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o min imize  adoption risks and effectively manage emerging software technologies, 
corporations need access to a wide range of  t imely  information.  The  problem is 
that much of  this information is not available. It is either in a form that managers 

cannot  use, or it s imply  does not exist because the necessary under ly ing  research has not 
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Software managers  are often 
faced with two extremes:  informa- 
tion explosion vs. near  total lack of  
information.  In the area of  object- 
or iented technology for example,  a 
keyword search of  our  university 
l ibrary catalog produces references 
to over 3,000 articles. Yet in some 
crucial areas, such as metrics for 
managing object-technology, there  
is an almost total lack of  informa- 
tion [ 10]. 

We propose a f ramework for 
addressing this problem that has 
four  key elements: comprehensive 
scope; knowledge engineering;  
basic research; and the use of  an 
advanced knowledge delivery vehi- 
cle to build an automated Manage- 
ment  Suppor t  System (MSS). This 
f ramework calls for integrat ing and 
synthesizing the full range of  exist- 
ing per t inent  information,  while at 
the same time identifying missing 
knowledge. The  identification of  
the missing knowledge drives re- 
search efforts to fill the gaps. The  
results of  this research and knowl- 
edge engineer ing are then deliv- 
ered to managers  in a form they 
can directly use via the MSS. 

After  elaborat ing this f ramework 
we will describe our  experience 
with a prototype application of  the 
f ramework to an instance of  an 
emerging software technology: the 
area of  object-oriented analysis. 
Finally, we consider the fur ther  
development  of  this concept, both 
in terms of  full implementat ion and 
also extension of  the approach to 

areas other  than emerging  software 
technologies. 

This technology transfer  frame- 
work is the basis for the newly 
formed Consort ium for the Man- 
agement  of  Emerging Software 
Technologies (COMSOFT) [26], 
whose founding sponsor is AT&T/  
Human  Resources Informat ion  
Systems. Technology transfer  is 
used to refer  to a variety of  differ- 
ent  activities [24]. In this article, we 
use the term to refer  to those activi- 
ties necessary to enable a corpora-  
tion to apply a new software tech- 
nology to its own set of  internal or  
external  products.  

Need for Help in the 
Management of Emerging 
Software Technologies 
Informat ion  and information pro- 
cessing assets are occupying an in- 
creasingly impor tant  strategic and 
economic role. For  many corpora-  
tions, survival dur ing  the next de- 
cade will depend  on a competitive 
edge in software technology. Un- 
fortunately,  most current  computer  
information systems environments  
are characterized by: 

• Excessive cost for inflexible sys- 
tems that do not fully suppor t  busi- 
ness needs 
• Data and information systems not 
managed as an asset 
. Million-dollar decisions based on 
inadequate information 
• The  inability to handle complex 
data adequately 

• Craftsman culture, in which each 
system is designed and hand-coded 
from scratch 
• Data / Informat ion quality prob- 
lems (i.e., data  are incomplete,  in- 
correct, not timely) 

These problems along with at- 
tempted  solutions have been ex- 
haustively chronicled in the litera- 
ture [1, 30]. 

Competit ive reality requires 
rapid  response to changes in the 
business environment .  Yet addi-  
tions or  changes to the computer  
systems that suppor t  businesses 
cannot be made in a timely or  cost- 
effective manner  with the software 
technology current ly  in use within 
most organizations. Fortunately,  
new software technologies, such as 
object-oriented,  are emerging that 
allow an organization to have more 
responsive and cost-effective com- 
puter  systems that more fully sup- 
por t  their  business needs. The  po- 
tential advantages of  these new 
technologies are compell ing [11, 
27]. However,  typically little is 
known about how to manage these 
technologies successfully. 

We do not claim that all the prob- 
lems in the management  of  tradi- 
tional software technology have 
been solved. But much has been 
written on the subject and a num- 
ber of  formal resource [23] and 
life-cycle models [4] are in use. One 
reason it is difficult to manage new 
software technologies is because 
they lack these under lying theoreti-  
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cal models and the corresponding 
experience base. Some existing 
models may be able to be extended 
or calibrated to work with new soft- 
ware technologies [19], but in other 
cases a new model is needed [13]. 

As an example, consider object- 
oriented technology (OOT). It was 
introduced at the implementation 
level with languages such as 
Smalltalk, C + + ,  and Eiffel. Cur- 
rently, object-oriented design and 
analysis techniques and notations 
are being explored in the research 
community and commercially 
tested on real projects. Many' of  
these small projects have demon- 
strated significant benefits. When 
companies have attempted to apply 
O O T  to large projects, however, 
many of  them have failed to see the 
same benefits because of  the lack of  
knowledge about how to manage 
O O T  effectively [20]. 

