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Absiract

For making effective evaluation of R & D{Research and Development) Drojects, We must
give careful considerations on synergism of development due to technological propagation
as well as individual benefits. The evaluation of technological propagation requires experts’
judgments based on their experience and knowledge of technological trends. We propose a
method and ¥nowledge-based support system for evaluating R & D projects that support
in assessing symergism of the projects due to technological propagation. The fundamental
framework of the system consists of knowledge on technological effects and knowledge
of category relations, and propagation rules based on the knowledge, We deseribe its
applications to a case study on a group of projects for developing energy-saving technology.
The fundamental framework proposed in this paper is not only usefui for evaluating R &

D projects, but also for developing knowledge-based systems for other purposes.



1. Introduction

Effective evaluation of R & D proects depends larseiv on experienced judgments of
experts. A number of methods, in particuiar, quantitative R & D project selection meth-
ods. have been proposed for supporting such judgments/e.g.1.2], These methods, however.
have limitations as critically reviewed in Ref[1]. One of the limitations is “inadeguate
ireatment of project interrelationships with respec: both to value contribution and to
resource utilization.” Axother mitation is “no explicit recognition and incorporation of

the experience and knowledge of the R and D manager.”

In this paper we address our attention to the first Umitation and propose a novel
method for evaluating R & D projects which takes account of their interrelationships for
technological innovation as well as their individual benefits. In particular, we give careful
considerations on technological propagation among the projects. The method helps us
to evaluate synergism of developments based on the propagation of technology from a
project to others. Such evaluation requires extensive information on the projects, and
knowledge on technological trends and related areas. The knowledge must be obtained
from the experts who evaluate the projects, and from sources accumulated by experience.
We propose the knowledge-based Support System for evaluating R & D projects, which
15 based on the method. Its knowledge is obtained from users, experts evaluating the
projects, as well as prestored knowledge-base. Thus the system aims at solving the second

limitation by incorporating experience and knowledge of the experts.

The fundamental framework for designing the system requires specification of know-
ledge-base about technological propagation. It contains knowledge of technelogical prop-
agation, which consists of knowledge on technological effects and knowledge of category
relations that extends the scope of consideration on propagation. Based on the knowledge-
base and inference mechanisms the system outputs synergistic relations of projects in the
form of networks of technological propagation. The networks aid experts in evaluating
theis mrecrelationships. We present the framework and specify inference rules for tech-
nological propagation, which were obtained through a case study of evaluating R & D

projects for energy-saving technology described in Ref.[3].



The authors have proposed a method for evaluating interrelationships of R & D
effortsi4.3]. It is methodologically different from that in this paper. but their purpose 1=
the same in the sense that thev both attempt to evaluate synergy of R & D edorts. They
are aimed at solving the lmitations of R & D project selection methods|1 2] by focusing
on different aspects, and support decision making on R & D.

This paper consists of six sections. [n Section 2 we describe the fundamental frame-
work for designing the Support System. [n Sections 3 and 4 we present rules {or techno-
logical propagation with examples of their applications. We summarize the rules and the
applications in Section 3. We conclude the papaer in Section 6 with remarks on future

research.

2. Information and knowledge on technelogical propagation

and the Support System for evaluating R & D projects
We propose the Support System for evaluating R & D projects, which has knowledge
processing mechanisms and generates networks &f technological propagation as illustrated
in Fig.1. In Section 2.1, we discuss information and knowledge on technological propaga-
tion. and define the framework and terms on which we specify the methods for evaluating
the propagation. Then we will describe the system and define the basic rule for the

methods in Section 2.2.

2.1 Information and knowledge on technological propagation

Technological propagation is a general term meaning that technology is transferred
from a technologically advanced agent to another agent. In this paper, it is restricted to
mean that technology is transferred from an R & D project to another for the purpose of
achieving the objective of the latter.

Diffusion theory has been investigated as a multidisciplinary field of research on dif-
fusion and transfer of technology[6]. The field encompasses a broad scope of aspects of
technological propagation, ranging from the transferred technclogy per se to aspects of so-
cial institutions concerned. We restrict the scope of our investigation to the information
and knowledge concerning technological propagation required for evaluating synmergistic
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Fig.1 Processing mechanisms of the Support System

effects of R & D projects during the process of their planning. In this section, we define
the framework and terms for classifving the information and knowledge sufficient to de-
velop the Support System for the evaluation. The system has two types of knowledge on
technological propagation; knowledge on technological effects and knowledge of category
relations of technology.

