f  K a r b i t r a r y  

-- f o r  K ) 1 problem becomes non- 
l i n e a r  



6.3 Goal Programming (GP) 

GP is one of the approaches most often proposed to handle 

problems with multiple objectives. Recent surveys of the state 

of the art were provided by Kornbluth (1973) and Nijkamp and 

Spronk (1977). The approach has been applied to a large number 

of practical problems in very different fields ranging from man- 

power planning to environmental protection. GP minimizes a 

weighted combination of the deviations from a number of goals 

(target levels, aspiration levels) which are set by the decision 

maker. This aspect distinguishes GP from the theory of the dis- 

placed ideal (Zeleny, 1976). 

The large number of applications can be explained by the 

flexibility of the method and by its correspondence to recent 

results of the behavioral theory. Versions of GP have been 

elaborated for: 

-- interactive GP (Dyer, 1972; following the classification 

of Larichev and Polyakov, 1980, Dyer's method is pseudo- 

structured and the information required is difficult to 

obtain; Spronk, 1979). 

-- integer multiple objective GP (Lee, 1977a,b). 

-- nonlinear GP (Monarchi et al, 1976). 

Some references provide programs for solving MODM problems 

using GP. Multiple goal programming is computationally not very 

sophisticated; many problems can be reduced to linear programming 

ones for which standard routines exist. Many specific problems 

can be handled within the framework of GP, modifying the basic 

method. One can, for instance, weight the deviations and in 

this way reflect the relative importance of negative or positive 

deviations. 

Drawbacks of GP (large amounts of a priori information con- 

cerning target levels, weights, etc.) can be avoided by inter- 

active approaches. The application of GP to the problem for- 

mulated in Section 3.1 will be discussed in Section 7. 



6 . 4  S t e p  Method 

The s t e p  method is  a  structured i n t e r a c t i v e  p r o c e d u r e  ( w i t h  

i m p l i c i t  t r a d e - o f f s  between s e v e r a l  o b j e c t i v e s )  f o r  l i n e a r  pro- 

gramming problems.  Thus, it can be e a s i l y  combined w i t h  t h e  

f i r s t  f o r m u l a t i o n  o f  o u r  b a s i c  model (see S e c t i o n  7 ) -  

An e v a l u a t i o n  o f  some e x i s t i n g  i n t e r a c t i v e  p r o c e d u r e s  made 

by Wal len ius  (1975) i n d i c a t e s  t h a t  t h e  method STEM developed by 

Benayoun, de  M o n t g o l f i e r ,  Tergny and L a r i c h e v  (1970) compares 

f a v o r a b l y  w i t h  t h e  o t h e r  p r o c e d u r e s  r e p o r t e d  i n  t h e  l i t e r a t u r e ;  

most o f  them w e r e  u n s t r u c t u r e d  o r  p s e u d o - s t r u c t u r e d .  

STEM s t a r t s  w i t h  t h e  c o n s t r u c t i o n  o f  a pay-off  t a b l e  which 

can  be r e a l i s e d  w i t h  t h e  a l r e a d y  e x i s t i n g  computer  programming 

f o r  o u r  basic -1 ( f i r s t  f o d a t i o n ,  see Section 7) . Thus and ideal solution 

i s  c a l c u l a t e d .  STEM d e t e r m i n e s  t h e  'best compromise" i n  a number 

o f  c y c l e s  c o n s i s t i n g  of  a c a l c u l a t i o n  and a d e c i s i o n  making phase .  

I n  t h e  c a l c u l a t i o n  phase  a f e a s i b l e  s o l u t i o n  i s  found which is  

n e a r e s t  i n  a  s p e c i f i c  s e n s e  t o  t h e  i d e a l  s o l u t i o n .  I n  t h e  d e c i s i o n  

making phase  t h e  d e c i s i o n  maker zompares t h e  s o l u t i o n  ob- 

t a i n e d  d u r i n g  t h e  l a s t  c a l c u l a t i o n  phase  w i t h  t h e  i d e a l  o n e  and 

i n d i c a t e s  t h e  o b j e c t i v e s  which can  be  r e l a x e d  as w e l l  as t h e  amount 

o f  r e l a x a t i o n  i n  o r d e r  t o  improve u n s a t i s f a c t o r y  o b j e c t i v e s .  A l l  

q u e s t i o n s  a r e  a sked  i n  t h e  s p e c i f i c  l anguage  o f  t h e  d e c i s i o n  

maker who c a n  t h i n k  i n  terms o f  g o a l  achievement  and n o t  i n  terms 

of e x p l i c i t  t r a d e - o f f s  between s e v e r a l  o b j e c t i v e s .  The number of  

c y c l e s  i s  fewer  t h a n  t h e  number o f  o b j e c t i v e  f u n c t i o n s  (see 

Benayoun e t  a l ,  1 9 7 1 a ) .  The a u t h o r s  of  STEM s u g g e s t e d  v e r s i o n s  

o f  t h e i r  method f o r  t h e  f o l l o w i n g  t h r e e  cases: 

( a )  w e i g h t s  r e f l e c t i n g  r e l a t i v e  impor tance  o f  t h e  o b j e c t i v e s  

a r e  known 

( b )  o b j e c t i v e s  c a n  be ranked  i n  accordance  w i t h  t h e i r  i m -  

p o r t a n c e  f o r  t h e  d e c i s i o n  maker 

( c )  no i n f o r m a t i o n  i s  a v a i l a b l e  a b o u t  t h e  r a n k i n g  o f  t h e  

chosen o b j e c t i v e s .  

For o u r  c a s e  s t u d y  v e r s i o n  ( b )  a p p l i e s .  The m o d i f i c a t i o n s  of  t h e  

b a s i c  STEM a l g o r i t h m  i s  d e s c r i b e d  i n  Benayoun e t  a 1  ( 1 9 7 1 b ) .  



STEM has been successfully applied to a number of real life 

problems and modified for specific purposes (~inkelbach and 

Isermann, 1980; Hashimoto, 1980) underlining in this way the in- 

trinsic value and flexibility of this method. STEM should be 

attractive for decision makers, because the.procedure does not 

rely on trade-off functions and involves weighting factors only 

when their assignment is not difficult. 

6.5 Decision Analysis (DA) 

6.5.1 Characterization of DA 

The decision analysis group at the Stanford Research 

Institute characterises decision analysis as follows (Howard and 

Matheson, 1976): It is a normative discipline concerned with the 

practice of rational decision making. 

What is the basis for the great pretensions of the decision 

analysts who assert that "decision analysis is the most powerful 

tool yet discovered for ensuring the quality of the decision 

making process " (Matheson and Howard, 1968, in: Howard and Matheson, 

1976)? 

Decision analysis (DA) was specially developed for 8complex, 

uncertain, dynamic situations with long term effects and relies 

upon Bayesian statistics, subjective expected utility, multi- 

attribute utility theory and several methods developed by 

operations research. The new theory was successfully applied to 

a number of practical problems. Some of the case studies are 

reported in Matheson and ~oward (1976), and in Operations 

Research (Vol. 28, 1980, No.1). Advantages of DA are the involve- 

ment of the decision maker in the problem solving process and 

consideration of subjective knowledge, time preference and risk 

attitude of the decision maker. 

First optimism of decision analysts that almost all decision 

making problems can be handled by decision analysis was replaced 

by more realistic statements about the value of this new decision 

problem solving technology (see, for instance, Howard, 1980). 

From our standpoint DA can be most useful in the field of economy 

but is less applicable to problems with strong or dominating 



s o c i a l  components.  Dec i s ion  a n a l y s t s  admit  t h a t  some t h e o r e t i c a l  

q u e s t i o n s  have n o t  been s o l v e d  y e t  by DA. Matheson ment ioned 

some gaps  i n  t h e  t h e o r y  i n  Matheson and Howard ( 1 9 7 6 ) .  But t h e s e  

" w h i t e  s p o t s "  do n o t  n e c e s s a r i l y  narrow t h e  p r a c t i c a l  a p p l i c a b i l i t y  

o f  t h i s  new t h e o r y .  

F i r s t  t u t o r i a l s  i n  DA p o i n t e d  o u t  t h a t  DA i s  a  normat ive  

r a t h e r  t h a n  a d e s c r i p t i v e  t h e o r y .  The e x t e n s i v e  a p p l i c a t i o n  work 

o f  t h e  l as t  few y e a r s  h a s  shown t h a t  a  normat ive  t h e o r y  must be  

based  on a s a t i s f y i n g  d e s c r i p t i o n  o f  t h e  r e a l  d e c i s i o n  making p r o c e s s .  

D e c i s i o n  trees a r e  a  v e r y  u s e f u l  and common t o o l  which 

ref lec t  o n  a  t i m e  scale a l t e r n a t i v e  o p t i o n s  a r i s i n g  from d e c i s i o n s  

and chance  e v e n t s .  W e  c h a r a c t e r i s e d  them i n  s e c t i o n  5 . 3  o f  t h i s  

p a p e r  i n  t h e i r  a p p l i c a t i o n  t o  t h e  s e l e c t i o n  a n d e v a l u a t i o n  o f  

i n n o v a t i o n  p r o j e c t s .  Here w e  w i l l  r e p o r t  some r e c e n t  r e s e a r c h  

e f f o r t s  d i r e c t e d  t o  t h e  a p p l i c a t i o n  o f  d e c i s i o n  trees. 

6 . 5 . 2  Recent  r e s e a r c h  work on d e c i s i o n  trees 

A l o t  o f  r e s e a r c h  work h a s  been done on f a c i l i t a t i n g  t h e  

a p p l i c a t i o n  o f  d e c i s i o n  trees t o  i n n o v a t i o n  management. T h i s  work 

i s  aimed a t  t h e  development  o f  e f f i c i e n t  methods f o r  a n a l y s i n g  

d e c i s i o n  trees (Moskowitz, "71; Marien and J a g e t i a ,  1 9 7 2 ) ,  a t  

s y n t h e s i z i n g  s e v e r a l  a p p r o a c h e s  i n c l u d i n g  d e c i s i o n  trees (Chapman 

1 9 7 9 ) ,  t h e  development  o f  new methods f o r  e x t r a c t i n g  s u b j e c t i v e  

p r o b a b i l i t i e s  from t h e  d e c i s i o n  maker (Yager,  1977) and t h e  

f o u n d a t i o n  o f  f u z z y  d e c i s i o n  a n a l y s i s  (Watson, e t  a 1  1979; Chang 

and P a v l i d i s ,  1 9 7 7 ) .  

On the whole t h e s e  new e f f o r t s  soften s e v e r a l  d i s a d v a n t a g e s  o f  

d e c i s i o n  a n a l y s i s  and d e c i s i o n  trees and make them more u s e f u l .  

Some o f  t h e s e  r e s u l t s  were o b t a i n e d  r e c e n t l y ,  d i d  n o t  o v e r s t e p  

t h e  s t a g e  o f  t h e o r e t i c a l  i n v e s t i g a t i o n s  o r  o f  l a b o r a t o r y  t e s t s  

and a r e  f a r  from being applicable i n b u s i n e s s  ( t h i s  refers, t o  a c e r t a i n  

d e g r e e , t o  t h e  combina t ion  o f  f u z z y - s e t  t h e o r y  and d e c i s i o n  

a n a l y s i s  s u g g e s t e d  i n  Watson e t  a l ,  1 9 7 9 ) .  