In general, expertise is first 
gained at the implementation level 
of  emerging software technologies. 
For example, a number  of  pro- 
grammers are experts in C + +  and 
Smalltalk. In addition, constant re- 
search and development activity at 
the technical level of  computer  sci- 
ence has produced a large number  
of  support  systems and tools for 
implementing object-oriented sys- 
tems. 

At the higher levels of  software 
analysis and design, there are fewer 
experts. There  is less research, and 
theoretical knowledge is not: as 
strong. Since there are, however, an 
increasing number  of  researchers 
in object-oriented design and anal- 
ysis at major universities, the infra- 
structure is improving. 

The last area of  software devel- 
opment  to be understood is man- 
agement. There  is little academic 
research in the area of  managing 
object-oriented technology, and 
most of  what corporations know is 
kept proprietary. Management is a 
soft science and will always require 
human judgement  and expertise. 
Software technology is, however, 
too complex and is changing too 
fast for software managers to man- 
age effectively on an ad hoc basis. 

These problems are compounded 
by the fact that some of  the new 
software technologies represent a 
paradigm change, which has a sig- 
nificant impact on the organization 
[27]. One class of  new management  
problems is centered in the area of  
reuse and corporate class libraries 
[17]. 

Any well-managed software 
project will have milestones, deliv- 
erables and a quality assurance pro- 
cess. Managers must allocate re- 
sources, budget  costs, and set a 
development schedule. To manage 
the development of  a complex soft- 
ware system a rigorous process 
model is useful [12]. Emerging soft- 
ware technologies do not have a 
rigorous detailed process mode l - -  
if they did they would not be classi- 
fied as "emerging." This presents 
serious problems for managers. 
Object-oriented technology falls 
into this category. The  object life 
cycle, analysis and design tech- 
niques, and basic principles of  
reuse give rise to fundamental  
changes in management  principles 
and techniques [16]. Large-scale 
projects have been completed [14] 
using object-oriented technology, 
but the experiences gained during 
these projects have not been syn- 
thesized and codified. Most of  the 
data gathered during these projects 
remains proprietary. Information 
that is made public is vague and at 
best is presented as a collection of  
management  heuristics. The  result 
is that managers do not have access 
to the information they need. 

Technology Transfer 
Framework 
Consider the needs of  software 
managers in charge of  an object- 
oriented project. Currently there is 
no single source for the informa- 
tion they need. It is scattered 
through five years of  conference 
proceedings, journals, technical 
reports, vendor literature, and cor- 
porate records. Moreover, it is at 
the wrong level of  abstraction and 
often unintelligible to those outside 
the research community. This 
problem is highlighted in the spe- 

cial report  "Scaling up: A Research 
Agenda for Software Engineering" 
[8]. This report  by the Computer  
Science and Technology Board 
emphasizes the need to "Codify 
software engineering knowledge 
for dissemination and reuse" and 
proposes that over the long term 
this information should be available 
in an automated form. 

I f  all of  this information were 
readily available to managers in a 
form they could use, would that be 
sufficient? No, because there is still 
much empirical and theoretical re- 
search that needs to be done to cre- 
ate and calibrate the models re- 
ferred to previously. 

The four elements of  the pro- 
posed f ramework--comprehensive  
scope, knowledge engineering, 
basic research, and the advanced 
knowledge delivery vehicle--are 
key aspects of  a complete strategy 
for addressing these needs. In the 
following subsections we explain 
how this strategy works. 

Comprehensive Scope 
The proposed framework calls for 
a thorough search of  the research 
literature, technical reports, con- 
ference proceedings, commercial 
literature, and interviews with de- 
velopers, consultants, managers 
and researchers to identify knowl- 
edge regarding "theory; practice; 
standards; and management" that 
are relevant to the safe transition 
to, and effective management  of, 
emerging software technologies 
(see Figure 1). Most of  this knowl- 
edge is hidden behind proprietary 
corporate walls, or in the informa- 
tion explosion of  research literature 
and commercial propaganda.  Our  
framework requires that one orga- 
nization collect the full range of  
pertinent information from all 
available sources of  useful informa- 
tion. 