The knowledge on technological effects is the basic knowledge for evaluating tech-
rologieal propagation. It relates an R & D project with another through the efects of
procagation of technology. We consider information on technological barriers and tech-

nological effects of the projects for specifying the knowledge. A technological barrier of a
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project is new technology required to be developed in the project to fill the zap between
its objective and the present state of technology. A technological effect of the project
is a side effect of the new technology, which can be propagated to another project and
emoloved for achieving its objective. The following is the general formula that expresses
the relationship between the technological barriers and the technological effects obtained

from project information.

-

Pn: Bn,,Bn,....Bn, — Eny. Enq,... En, (=1 - - -

where Pn denotes Project n. Bn, and En; denote its i-ih technological barner and j-th
technological effect, respectively. The symbol ‘—' denotes the relationship that we can
anticipate the effects on the right-hand side as a result of overcoming the barriers on the
left-hand side. We simplify the formula to a binary relation, Pn : Bn — En, and call
it the basic pattern (of technological propagation). A knowledge on technological edects
is a basic pattern whose Bn and En are instantiated by a technological barrier and a
technological effect of a planned R & D project.

The knowledge of category refations is the main knowledge for evaluating technolog-
ical propagation. It is expressed in the form of relations of categories in which technology
is classified. Fig.2 illustrates that a category is represented by a matrix whose columns
and rows correspond to technological fields(T.F.) and technological components(T.C.},
respectively. We call this matrix a category table.

The technological field specifies general grouping for classifying the subjects of tech-
nology. Examples of the technological ficld are nuclear power and natural energy for
the case of energy technology. A technological field is further divided by technological
subjects(T.S.), which specify detailed grouping of the subjects. On the other side of the
matrix, the technological component specifies grouping from the wviewpoint of components
constituting the overall technology for each category. The slot in a category table speri-
fied by a technological subject and a technological component is called sub ject-component
(denoted by S: e.z. S, in Fig.2). Techuelogy listed as technological barriers and tech-
nological efects of R & D projects are classified in subject-components. Az 2 result, 2

subject-component is a set of technology specified by technological barriers and effects.
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Fig.2 Knowledge patterns of technological categories and their relations

We will describe in Section 2.2 how to classify them.

Two types of knowledge of category relations, knowledge of technological transfer

and knowledge of technological level transfer, are defined on category tables. The knowl-

. . i . ) _—
edge specifies the relations of possible propagation of technology classified in subject

COmpOnerres.

The knowledsge of technological transfer specifies possible transfer of technology from
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a subject-component S, to another S, where both 5, and S, belong to rhe same T.C.
iie. they are in the same row of a category table). It specifies the transfer due to the
fact that thev pertain to the common T.C. It is classified into three patterns of search for
transier as follows,
S, = Sy :This pattern means that 5, and S, are the same subject-
component (e.g. a in Fig.2).
Sa = Sy :Thiz pattern means that 5, and S are classified in the same
technological component and beiong to the same technological
field (e.zg. 3 mm Fig.2).
Sa — Sy :This pattern means that §, and S5y are classified in the same
technological component of a category (e.g. 7 in Fig.2).
The more extensive the scope of search is. the less relevant the 5's are and hence the less
possibility of transfer is expected. However, as the scope extends, the search may result in
finding unexpected transfer of technology. The knowiedge of technological transfer does
not specify the direction of the transfer, but it is effective for searching transfer of new
technology of a project to others.

The knowledge of technological level transfer is knowledge of technological propaga-
tion bevond the scope of a category. It is determined by experts according to the kinds of
technology to be evaluated. It specifies the relations of possible propagetion of technology
from a subject-component in a lower level category to another in a higher level category.
The level of categories is derived by making use of some knowledge of technological level
trapsfer . The technological propagation is directed from a lower level to a higher level.