F ina  11 y  , t h e s e  developmnts r e ly  on e q u i p n t  wfiich is not ye t  available 

even i n  l a r g e  f i r m s  ( f o r  i n s t a n c e ,  c o l o r  v i d e o  p r o j e c t o r s ,  see 

Levin ,  1 9 7 8 ) .  O p p o r t u n i t i e s  f o r  a n  e f f e c t i v e  a p p l i c a t i o n  o f  s u c h  

equipment  must be  s e c u r e d  f o r  i t s  b r o a d e r  u s a g e .  



Chapman (1979)  demons t ra ted  t h e  f l e x i b i l i t y  o f  d e c i s i o n  

t ree  a n a l y s i s  combining it w i t h  key c h a r a c t e r i s t i c s  o f  network 

approaches .  H i s  methodology " r e f l e c t s  a  s t r o n g  b e l i e f  i n  approaches  

which a r e  i n t e r a c t i v e ,  n e s t e d ,  and i n t u i t i v e l y  d r i v e n ,  i n t e g r a t i n g  

model s e l e c t i o n  and s o l u t i o n  i n  modular  f a s h i o n ,  w i t h  d iagrams  

and computa t ions  emphas i s ing  and r o b u s t n e s s  r a t h e r  t h a n  p r e c i s i o n  

and g e n e r a l i t y . "  

I n  t h e i r  combina t ion  o f  f u z z y - s e t s  t h e o r y  and d e c i s i o n  

a n a l y s i s  Watson e t  a 1  (1979)  a l l o w  f o r  f u z z i n e s s  o n  t h e  prob- 

a b i l i t i e s  and u t i l i t i e s .  The a u t h o r s  stress the d i f f e r e n c e  between 

i m p r e c i s i o n  o f  t h e  i n p u t  d a t a  and t h e  u n c e r t a i n t y  o f  t h e  f u t u r e  

s t a t e  o f  t h e  wor ld .  These q u a l i t i e s  a r e  modeled i n  a  d i f f e r e n t  

way u s i n g  f u z z y - s e t  t h e o r y  and p r o b a b i l i t y  t h e o r y  r e s p e c t i v e l y .  

C r i t i c s  a t t a c k  d e c i s i o n  a n a l y s i s  f o r  i t s  i m p r e c i s i o n  o f  t h e  

d a t a  p r o v i d e d  by t h e  d e c i s i o n  maker ( "ga rbage  in -ga rbage  

o u t t ' )  . 
T h i s  problem c a n n o t  be s o l v e d  o n l y  by a v a r i a b l e - b y - v a r i a b l e  

s e n s i t i v i t y  a n a l y s i s ,  a s  it i s  normal ly  perfonred, because  i n  r e a l i t y  

v a r i a b l e s  may change i n  combina t ion .  Many d e c i s i o n  makers a r e  

p u t  o f f  by t h e  n e c e s s i t y  t o  p r o v i d e  t h e  d a t a  i n  n u m e r i c a l  form. 

Watson, e t  a 1  (1979) show t h a t  t h i s  r e q u i r e m e n t  can  be d i m i n i s h e d  

o r  even r e p l a c e d .  I t  c a n  be e x p e c t e d  t h a t  d e c i s i o n  makers w i l l  

provide t h e i r  a s s e s s m e n t s  on v a l u e s ,  u t i l i t i e s  and p r o b a b i l i t i e s  

i n  v e r b a l  form i n  t h e  f u t u r e .  The a u t h o r s  ment ion  t h a t  t h e y  

c o u l d  n o t  o f f e r  a n  a l l - p u r p o s e  t o o l ,  b u t  t h e  g e n e r a l  d i r e c t i o n  

o f  inproving decision analysis is outlined. The potent ial  usefulness of the 

suggested carbination of fuzzy sets and dec i s imandlys i s  is obvious. 

A t  S t a n f o r d  U n i v e r s i t y  ( C a l i f o r n i a ,  USA) a program package  

(Tuan, P .L . )  was deve loped  f o r  o n - l i n e  network p i c t u r e  p r o c e s s i n g .  

I n t e r a c t i v e  computer  g r a p h i c s  a r e  u s e d  t o  p r o c e s s  ne twork p i c t u r e s  

i n c l u d i n g  d e c i s i o n  trees. With lhese i n t e r a c t i v e  computer  g r a p h i c s  

one  can  compose, decompose, s i m p l i f y ,  t ransform,r rerge  and r e g e n e r a t e  

network p i c t u r e s  l i k e  d e c i s i o n  trees. The purpose  o f  t h i s  s y s t e m  

i s  t h e  a c c e l e r a t i o n  o f  t h e  convergence  i n  man-computer e x p e r i m e n t s .  

Some o f  o u r  i n i t i a l  t h o u g h t s  a b o u t  t h e  s t r u c t u r e  o f  a  man- 

machine s y s t e m  (see s e c t i o n  7  o f  t h i s  p a p e r )  f o r  t h e  s e l e c t i o n  

o f  i n n o v a t i o n  projects which i s  based  on d e c i s i o n  trees a r e  s i m i l a r  

t o  t h e  s t u d y  r e p o r t e d .  W e  w i l l  u s e  some s u g g e s t i o n s  t o  improve o u r  

sys tem.  



Systems f o r  p i c t u r e  p r o c e s s i n g  w i l l  c o n s i d e r a b l y  improve 

t h e  o v e r a l l  c a p a b i l i t y  o f  t h e  whole sys tem f o r  t h e  s e l e c t i o n  o f  

p r o j e c t s  because t h e y  s h o r t e n  t h e  t e d i o u s  and l e n g t h y  work of  

drawing d e c i s i o n  t r e e s  f o r  a l l  p r o j e c t s  under  c o n s i d e r a t i o n .  

S i m i l a r  e f f o r t s  a r e  r e p o r t e d  by L e w i s  (1975), Thompson and 

Ki r schner  (1978 ) ,  and by Lea l  and P e a r l  (1977,  1976 ) .  Lewis'  

i n t e r a c t i v e  system f o r  e d i t i n g  t r e e  s t r u c t u r e s  a l l ows  t o  i n s e r t ,  

d e l e t e ,  s e a r c h  and t o  d i s p l a y  any branch o f a g i v e n  t ree  s t r u c t u r e .  

Leal  and P e a r l  d e s c r i b e d  an i n t e r a c t i v e  computer program which 

ha s  been des igned  and implemented t o  e l i c i t  d e c i s i o n  trees from 

d e c i s i o n  makers. The automat ion of t h e  t e d i o u s  p r o c e s s  o f  

e l i c i t i n g  d e c i s i o n  t r e e s  i n  an  E n g l i s h - l i k e  c o n v e r s a t i o n a l  mode 

g r e a t l y  f a c i l i t a t e s  t h e  d i s t r i b u t i o n  o f  d e c i s i o n  a n a l y s i s  : 

t e chn iques .  

Lea l  and P e a r l ' s  approach does  n o t  depend on t h e  domain o f  

a p p l i c a t i o n .  A l l  i n p u t  d a t a  p rov ided  by t h e  u s e r  i s  immediately 

mapped i n t o  one of  t h e  d a t a  t y p e s  ( e v e n t s ,  a c t i o n s ,  l i k e l i h o o d  

r e l a t i o n s ,  e t c . ) .  One of t h e  b i g g e s t  d i s a d v a n t a g e s  o f  t h e  manual 

e l i c i t i n g  of  d e c i s i o n  trees i s  t h e  danger  of -ding much t i m e  on 

d e t a i l s  o f  t h e  tree which a r e  n o t  r e l e v a n t  t o  t h e  f i n a l  s o l u t i o n  

o f  t h e  problem. Lea l  and P e a r l  u s e  an e f f i c i e n t  tree expansion 

method d i r e c t i n g  t h e  e f f o r t  t o  t h e  most c r i t i c a l  t i p  node,  which 

i s  d e f i n e d  a s  t h e  node t h a t  i s  most l i k e l y  t o  change t h e  c u r r e n t l y  

k s t f i r s t  s t e p  s o l u t i o n .  Th i s  tree expansion method i s  based on 

a  s e n s t i v i t y  a n a l y s i s  a l g o r i t h m  and t h e  ana logy  between d e c i s i o n  

t ree e l i c i t a t i o n  and h e u r i s t i c  s e a r c h  on game trees which was 

f i r s t  mentioned by Lea l  and P e a r l .  

A g e n e r a l i z a t i o n  o f  t h e s e  e f f o r t s  is  prov ided  by Levin ,  

e t  a 1  (1978) who developed a  sys tem f o r  i n t e r a c t i v e  computer a i d i n g  

o f  group d e c i s i o n  making based  on d e c i s i o n  trees.  Dec i s ion  trees 

a r e  c o n s t r u c t e d  u s i n g  v a l u e  and p r o b a b i l i t y  i n p u t s  from a l l  group 

members. The system does  n o t  assume f a m i l i a r i t y  o f  t h e  d e c i s i o n  

makers w i t h  d e c i s i o n  a n a l y s i s  and computer programming. Systems 

developed become more and more f r i e n d l y  t o  u s e r s .  The way becaPnes 

clearer fo r  the realization of the forecast (see luhtheson and :-;award, 1968) : "Soon 

the logical structure of any d e c i s i o n  a n a l y s i s  might be assembled 

from s t a n d a r d  components'! W e  cannot  overlook t h e  d i s c r e p a n c y  



between the inspiring opportunities opened by researchers and 

the actual application of those systems in daily decision making. 

BUI: the general direction of computerised decision support systems 

based on decision analysis seems to be clearly outlined. 

Decision analysis is becoming a new industrial branch. 

First firms were already founded, for instance, Decisions and 

Design Inc. USA. 

6.5.3 Assignment of Probabilities 

The assignment of probabilities to the chance outcomes of 

the chance nodes is involved in the expected utility concept. 

Many theoretical investigations on decision analysis assume that 

these probabilities are either known or easy to obtain. Applica- 

tions of the theory to real world decision situations have 

indicated that this is not true. In the early 70s psychologists 

investigated the capability of decision makers to process prob- 

abilistic information (Tversky and Kahna~n, 1975; Kaplan and 

Schwartz, 1975; Slovic, Fischhbff and Lichtenstein, 1977a,b). 

The results were disenchanting. Decision makers employed several 

simplifying heuristics and rules in situations with uncertainty 

leading to considerable biases which question the use of prob- 

ability assessments made in this way. 

Tversky and Kahneman (1975) found that people tend to reduce 

the overall complexity of an assessment task to a set of simple 

tasks using some heuristic principles, which may under specific 

circumstances result in questionable decisions because of system- 

atic errors in the assessment: 

-- subjective assessment of probability is based on data 

of limited validity; scientists seriously underestimate 

the error and unreliability inherent in small samples 

of data (Tversky and Kahneman, 1971); summarizing other 

studies, Slovic et a1 (1977) concluded that scientists: 

(a) had unreasonably high expectations about the replic- 

ability of results from a single sample; 

(b) had undue confidence in early results from a few 

subjects; 



(c) gambled their research hypotheses on small samples 

without realizing the extremely high odds against 

detecting the effects being studied; 

(d) rarely attributed any unexpected results to sampling 

variability because they found a causal explanation 

for every observed effect; 

(e) people seem to rely almost exclusively on specific 

information and neglect prior probabilities; 

(a)-(e) is called bias due to representativeness. 

-- bias due to availability: there are situations in which 

people assess the frequency of a class or the probability 

of an event by the ease with which instances or occur- 

rences can be brought to mind (Tversky and Kahneman, 1975); 

-- bias due to anchoring: in many situations people start 

to estimate the probability of an event with a natural 

starting point (anchor) which is then adjusted; these 

adjustments are often insufficient. 

Psychologists found a lot of other biases due to simplifying 

heuristics. The problem arises whether these results question 

decision analysis? 