Knowledge Engineering 
Further, our  framework requires 
that this organization perform the 
knowledge engineering necessary 
to synthesize, index, integrate, 
structure, and validate this body of  
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knowledge. This process is illus- 
trated in Figure 2. 

In the area of  design metrics, for 
example,  the knowledge engineer-  
ing component  of  our  f ramework 
would identify all existing work on 
design metrics. References to this 
original source material will be 
maintained and made available, but 
the real value added  is the synthesis 
and integration of  these sources 
into a set or  sets of  design guide- 
lines that can be used for formal 
reviews of  object-oriented designs. 

On top of  the s t ructured and val- 
idated knowledge base described 
previously, our  technology transfer  
f ramework requires the construc- 
tion of  frameworks and models that 
relate the underlying knowledge to 
the individual needs of  organiza- 
tions. This leads to the develop- 
ment  of  higher-level features 
within the MSS that help in custom- 
izing emerging software technolo- 
gies and related management  strat- 
egies. In a later section we describe 
an example suppor t  tool. 

BaSic Research 
In the process of  knowledge engi- 
neering, gaps in knowledge are 
identified. Often basic research is 
needed to fill these gaps. Such re- 
search is an excellent candidate for 
university/industry cooperation.  
Universities benefit  from industry 
funding of  basic research. Industry  
benefits in that the results of  re- 
search carried out  under  our  
f ramework are made available at 
the right level of  abstraction and 
integrated into an advanced knowl- 
edge delivery vehicle which serves 
as a management  suppor t  system. 

Because of  the way research is 
funded and university researchers 
are rewarded,  much basic research 
is driven bot tom-up (i.e., by the in- 
terests of  individual researchers 
and research institutions). Bottom- 
up research will br ing a new tech- 
nology to a certain level, but  to 
bring a technology to the level of  
commercial  viability takes some 
top-down coordinat ion and identi- 
fication of  gaps. It is the knowl- 
edge-engineer ing component  of  

our  framework,  along with the 
needs of  corporat ions,  that drives 
the identification of  gaps in basic 
and appl ied research. 

The  previously ment ioned gaps 
in knowledge will always be there. 
Any adequate  technology transfer  
strategy must address them. The  
gaps exist by definit ion of  an 
emerging  technology. The  creation 
of  the models and frameworks 
needed for the inferencing capabil- 
ities of  the MSS in some cases re- 
quires a metalevel of  research. The  
results of  this level of  research aug- 
ment  the inferencing capabilities of  
the MSS. This is in line with the 
stress placed on model ing for the 
development  of  knowledge-based 
systems by Chandrasekaran,  John-  
son and Smith [7]. Since users of  
the MSS are involved in a feedback 
loop, there  is constant verification 
and revision of  the knowledge and 
models in the MSS. 

M a n a g e m e n t  S u p p o r t  System 
The  MSS envisioned in our  frame- 
work differs from a simple auto- 
mated document  retrieval system in 
several impor tant  ways. First, the 
content  is different.  The  MSS con- 
tains annotated bibliographies,  but 
not complete source documents.  
Instead of  source documents,  it 
contains the knowledge-engineer-  
ing results (called components).  
These components  are at several 
different  levels of  abstraction. 

At the leaf level there  could be a 
component  that describes a given 
object-oriented analysis methodol-  
ogy along with such factors as tools 
that suppor t  it, available training, 
applicable metrics and standards,  

F i g u r e  1. Sources of knowledge on 
emerging software technologies 

F i g u r e  2. KnOwledge engineering ac- 
tiviW 
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available experience reports, and a 
summary of  reviews it has received. 
At this level the goal is to present in 
a standard format and in a single 
component  all the related informa- 
tion a manager might need about 
the given methodology. 

At a higher level of  abstraction 
there could be a component  that 
compares different methodologies 
and presents their strengths and 
weaknesses. This component  would 
synthesize all available information 
at this level of  abstraction. As indi- 
cated previously, this process might 
highlight a gap in the technology 
(such as the lack of  good object- 
oriented analysis techniques for 
real-time systems) that would lead 
to additional basic research as part 
of  the technology transfer effort. 
The  frameworks and models men- 
tioned previously are implemented 
as high-level components.  

