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izing the regulatory structure related to financial institutions
and EFT.

Assuming that the decision is made that regulation is re-
quired beyond the marketplace, it might be possible to study
the range and options of organizing EFT-related regulatory
structures. Without institutional restructuring, future regu-
lations are likely to look similar to the regulations of the
present and the past. However, perhaps regulatory reform
within the financial system is appropriate and a reworking
of the existing regulatory strategy may be necessary. De-
cisions about such reworking could be aided by knowledge
about possible reforms and about the value of taking a reform
approach as opposed to an amendment approach to existing
regulatory policy.

Monitoring and evaluating EFT systems in the broader
context

One of the critical areas for future EFT research relates
to the long-term and broad social impacts of EFT, and at the
Conference two such issues received particularly strong at-
tention. The first, ““EFT and Social Change’’ (dealing with
the potential for EFT to bring considerable long range change
in the social and institutional character of society), rated
fourth in terms of total points; and the second, ‘‘EFT as a
Case Study of Technological Change and Impact,’’ was tenth
(Table III).

Although the two issues were relatively close in terms of
number of times ranked in the top ten and total points, “EFT
and social change’’ received a much higher intensity rating.
In fact, its rating of 6.6 was the second highest intensity
rating in the entire survey (Table III). This seems reasonable
when realizing that this issue deals with the broad question
of EFT and social change, and ‘“‘EFT as a case study of
technology change’’ deals with a specific research approach.
Intensity concerning the. broad issue is high, whereas the
specific case study approach was felt to be important by
many, but not as intensely.

Of the people who voted for ““EFT and social change,”’
support was particularly strong from the university and fi-
nancial communities with comparatively little interest from
the federal government (although those from the federal gov-
ernment who were interested gave it a high intensity rating)
(Table IV). Of those who voted for ‘*‘EFT as a case study”’
support was again strong from the university community
with 9 out of 11 people ranking it in the top ten (Table IV).

The issue of ““EFT and Social Change’’ concerns the long-
run interactions between society and EFT. Most discussions
of EFT focus on likely impacts that EFT will have onsociety,
assuming technology to be largely a deterministic and free-
market force in the society. However, the statist perspective
argues that society also will affect the technology—its reg-
ulation, development, use and impact. This difference in
perspective is important because the former view assumes
technological determinism, whereas the latter view assumes
that EFT technology is an instrument of society and that its
impact will be importantly shaped by its interaction with
long-term social trends. Coates’ criticism of current EFT
research is most revealing in this regard:

Coates: The most important limitations I see on the work to
date is the absence of any image of the future. There is little
awareness one can sense in the reports of the NCEFT that the
nation is in a state of major evolution. There is no awareness

~ of the many long-term trends which are remaking our society.
There is no sensitivity to the fact that EFT is part of those trends
both as an influence and as an effect. This absence of a vision
or framework of the future is the single most critical deficiency
in the Commission’s work.

The second structural deficiency in the work is a near total ab-
sence of any general principles which could form a conceptual
and analytical framework. For example, a general principle that
would have been most useful is that the primary political, civil
libertarian and constitutional risks for the American people in
the next three decades are from government itself. With that
principle informing the deliberations of the Commission, many
of its conclusions, I believe, would have come out differently.
There would have been a series of sharp and useful distinctions
made between the privacy violations or potentials for such vi-
olations from the private sector and the much more fundamental
and serious violations from government. This incidentally ties
in with one’s view of the future.’

In order to understand the impacts of EFT in society, it
is important to identify the broad social trends emerging in
the future which will interact with this new technology. [8,
Chapter 14; 28] Three inter-related questions are involved.
The first concerns what long-run changes in society are ex-
pected to occur that will interact with EFT. These include
changes in life styles, housing preferences, work patterns,
transportation and communication systems, retailing and
shopping patterns, and similar social patterns. The second
question concerns how these changes will interact with EFT
systems, and with one another, to affect how EFT systems
will be used. The third question concerns what impacts EFT
might be expected to have in the society given different scen-
arios and patterns of interaction. For example, what effect
will EFT, possibly in conjunction with other transportation
and communication networks, have on social mobility of
individuals and households at different strata of society? On
work patterns? On shopping? On life in the home?