(a) The observed behavior of people in assessment tasks under 

uncertainty was found to be valid for tests which were 

specially prepared in laboratories. The hypotheses 

concluded from these experiments are vaguely formulated: 

"in many situations", "there are situations in which 

people...", "often" and so on. Slovic et a1 (1977) 

argue that "much evidence suggests that the laboratory 

results generalize. Cognitive limitations appear to 

pervade a wide variety of tasks in which intelligent 

individuals serve as decision makers. .." (For details 
of the discussion about this topic see, Slovic et a1 

1977). There is no pretension of the psychologists to 

cover all decision situations and all decision makers. 

No doubt these psychological investigations are important 

for the understanding of people's cognitive processes; 

but we believe that it is to early to condemn decision 

analysis. Some other considerations support this belief. 



(b) The usage of probability estimates which are biased to 

a certain degree will not have catastrophic impacts 

on the results obtained with the approach proposed in 

this paper. A sensitivity analysis will reveal the 

importance of a particular estimate for the solution. 

Several procedures can be applied to calibrate probability 

assessments (see, for instance, Spetzler and Stael von 

Holstein, 1972; Lichtenstein, Fischhoff and Phillips, 

1977). 

(c) We have to consider the problem of probability assign- 

ments to future events in a more general framework: 

the evaluation process as a whole, including also as- 

signment of value or utilities to certain consequences 

of our activities. The utility aspect is of the same 

importance with respect to societal decision making as 

the probability aspect (Jungermann, 1977). 

(e) Tackling problems of high complexity (and decision 

making on innovation projects is doubtless of this kind) 

the analyst and the decision maker must have the courage 

to simplify. 

The criticism of decision analysis centers around its roots: 

the expected utility concept, the assignment of probabilities and 

the multiattribute utility concept. 

6.5.4 Expected utility concept 

Expected utility, as mentioned above, is one of the concepts 

decision analysis relies upn.. It assumes that decisions are taken 

in dependence of the product of utility and the probability of 

the occurence of a certain option. Some decision makers and 

decision scientists argue that risky choice is not determined by 

maximization of the expected utility. An alternative theory was 

suggested by Coombs (1 975), but it has never been implemented or 

used. 

One cannot say definitely whether expected utility is a good 

or a bad basis for decision making under circumstances of uncer- 

tainty. Following Larichev's classification of the methods for 



m u l t i a t t r i b u t e  d e c i s i o n  making (see F i g u r e  12)  models u s i n g  

e x p e c t e d  u t i l i t y  as a c r i t e r i o n  be long  t o  t h e  class o f  d i r e c t  

methods. Def in ing  o r  p o s t u l a t i n g  t h e  form o f  t h e  c r i t e r i o n  (ex-  

p e c t e d  u t i l i t y )  t h e  d e c i s i o n  a n a l y s t  g e t s  r i d  of a l l  problems.  

But t h e  q u e s t i o n  ar ises  whether  t h i s  p o s t u l a t e  i s  j u s t i f i e d  o r  

n o t .  

Kahneman and Tversky r e p o r t e d  unambiguous v i o l a t i o n s  o f  t h e  

s u b j e c t i v e l y  e x p e c t e d  u t i l i t y  t h e o r y  (see B e l l ,  Keeney and R a i f f a ,  

1 9 7 7 ) .  They obse rved  t h a t ,  p e o p l e  t e n d  t o  v a l u e  consequences  

known w i t h  c e r t a i n t y  more t h a n  u n c e r t a i n  consequences .  Kahneman 

and Tversky c a l l e d  t h i s  v i o l a t i o n  t h e  c e r t a i n t y  e f f e c t .  Another  

one  i s  t h e  r e f e r e n c e  e f f e c t .  Peop le  seem t o  e v a l u a t e  a l t e r n a t i v e  

o p t i o n s  r e l a t i v e  t o  a r e f e r e n c e  p o i n t  d e t e r m i n e d  e i the r  by e x p e c t -  

a t i o n s  a b o u t  t h e  f u t u r e  development  o r  by s t a t u s  quo.  T h i s  

r e f e r e n c e  e f f e c t  i s  one  o f  t h e  main arguments  o f  t h e  p r o p o n e n t s  

o f  t h e  r e f e r e n c e  p o i n t  approach which i s  b e i n g  deve loped  by 

W i e r z b i c k i  and o t h e r s  (see W i e r z b i c k i ,  1979, 1 9 8 0 a , b ) .  These two 

e f f e c t s  have t o  be c o n s i d e r e d  s e r i o u s  problems f o r  t h e  normat ive  

t h e o r y  and i t s  a p p l i c a t i o n  (see S l o v i c  e t  a l ,  1 9 7 7 ) .  P roponen t s  

o f  t h e  e x p e c t e d  u t i l i t y  concep t  c o u l d  a r g u e  t h a t  one  c o u l d  e l i c i t  

t h e  " u n c e r t a i n t y  p r e f e r e n c e "  from t h e  d e c i s i o n  maker l i k e  r i s k  o r  

t i m e  p r e f e r e n c e  and f o r m a l l y  i n c l u d e  it i n t o  t h e  a n a l y s i s .  

6 .5 .5  Methods based on MAUT 

MAUT methods a r e  i n t e n s i v e l y  d i s c u s s e d  i n  t h e  s c i e n t i f i c  

l i t e r a t u r e .  T h e i r  a p p l i c a b i l i t y  t o  real l i f e  problems w a s ,  f o r  

i n s t a n c e ,  c r i t i c a l l y  reviewed by Humphreys (1977) , F i s c h e r  (1 975) , 
von W i n t e r f e l d t  and F i s c h e r  ( 1 9 7 5 ) ,  Humphreys and Wisudha ( 1 9 8 0 ) ,  

L a r i c h e v  ( 1 9 7 9 ) .  P r o j e c t  a t t r i b u t e s  i m p o r t a n t  f o r  RED p r o j e c t  

s e l e c t i o n  a r e  d i s c u s s e d  i n  Schwartz and V e r t i n s k y  ( 1 9 7 6 b ) .  T h e i r  

i n v e s t i g a t i o n s  focused  upon t h e  f o l l o w i n g  a t t r i b u t e s :  

-- c o s t  o f  t h e  p r o j e c t  r e l a t i v e  t o  t o t a l  RED budge t  
-- t h e  payback p e r i o d  

-- t h e  p r o b a b i l i t y  of  t e c h n i c a l  and commercial  s u c c e s s  

-- market  s h a r e  impact  

-- e x p e c t e d  r a te  of  r e t u r n  

-- a v a i l a b i l i t y  o f  government p a r t i a l  fund ing  f o r  t h e  p r o j e c t .  



We will check the value of MAUT for our case study and weight 

strengths against weaknesses. MAUT is a strong and sophisticated 

mathematical theory (see Fishburn, 1970). Humphreys defines 

MAUT as a part of a multi-level decomposition-recomposition pro- 

cedure. From his viewpoint three levels of decomposition exists: 

On level 0 (no decomposition) the decision maker's behavior is 

conceptualized in terms of a sequence of identifiable acts. 

Decomposition to the level 1 (choice alternatives) can be con- 

sidered as the construction of a decision tree ofthe choice prob- 

lem including assignments of utilities to all end points of the 

branches of the tree (decomposition to level 2 (multiattribute 

outcomes)). Thus our basic model fits well into the concept of 

MAUT. The main concern of MAUT is the decomposition of multi- 

attribute utility functions to a set of simple single attribute 

utility functions which can really be assessed. For this purpose 

a set of axioms is applied determining the admissable degree of 

decomposition. The systems of axioms are reported elsewhere 

(Fischburn and Keeney, 1974). 

An analysis within the framework of MAUT for our case study 

includes the steps indicated in Figure 13. The test of the 

validity of the axioms is very complicated, in practical applica- 

tions, especially if the number of objectives is greater than 2. 

In our case three objectives are indispensable. An incomplete 

test ofthe axioms(with a limited number of exantples) seems to be 

practically feasible. Intensive field studies of psychologists 

have shown that the axioms cannot pretend to be of general applica- 

bility (Allai s, 1953; Slovic and Tversky ; von Winterfeldt 

and Fischer, 1975). Often disaggregation of the general utility 

function -is performed regardless of violations of the axioms. 

Simple additive models are most popular. Several investigations 

indicate that minor violations did not have a great impact on the 

quality of the problem solutions because ofthe robustness of the 

simple additive model (Fischer, 1972) . 
Humphreys (1977) discusses options to be taken in applications 

if assumptions do not hold and states that most violations do not 

seem to be of critical importance for the validity of the solutions 

obtained (except for the sure thing assumption which is discussed 

in greater detail in Tversky, 1974). 



Model 2 1 
s~rnple  
E U - model 

Model 2 2 
EU-model  w i t h  
p a r t i a l  r :skless 

EU-model w l t h  EU-model w l t h  
to ta l  r ~ s k l e s s  oddlt lve r~skless 

v v 
R ~ s k l e s s  decompos~t~on R ~ s k y  decompos~t~on 
expected , ~ t l l l t y  mode(s expected u t l l l t y  modeis 

F i g u r e  13  T e s t s  o f  mode l s  f o r  t h e  t i m e - i n v a r i a n t  r i s k y  m u l t i -  

a t t r i b u t e  c h o i c e  s i t u a t i o n  

( S o u r c e :  von W i n t e r f e l d t  and  F i s c h e r ,  1 9 7 5 ) .  



Sometimes the question arises whether it is sensible to 

spend considerable effort needed to test the axioms, because it 

seems reasonable to postulate an additive or multiplicative form 

of the overall utility function. "Consequently, except in very 

simple laboratory experiments, validation of MAUT makes no sense 

at all". (Bauer and Wegener, 1977). A test of the axioms is 

intended to prevent the application of specific disaggregation 

rules when they are obviously wrong. Recent applications of MAUT 

put emphasis not on formal axiomatic considerations but on the 

specific task environment the decision maker is faced with. In 

this way MAUT becomes more attractive for real world applications 

Let us summarize the mose important drawbacks of MAUT: 

-- MAUT assumes complete and definite information about the 

decision maker's preference to be available at the begin- 

ning of the decision making process (the opposite 

assumption seems to be true in most practical situations, 

see Dinkelbach and Isermann, 1980; Hwang, 1980). 

-- MAUT is based on rather strong assumptions concerning 

rational behavior (see Keen and Morton, 1978) of economic 

man; some investigations (March and Simon, 1958; 

Wierzbfcki, 1980) support the hypothesis that everyday 

decisions are not made by maximization of utility func- 

tions but rather by establishing certain reference 

levels. 

-- The most important concern of MAUT are not real life 

decision making problems but formal considerations 

centered around the form of the disaggregation rule for 

the overall utility function. 

-- MAUT is suited first of all for repetitive choice situa- 

tions (Wierzbicki, 1979; Larichev, 1979) (our problem is 

located between repetitive and unique choice situations). 

But there are also applications to unique decision 

situations (see Bell, Keeney and Raiffa, 1977; Keeney 

and Raiffa, 1976) . 
-- It is extremely difficult or almost impossible to test 

the axioms 



o  because  o f  l a c k  o f  e f f i c i e n t  t e s t  p rocedu re s  

o  t e s t s  imposs ib l e  f o r  a l l  d a t a  

o  q u e s t i o n s  f o r  v a l i d i t y ' t e s t s  imposs ib l e  t o  answer ,  

DM i s  unab l e  t o  make t h e  n e c e s s a r y  judgments. 