Another  way in which the MSS 
differs from a simple automated 
document  retrieval system is that 
the interface is much richer. In 
addition to the standard indices 
and keyword searches, such a sys- 
tem provides a hypertext interface 
and an expert system interface. 
The hypertext interface intercon- 
nects related components and thus 
supports browsing through the 
MSS in meaningful ways. The ex- 
pert system interface assists the 
user in selecting or adapting vari- 
ants of  new technologies to specific 
corporate needs. For example, a 
manager  might wish to know what 
database model best fits a particular 
class of  applications. A simple in- 
ferencing system could dialogue 
with the user and, based on knowl- 
edge in the components coupled 
with answers to the dialogue, rec- 
ommend a particular database 
model. 

A major advantage of  the MSS is 
that it is directly available to the 
user via a personal computer/  
workstation. Software professionals 
can interact with and benefit from 
the MSS as needed, without having 
to leave their offices. Until recendy, 
software professionals did not have 
sufficient computing power on 

their desktops to make the MSS 
practical. The  MSS taps the com- 
puting resource available today to 
make not just a quantitative, but a 
qualitative difference in the em- 
powerment of  software profession- 
als. 

The Elements in Combination 
Each of  the four elements pre- 
sented in the previous subsections is 
important  in its own right. The  
importance of  comprehensive 
scope and on-line availability is ex- 
emplified by the IBM Technical 
Information Retrieval Center [2]. 
Evidence for the importance of  
advanced knowledge delivery vehi- 
cles is supplied by the commercial 
systems that have been built using 
tools such as Nextpert Object from 
Neuron Data and Level 5 Object 
from Information Builders [6]. 
These products provide shells for 
the development of  advanced 
knowledge delivery systems. The  
success of  management  consultants, 
and organizations that produce 
management  summaries and news- 
letters, such as the Cutter Informa- 
tion Group and Ovum Ltd., attests 
to the importance of  knowledge 
engineering. And, of  course, all 
members of  the high-technology 
community are cognizant of  the 
importance of  well-targeted re- 
search programs. 

The  contribution of  our  frame- 
work is the important synergies that 
result f rom bringing all four ele- 
ments together under  the direction 
of  a single organization. The 
knowledge engineering combines 
with the rich interface and multiple 
levels of  abstraction within the MSS 
to obviate the classical problem with 
comprehensive scope--information 
overload. The creation of  models 
and frameworks for the MSS com- 
bines with knowledge engineering 
and comprehensive scope to pro- 
vide a clear direction for basic re- 
search efforts. The  results of  these 
basic research results fill critical 
gaps in knowledge, enhancing the 
value of  the knowledge base deliv- 
ered via the MSS. 

Other  successful technology 

transfer efforts have recognized the 
value of  combining several of  these 
elements. For example, the Agri- 
cultural Extension Service com- 
bines scope and knowledge engi- 
neering, but typically uses a human 
agent for the delivery mechanism; 
the Research Institute for Comput-  
ing and Information Systems has 
combined research and knowledge 
engineering to serve the Johnson 
Space Center [25]. Other  examples 
exist that combine some of  the ele- 
ments, but we are not aware of  any 
instantiation of  our  entire frame- 
work other than COMSOFT. 

Organizational Issues and Critical 
Success Factors 
The technology transfer activity, as 
any work process, can be presented 
in terms of  its customers, suppliers, 
and principal functions. Figure 3 
illustrates this view for a technology 
transfer organization that embodies 
the elements of  our  framework. 
The  organization envisioned serves 
as a focal point for all parties with 
an interest in the continued devel- 
opment  and adoption of  emerging 
software technologies. 

In our  discussion of  the pro- 
posed framework with corporate 
managers, we sometimes hear the 
comment,  "All of  this sounds good, 
but will it really work?" Much of  the 
answer to this question lies in the 
organization structure of  the envi- 
sioned technology transfer entity. 
While we do not downplay the im- 
portance of  the components of  our  
framework and the crucial interac- 
tions among them, similar attempts 
have succeeded or failed largely on 
political and organizational circum- 
stances. 

Many attempts within large com- 
panies to collaborate on technology 
transfer and other issues are foiled 
by turf  problems and continual cor- 
porate reorganization. Thus  it is 
important  that the envisioned en- 
tity: 

• be an independent  legal entity 
sponsored by multiple organiza- 
tions. This ensures the long-term 
stability required to realize fully the 
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benefits sought. 
• have a balance of power between 
the organization's leadership and 
its corporate sponsors. Too little 
power for the sponsors leads to 
unresponsiveness; to much leads to 
infighting among the sponsors. 
Our  specific strategy for achieving 
this balance is beyond the scope of  
this article, but the existence of  
such strategy is crucial for the suc- 
cess of  the consortium. 
• have a lean and small organiza- 
tion. Large organizations tend to 
become self-serving. 