Sa. > Sy :This pattern means that S, and Sp are classified in different
categories, and technology in 5; of a lower level category can
be used to develop that in S of a higher level category
(e.g. € in Fig.2).

In Fig.2 Category A represen:s material technology anc Category B repreceats equip-
ments/systems technology, We referred to Ref.[7] to determine these categories for classi-

fying energy-saving technology. We obtained the knowledge of technological level transfer
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¢ rom Category A to Category B by referring to projects in Ref.[7]. Therefore, we specified
that Category A is a lower level and Category B is a higher level: i.e. material technology
is propacated and integrated in developing technelogy for equinments and svsrems.

The level of categones is basically specified by the knowledge of technological level
trapsfer . There can be two methods, bottom-up method and top-down method for
specifuzing *he level, The former method described above is suitable for evaluating a new
cevelgping Ssid and for improving categories, The latter method determmunes the level of
caregories DY accumulated technological knowledge (e.g. Ref(7]). We can make full use

of the Support System. when the level of categories is specified by the top-down method.

2.2 Project information and the Support System

Project information usually consists of the following items [e.2.3] - (i) appiicable
industries, (i) purpose of the project, (iil) functions of the project, (1v) descriptions of
required new technology, (v) goal to be achieved. (1) effects of the project, {vii} schedule.
(viil) risk, and (ix) estimated cost.

In this paper we pay attention to three items for evaluating synergistic relations of
projects : technological barriers, technological effects and technological subject. As we
have discussed in Section 2.1, technological barriers and technological effects are obtained
as a part of (iv) and {vi), respectively.

We discuss how information and knowledge can be acquired and stored in the Support
System. A user of the system obtains information on the technological subject of a project
for classifying its purpose of development (2 part of item (ii) above). When he inputs the
information, he selects it from the technological subjects (T.S.) in a category table, which
is stored in the knowledge-base of the system. He then classifies the technological barriers
and the technological effects of the project to appropriate subject-components in the
category table. The subject-components should correspond to the T.5. he has selected.
Information on item {iii) above is useful for finding the T.C. corresponding to the subject-
comparnents. It often happexns that he Sads it &iZcult o classify the barmers and effects in
the table. On this occasion, he appends a new T.S. or T.C. to the table which enables the
classification. This operation extends the category table, and increases the knowledge of

-
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categor: relations. W len the scope of a subject-component in the table 1s extensive and
a number of subjects are classifled in the siot, then they can be subdivided or organized
by a network of technological relations(8]. These processes of modifying and updating
the knowledge can he easiiv conduczed by experts with the aid of the user interface and

mechanisms of knowledge processing of the Support System.

the bnowieces on rechnoiogicar efecis with its mechanisms for knowledge processing (see
Fig.l). [t aiso constructs & network of category relations by insegrating the knowledre of
caregory relations. Furthermore. it integrates these networks for constructing a neswaork
of technological propagation among the projects. These networks can effectively support
experts judgments on the projects.
Integration of the knowledge on technclomical effects proceeds as follows. When an
expert determines that a technological effect £, of project Pm 15 equivalent to a techno-
logical barrier O, of another project Pn (Le. £, = B,), then kunowledge on technological
effects Pm : B, — E_ and Pn: B, — E, are linked together. E., is an effect of tech-
nology developed as a result of project Pm, and B, is required to achieve the objective
of project Pn. The Support System therefore obtains technological propagation from En
to B,. Thus we can obtain relations of technological propagation from project Pm to
pfujecl‘. FPrn (Pm = Fn). The new technology developed to overcome the technological
barmer By, of project Pm is transferred to another project Pn through the technological
propagation te yvield an indirect technological effect E,. This inference provides us with
the following basic propagation rule.
Basic propagation rule
Consider a project(Pm : B, — E. ) and another project(Pn : B, —
E,). If En = DB,, then we can obtain technological propagation be-
tween the projects{Pm = Pn) by the transfer of E, to B,. 45 a
result, we obtain the indireect effec: H, — F..

We will extend this rule in Sections 3 and 4 to obtain networks of technological propaga-

tion.