-- I f  axioms a r e  v i o l a t e d  ( i n  o u r  c a s e  t h i s  r e f e r s  f i r s t  

o f  a l l  t o  t h e  s u r e  t h i n g  p r i n c i p l e  and t o  t h e  m a r g i n a l i t y  

assumpt ion ,  see S l o v i c  and Tversky,  1 9 7 4 ) ,  t h e n  d e c i s i o n  

t h e o r y  i n  t h e  form of  MAUT canno t  a s s i s t  o u r  a n a l y s i s ,  

and an a l t e r n a t i v e  approach h a s  t o  be e x p l o i t e d .  

-- The number o f  a p p l i c a t i o n s  o f  MAUT t o  r i s k y  m u l t i a t t r i b u t e  

d e c i s i o n  making is ve ry  sma l l  (von W i n t e r f e l d t  and 

F i s c h e r ,  1975, r e p o r t e d  o n l y  two c a s e s )  i n  most c a s e s  

a d d i t i v e ,  r i s k l e s s ,  t i m e  i n v a r i a n t  models a r e  a p p l i e d .  

-- The assessment  p rocedures  f o r  u t i l i t i e s  a r e  clumsy,  com- 

p l i c a t e d ,  d i f f i c u l t  t o  unde r s t and ,  time-consuming, do 

n o t  a l l o w  f o r  m i s t akes  and r e q u i r e  answers  t o  imaginary  

q u e s t i o n s  (see von Win t e rEe ld t ,  . Two c a s e  s t u d i e s  

may s e r v e  a s  an  example f o r  r a t h e r  dub ious  q u e s t i o n s  

r e q u i r i n g  an  answer from t h e  " expe r t s1 ' .  Keeney and 

R a i f f a  (1976,  p.452) asked "what amount o f  s a f e t y  X4 was 

such t h a t  (X4:2500) was i n d i f f e r e n t  t o  (1 : 1,500,000)  . 
That  i s ,  X 4  p eop l e  s e r i o u s l y  i n j u r e d  o r  k i l l e d  g iven  an  

a c c i d e n t  and 2500 peop le  s u b j e c t e d  t o  h i g h  n o i s e  l e v e l s  

i s  i n d i f f e r e n t  t o  one pe r son  s e r i o u s l y  i n j u r e d  o r  k i l l e d  

and 1,500,000 s u b j e c t i v e  t o  a  h igh  n o i s e  l e v e l " .  (The 

answer was 300 ! ) . Keeney ( 1975) s t u d i e d  t h e  a l t e r n a t i v e s  

f o r  p roduc ing  e l e c t r i c a l  energy  i n  Wisconsin.  F a t a l i t i e s  

due t o  working i n  c o a l  mines,  n u c l e a r  power p l a n t  d i s -  

a s t e r s ,  e t c . ,  and t h e  l o s s  o f  l a n d  w e r e  a  few of the 

a t t r i b u t e s  f o r  e v a l u a t i n g  energy  p r i c i n g .  The e x p e r t  

was asked:  "How many peop le  on a  f i r s t  gues s  would you 

be w i l l i n g  t o  g i v e  up t o  be i n d i f f e r e n t  t o  t h e s e  2000 

a c r e s ? "  F o r t u n a t e l y ,  n o t  a l l  a p p l i c a t i o n s  r e q u i r e  con- 

f u s i n g  q u e s t i o n s  l i k e  t h e s e .  

-- No g e n e r a l  recommendations can  be g iven  which a s s e s s -  

ment p rocedure  f o r  u t i l i t i e s  i s  t h e  b e s t  one .  



-- Bas ic  r e f e r e n c e  l o t t e r y  t i c k e t s  a r e  t h e  common t o o l  f o r  

t h e  assessment  of  expec t ed  u t i l i t y  f u n c t i o n s  nece s sa ry  

f o r  o u r  c a s e  s t u d y .  

Bauer and Wegener (1977) e x p l a i n  t h e  d i s c r epancy  between t h e  

s o p h i s t i c a t e d  and wel l -developed body o f  MAUT and t h e  sma l l  number 

of  r e a l  wor ld  a p p l i c a t i o n s  w i th  " l i m i t a t i o n s  concern ing  t h e  over-  

a l l  complexi ty  t h a t  c an  be p roce s sed  by it". Cons ider ing  m u l t i -  

a t t r i b u t i v i t y ,  u n c e r t a i n t y ,  and t i m e - v a r i a b i l i t y  a s  t h e  main f a c -  

t o r s  de te rming  t h e  complexi ty  o f  a  g iven  d e c i s i o n  s i t u a t i o n ,  t h e y  

a rgue  t h a t  " f u r t h e r  decomposi t ion  of  one o f t h e  t h r e e  d imensions .  .. 
h a s  t o  be p a i d  f o r  w i t h  h i g h e r  a g g r e g a t i o n  i n  t h e  two o t h e r  

d imensions ,  u n l e s s  s imu l t aneous ly  p r o g r e s s  i s  made on  t h e  i n s t r u -  

menta l  s i d e  o f  t h e  modeling t e c h n i q u e s ,  e . g . ,  by i n t r o d u c i n g  

c h o i c e  h e u r i s t i c s  o r  i n t e r a c t i v e  computing a s s i s t a n t n .  

I n  t h e  f a c e  o f  t h e  weaknesses o f  MAUT summarized above it 

becomes d i f f i c u l t  t o  j u s t i f y  i t s  a p p l i c a t i o n  t o  o u r  c a s e  s t udy .  

6 . 6  Reference  P o i n t  Approach (RPA) 

The fo l l owing  d i s c u s s i o n  i s  based  on Wierzb ick i  (1979a ,b ,  

1980 ) ,  K a l l i o  e t  a 1  (1980) and Hashimoto (1980 ) .  The RPA i s  a  

r e l a t i v e l y  new approach a v o i d i n g  many o f  t h e  drawbacks of  t h e  more 

t r a d i t i o n a l  approaches  t o  MODM. Wie r zb i ck i  (1979b) advoca t e s  t h e  

hypo the s i s  t h a t  everyday d e c i s i o n s  a r e  n o t  made by maximizing 

u t i l i t y  f u n c t i o n s  b u t  r a t h e r  by e s t a b l i s h i n g  c e r t a i n  r e f e r e n c e  

l e v e l s  f o r  o b j e c t i v e s  and t r y i n g  t o  s a t i s f y  them. Th i s  h y p o t h e s i s  

seems t o  be v a l i d  f o r  t h e  problem formula ted  i n  s e c t i o n  3.1 where 

d e c i s i o n s  t o  be t aken  have f e a t u r e s  bo th  o f  r e p e t i t i v e  and unique 

d e c i s i o n  s i t u a t i o n s  and where t h e  p r e f e r e n c e s  a r e  consc ious  b u t  

v a r i a b l e .  A t  p r e s e n t  RPA i s  n o t  f u l l y  developed.  The problems 

o f  an  a p p r o p r i a t e  r e f l e c t i o n  o f  u n c e r t a i n t y  have s t i l l  t o  be i n -  

v e s t i g a t e d .  S u c c e s s f u l  implementa t ion  o f  RPA w e r e  r e p o r t e d  by 

Hashimoto (1980) and K ind l e r  e t  a 1  ( 1 9 8 0 ) .  A package o f  programs 

h a s  been e l a b o r a t e d  f o r  au tomat ing  RPA. 

The main advan tage  o f  RPA i n  comparison w i t h  t h e  t r a d i t i o n a l  

MODM methods i s  t h a t  t h e  DM c a n  s p e c i f y  t a r g e t  l e v e l s  which a r e  

used t o  d e f i n e  a  P a r e t o  o p t i m a l  s o l u t i o n  which i s  a s  c l o s e  a s  pos- 

s i b l e  i n  a  s p e c i f i c  s e n s e  t o  t h e  r e f e r e n c e  p o i n t .  The DM can  t h i n k  



i n  t e rms  o f  g o a l s  i n s t e a d  o f  i n  t e r m s  o f  u t i l i t i e s  and p r e f e r e n c e s  

which i s  q u i t e  u n n a t u r a l  i n  p r a c t i c a l  d e c i s i o n  making a s  was men- 

t i o n e d  by Zeleny ( 1 9 8 0 ) .  RPA improves a  c r u c i a l  a s p e c t  o f  i n t e r -  

a c t i v e  MODM methods--the f o r  i n  which a d d i t i o n a l  i n f o r m a t i o n  from 

t h e  DM i s  p r o v i d e d  (see L a r i c h e v  and P o l y a k o v , , l 9 8 0 ) .  

A p a r t i c u l a r i t y  o f  W i e r z b i c k i ' s  approach  is  t h a t  any r e f e r e n c e  

p o i n t - - a t t a i n a b l e  o r  not--can be used.  Thus,  t h e  RPA is more 

g e n e r a l  t h a n  m o s t  o f  t h e  p r e v i o u s  approaches  which u s e d  r e f e r e n c e  

p o i n t s  o f  a  c e r t a i n  k i n d .  Kallio e t  a 1  (1980) d i s c u s s e d  forms o f  

t h e  p e n a l t y  s c a l a r i z i n g  f u n c t i o n  r e s u l t i n g  i n  l i n e a r  programming 

problems.  RPA can be combined w i t h  o u r  approach  deve loped  i n  

S e c t i o n  7 .  



7 .  DEVELOPMENT OF THE MODEL FOR THE PRESENT CASE STUDY 

7 . 1  Some I n t r o d u c t o r y  Remarks 

I n  t h i s  c h a p t e r  w e  w i l l  d i s c u s s  some i d e a s  r e l a t e d  t o  t h e  

problem o f  how t o  d e v e l o p  a  d e c i s i o n  s u p p o r t  sys tem f o r  management 

d e c i s i o n s ,  which p r o j e c t s  f o r  i n n o v a t i o n  s h o u l d  be adop ted  and 

how much t o  spend on them. T h i s  development  p r o c e s s  w i l l  be p e r -  

formed s t e p  by s t e p .  W e  w i l l  f i r s t  d e s c r i b e  t h e  b a s i c  approach 

w e  i n t e n d  t o  implement and some o f  i t s  v e r s i o n s  s u i t e d  f o r  d i f -  

f e r e n t  c i r c u m s t a n c e s  which might  o c c u r  i n  t h e  f i r m  u n d e r  c o n s i d e r a -  

t i o n .  

A t  t h e  p r e s e n t  s t a g e  of  o u r  i n v e s t i g a t i o n s  it i s  t o o  e a r l y  

t o  s p e c u l a t e  a b o u t  t h e  f i n a l  c o n s t r u c t i o n  o f  t h e  DSS. A DSS 

w i l l  be t h e  long- term g o a l  of  o u r  work. Ex tend ing  t h e  b a s i c  

approach w e  w i l l  r e l y  upon t h e  f i n d i n g s  o f  p s y c h o l o g i s t s ,  manage- 

ment s c i e n t i s t s  and s p e c i a l i s t s  i n  t h e  f i e l d  of  DSS and on t h e  

e x p e r i e n c e  o f  t h e  implementa t ion  o f  RED p r o j e c t  s e l e c t i o n  models.  

The development  p r o c e s s  o f  t h e  i n t e n d e d  DSS w i l l  e x t e n d  o v e r  

some y e a r s .  A t  each  s t a g e  w e  w i l l  have t o  d e c i d e  i n  c o o p e r a t i o n  

w i t h  t h e  d e c i s i o n  makers  o f  t h e  f i r m  (who welcome o u r  e f f o r t s  

d i r e c t e d  towards  a h i g h e r  o b j e c t i v i t y  o f  t h e  d e c i s i o n s )  whe the r  it 

c o u l d  be wor thwhi le  e l a b o r a t i n g  t h e  b a s i c  approach .  I n  t h i s  

d e c i s i o n  w e  c a n n o t  simply calculate the efficiency of a further s o p h i s t i c a -  

t i o n  because  t h e  a i m  of  a DSS i s  n o t  e f f i c i e n c y  b u t  e f f e c t i v e n e s s .  