Another important success factor 
is setting correct expectations for 
such an entity. The benefits must 
neither be understated nor over- 
sold. As an example, consider the 
benefits of  the automated MSS. An 
advanced knowledge delivery vehi- 
cle makes a qualitative improve- 
ment in the empowerment  of  em- 
ployees utilizing or introducing 
new technologies. Access to com- 
plete information, at the right level 
of  abstraction, enables a corpora- 
tion to minimize adoption risks and 
avoid false starts. Armed with the 
knowledge delivered by the MSS, 
advocates of  change can mobilize 
their organizations to adopt appro- 
priate emerging technologies in the 
most effective manner. An auto- 
mated system, however, will not do 
away with the need for human in- 
te rac t ion- technology  is primarily 
transferred by people [15]. The 
MSS will not eliminate the need for 
training courses, consultants, meet- 
ings and lectures. These are needed 
to complete the assimilation of  the 
chosen technology. 

The AT&T Object  Mode l ing  
Resource  Base 
Corporations have long recognized 
that specialized knowledge is re- 
quired in areas such as personnel 
management  and financial man- 
agement, but have not invested in 
the specialized knowledge neces- 
sary for effective management  of  
software technology. In recognition 
of  this problem, AT&T has been 
working with Clemson University 

• Reduces duplication |n 
Soumes of pure and the technology transfer Consumers of object- 

applied reseamh process, oriented and other 
• Identilies and funds needed emerging software 

research, technologies 
• Facilitates Indust~j-unlversity 

collaborative research. 

and Georgia State University in the 
area of  managing software technol- 
ogy. One of  the specific goals of  this 
collaborative research effort is a 
management  support system for 
object-oriented analysis [5]. 

Following the technology trans- 
fer framework discussed previ- 
ously, we have built an instance of  a 
MSS for AT&T called the Object 
Modeling Resource Base (OMRB). 
In its current form the OMRB is 
only a prototype, but experience 
with the OMRB is sufficient to ver- 
ify the usefulness of  our technology 
transfer framework. 

The first phase in development 
of  the components for the OMRB is 
the collection and structuring of  the 
information (see Figure 2) from the 
four areas depicted in Figure 1. In 
general, a combination of  a top- 
down and bottom-up approach is 
taken for the identification and 
development of  the components. 
One of  the first steps in this phase is 
the identification of  existing object- 
oriented analysis and design meth- 
odologies (see Figure 4). The activi- 
ties in each methodology are ana- 
lyzed in order  to determine which 
models, methods, and techniques 
are used in which phase of  the 

Figure  3. Technology transfer frame- 
work 

methodology. Eventually, from this 
analysis, a framework is developed 
for classifying object-oriented 
methodologies based on their simi- 
larities [9, 22, 28]. The  framework 
and the methodologies are high- 
level components in the OMRB that 
drive its inferencing capabilities. 

In addition to storing knowledge 
about models, methods, and tech- 
niques (theory), the resource base 
contains such knowledge as what 
companies and/or industries are 
using what methodologies and 
methods, and what their experi- 
ences are concerning performance 
and use (practice). The resource 
base also contains knowledge about 
terminology, analysis and design 
notations, documentation of  ob- 
jects, object classes, and interface 
mechanisms (standards). The Ob- 
ject Management Group [21] is 
addressing many standards in the 
area of  interoperability and has a 
task group focused on standards 
for object-oriented analysis and 
design methodologies. Effective 
management of  OOA requires 
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practical metrics for asse,;sing 
reuse, quality, productivity, and 
value in the new paradigm. Team 
organization and incentive struc- 
ture, as well as project funding will 
be affected by the reuse considera- 
tions inherent in OOT. Existing 
knowledge in this area is, how,ever, 
incomplete and further research is 
required. 

F i g u r e  4.  Object-oriented analysis 
and design methods 

The system is implemented in 
Level V Object, an object-oriented 
expert systems shell with hypertext 
capabilities. This makes the knowl- 
edge in OMRB readily available 
through navigation through the 
system in different ways. The  pri- 
mary purpose of  the OMRB is to 
serve as a support system for an 
organization needing to choose an 
object-oriented analysis methodol- 
ogy. The  knowledge about actual 
modeling techniques and method- 
ologies, the knowledge about stan- 
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dards, practice, management  is- 
sues, and the heuristics and 
contextual knowledge embedded in 
a component  all work together to 
support  the decision-making pro- 
cess. 