We constructed two ca tegory tables for evaluating R & D projects for energy-saving
technoiogy. We referred to summary tables and project data in Ref. [7], and selected tech-
nological fields (T.F.}, subjects (T.S.] and componeats {T.C.} to zenerate initial mairices
for the category tables. which expressed initial knowiedze of category relations and were
stored in the knowledge-base of the Support System we implemented. We selected them
to classify the technological barriers and the technological effects of the projects. We
played the roie of an expert for the fieid. and extended the initial matrices by modifving
the knowledge-base as we classified the barriers and effects.

Table 1 Material Category

Category A (Material) barrier/effect
N SRR T q - fT1e1 t1liza-
Technlogic Field | Nowral Bargy | Elcpmtutien | o,
Techno- echnological | splar heat waste h_Eat.
logieal Subrect |ytilization utiiization |
t (T.S.) .. I
CME?I*DEDJEE T.C. for 101 103 100
o Material
(a) ! latent 52/_ 54’/ zjy
therma} | heat i’ -
storage
material material | other Eg/_ |
technology (b)heat 52,96
insulating ag /
material

Tables 1 and 2 show a part of the category table of material category and equip-
ments/systems category, respectively, for classifying thermal-energy-saving technology.
The upper and the lower part of a subject-component in the tables represent techno-
logical barriers and technological effects, respectively. A numeral in a subject-component
indicates a project number, whose technological barrier/effect is classified in the slot. This
number corresponds to the page of Ref 3] in which the project is described. Table 3 is an
example of the knowledge of technological Jevel transfer from Table 1 to Table 2 (cf. £ in

Fig.2).



Table 2 Equipments/Systems Category

Category B (Equipments/Svstems) barriereifect
Technological Fieid Natural Energy Efficient utiliza-
(T.F) tion of Energy
Tecinological | sojar air- | soiar waste heat
Techno- Subject |condition- | power utilization
Can:{ggllnc;ir T.C. for s e ;‘EEE?E;E_ ) o
G N VI I
i .
e{]_t;&iplments {h‘thirmaI 58,38, / Eﬁ.lf =a ;
teéiﬁ]ﬁitfﬂg e;—:f;;fézta 62 /210 |62/210 /210,28 |

Table 3 Knowledge of technological level transfer |

Sa 5} Sh
Category A | Category B
(material) |(equipments/
systems)
Table 1 Table 2
101a 301h
103a 302h
101b 302h

We will construct a network of technological propagation by applying the knowledze
of categnry relations to Tables 1 and 2, and by using mechanisms of the Support System
for knowledge processing based on the rules for technological propagation, which will be

discussed in Sections 3 and 4. These rules were obtained tc evaluate synergy of 35 projects,

T A pair of a number and an alphabet in Table 3 represents a subject-component 5
specifed by the number representing T.S. and the alphabet representing T.C. in Table 1
or 2. For example, subject-component 1012 in Table 3 stands for the S in Table 1 specified

by T.S. 101 (solar heat utilization) and T.C. (a) (thermal storage material).
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which are related to technology for saving thermal-energy and are selected out of mare

than 120 R & D projecisi3l.

3. Rules for technological propagation and their applications

In this section we extend the basic propagation rule in Section 2.2 by making use
of the knowiedge of caregory relarions. We make use of the Imowiedge of technological
transfer and the knowledge of technofogical level transfer, and define four procagarion

ruies, We also present exarmples of their applications to energy-saving technologr.

3.1 Propagation rule 1 : connection rule

Technological barriers and effects of an K & D nroject are classified and stored In cate-
gory tables, hence technology of the project 1s contained in subject-components. Therefore
we can replace the linkage condition E,, = By, in the basic propagation rule with the con-
dition S, = Sy, where E,, € 5, and B, € S}, to obtain the new propagation rule below;
ie. when effect E,, and barrier B, belong to the same subjeci-component. possibility
of propagation of E, to B, is inferred. The technological barmer and effect classified
in the same subject-component have something technologically in common, because their
subject is the same and they pertain to the same technological component. Therefore
we can expect possibilities of propagation of new technology developed in one project to
another. In the basic propagation rule, an expert judges whether effect E, and barrier
B, are the same technology. By the replaced condition the Support System can ex-
amine the linkage through category tables, provided the expert properly classifies them
in suhject-components. Thus this new rule 15 more flexible for evaluating technological
propagation.