Cau t ion  i n  t h e  development  p r o c e s s  of t h e  DSS i s  recommended 

f o r  s e v e r a l  r e a s o n s :  

-- o n l y  a few s u c c e s s f u l  a p p l i c a t i o n s  o f  R & D  p r o j e c t  s e l e c -  

t i o n  models a r e  known; 

-- o n l y  few a p p r o a c h e s  s u g g e s t e d  r e c e n t l y  have been t e s t e d  

i n  a wide r a n g e  o f  p r a c t i c a l  s i t u a t i o n s  ( t h i s  r e f e r s  t o  

m u l t i p l e  o b j e c t i v e  d e c i s i o n  making under  u n c e r t a i n t y ,  

f u z z y  d e c i s i o n  a n a l y s i s ,  e t c . ,  as  w e l l ) .  

The o r i e n t a t i o n  towards  d e c i s i o n  a n a l y s i s  t h a t  we a d o p t  c a n  

be  e x p l a i n e d  by t h e  f l e x i b i l i t y  o f  t h i s  approach and t h e  g r e a t  

number o f  r e p o r t e d  s u c c e s s f u l  a p p l i c a t i o n s  t o  rea l  wor ld  problems,  

i n c l u d i n g  t h e  management o f  R & D .  



The f u r t h e r  p r o g r e s s  o f  o u r  r e s e a r c i ~  p r o j e c t  w i l l  L L L ~  

depend on t h e  s u c c e s s  o f  o u r  e f f o r t s  t o  c r e a t e  an  a tmosphere  o f  

growing s u p p o r t  from t h e  d e c i s i o n  makers and from s p e c i a l i s t s  i n  

a number o f  d i s c i p l i n e s  l i k e ,  f o r  i n s t a n c e ,  MODM, f u z z y  sets 

t h e o r y ,  d e c i s i o n  a n a l y s i s ,  computer  t e c h n i q u e s .  These f a c t o r s  

are  c o n s i d e r e d  t o  be d e c i s i v e  f o r  t h e  e v e n t u a l  s u c c e s s  o f  o u r  

s t u d i e s  (see A l t e r ,  1 9 8 0 ) .  

A b a s i c  p r i n c i p l e  o f  t h e  development o f  o u r  DSS i s  t h e  modular  

p r i n c i p l e .  A l l  t e c h n i q u e s  a p p l i e d  shou ld  be j o i n t l y  c o m p a t i b l e  

so t h a t  t h e  a n a l y s t  (or d e c i s i o n  maker) c a n  choose  how t o  combir~e 

them. T h i s  p r i n c i p l e  g u a r a n t e e s  t h e  a d a p t a t i o n  o f  t h e  model t o  

new r e q u i r e m e n t s  o r  t o  new f i n d i n g s  i n  t h e  r a p i d l y  p r o g r e s s i n g  

f i e l d  o f  DSS. W e  s h o u l d  p o i n t  o u t  once more t h a t  w e  a r e  s t i l l  

a t  t h e  s t a g e  o f  s e a r c h i n g  f o r  t h e  " b e s t "  approach  f o r  o u r  prob- 

l e m .  T h i s  i s  t h e  main r e a s o n  f o r  o u r  e f f o r t s  o f  t e s t i n g  a number 

o f  them, b r i e f l y  d i s c u s s e d  i n  S e c t i o n  6 .  I n  p r a c t i c a l  a p p l i c a t i o n s  

h y b r i d  models  have o f t e n  proved s u c c e s s f u l  (see Hogar th ,  1974; 

Chapman, 1979; Bunn, 1 9 7 8 ) .  

7.2 I n t e r a c t i v e  Mode of  O p e r a t i o n  

Before  w e  d i s c u s s  t h e  b a s i c  model and s e v e r a l  v e r s i o n s  w e  

must f i n d  a n  answer t o  t h e  f o l l o w i n g  q u e s t i o n :  Why i s  a n  i n t e r -  

a c t i v e  manner o f  o p e r a t i o n  n e c e s s a r y  f o r  o u r  case s t u d y ?  

I n  a complex s i t u a t i o n  l i k e  t h e  e v a l u a t i o n  and s e l e c t i o n  o f  

i n n o v a t i o n  p r o j e c t s  w i t h  m u l t i p l e  o b j e c t i v e s ,  u n c e r t a i n t y  and 

l o n g - l a s t i n g  e f f e c t s  on  t h e  company as a whole ,  a d e c i s i o n  maker 

i s  o f t e n  n o t  able t o  a r t i c u l a t e  h i s  p r e f e r e n c e s  w e l l  enough t o  

c o n s t r u c t  a u t i l i t y  f u n c t i o n .  The f i r s t  p r e s e n t a t i o n  o f  t h e  prob- 

l e m  t h e  d e c i s i o n  maker i s  f a c e d  w i t h ,  w i l l  b e ,  i n  m o s t  c a s e s ,  

v e r y  vague and w i l l  have t o  b e  c o r r e c t e d  w i t h i n  a feedback l o o p .  

T h i s  i s  t h e  main r e a s o n  r e q u i r i n g  t h e  d e c i s i o n  maker t o  be  i n -  

vo lved  i n  t h e  problem f o r m u l a t i o n ,  s o l u t i o n  and e v a l u a t i o n  o f  t h e  

r e s u l t s .  The decis ion-maker  may wish t o  change some o f  t h e  d a t a  

t h e  d e c i s i o n  tree i s  b a s e d  on a s ,  f o r  i n s t a n c e ,  t h e  r e s o u r c e  

r e q u i r e m e n t s  o f  a c e r t a i n  p r o j e c t  p a t h  i n  a p a r t i c u l a r  t i m e  p e r i o d ,  

t h e  b e n e f i t s  t o  be  e x p e c t e d  i f  a p a r t i c u l a r  p r o j e c t  i s  r e a l i z e d ,  

t h e  p r o b a b i l i t y  of  c e r t a i n  chance  nodes and so o n ,  and assess t h e  



impact  of  t h e  changes  on t h e  f i n a l  s o l u t i o n .  The changes  may 

a f f e c t  even whole b r a n c h e s  o f  t h e  t r e e  which can be d e l e t e d  o r  

i n s e r t e d .  

The g e n e r a t i o n  of a  f e a s i b l e  se t  of  a l t e r n a t i v e s  i s  i n  some 

c a s e s  more i m p o r t a n t  t h a n  t h e  s o l u t i o n  i t s e l f  because  i t  p r e d e t e r -  

mines t h e  f i n a l  c h o i c e .  Our approach i s  i n t e n d e d  t o  be p rocess -  

o r i e n t e d  and s h o u l d  a l l o w  f o r  any changes  t h e  d e c i s i o n  maker i s  

w i l l i n g  t o  u n d e r t a k e .  F i g u r e  14 shows t h e  p r i n c i p a l  s t r u c t u r e  o f  

one  o f  t h e  model v e r s i o n s  (it w i l l  be d i s c u s s e d  i n  t h e  n e x t  

s e c t i o n  7 . 4 ) .  Many models f o r  p r o j e c t  s e l e c t i o n  have n o t  been 

a d o p t e d  because  t h e  d e c i s i o n  maker d i d  n o t  f e e l  t h a t  t h e i r  r e a l  

p r e f e r e n c e s  were r e f l e c t e d  a d e q u a t e l y .  

An i n t e r a c t i v e  p r o c e d u r e  w i l l  g r e a t l y  i n c r e a s e  t h e  d e c i s i o n  

m a k e r ' s  c o n f i d e n c e .  "Human d e c i s i o n  making paradigm must be 

a m p l i f i e d  r a t h e r  t h a n  r e d u c e d ,  u n d e r s t o o d  r a t h e r  t h a n  i g n o r e d ,  

r e s p e c t e d  r a t h e r  t h a n  degraded' '  (Ze leny ,  1 9 8 0 ) .  I n t e r a c t i v e  

d e c i s i o n  making i s  a t  p r e s e n t  t h e  b e s t  way t o  m e e t  t h i s  demand. 

4 1 I OPSIMB. 

OPSVAR 

! 

C 
OPSI 

I STATIST 

F i g u r e  14 S t r u c t u r e  o f  t h e  Computer Programme f o r  t h e  Second 
Problem Formula t ion .  



The main i d e a  o f  i n t e r a c t i v e  d e c i s i o n  making i s  t h e  j o i n t  

s o l i c i t i n g  o f  t h e  d e c i s i o n  m a k e r ' s  p r e f e r e n c e  s t r u c t u r e  and t h e  

i n v e s t i g a t i o n  of  t h e  f e a s i b l e  set of  a l t e r n a t i v e s  f o r  t h e  e v e n t u a l  

d e t e r m i n a t i o n  o f  a n  " o p t i m a l "  s o l u t i o n .  The most i m p o r t a n t  prob- 

l e m  i n  t h e  a s s e s s m e n t  o f  a n  i n t e r a c t i v e  p r o c e d u r e  i s  t h e  a b i l i t y  

o f  t h e  d e c i s i o n  maker t o  answer  t h e  q u e s t i o n s  a s k e d  by t h e  a l g o r i t h m .  

One c a n n o t  e x p e c t  q u e s t i o n s  t o  be answered which are d i f f i c u l t  

f o r  t h e  d e c i s i o n  maker even w i t h o u t  a computer .  

A c l a s s i f i c a t i o n  o f  i n t e r a c t i v e  p r o c e d u r e s  b a s e d  on t h e  key 

q u e s t i o n - - t h e  d i s t r i b u t i o n  o f  t h e  work t o  be  done between t h e  

d e c i s i o n  maker and t h e  machine-- is  p r o v i d e d  by L a r i c h e v  and Polyakov 

( 1 9 8 0 ) .  They d i s t i n g u i s h  between u n s t r u c t u r e d ,  p s e u d o - s t r u c t u r e d  

and s t r u c t u r e d  p r o c e d u r e s  which d i f f e r  i n  t h e  d e g r e e  o f  t h e  d e c i - .  

s i o n  m a k e r ' s  involvement  i n  t h e  p r o c e s s  o f  f i n d i n g  a s o l u t i o n .  

I n  t h i s  p a p e r  w e  w i l l  c o n s i d e r  o n l y  s t r u c t u r e d  p r o c e d u r e s  because  

o f  t h e i r  r e l a t i v e  s i m p l i c i t y .  S t r u c t u r e d  p r o c e d u r e s  r e f l e c t  

r e s u l t s  o f  p s y c h o l o g i c a l  i n v e s t i g a t i o n s  o n  human c a p a b i l i t i e s  

i n  comparing m u l t i a t t r i b u t e d  a l t e r n a t i v e s  and s t a r t  from t h e  f i n d -  

i n g  t h a t  t h e s e  c a p a b i l i t i e s  a r e  v e r y  l i m i t e d .  Hence, i n t e r a c t i v e  

p r o c e d u r e s  s h o u l d  a s k  s i m p l e  q u e s t i o n s .  

7 . 3  Basic Model a d  V e r s i o n s  

The b a s i c  model c a n  be f o r m u l a t e d  i n  s e v e r a l  v e r s i o n s  depend- 

i n g  on t h e  problem s i z e  which i s  de te rmined  by: 

-- t h e  number o f  p r o j e c t s  under  c o n s i d e r a t i o n  

-- t h e  s t r u c t u r e  o f  t h e  d e c i s i o n  trees (number o f  d e c i s i o n  

and chance  nodes and c o r r e s p o n d i n g  b r a n c h e s )  

-- t h e  number o f  t i m e  p e r i o d s  

-- t h e  number o f  r e s o u r c e  t y p e s  f o r m a l l y  i n c l u d e d .  