We are currently working on in- 
ferencing capabilities. When this is 
complete, users can browse the sys- 
tem and select a methodology based 
on their analysis of  information in 
the components,  or they can choose 
to answer a set of  questions and 
have the OMRB recommend the 
"best fitting" methodology. These 
questions characterize many areas, 
including the developer organiza- 
tion and experience, user organiza- 
tion, and problem domain. 

E x a m p l e  C o m p o n e n t  in OMRB 

The rich interface provided by the 
OMRB is awkward to convey in a 
2D diagram; appreciation of  its 
multidimensionality is best gained 
by interaction with the system. 
However, the knowledge compo- 
nents are amenable to paper pre- 
sentation. Figures 5a-5c  show the 
textual description of  a component  
in the OMRB. The  component  
shown is the entity-relationship dia- 
gram (ERD). The  ERD is represen- 
tative of  a class of  graphical dia- 
gramming techniques used in 
almost every methodology to model 
the structural relationships among 
objects in an application domain 
[9]. Figure 5a gives the name, type, 
description, notation, and an exam- 
ple of  the ERD. Figure 5b describes 
one set of  extensions to the original 
ERD and gives an example using 
these new abstraction constructs. 
Figure 5c illustrates how the ERD is 
related to other components in the 
resource base. 

The section of  Figure 5c "Used 
in Methodologies" lists several ob- 
ject-oriented analysis and design 
methodologies in which some form 
of enhanced ERDs are used in one 
of  the phrases of  the methodology. 
The  "Remarks and Bibliographic 
Notes" section of  Figure 5c pro- 
vides contextual links with other 
components in the resource base 
and points to references in the an- 
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notated bibliography. The  purpose  
of  this section is to provide insights 
about ERD and how it relates to 
various techniques and models and 
the role of  ERD in object-oriented 
methodologies.  Feedback from 
"real world" use of  a technique or 
methodology will also go into the 
Remarks section. The  "Cross Ref- 
erence" section of  Figure 5c lists 
o ther  links in the resource base 

where the user can find more  infor- 
mation about a related topic. This 
example  is typical of  version 1.0 
components .  Our  current  emphasis 
is on populat ing the OMRB. Future  
versions will add  more contextual,  
management ,  practice and heuristic 
knowledge. 

The  AT&T OMRB is a useful 
instantiation of  our  technology 
transfer  f ramework for suppor t ing  

the management  of  object-oriented 
software development .  This frame- 
work is mi r rored  in the manage- 
ment  suppor t  system shell we have 
developed in Level V Object. This 
shell facilitates synthesizing, struc- 
turing, indexing,  and cross refer- 
encing knowledge in a given area. 

Figure S. Entity-relationship diagram 

Name: Entity-Relationship Diagram (ERD) Figure 5a 

Type: Graphical Modeling Technique 

Description: 

An entity-relationship diagram is a graphical technique that depicts the enterprise being modeled as a 
collection of entity sets, relationships between entity sets, and attributes associated with both entity and 
relationship sets. 

Notation: 

I ' ! 

< C C >  

1 : 1 = one-to-one 
1: N = one-to-many 

M: N = many-to-many 

Entity 

Relationship 

Attribute 

Cardinality of 
Relationship 

In the standard ER notation, rectangles represent entity 
sets, diamonds represent relationships between entity sets, 
and ovals represent attributes of entity or relationship sets. 
The cardinality of a relationship is represented by the 
number 1, M, and N indicated on the arc connecting entities. 
The cardinality of a relationship can be: one-to-one, 
one-to-many, or many-to-many. 

Example: 

1 M ~ N [ Student Course I ~ I 

I I 

In the diagram above, there are three entity sets: Student, Course, and Instructor. The entity Instructor 
has two attributes: the instructor's name and the department he/she teaches for. There are two relationships 
interconnecting entire sets: enrolled and teaches. In the first relationship, each student may be enrolled in 
several courses and each course may have many students enrolled in it. This many-to-many relationship 
between students and courses taught is represented by the M and N on the arc connecting entities. 
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Enhancements:  Figure 
Description: 
The most common extensions to the ER diagram include the abstraction concepts of aggregation, 
generalization/classificaiton, and association. Aggregation is a form of abstraction in which a collection 
of objects (entities) are viewed as a single higher level object. Generalization is a form of abstraction 
which captures the commonalities among objects while at the same time ignoring the differences among 
objects. Classification is a form of abstraction in which an object class is defined as a set of objects 
which have the same attributes. Classification provides the mechanism for the specification of the class 
or type of an instance of an object. Then given instance of an object, its attributes, and the values of 
those attributes, an object can be classified based on the generalization/classification hierarchy. 
Association is a form of abstraction in which a relationship between member objects is considered a set 
of higher level objects. Objects are considered elements of an abstraction set when they satisfy the set's 
membership properties. 