Propagation rule 1 : connection rule for technological effect and barrier

Consider two projects Pm:Bm — Em and Pn:B, — E,, where E, €

S, and B, € 85y. If 5, = 5; (the same subject-component), then we can

sttaiz techaological propagation between the projects (Pm = Pn)

by the transfer of Em to B,. As a result, we obtaia tle irndirect

effect B, — E,.

11



< Exampie 1 »
We consider subject-component 302h (solar power generation ® thermal storage
equipments) as S,{ =5y} n Table 2.
The foilowing projects are related to 5,.
P53 : energy self-reliant housing system
P62 : thermal storage tank of sclar energy
P210 : therme! storage squipment for power generation
Because technological efect of P210,
E;1p : thermal storage of sclar heat
and technological barriers of P53 and P62,
By : thermal storage systems
Bg; ¢ highly efficient thermal storage tanks
are all classified in 302h{5,)} in Table 2.
Now using Propagation rule 1, we obtain the possibility of technological propagation

from Project P210 to Projects P33 and P62,

3.2 Propagation rule 2 : transfer rule

We extend Propagation rule 1. We use the knowledge of technological transfer
(5S4 == 5y, Sa ~— Sy ) for the linkage condition to yield a new rule. This extension en
ables us to evaluate technological transfer of hroader scope than Propagation rule 1.
Propagation rule 2 : transfer rule for technological effect and barrier
Consider two projects Pm:Bpn — E, and Pn:B, — E,, vhere E,, € 5;
and B, € 5. If 5§, =5, or §; ++ 5y, then we can obtain technologi-
cal propagation between the projects (Pm = Pn)} by the transfer of

En to B,. As a result, we obtain the indirect effect B, — E,.

< Example 2 3

We uwse ihe koowiedze of tecinological transfer 5§, +« Sp. We consider subjec:-

component 404h {waste heat utilization © thermal storage equipments) as §,, and 301h

(solar air-conditioning @ thermal storage equipments) as Sy, in Table 2.

12



The following projects are related to §; and 5.
P58 : integrated housing energy svsiem
P38 : energy self-reliant housing system
P52 : thermal storage tank of solar energy
P210 : thermal storage squipment for power generation

rerm haced on chemieal reactions

b
e

P220 : thec-mal storage =v

i

Because tectnological effec: Eggp is classifed in 404h (Easp £ 5;), and rechnological
barriers B:.t,B:.a and Bﬁ: are classified in 3010 ':I.Ejﬁ = 5[., B:_,,g e ."?5, B.;g = SJ,,I in Table
2,

Now using Propagation rule 2, we obtain the following result through the knowledge
of technological transfer (S. + Su) : technological propagation is possible from Project

250 to Projects P36, P58 and P62,

3.3 Propagation rule 3 : level transfer rule

Propagation rules 1 and 2 in the preceding sections extend the scope of the linkage
condition based on the knowledge of technological transfer. In this section and next.
we utilize the knowledge of technological level transfer. We consider a rule for finding
passible technological propagation between categories of different levels by making use of
the knowledge.

Propagation rule 3 : level transfer rule for technological effect and
barrier

Consider twe prejects Pm:B,, — Em and Pn:B, — E., where Em€

5, and Ba€ 5. If 5, » Sy, then we can obtain technological

propagation between the projects (Pm =3 Fn) by the transfer of

En to B,. As a result, we obtain the indirect effect B,.—E,.

The direction of transfer due to this rule is determined by the knowledge of the level
transier as well as the basic technological propagation (E, — Bn). The level traneler
relation contributes to firmly determining the direction of transier. Consequently, we

have a firm direction of transfer as compared with the results of Propagation rules 1 and