Given t h a t  t h e  problem s i z e  i s  n o t  t o o  l a r g e  t h e  e v a l u a t i o n  and 

s e l e c t i o n  problem t a k e s  t h e  form o f  a s t o c h a s t i c  l i n e a r  programming 

problem i n  which t h e  u n c e r t a i n t i e s  a b o u t  t h e  f u t u r e  are i n c o r p o r a t e d  

i n  t h e  o b j e c t i v e  f u n c t i o n .  

The d e c i s i o n  v a r i a b l e s  a r e  d e s i g n a t e d  by x i j  . T h i s  i s  t h e  
t t  p a t h  o f  j o f  a  g i v e n  p r o j e c t  i i n  t i m e  p e r i o d  t u n d e r  t h e  assump- 

t i o n  t h a t  t h e  f u t u r e  s ta te  o f  t h e  wor ld  f  h a s  o c c u r r e d  i n  t i m e  



p e r i o d  t .  The f u t u r e  s t a t e  of  t h e  wor ld  i s  d e t e r m i n e d  by t h e  

c h a n c e  outcomes o f  c h a n c e  nodes  up  t o  t i m e  p e r i o d  t ( f o r  f u r t h e r  

d e t a i l s  see, f o r  i n s t a n c e ,  G e a r  and L o c k e t t ,  1 9 7 3 ) .  The c o n s t r a i n t s  

o f  t h i s  model v e r s i o n  g u a r a n t e e  t h a t  n o t  more t h a n  o n e  p r o j e c t  

p a t h  o f  e a c h  p r o j e c t  w i l l  be selected and  e n s u r e  t h a t  r e s o u r c e  

a v a i l a b i l i t i e s  are n o t  exceeded  i n  a l l  t i m e  p e r i o d s  and  t h a t  

c o m p l e t e  p r o j e c t  p a t h s  are e i t h e r  a d o p t e d  o r  r e j e c t e d .  Given t h a t  

t h e  v a l u e  o f  t h e  e n d p o i n t s  c a n  be e x p r e s s e d  i n  monetary  t e r m s ,  

t h e  o b j e c t i v e  f u n c t i o n  c a n  be f o r m u l a t e d  as t h e  m a x i m i z a t i o n  o f  

t h e  o v e r a l l  e x p e c t e d  v a l u e  o f  t h e  sum o f  t e r m i n a l  v a l u e s  of  t h e  

p r o j e c t s .  S i m i l a r  e x p r e s s i o n s  c a n  be found f o r  t h e  o t h e r  two 

o b j e c t i v e s  men t ioned  i n  s e c t i o n  3 . 2 .  O t h e r  c o n s t r a i n t s  a r i s i n g  

from p e c u l i a r i t i e s  o f  t h e  f i r m  o f  t h e  p r e s e n t  c a s e  s t u d y  c a n  be  

e a s i l y  i n c l u d e d .  

The f i r s t  v e r s i o n  o f  o u r  model f o r m u l a t i o n  t a k e s  i n t o  a c c o u n t  

t h e  o r d e r  i n  which d e c i s i o n s  and  u n c e r t a i n t i e s  a r i se  o n  e a c h  

p r o j e c t  o v e r  t i m e .  One g e t s  t h e  s o l u t i o n s  f o r  a l l  p o s s i b l e  f u t u r e  

s ta tes  o f  t h e  wor ld  i n  o n e  computer  r u n .  P a r a l l e l  a p p r o a c h e s  i n  

R&D c a n  be  modeled.  By d e f i n i n g  t h e  nodes  o f  t h e  d e c i s i o n  t ree 

i n  a n  a p p r o p r i a t e  manner o n e  c a n  t a k e  i n t o  a c c o u n t  u n c e r t a i n t i e s  

i n  r e s o u r c e  r e q u i r e m e n t s ,  p r o j e c t  d u r a t i o n ,  p r o j e c t  ou tcomes .  

The r e s u l t s  of  t h e  c a l c u l a t i o n s  i n d i c a t e  how t o  a l l o c a t e  t h e  

a v a i l a b l e  r e s o u r c e s  ( t h e  q u e s t i o n s  i n c l u d e s -  a spec t s - -wh ich  

p r o j e c t s  t o  c h o o s e  a n d  how much t o  spend  on them) i n  t i m e  p e r i o d  

1  i n  o r d e r  t o  be o n  t h e  o p t i m a l  p a t h  i n  t h e  f u t u r e .  I f  t h e  number 

o f  d e c i s i o n  v a r i a b l e s  i s  l a r g e ,  t h e n  d i f f i c u l t i e s  may ar ise  i n  

t h e  a n a l y s i s  o f  t h e  s o l u t i o n s .  

The f i r s t  p rob lem f o r m u l a t i o n  i s ,  f rom o u r  v i e w p o i n t ,  w e l l  

s u i t e d  f o r  i n t e r a c t i v e  m u l t i p l e  o b j e c t i v e  d e c i s i o n  making and  

c a n  be  combined e a s i l y  w i t h  a p p r o a c h e s  l i k e  STEM o r  w i t h  t h e  

r e f e r e n c e  p o i n t  a p p r o a c h  (see W i e r z b i c k i ,  1979a ,  b ;  W i e r z b i c k i ,  

1980;  K a l l i o ,  e t  a l ,  1 9 8 0 ) ,  b e c a u s e  a l l  u n c e r t a i n t i e s  i n v o l v e d  

i n  t h e  d e c i s i o n  trees are r e p r e s e n t e d  i n  t h e  o b j e c t i v e  f u n c t i o n .  

I n  t h e  i n t e r a c t i v e  p rob lem s o l u t i o n  t h e  d e c i s i o n  maker c a n  m a n i p u l a t e  

o n l y  i n  t h e  o b j e c t i v e  s p a c e .  

W e  hope ,  t h a t  b e c a u s e  o f  t h e  r e l a t i v e l y  s m a l l  number o f  

p r o j e c t s  i n  o u r  c a s e  s t u d y  w e  need  n o t  e x c e e d  t h e  l i m i t s  o f  



s o l v a b i l i t y  w i th  t h e  e x i s t i n g  s t a n d a r d  packages .  Moreover, it 

i s  p o s s i b l e  t o  reduce t h e  problem s i z a  which i s  i n c r e a s e d ,  f i r s t  

of  a l l ,  by t h e  number o f  chance nodes i n  t h e  d e c i s i o n  trees.  The 

neces sa ry  t h e o r y  i s  provided by Locke t t ,  e t  a 1  (1980) f o r  t h e  

s i n g l e - o b j e c t i v e  c a s e .  

F i n a l l y ,  one cou ld  be s a t i s f i e d  w i t h  a  good, f e a s i b l e  so lu -  

t i o n  w i th  upper  and lower bounds on t h e  expec t ed  v a l u e  of t h e  

op t ima l  s o l u t i o n  i n s t e a d  o f  s t r o n g  o p t i m i z a t i o n  which ha s  no 

r e a l  s e n s e  (see L o c k e t t ,  e t  a l ,  1980) .  

The a l t e r n a t i v e  approach ,  combining l i n e a r  programming w i t h  

s i m u l a t i o n  and h e u r i s t i c  a n a l y s i s  o f  t h e  s o l u t i o n s  w i l l  be a p p l i e d  

i f  a l l  t h e s e  p o s s i b i l i t i e s  of  reduc ing  t h e  problem s i z e  a r e  n o t  

s u f f i c i e n t .  I n  t h i s  c a s e  it seems t o  be b e s t  t o  app ly  i d e a s  o f  

MAUT i n  o r d e r  t o  de te rmine  t h e  t r a d e - o f f s  between t h e  d i f f e r e n t  

o b j e c t i v e s ,  and t o  a s s e s s  an  aggrega ted  v a l u e  f o r  each  o f  t h e  

a l t e r n a t i v e s .  The problems i n  t h e  assessment  of  t h e  m u l k i a t t r i b u t e  

u t i l i t y  f u n c t i o n  a r e  weakened by t h e  smal l  number o f  o b j e c t i v e s .  

I n  t h i s  c a s e  w e  w i l l  r e l y  on approaches  l i k e  t h o s e  developed by 

Keeney and Sicherman ( 1 9 7 5 ) . 
With an i n c r e a s i n g  s i z e  o f  t h e  l i n e a r  programming problem 

cor responding  t o  t h e  d e c i s i o n  trees o f  the i nnova t i on  p r o j e c t s  it 

becomes more and more d i f f i c u l t  t o  s o l v e  the problemviith e x i s t i n g  

s t a n d a r d  s o l u t i o n  packages ,  even when a  branch-and-bound method 

i s  a p p l i e d .  The d e c i s i o n  maker can a l s o  g e t  l o s t  among t h e  very  

l a r g e  number o f  p r i n t e d  d e c i s i o n  v a r i a b l e s .  These a r e  t h e  main 

r ea sons  f o r  t h e  development o f  an  a l t e r n a t i v e  approach f o r  t h e  

r e p r e s e n t a t i o n  o f  t h e  same problem. I t  combines l i n e a r  programming, 

s i m u l a t i o n  and h e u r i s t i c  i n t e r p r e t a t i o n  of  t h e  r e s u l t s .  Each 

p r o j e c t  p a t h  o f  a  g iven  i nnova t i on  p r o j e c t  i s  r e p r e s e n t e d  by one 

d e c i s i o n  v a r i a b l e .  The c o n s t r a i n t s  o f  t h e  model e n s u r e  t h a t  r e s o u r c e  

a v a i l a b i l i t i e s  a r e  n o t  exceeded i n  a l l  t i m e  p e r i o d s  and f o r  a l l  

k i n d s  o f  r e s o u r c e s .  

I n  t h e  second problem fo rmu la t i on  t h e  chance nodes o f  t h e  

d e c i s i o n  trees a r e  r e p e a t e d l y  sampled. I n  t h i s  way t h e  problem 

i s  reduced t o  a  de t e rmin i s t i c  l i n e a r  programming one.  Th is  s imula-  

t i o n  r e s u l t s  i n  some a d d i t i o n a l  c o n s t r a i n t s .  T h e i r  number c o r r e s -  

ponds t o  t h e  number o f  p r o j e c t  p a t h s  i n  which chance nodes a r e  



i n c o r p o r a t e d .  The c o n s t r a i n t s  d i f f e r  o n l y  i n  t h e  r i g h t - h a n d  

s i d e s  o f  t h e  l i n e a r  i n e q u a l i t i e s .  A s e t  o f  0 o r  1 i s  g e n e r a t e d  i n  

e a c h  s i m u l a t i o n  r u n .  A 1 means t h a t  t h e  c o r r e s p o n d i n g  p r o j e c t  

p a t h  i s  b e i n g  c o n s i d e r e d  i n  t h i s  r u n .  T h i s  a p p r o a c h  w a s  f i r s t  

r e p o r t e d  i n  L o c k e t t  and  Freeman ( 1 9 7 0 ) .  The a p p l i c a t i o n  o f  Monte 

C a r l o  t e c h n i q u e s  i s  a l s o  p r o p o s e d  i n  A l l e n  and  J o h n s o n  ( 1 9 7 1 ) .  