The second research issue focuses on EFT as a case study
of technological change and impact. Whereas the foregoing
research issue concerns forecasting likely interactions and
impacts of EFT, this issue concerns baseline measurement
and longitudinal monitoring of the actual impacts of EFT
and the study of EFT as a general illustration of the inter-
action of technology, society and public policy. EFT might
be established as a case for study on a continuing basis, in
much the same way that weather and public political opin-
ions are now studied. Specifically, EFT affords an oppor-
tunity to begin serious research into several general ques-
tions about technology and society: how technology emerges;
how new technology is handled by existing institutions; how
new technologies are assimilated by these institutions and
by the public; what specific impacts new technologies have;
how new technologies create synergistic impacts with other
technologies; and how technologies change over time to con-
form to new circumstances and developments. Each of these
represents an aspect. of EFT concern that has academic,
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policy and practical relevance if carried out over time. [For
a further discussion of this topic, see 8, Chapter 14.]

’

CONCLUSION

Only a few years ago, many technologists and financial
experts predicted that electronic funds transfer systems
would usher in the checkless-cashless society. But it hasn’t
happened. The early predictions about the impact of EFT
on the future of the financial system have gone far wide of
the mark.!?** Instead of electronic banking, we have a
greatly improved paper-based financial system—one that
relies on cash and checks even more heavily than in the past.
Thus, EFT technologies are following the same model of
innovation diffusion that earlier characterized the introduc-
tion and spread of general purpose computer technologies.
The introduction of computers in the 1950’s was followed
by enthusiastic predictions about how office work and man-

agerial work would be revolutionized. Yet, as we approach

the 1980’s, research has made it clear that many of the pos-
itive impacts of computers in the office and the board room
have yet to be realized, if they ever will be, and many of the
dire impacts have not occurred. The potential for major
change may still be there, but the incorporation and routin-
ization of the technology is occurring much more slowly than
the early technologists and promoters expected. And most
importantly, the technology is being shaped by the organi-
zational and institutional context in which it is used rather
than solely serving as a driving force of its own which dra-
matically reshapes its context. The technology has come to
be recognized as simply a tool which is shaped more by the
agendas of those who would use it than by the possibilities
inherent in the technology. [For example, see 78,83.] EFT
systems, therefore, may be expected to exhibit a similar ev-
olution through many small incremental changes and adap-
tations of the technology to changing organizational and so-
cietal definitions of its appropriate use.

From the standpoint of public policy, this means that is-
sues surrounding the introduction and use of EFT will remain
on the public decision agenda for years to come. The Na-
tional Commission on EFT is over, but many of the policy
issues which it raised have not been settled. Even for those
issues which seemingly have been settled, it is likely that
new understandings and new experiences with the effects
of current public policy will generate recognition of the need
for new policy in the future. And policy and technology will
be mixed. As EFT technology itself changes and is adapted
to new uses, public policy will be needed to deal with the
impacts of the technology. But as we develop greater un-
derstanding of the ways in which the society might utilize
the technology, public policy also will be directed increas-
ingly toward shaping the way the technology is used.

From the standpoint of research, the joint evolution of the
technology and the public agenda means that continuous
monitoring and evaluation of EFT is paramount. Objective,
scientific information and knowledge can go a long way to-
ward informing the public decision agenda over the next
several years and even decades of policy-technology evo-

lution. In looking back over the agenda, it is important to
realize that most of the recommended research is in a middle-
time range, probably over the next five to ten years. Only
the last two recommendations call for long-term research
and for the institutionalization of research regarding the ev-
olution of EFT in the United States. Middle-range research
clearly is required and significant. It is important to begin
systematic research on EFT systems to continue the mo-
mentum created by the National Commission on EFT and
to fill the many gaps in needed information faced by the
Commission. There is also a need to create a cadre of people
who are knowledgeable about EFT systems and are capable
of doing objective, scientific research in the area, rather than

" solely client-oriented studies. Much of this research should

begin with smaller, specific questions which can be suc-
cessfully answered within a moderate time frame both as a
means of building knowledge and as a means of informing
policy in the near future.