13



-2

3.4 Propagation rule 4 : extended level transfer rule
In this section we consider a combination of linkage conditions of the preceding prop-
agarion mules. We have applied knowliedze of caregory relations individuaily in Sections
3.2 and 3.3, Combination of the inowiedge enables us to extend the scope of search for
nossible technological propagarion. Here we demive o new rule by combining the linkage
conditions in Propagation rules 2 azgd 3.
Propagation rule 4 : extended level transfer rule for technelogieal
effect and barrier
Consider two projects Pm:B,, — E,, and Pn:B, — E,, where E, &
S and B, e 5,. If 5, =5, , 5§ = .51 and 5] & 5; , then we can
obtair technological propagaticn between the projects (Pm =3 FPn)
by the transfer of F, to B,. 4s a result, we obtain the indi-
rect effect B, — E,.
The search in this rule proceeds as follows, The first step involves the linkage condis -
of Propagation rule 2, which depends on the knowledge of technologmical transfer in a
cetegory (S, &= S3). The next step is equivalent to the condition of Propagation rule 3,
which depends on the knowledge of technological level transfer (5, v 5;). In the third

step, the search proceeds in the same manner as the first step in a category of higher level.

Propagation rules 1 throngh 4 in this section are useful for finding possibilities of
technological propagation, which are not always evident even to experts of technology. The
basic process of the evaluation depends on inferences based on the knowledge of category
relations (kmowledge of technological transfer and that of technological level transfer ). The
knowledge can also be used for finding technological effects through analogy of patterns

of technological barriers and effects among projects[8].

4. Rules for technological propagation based on barrier relations
In this section we investigate possibilities of finding technological propagation by fo-

14



cusing on reiations among technological barriers of various projects. There exist plans
ter a diversity of R & D projects; those for developing entirely new technology, those for
mregrating or improving conventional technology. Therefore, although technological bar-
riers obtained as project information are carefully and concretely examined. technological
efiects may be considered in terms of abstiract kevwords. Consequently, we sometimes find
1t diffculy to asalyze rechnological barriers and technciogical efects on an egual level of
absiraction. [n the following we investigare propagation rules of rechzolorical barriers for
such situations.

A technoiogical bartier can be regarded as its minimum effect. because it is a target of
a project and can be transferred for other purposes when it is overcome. Hence we obtain
the following general formula based on technological barriers by medifving the formula

expressed by (1).
FPn: Bny,Bny,....,Bn; = Bny, Bn,, ..., Bn; (fz1 - - - (2]

where Pn denotes Project n, Bn; denotes its i-th technological barrier. In (2), 2 technolog-
ical barrer corresponds to its technological effect. This formula generates the propagation
rules which replace the basic relational structure A for Propagation rules 1 through 4 with
the relational structure B, as shown in Fig.3.

This new structure does not specify the unilateral propagation, ‘Technological Effect
— Technological Barrier', as the direction of propagation, but the direction is bilateral.
The relation enables us to find R & D projects that are technologically relevant to a
project, hence it provides effective information for evaluating effects of the project. When
we take account of a direction of technological propagation by using the knowledge of
technological level transfer, then the Support System can specify directed propagation of

technology.
[n the following we define four propagation rules based on the general formula (2).

4.1 Propagation rule 3 : barrier connection rule
Under the gereral formmula {2), we obrain a rule for connecting technolorical barriers
by using the same linkage condition as Propagation rule 1.

15



Basic Relational Structure A :

1 . PZ‘DIE?E 1 -"'_': unilatera ! PI‘DJEL‘t 2
l{teconological)  (technalogical) |p rol DEF_':HTiDHI

i harrier —— affect —l:‘r——}—)r—]&barrier — effect

Relationsl Structure B

— Projest 2 —

—Proiect 1— .
; N biigterai

' nropagation _
harrier 4-<4—<4———> barrier

| |

effect | effect

Fig.3 Two relational structures of technelogical propagation

Propagation rule 5 : barrier connection rule of technological barriers
Consider two projects Pm:B,, — E, and Pn:B,, — E,, where B8, € 5,
and B, € 5,. If 5, = 5, (the same subject-component), then we can
obtain bilateral technelegical propagation between the projects (FPm «
FPnp.

This rule enables us to infer that new technology to overcome barrier By, may be

propagated to overcome barrier B, and vice versa.

4 Exawmple 3 » —

We consider subject-component 301h (solar air-conditioning @ thermal storage equp-
ments) as S; (= 5;) in Table 2.