W e  d e v e l o p e d  a compu te r  p rogram which g e n e r a t e s ,  f o r  a se t  o f  

g i v e n  d e c i s i o n  t rees ,  t h e  c o r r e s p o n d i n g  l i n e a r  programming p rob lem 

w i t h  a f i x e d  m a t r i x  o f  c o e f f i c i e n t s  and  a number o f  r i g h t - h a n d  

s i d e s .  The s o l u t i o n s  c a n  b e  a n a l y s e d  u s i n g  s t a t i s t i c a l  means 

and  v a r i a n c e s  f o r  t h e  cases t h a t  t h e  d e c i s i o n  v a r i a b l e  i s  e l e m e n t  

o f  t h e  b a s i s  o r  n o t  ( f o r  d e t a i l s  see, f o r  i n s t a n c e ,  L o c k e t t  and  

Gear, 1 9 7 3 ) .  

The p r e s e n t a t i o n  o f  r e s u l t s  o f  t h e  model r u n s  i n  t h i s  way 

i s ,  f rom o u r  v i e w p o i n t ,  v e r y  c o n v e n i e n t  f o r  t h e  d e c i s i o n  maker .  

The p r o p o s e d  a p p r o a c h  c a n  h a n d l e  a  l a r g e  number o f  i n n o v a t i o n  

p r o j e c t s  w i t h  c o m p l i c a t e d  s t r u c t u r e s  and  h i g h l y  d i s a g g r e g a t e d  

r e s o u r c e s  a n d  t i m e  p e r i o d s .  A weakness  o f  t h e  s e c o n d  a p p r o a c h  

i s  t h e  p rob lem o f  f i n a l  c h o i c e .  I t  i s  a l s o  n o t  s u i t e d  f o r  a n  

i n t e r a c t i v e  manner o f  o p e r a t i o n ,  b u t  c a n  be  u s e d  a s  a c o n v e n i e n t  

s t a r t i n g  p o i n t  f o r  a n  a n a l y s i s  w i t h  t h e  a p p r o a c h  d i s c u s s e d  above  

combined w i t h  man-machine d i a l o g u e .  W e  t h i n k  t h a t  a c o m b i n a t i o n  

o f  b o t h  a p p r o a c h e s  i s  t h e  b e s t  way t o  a r r i v e  a t  a more r e a l i s t i c  

p i c t u r e  o f  t h e  whole  d e c i s i o n  p r o c e s s  on  i n n o v a t i o n  p r o j e c t s .  

The b a s i c  model d i s c u s s e d  h e r e  i s  l i n e a r .  Many d e t a i l e d  

s t u d i e s  have  i n d i c a t e d  t h a t  l i n e a r  models :  

-- a r e  a good a p p r o x i m a t i o n  o f  real  RED s i t u a t i o n s  

( A l l e n  a n d  J o h n s o n ,  1971;  B e l l  and  Read, 1 9 7 0 ) ,  

-- are  e a s y  t o  h a n d l e ,  

-- a r e  e a s y  t o  u n d e r s t a n d  f o r  d e c i s i o n  make r s ,  

-- c a n  e a s i l y  b e  e x t e n d e d  t o  m u l t i o b j e c t i v e  d e c i s i o n  making 

p rob lems  ( t h e  t h e o r y  and  compu te r  p rog rams  f o r  m u l t i -  

o b j e c t i v e  l i n e a r  p rob lems  a r e  d i s c u s s e d  i n t e n s i v e l y  i n  

t h e  l i t e r a t u r e ,  see Zeleny  (1974)  , Evans a n d  S t e u e r  ( 1  973) ) . 
N o n l i n e a r  p r o b l e m  f o r m u l a t i o n s  d o  n o t  add  t o  r e a l i t y  

and o f t e n  c a n n o t  b e  s o l v e d  by  s t a n d a r d  c o m p u t e r i z e d  

s o l u t i o n  t e c h n i q u e s .  



7.4 S t age  of  t h e  Work 

Working on o u r  c a s e  s t u d y  w e  programmed t h e  second problem 

f o r m u l a t i o n  f i r s t .  The r e a s o n s  were o f  p r a c t i c a l  n a t u r e .  The 

p r i n c i p a l  s t r u c t u r e  o f  t h e  program which was w r i t t e n  i n  PL/1 i s  

shown i n  F igu re  1 4 .  

The s t r u c t u r e  o f  t h e  computer program shown i n  F igu re  14 a l s o  

a p p l i e s  t o  t h e  f i r s t  problem f o r m u l a t i o n ,  t h e  o n l y  d i f f e r e n c e  be ing  

t h a t  t h e  subprograms FATE, OPSVAR, STATIST a r e  unnecessa ry .  

Subprogram CHANGE h a s  t h e  fo l l owing  f u n c t i o n s :  

-- s t o r e  a l l  i n p u t  d a t a  i n  t h e  form o f  l i s t s  (see Knuth, 1 9 7 3 ) ,  

-- o r g a n i z e  t h e  d i a l o g u e  between machine and d e c i s i o n  maker 

-- make p o s s i b l e  a l l  changes t h e  d e c i s i o n  maker i s  w i l l i n g  

t o  under take  (changes  o f  outcomes, r e s o u r c e  r equ i r emen t s ,  

r e s o u r c e  a v a i l a b i l i t i e s ,  p r o b a b i l i t i e s ,  i n s e r t i o n  o r  

d e l e t i o n  o f  b r anches ,  e tc .  ) . 
Having implemented a  working v e r s i o n  o f  t h e  whole complex o f  pro- 

grams, most e f f o r t  w i l l  be c o n c e n t r a t e d  on t h e  r e f i nemen t  of  

CHANGE. Some p o s s i b l e  ways o f  do ing  t h a t  were d i s c u s s e d  i n  

s e c t i o n  6 .5 .2 .  The main aim w i l l  be t h e  au tomat ion  o f  t h e  p r o c e s s  

of  e l i c i t i n g  d e c i s i o n  trees i n  a  language c l o s e  t o  c o n v e r s a t i o n a l  

a s  it was d e s c r i b e d  by Lea l  and P e a r l  ( 1976 ) .  

EQSYST i s  a  subprogram g e n e r a t i n g  t h e  m a t r i x  o f  c o e f f i c i e n t s  

o f  t h e  l i n e a r  programming problem cor responding  t o  t h e  e l i c i t e d  

d e c i s i o n  t r e e s .  By runn ing  t h e  subprogram OPSIMB t h i s  m a t r i x  i s  

s t o r e d  on a  t a p e  i n  a  form neces sa ry  f o r  t h e  s t a n d a r d  program 

which s o l v e s  l i n e a r  programming problems. For each  c o e f f i c i e n t  

matrix,FATE g e n e r a t e s  a  set o f  r i gh t -hand - s ide s  of  t h e  l i n e a r  

programming problem which a r e  s t o r e d  on t h e  t a p e  by subprogram 

OPSVAR. RESID c o n s t r u c t s  a l l  remaining c o n s t r a i n t s  o f  t h e  l i n e a r  

programming problem, which i s  t h e n  ready f o r  s o l v i n g  by t h e  

s t a n d a r d  program OPSI. What fo l l ows  t hen  i s  a  s t a t i s t i c a l  a n a l y s i s  

of  t h e  s i m u l a t i o n  runs  w i th  STATIST. Having analyzed t h e  s o l u t i o n s ,  

t h e  d e c i s i o n  maker can r e t u r n  t o  CHANGE and a d j u s t  t h e  i n p u t  d a t a .  

A l l  c a l c u l a t i o n s  a r e  performed i n  t h e  computer c e n t e r  of t h e  

U n i v e r s i t y  o f  Economic S c i e n c e s  i n  B e r l i n  on computers  o f  t h e  

ESER t y p e .  



7 .5  A p p l i c a t i o n  of  Goal Programming 

For  work on o u r  r e s e a r c h  p r o j e c t  we need a  s c h e d u l e  f o r  i t s  

c o n t i n u a t i o n ,  based  on t h e  d i s c u s s i o n  o f  t h e  d i f f e r e n t  approaches  

f o r  MODM i n  s e c t i o n  6 o f  t h i s  p a p e r  and w i t h i n  t h e  bounds o f  pos- 

s i b i l i t y  of  o u r  f i r m .  

I n  view o f  d i s c u s s i o n s  of new approaches  i n  t h e  s c i e n t i f i c  

l i t e r a t u r e  ( s e e ,  f o r  i n s t a n c e ,  d i s c u s s i o n s  on f u z z y  d e c i s i o n  

a n a l y s i s  i n  F r e e l i n g ,  1 9 8 0 ) ,  showing t h a t  t h e i r  implementa t ion  

sometimes c r e a t e s  more problems t h a n  it can s o l v e ,  w e  r e l y  on  

approaches  w i d e l y  a d o p t e d  and t e s t e d .  What w i l l  be u s e f u l  f o r  

a l m o s t  a l l  a p p r o a c h e s  ( g o a l  programming, STEM, g l o b a l  c r i t e r i o n  

method) i s  t h e  q t imiza t ion  of  t h e  problem f o r  e a c h  b e n e f i t  area 

s e p a r a t e l y .  T h i s  i s  p o s s i b l e  w i t h  t h e  programs a l r e a d y  w r i t t e n .  

The maxima i n  t h e  d i f f e r e n t  b e n e f i t  areas c a n  be  u s e d ,  f o r  i n s t a n c e ,  

i n  g o a l  programming as t h e  t a r g e t  v a l u e ,  t h e  d e c i s i o n  maker h a s  

t o  d e t e r m i n e .  Some r e c e n t  p a p e r s  (see Muhlemann, e t  a l ,  1978; 

L o c k e t t ,  e l  a l l  1980; H a r r i n g t o n  and F i s c h e r ,  1980) have shown 

t h e  p r i n c i p l e  p o s s i b i l i t y  t o  a p p l y  g o a l  programming t o  t h e  prob- 

l e m  o f  RED p r o j e c t  e v a l u a t i o n  and s e l e c t i o n .  Some s i m p l e  examples 

i l l u s t r a t e d  t h e  m o d i f i c a t i o n s  n e c e s s a r y  t o  a p p l y  t h e  b a s i c  ap- 

proach w e  u s e  ( s e c t i o n  7 . 3 )  . S e v e r a l  forms o f  t h e  o b j e c t i v e  

f u n c t i o n  were d i s c u s s e d  r a n g i n g  from t h e  maximum w e i g h t e d  e x p e c t e d  

p o r t f o l i o  d e v i a t i o n  from a se t  o f  g o a l s  t o  t h e  maximum o f  t h e  

minimum weigh ted  p o r t f o l i o  d e v i a t i o n  from a se t  o f  g o a l s .  I n  t h e  

second case t h e  ass ignment  of p r o b a b i l i t i e s  t o  t h e  chance  nodes 

i s  u n n e c e s s a r y .  Our t a s k  c o n s i s t s  i n  t h e  r e a l i z a t i o n  o f  t h e  

t h e o r e t i c a l  f i n d i n g s  i n  t h e  p r e s e n t  c a s e  s t u d y .  I n  t h i s  work w e  

have  t o  a v o i d  some s i m p l i f i c a t i o n s  i n  t h e  quo ted  p a p e r s ;  t h i s  

r e f e r s ,  f o r  i n s t a n c e ,  t o  t h e  assumpt ion  t h a t  t h e  b e n e f i t s  i n  t h e  

d i f f e r e n t  areas c a n  be  summed up.  

7 . 6  A p p l i c a t i o n  o f  STEM 

I n  t h i s  s e c t i o n  w e  w i l l  d i s c u s s  t h e  a p p l i c a t i o n  o f  STEM t o  

o u r  problem and t h e  changes  n e c e s s a r y  i n  t h e  program s t r u c t u r e  

o u t l i n e d  i n  F i g u r e  14.  Our f i r s t  problem f o r m u l a t i o n  c o r r e s p o n d s  

e n t i r e l y  t o  t h e  problem c o n s i d e r e d  i n  Benayoun, e t  a 1  ( 1 9 7 1 a ) .  