Notation: 

Aggregation Generalization/Classification Association 

5b 

Example: 

I I  o,or I 

Y 
~]w Vehicle 

In the example, the object Vehicle consists of the 
separate lower level objects: Motor and Body. With the 
aggregation construct the collection of elements objects 
(component) becomes the attributes of the higher level 
object. In this case, Motor and Body are attributes (or 
parts) of Vehicle. The class Vehicle is also a general- 
ization of the classes Car, Truck, and Motorcycle, and 
represents the common properties of the three classes. 
The class Vehicle is called the superc/ass of the subc/asses 
Car, Truck, and Motorcycle. All subclasses of a superclass 
inherit the common attributes or properties of the superclass 
and can add attributes that specialize the subclass from its 
superclass. For example, a Truck not only has the attributes 
defined for the class Vehicle, but also those attributes that 
are particular to the sublcass Truck. The class Truck 
represents a classification of a set of objects with the same 
attributes. The set Sports Car is an association of members 
of Car which satisfy the set property that the value of 
attribute Horsepower is greater than 200. 

The shell also provides a frame- 
work for inferencing capabilities. 

A p p l i c a t i o n s  
The United States excels in the pro- 
duction of  basic research resuhs. 
With the help of  federal agencies 
such as the National Science Foun- 
dation, the U.S. system of  federal 
labs, corporate research centers, 
universities, and research consortia 
produce an enormous amount  of  
basic research results. It is often 
difficuh for researchers to keep up 
even with their own specialized 
areas of  interest, due to the volume 
of  research results continually pro- 

duced. 
But there is a big gap between 

research results and the needs of  
corporations. To bridge this gap 
most major corporations have a 
technology transfer division. These 
technology transfer divisions assess 
emerging technologies such as 
CASE, object-oriented technology, 
fuzzy logic, expert systems, and vis- 
ual programming for applicability 
within their companies. When use- 
ful technologies are identified, the 
activities outlined in our  technology 
transfer framework end up being 
carried out by each and every com- 
pany wanting to use the technology. 

This results in an enormous du- 
plication of  effort. In the area of  
object-oriented technology, for 
example, the authors are personally 
aware of  substantial duplication of  
corporate effort in both knowledge 
engineering and research. This 
duplication of  effort reduces our  
national productivity. 

The Japanese have demon- 
strated the value of  addressing 
technology transfer at the national 
level [15]. We believe the U.S. could 
benefit from similar national atten- 
tion to technology transfer for the 
commercial sector. One striking 
feature of  most U.S. software tecb- 
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Used in Methodologies Figure 
• OMT (Rumbaugh) 

Identify objects, attributes, and associations. Use Object Diagrams (based on ERDs) to build 
Object Model. 

• OOA (Shlaer/MeUor) 
Identify objects, and attributes. Use extended ERDs (class, aggregation, association) to build 
Information Models. 

• OOD (Schrefl/Kappel) 
Develop Static Model using extended ERDs (class, aggregation). 

Cross References 

For more information on 

Rumbaugh Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  see ROMT 
Shlaer/Mellor Methodology . . . . . . . . . . . . . . . . . . . . . . . . . . .  see SMOOA 

Schrefl/Kappel Methodology . . . . . . . . . . . . . . . . . . . . . . . . .  see SKOOA 

5 c  

Remarks and Bibliographic Notes 

The ER model was one of the first semantic data models (SDMs) that provided constructs for 
representing structurally complex relationships among data. One of the goals of the ER diagram 
was to simplify the design and use of databases by providing modeling structures closer to the 
way designers and users perceive the data of an application. The original ER model was limited 
in the abstraction concepts it supported and has evolved to support other relationships between 
entities. 
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nology transfer activities is that they 
are almost all funded for and by the 
military. Most business leaders we 
have spoken with claim these orga- 
nizations do not meet their needs. 
This is in contrast to Japan, where 
most of  the high-technology re- 
search is, "for commercial pur- 
poses. Furthermore, Japanese gov- 
ernment  agencies and professional 
organizations take a more active 
role in organizing and energizing 
the civilian technology transfer 
process than do the counterpart  
organizations in the U.S." [15]. 