Technological barriers of the Projects P36, P58 and P62, which we have considered
in Example 2, are classified in this subject, L.e. Bss € Sa, Dsa € Sa, sz € Sa.

Now using Propagation rule 5, we obtain the possibility of bilateral technelogical

propagation emong Projects P36, P38 acd PE2.

Propagation rule 3 enables an expert to find projects that have similar technological
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barriers. hence the Support System can support him in creating and planning a new
oroject whose objective is to overcome a barrier which is common to the barmiers. This

informmation is another efective output of the svstem for evaluating R & D projects.

4,2 Propagation rule 6 : barrier transfer rule
We use the koowledge of technological transier (S, = Su. Sa — Sp) as linkage condi-
. - . . .
sions of bilateral propagarion of broader scope.
Propagation rule 6 : barrier transfer rule of technological barriers
Consider two projects Pm:Bm — Em and Pn:B, — E,, where B, E
5, and B, € 55. If 5, = 5y or 5, + 5, then we can obtaia bi-
lateral technological propagation between the projects (Pm « Prn).

This rule extends the scope of search of Propagation rule 3.

4.2 Propagation rule 7 : level transfer rule of barriers

We use the knowledge of technological level transfer (S, > Sp) instead of the linkage
conditions of Propagation rule 6. This knowledge determines the direction of transfer
hetween technological barriers.

Propagation rule 7 : level transfer rule of barriers.

Consider two projects Pm:By, — En and Pn:B, — E,, where B, €

S, and B, € 5,. If S5, v 5, then we can obtain technological prop-
agation between the projects (Pm => Pn) based on the direction
of transfer between categories of different levels.

Propagation rule T is an effective rule that determines the direction of transfer.

< Example 4 &
We consider subject-component 103a (waste heat utilization @ thermal storage ma-
terial) in Table 1 as S,, and 301h (solar air-conditioning & thermal storage equipments)
in Table 2 as 5.
For these S, and Sy we obtain ike relasion S, > Sy from Tabie 3. which expresses the
Lknowledge of technological level transfer,

Projects P56, P58 and P62, which we have considered in Example 2, and
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P54 : thermal storaee system for regional air-conditioning
are reiated. because in Table 1. barrier

B., : develonment of latent heat matenial € 5,.
and o Table 2,

barriers {E&ﬁ, B;H. Buﬂ} = 5}_,.

Now using Propagation rule 7.owe obtain the possibility of technoeiogical propagation

4.4 Propagation rule 8 : extended level transfer rule of barriers

In this section. we consider a combination of the linkage conditions of the preceding
propagation rules. This rule not only extends the scope of search for relevant technology,
but also determines the direction of transfer.

Propagation rule 8 : extended level transfer rule of barriers
Consider two projects Pm:B, — E, and Pn:B, — E,, where B, &
S, and B, € Sy. If S, =S5,, Si= S} and S v 5,, then we can obtain
technolegical propagation between the projects

{Pm =% Pn) based on the direction of transfer between categories

aof differant levels.

< Example 5

We consider subject-component 100b {other ® heat insulating material) as 5§, and
101b (solar heat nutilization © heat insulating material) as S} in Table 1, and 301h (solar
air-conditioning © thermal storage equipments) as S, and 302h (solar power generation
® thermal storage equipments) as 5) in Tabie 2.

We obtain the relations 5, = S and §5 &~ 5} in Table 1 and Table 2, respectively,
and the relation S » 5 from Table 3.

Projects P56, P58 and P62, which we have considered in Example 2, and the following
projects are related.

PS2 : high performance heat insulating material for refmgerators

P26 : high temperature cooker with vacuum heat insulation
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P08 : electrically controlled high pressure cooker
Because in Table 1.

barriers {Baz, Bas. Bos} € S,
and in Tabie 2.

barriers {Hss. Beg, Baz} € 5.

from Proiects PS2. P26 and P98 1o Projects P36, P53 and P62.

3. Summary

Table 4 summarizes the propagation rules defined in Sections 3 and 4. The scope
of search for possible propagation extends step by step from Propagation rule 1(5) to
Propagation rule 4{3) with the scope of the corresponding knowledge of category relations
tabulated in Table 4a.