The b a s i c  STEM p r o c e d u r e  i s  v a l i d  f o r  t h e  case o f  known w e i g h t s  



of t h e  d i f f e r e n t  o b j e c t i v e s .  Our program ( F i g u r e  14)  can  be 

e x p l o i t e d  f o r  t h e  o p t i m i z a t i o n  w i t h  r e s p e c t  t o  e a c h  of  t h e  t h r e e  

p a r t i c u l a r  o b j e c t i v e s  mentioned i n  s e c t i o n  3 . 2  Only one s t e p  

must be added i n  o r d e r  t o  implement STEM: t h e  o p t i m i z a t i o n  w i t h  

r e s p e c t  t o  t h e  t o t a l  o b j e c t i v e  which i s  t h e  we igh ted  sum of t h e  

p a r t i c u l a r  o b j e c t i v e  f u n c t i o n s .  I f  t h e  o p t i m i z a t i o n  w i t h  r e s p e c t  

t o  t h e  " t o t a l  o b j e c t i v e "  d o e s  n o t  p r o v i d e  a s a t i s f a c t o r y  s o l u t i o n ,  

an  a d d i t i o n a l  c o n s t r a i n t  is  i n t r o d u c e d  d e f i n i n g  t h e  minimum 

a t t a i n m e n t  l e v e l s  t o  be m e t .  

The p rocedure  o f  s e e k i n g  a compromise between t h e  i n c r e a s e  

o f  a  c e r t a i n  o b j e c t i v e  v a l u e  and t h e  r e d u c t i o n  o f  o t h e r s  d o e s  

n o t  c a u s e  any  i m p o r t a n t  changes  i n  t h e  program shown i n  F i g u r e  14.  

A s  w a s  mentioned i n  s e c t i o n  6 .4  STEM w a s  deve loped  i n  t h r e e  

v e r s i o n s  f o r  t h e  f o l l o w i n g  c a s e s :  

1 .  t h e  w e i g h t s  o f  t h e  o b j e c t i v e  f u n c t i o n s  are g i v e n  

2 .  t h e  r e l a t i v e  impor tance  o f  t h e  o b j e c t i v e s  is  known 

3 .  no  a p r i o r i  i n f o r m a t i o n  a b o u t  t h e  impor tance  of  t h e  

o b j e c t i v e s  i s  a v a i l a b l e .  

Case 3  means t h a t  a l l  p o s s i b l e  sys tems  o f  w e i g h t s  are e q u i -  

p r o b a b l e ,  which i s  n o t  t r u e  f o r  o u r  problem. Case 1  i s  a l s o  

u n r e a l i s t i c .  Hence w e  have t o  d e a l  w i t h  s i t u a t i o n  2 which c a n  

be e a s i l y  t r a c e d  back t o  case 1  by c o n s i d e r i n g  t h e  f o l l o w i n g  

s t a t e m e n t s  t o  be v a l i d .  

The r a t i o  8 :1  c h a r a c t e r i z e s  a n  overwhelming impor tance  of  

one o b j e c t i v e  i n  comparison w i t h  a n o t h e r .  R a t i o s  4 : 1 ,  2:1,  1:1 

c h a r a c t e r i z e  s i g n i f i c a n t  g r e a t e r  i m p o r t a n c e ,  g r e a t e r  impor tance  

and e q u a l  impor tance  r e s p e c t i v e l y  (see Benayoun, e t  a l l  1 9 7 1 a ) .  

These a s s e s s m e n t s  c a n  be  used  t o  c a l c u l a t e  w e i g h t s  which add up 

t o  1 .  Many i n v e s t i g a t i o n s  have i n d i c a t e d  t h a t  t h e  c o r r e c t  v a l u e  

o f  t h e  w e i g h t s  d o e s  n o t  g r e a t l y  i n f l u e n c e  t h e  f i n a l  r e s u l t .  T h i s  

i s  t h e  main argument f o r  u s i n g  t h e s e  r a t i o s  o f  impor tance .  

Though t h e  c a s e  o f  known r e l a t i v e  impor tance  of t h e  o b j e c t i v e s  

i s  t h e  most r ea l i s t i c ,  it i s  wor thwhi le  imag in ing  t h a t  no a  p r i o r i  

i n f o r m a t i o n  i s  a v a i l a b l e  on t h e  impor tance  o f  t h e  o b j e c t i v e s .  The 

r e s u l t s  of t h e  s o l u t i o n  of  t h i s  problem c a n  shed l i g h t  on t h e  

f i n a l  d e c i s i o n  t o  be  t a k e n .  For this case, Benayom e t  a1 (1971a) suggest 



t h e  fo l l owing  method which is  based on t h e  i d e a  t h a t  t h e  op t imiza-  

t i o n  wi th  r e s p e c t  t o  a  p a r t i c u l a r  o b j e c t i v e  j  i s  i d e n t i c a l  t o  t h e  

o p t i m i z a t i o n  w i th  r e s p e c t  t o  t h e  t o t a l  o b j e c t i v e  u s i n g  t h e  sys tem 

of  weights  ( 0 , 0 , . . . , 0 , 1 , 0 , . . . 0 ) ,  where 1 is  component j  o f  t h e  

v e c t o r .  

W e  a r r a n g e  t h e  r e s u l t s  o f  t h e  o p t i m i z a t i o n  w i th  each  o f  t h e  

o b j e c t i v e s  i n  t h e  form o f  a  t a b l e ,  see Table  3 .  I f  t h e  v a l u e s  

of  a  c e r t a i n  column j  o f  t h e  m a t r i x  do n o t  d i f f e r  too much from 

t h e  maximum va lue  o f  column j  which i s  a t t a i n e d  on t h e  p r i n c i p a l  

d i a g o n a l ,  t h e n  a  s u f f i c i e n t l y  l a r g e  va lue  w i t h  r e s p e c t  t o  o b j e c t i v e  

j  is  ach ieved .  Hence t h e  weight  of t h i s  o b j e c t i v e  i n  t h e  sys tem 

o f  weights  can  be t aken  a s  s m a l l .  Benayoun, e t  a l ,  s u g g e s t s  t w o  

methods f o r  o b t a i n i n g  t h e  weigh ts  o f  t h e  o b j e c t i v e s  i n  t h e  t o t a l  

o b j e c t i v e  f u n c t i o n  which d i f f e r  i n  t h e  deg ree  o f  usage  o f  t h e  

l a r g e  amount o f  i n fo rma t ion  con t a ined  i n  t h e  m a t r i x .  I n  t h i s  way 

t h e  c a s e  w i th  a  l a c k  o f  i n fo rma t ion  about  t h e  importance  o f  t h e  

o b j e c t i v e s  is a l s o  t r a c e d  back t o  t h e  b a s i c  STEM procedure .  The 

comparat ive  s i m p l i c i t y  of  STEM i s  t h e  r e a s o n . f o r  i t s  wide 

accep t ance .  

Table  3 



8 .  SUMMARY 

I n  t h i s  working paper  t h e  f i r s t  phase  of  an  ongoing r e s e a r c h  

p r o j e c t  i s  p r e s e n t e d .  I t  i s  aimed a t  t h e  development o f  an ap- 

p roach  f o r  t h e  problem o f  a l l o c a t i o n  of  r e s o u r c e s  between p r o j e c t s  

f o r  i n n o v a t i o n  a t  a  r e l a t i v e l y  e a r l y  s t a g e  o f  t h e i r  e v o l u t i o n .  

Th i s  pape r  i s  a  c a s e  s t u d y  f o r  t h e  l i g h t i n g  i n d u s t r y  o f  t h e  

GDR. The d e c i s i o n  problem and t h e  c u r r e n t  t r e n d s  o f  t h i s  p a r t i c u -  

l a r  i n d u s t r i a l  b ranch  a r e  c h a r a c t e r i z e d .  W e  w i l l  go i n t o  t h e  

p e c u l i a r i t i e s  o f  t h e  l i g h t i n g  i n d u s t r y  o n l y  t o  an e x t e n t ,  neces-  

s a r y  f o r  t h e  unde r s t and ing  o f  t h e  proposed methodology. F e a t u r e s  

o f  d e c i s i o n s  on i n n o v a t i o n  p r o j e c t s  a r e  d i s c u s s e d ,  and t h e i r  i m -  

p a c t  on t h e  s t r u c t u r e  o f  o u r  model i s  o u t l i n e d .  

Causes f o r  t h e  l i m i t e d  a p p l i c a t i o n  o f  models proposed i n  t h e  

s c i e n t i f i c  l i t e r a t u r e  a r e  mentioned and s u g g e s t i o n s  a r e  made t o  

overcome some o f  t h e  drawbacks o f  p r e v i o u s  approaches .  A f i r s t  

i d e a  i s  p r e s e n t e d  abou t  t h e  s t r u c t u r e  of a  d e c i s i o n  s u p p o r t  

sys tem f o r  a i d i n g  management d e c i s i o n s  on i n n o v a t i o n  p r o j e c t s .  

At tempts  t o  model t h e  problem of  c h o i c e  o f  i n n o v a t i o n  p r o j e c t s  

and t h e  problem o f  a l l o c a t i o n  o f  r e s o u r c e s  between adop ted  p r o j e c t s  

a r e  f r u i t l e s s  w i t h o u t  t a k i n g  i n t o  accoun t  r e c e n t  r e s u l t s  o f  i n -  

nova t i on  t h e o r y .  Some ways t o  do t h a t  a r e  o u t l i n e d  i n  t h i s  pape r .  

S i n c e  none o f  t h e  p r e v i o u s l y  developed model approaches  can  

hand l e  t h e  complex i ty  o f  t h e  d e c i s i o n  s i t u a t i o n  w e  s u g g e s t  t o  

compare t h e  r e s u l t s  o b t a i n e d  by t h e  a p p l i c a t i o n  of d i f f e r e n t  

approaches  which p u t  emphasis  on d i f f e r e n t  a s p e c t s  o f  t h e  d e c i s i o n  

problem. Among them a r e  d e c i s i o n  a n a l y s i s ,  t h e  S t e p  Method, t h e  

Reference  P o i n t  Approach and o t h e r s .  W e  stress f i r s t  o f  a l l  d e c i -  

s i o n  a n a l y s i s  f o r  s e v e r a l  r e a sons :  it i s  wide ly  a c c e p t e d  and 

a p p l i e d ,  s e v e r a l  computer packages  and p rocedu re s  w e r e  developed 

and can  be used f o r  o u r  s p e c i a l  purpose .  The r e s e a r c h  work a l r e a d y  

done i s  o u t l i n e d  and s e v e r a l  f u t u r e  e x t e n s i o n s  a r e  d i s c u s s e d .  

Our b a s i c  model i s  based  on d e c i s i o n  trees which can  be com- 

b ined  w i t h  approaches  l i s t e d  above. Two v e r s i o n s  o f  t h e  b a s i c  

model a r e  i n t r o d u c e d  and advan tages  and d i s a d v a n t a g e s  a r e  d i s -  

cu s sed .  



The next  s t e p  of o u r  r e sea rch  work w i l l  c o n c e n t r a t e  on 

in format ion  g a t h e r i n g ,  programming and on t h e  comparison of t h e  

r e s u l t s  ob t a ined .  A d e c i s i o n  suppor t  system w i l l  be developed 

s t e p  by s t e p .  F ind ings  of t h i s  work w i l l  be r e p o r t e d  i n  t h e  nex t  

working paper .  
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