However, it is also important to remember that this paper
and the research agenda setting process have clearly dem-
onstrated that values toward the evolution of technology
and research concerning this evolution vary significantly
depending on individual and institutional perspectives. Those
interested in the development of the technology will establish
their own momentum and information base to justify their
movement. It is therefore essential that more than short or
even middle-range research receive attention. Long-term
research is essential along with the continual monitoring and
evaluating of the evolution of EFT.
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A linear programming model for optimal computer network

protocol design*

by JOHN F. HEAFNER and FRANCES H. NIELSEN

National Bureau of Standards
Washington, D.C.

INTRODUCTION

After providing background information on protocol mod-
eling, we then describe a linear programming model useful
in protocol design. This is followed by a description of its
use and some comments on its implementation.

Layered protocols

The ISO reference model!s defines seven layers of pro-
tocols. The lower three layers address communications
within the backbone network(s). Layers four through seven
mainly service the host computer environments, both from
the standpoint of communications and data processing. The
linear programming model described here pertains to the
protocols found in layers 4-7. As prescribed by the reference
model, layer 4 (transport control) provides reliable transfer
of information between host environments. Layer 5 (session
control) supports the dialogue of higher level protocols and
processes. Layer 6 (presentation control) provides data
transformations from code translation through record re-
structuring of the information being transferred. Layer 7
(application control) contains application-oriented protocols
and is the layer with which most application processes di-
rectly interface.

The reference model assigns precise meaning to the terms
protocol and interface. We speak of the protocol as peer
layer communication. For example, protocol dialogue takes

- place between an entity at the session layer in one system

and the corresponding entity at the session layer in another

system. Communication between adjacent layers, e.g., be-.
tween one entity in session control in one system and another

entity in transport control in the same system, is known as
an interface. Given these terms, we characterize a protocol
service feature as a singularly identifiable capability or ser-

vice provided by a protocol to higher level protocols or pro-

* This work is a contribution of the National Bureau of Standards and is not
subject to copyright. Certain commercial products are identified in this paper
in order to adequately specify the procedures being described. In no case
does such identification imply recommendation or endorsement by the Na-
tional Bureau of Standards, nor does it imply that the material identified is
necessarily the best for the purpose. )
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cesses. Service features are ‘‘visible’’ across the upper ad-
jacent interface. Our interest lies in designing protocols by
first specifying their service features.

Protocol families and application categories

A number of different protocols are needed at each layer.
For example, within the application layer we find (portions
of) Remote Job Entry (RJE), the Common Command Lan-
guage (CCL) of a File Transfer Protocol (FTP), voice trans-
mission protocol, and perhaps parts of a Network Virtual
Terminal protocol, to name a few. More germane to the lin-
ear programming model, we anticipate the need for variants
of, for example, the FTP (i.e., a family of FTPs) to satisfy
the requirements of diverse application categories found
throughout industry and within government agencies.

To further the notion of a family of protocols, consider
the kernel FTP, which we loosely define as the protocol
providing only the service features (i.e., the service opera-

“tions as seen by the adjacent entities above the FTP) essen-

tial to most of the using processes most of the time. The
kernel protocol is the ‘‘barebones’’ service needed to con-
duct many higher level missions. Now, imagine enhancing
this kernel FTP by providing additional service capabilities.
By varying the added capabilities to suit individual appli-
cations a family of FTPs can be derived. Assuming the kernel
capability exists, we will describe an analytical tool to aid
in specifying an extended, target protocol belonging to some
specific family.

The problem of designing a protocol family

Optimal design of a protocol for an application using a
linear programming model is a subtask of the larger problem
of determining a minimal family of protocols for a whole
range of application classes. This larger problem of deciding
an entire protocol family rests on the following postulates.

1. All the categories of applications.can be identified.
2. Service features in the kernel of some protocol of in-
terest can be determined.