We envision a number  of  na- 
tional consortia charged with the 

technology transfer in a given area. 
Most of  the existing consortia and 
government labs are not at the level 
of  abstraction outlined in our  
framework. They perform basic 
and applied research, but lack the 
knowledge-engineering component  
and advanced knowledge delivery 
vehicle that would make them a 
national center for technology 
transfer in a given area. The exis- 
tence of  organizations such as the 
SEI, SPC, MCC, OMG, and SERC is 
a crucial part of  a national research 
infrastructure. We applaud the 
valuable work they are doing, but 
see the need for additional kinds of  

organizations. 
The concepts presented in this 

article can be further  developed 
along two lines: realizing a full im- 
plementation of  the technology 
transfer framework within the area 
of  emerging software technologies, 
and extending this approach to 
technology transfer to other areas. 
The  following subsections discuss 
these two lines of  development. 

Implementat ion for  Emerging 
Software Technologies 
The newly formed Consortium for 
the Management of  Emerging Soft- 
ware Technologies (COMSOFT) 
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f26] is an instance of the kind of 
national technology transfer center 
described in Figure 3. This consor- 
tium addresses many of the con- 
cerns outlined in the "Research 
Agenda For Software Engineering" 
produced by the Computer  Science 
and Technology Board [8]. 

The current  focus of COMSOFT 
is on object-oriented technology 
and the related area of reuse. A 
number  of broad areas are listed to 
give a flavor of the current  research 
and knowledge acquisition interests 
of the consortium. 

• managing reuse across and at dif- 
ferent levels of an organization 
• factors crucial to success in 
adopting object technology 
• productivity metrics appropriate 
to object-oriented technology 
• testing object-oriented systems 
• object-oriented process technol- 
ogy, including project planning,  
resource allocation and costing in 
the object-oriented life cycle 
• policies and tools and metrics for 
the management  of object-oriented 
technologies 
• metrics, guidelines and method- 
ologies for object-oriented analysis 
and design 
• determining value and account- 
ing procedures for information as- 
sets 
• effect of object technology on 
structure and strategy of a corpora- 
tion at all levels: corporate, division, 
project, and team. 
• reengineering existing systems 
and hybrid systems 

COMSOFT is a natural  extension 
of the AT&T OMRB to the whole 
area of process infrastructure for 
emerging software technologies. 

Application of Framework to 
Other Areas 
The technology transfer frame- 
work that we have described could 
easily be instantiated in other areas. 
To create a MSS in a new area re- 

quires the following steps: 

1. Creating a comprehensive anno- 
tated bibliography covering the 
four areas of theory, practice, stan- 
dards and management ,  
2. Performing knowledge engi- 
neering and basic research to fill 
gaps, 
3. Creating necessary models and 
frameworks, 
4. Using the results of steps 1-3, 
build the databases, indices, hyper- 
text links, knowledge base compo- 
nents, and rules required by the 
MSS shell. The  open architecture 
of the shell simplifies this process. 

Evidence that our framework is of 
general applicability comes from 
our having been able to instantiate 
the MSS in two very different areas, 
object modeling and assessment of 
information value. Work is ongoing 
in both of these areas. 
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BETA 
A new Object-Oriented 

Language for Design and 
Implementation 

Simpler and more Powerful 
than any other Object-Oriented 
Language 
The Mjolner BETA System is a 
software development environ- 
ment supporting the BETA lan- 
guage 

BETA is a modern object-oriented lan- 
guage from the Scandinavian School of 
object-orientation with powerful abstrac- 
tion mechanisms for classification and 
composition. It has strong typing, whole/ 
part objects, block structure, coroutines, 
and concurrency. 

The BETA implementation has 
• native code generation 
• garbage collection 
• separate compilation 
• configuration control 
• interface to C and assembly 
• source-level debugger 
• persistent objects 

The Mjolner BETA System includes a 
large library of class patterns and 
application frameworks 
• Class patterns for text, multiset, set 

(with subsets), hashtable, list, stack, 
queue, file, etc. 

• Powerful and easy to use application 
frameworks on top of the X Window 
System, using Athena Widgets, and 
Motif 

• Powerful and easy to use application 
frameworks on top of the Macintosh 
Toolbox 

• Powerful metaprogramming system for 
manipulating programs 

• Interface to operating system and exter- 
nal languages, e.g. C 

• Powerful graphical system using the 
Stencil & Paint imaging model 
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