These rules generate a network of technological propagation. Fig.4 illustrates the
network obtained by the examples presented in the sections. It shows a part of the
network we have obtained by evaluating 35 projects, and illustrates relations of technology
for thermal storage.

Arrows and dotted-lined arrows in Fig.4 indicate the technological propagation ob-
tained by Propagation rules 1 and 2. Dotted frames encircle projects related by bilateral
propagations obtained by Propagation rules 5 and 6, where attached keywords indicate
the T.C. comunon to the barriers of the projects. Double-lined arrows indicate transfer
ohtained by Propagation rule 8. Applications of the rules have been limited to 35 projects,
but we have obtained effective information from the network on possible propagation of
technology and synergy among the projects. For example, in Fig.4 we can find that new
technology based on chemical reactions developed in Project P250 can not only be used
for thermal storage functions (indicated by arrows) but also for heat transport (indi-
cated by dotted-lined arrows). Fig.4 also shows explicitly various types of thermal storage
equipments benefited by the technology. Furthermore, double-lined arrows indicate the

possibility of propagation of technology for heat insulating material from Projects P32,
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propagation rule based on the basic pattern

Tahle 4 Relations of technological propagation rules

propagation
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e i '
1 |conpectionl Pm—Pa | reason A
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- ' | I
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EI::EDQE':: X reason A
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propagation rule based on barrier relations
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directing
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Pm, Pn: Project

S, Sp : subject-component

reason A : unilateral propagation from effect to barrier
reason B : knowledge of technological level transfer

reason C : bilateral propagation

& P34 to Prolec:s P38, P33 and P82 for developing efficient thermal storage

it

Although the Support System indicates possibilities of tec hnelogical propagation as in

20



caiegory r=lations,
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7 :Technological Component (T.C.) for applying barrier connection/
s transfer rules
_—% :Technological propagation through thermal storage equipments (T.C.)
.- # :Technological propagation through heat transport (T.C.)

;ﬁ : Extended level transfer of barriers (Sq=[>=~8p)

Fig.4 Network of technological propagation (a part)

Fig.4, its outputs include not only relevant and useful information for experts’ evaluation of
R & D projects but also irrelevant relations or those obvious to the experts. The relevance
and usefulness of the outputs largely depend on its knowledge-base of the knowledge of
Vwhez the kncwiedge-Dase refects the experts’ knowledge siruciure
and is suppiemented by the knowledge of technological trends in the field of evaluared

technology, it can support their jugments effectively. We should note that as the scope
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of lnkage conditions broadens from Propagation rule i (3} to Propagation ruie 4 (S0, ir

wiil vutput more irrelevant relations. Its outputs. however. may contain useful relations
which experts can not immediately expect without its supporz.

For the limited number of projects and a small knowledge-base we obtained +arious
results efective for evaluating B & D projerss. When the Suppert Svstem eupands s

znowledge-bave and information on mere projects. it will provide remarkable SuDDOring

capaziiizies for such evaluation.

6. Concluding Remarks

In Section 2 we have described the framework and the Support Svstem for evalu-
ating technological propagation and synergy among R & D projects. The svstem out-
puts networks of technological propagation from input informatien on the projects and
a knowledge-base of the knowledge on technological propagation by inferencing wish its
mechanisms for knowledge processing. In Sections 3 and 4. we have defined the prova-
gation rules for evaluating technological propagation based on the knowledge of category
relations. Its knowledge-based framework can not oniv be utilized for evaluating R & D

projects but also for other types of evaluations using knowledge-bases.

We have proposed the category table for classifving technology as the fundamental
framework for the mechanisms of knowledge processing. Provided that projects’ tech-
nology(barriers and effects) is properly classified in the table, the system can output
effective information for evaluating the projects by appling the knowledge of category re-
lations. An expert must classify project information(technological barriers and effects) to
subject-components. We have implemented a Support System with flexible input/output
interfaces which make it easy for him to manipulate category tables in the form of a
knowledge-base. However, we must improve the supporting function of the system for
classifying the project information.

Future research is ecvisaged in this direciion. Another ares reguiring research is
the methodology for integrating projec: information other than technological barriers and

effects, such as cost, direct benefits, risk and schedule of R & D projects.
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