856 National Computer Conference, 1980

3. All features beyond the kernel that could be provided
within the family can be identified.

4. For each application category the necessary and de-
sirable features can be listed.

Figure 1 captures these assumptions. Given these assump-
tions, the problem remains to select the minimal set of pro-
tocols within the family that will satisfy all applications’ re-
quirements. This is illustrated by Figure 2. There are two
opposing constraints. On one hand, it is not economical for
an application to carry the overhead of using a protocol con-
taining features of no intrinsic value to the application. Con-
versely, we want as few protocol standards within the family
as possible, consistent with the first constraint. It is nec-
essary that features (f;,, . . . .f;,) essential to application cat-
egory A, be in some protocol P, if A, is satisfied by that P,.
Note, however, that some f;; can appear in both P, and some
other P,.

Thus, choosing the family of standard protocols, e.g., for
FTP, is a higher level problem, one which can be viewed as
an optimization problem in operations research. We identify
the higher level problem in order to substantiate the need
to solve the subtask implied by assumption four, which this
paper addresses.

Solution methodologies for some subproblems

To deliberate the feeder problem of assumption four
above, we must convince ourselves that the first three as-
sumptions, upon which it depends, can be satisfied.

The first assumption was that application categories could
be named. Today, we have no such list. However, these data
may be obtained by applying survey research methods to the
appropriate communities. Also, the International Data Cor-
poration (IDC) has identified 100 applications of data pro-
cessing in industry.!3 Such a list might serve as a base from
which to distill government and industry application group-
ings.

Assumptions two and three state that we can identify the
family kernel and extended services. Enumerating service
features is presently an unsolved problem. At the outset,
experts do not agree on exactly what service features are.
To compound the problem of exhaustively listing features

. we wish to entertain both inplace and proposed protocols.

The document common to the two is a protocol specification,
as opposed to a protocol design document needed for im-
plementation. Recently, work has been done toward defining
rules for extracting features from protocol specifications.!!
Thus, we tentatively accept that a family kernel and exten-
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Figure 1—Association of protocol features with application classes.
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Figure 2—A protocol family satisfying application requirements.

sions can be identified by: 1) extracting features from many
documents, 2) working with application builders and users
to determine essential and desirable features for each ap-
plication category, without regard to costs, and 3) then tak-
ing perhaps the intersection of features of the examined pro-
tocols as the kernel.

THE LP MODEL FOR PROTOCOL DESIGN

Our fourth assumption was that necessary and useful fea-
tures of each application category were obtainable. Our work
considers this subproblem-—associating features with appli-
cations. In particular, the aim is to derive the information
contained in Figure 1 on an application class basts so that
subsequent methods can develop the families indicated in
Figure 2. In recent years, advances have been made in de-
signing application and support software by including the
prospective user in the design stages.!5:%:1° These efforts
have concentrated on needed and desired services. Yet, in-
puts from prospective users have not been conditioned by

" the costs of providing these services. The LP approach di-

rectly involves the user in the design loop, and importantly,
it factors in costs of providing services as well as value or
benefit derived therefrom.

A canonical linear programming model

Figure 3 portrays one standard form of a linear program-

‘ming model.** The rows of the matrix represent resources;

the columns depict activities or events that consume the re-
sources. Hence, the matrix elements, a;, are unit resource

*#* Although it is not clear that linear relationships hold among features, the
LP model provides a useful starting point from which to investigate protocol
quantification methods. . :

ACTIVITIES
RESOURCES Xy X3 ... *n A'EE?,?.},’.E,%?S
1 aq1 a12 ... afn | by
2 g1 899 ... a2p I’2
UNIT RESOURCE REQUIREMENTS
m am-' amz - amn I'm
31 02 - s cll

VALUES

Figure 3—A standard linear programming model.
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requirements, i.e., the amount of resource i consumed by
one unit of activity j. Elements of the row vector, C, rep-
resent the benefit or value of the units of the corresponding
activity (x). Prior to using the model, the permissible re-

sources and activities are defined and costs and values are

established. To use the model for assigning resources to ac-
tivities, the column vector B—the amount of each resource
to be made available—is specified. The model then maxi-
mizes the return, called the objective function:

Z= 2 o
j=1

subject to the constraint

2 agx<b;, 1<i<m.

The LP model for protocol design

The model shown in Figure 3 is readily adapted to relate
costs to values in the specification of a protocol. Figure 4
illustrates the revised representation. Resources are present
as in the standard form. Notice that they are partitioned into
meaningful groups to allow collective constraint statements
to be made. For example, total development costs can be

stated rather than or in addition to restricting individual de-
velopmental costs. In the other dimension of the matrix,
activities are replaced by nonkernel protocol service features
of a given family, such as the FTP family. )

Thus, Figure 4 represents only that part of the data base
appropriate to FTPs. (If designing other protocols such as
a Network Virtual Terminal or a Host-Host Protocol, en-
vision a third dimension of the matrix whose elements cor-
respond to the feature/resource costs of those protocol fam-
ilies’ features.) The protocol layer and family are input
parameters to the model, used to select the appropriate sub- -
set of the data base for use. Note also that the data base
contains only improvement features: we presuppose that the
kernel has been established. The model is used only as an
aid in defining the extended capability protocols (for appli-
cation categories as shown in Figure 1). The value vector
C shown in Figure 4 represents the values associated with
a given application group and protocol layer. Thus, for an
instance of use of the model the vector is selected from the
larger data base representing values for each application cat-
egory/protocol layer. The dependency of value on both pa-
rameters, protocol layer and application category, is easily

" demonstrated. Consider the applications of banking and net-

work voice conferencing. Clearly, data compression is a fea-
ture that has a higher value to the conferencing application
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Figure 4—Linear prograinming model] for protocol development.
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than to the transaction processing applicaton. The depend-
ency upon protocol layer is equally valid. When designing
an FTP protocol (at layer 6-or 7) the application builder cer-
tainly desires reliable transmission between remote and local
hosts. However, end-to-end error control is generally as-
sociated with the transport control (layer 4). Thus, if de-

signing higher level protocols, this feature’s value (if the fea--

ture appears in this portion of the data base) would be
multiplied by a layer coefficient near 0, since error control
is assumed to be managed in the kernel of the transport pro-
tocol(s).

Determination of costs and values

Before the model may be used as an aid in protocol design,
the a; and ¢; of Figure 4 must be ascertained. To obtainthem,
we assume that a reasonable list of resource types can be
obtained from protocol designers. Those of Figure 4 are in-
dicative, not exhaustive. Enhancement features can be ob-
tained by applying extraction rules!! to a reasonably large
number of protocol specification documents and omitting
kernel features. Now, the costs, a;, can be supplied by pro-
tocol designers either from direct implementation and op-
eration experience or through some other technique. An ap-
proximation to values (independent of costs) ‘can be obtained
from application users and builders via survey research
methods. ‘

We can now use the model to design a (mathematically)
optimal protocol within a family and for a particular appli-
cation.

USE OF THE MODEL
First, a “‘toy’’ protocol design

Use of the model is shown by the following hypothetical
example. We wish to extend the kernel of the File Transfer
Protocol (FTP) for an application that transfers extremely
large files, such as those typical of some NASA applications.
To enhance the FTP kernel in support of transferring very
large files, the applications builder states for the protocol
designer: 1) the kinds of extensions he needs, 2) their worth
to him, and 3) permissible costs. The protocol designer then
translates these inputs into parameters for the LP model
which then generates a protocol design. The protocol is op-
timized in that the objective function is maximized for the
input parameters. The LP output, namely a list of features
to incorporate in the extended protocol, is an approximation.
The process is then iterated until both parties are satisfied
with the resulting feature list.

*The following scenario is typical of one iterative use of
the model. Application builder specifications:

1. I want the file transfer program improved only in terms
of the data transfer phase.

2. In particular, I want more detailed and meaningful re-
sponses to detected errors and to status inquiries.

3. Iam getting real time satellite data coming into a remote
host computer. It is then netted via the FTP to my local
host. Some of the records being transferred are much
more critical than others. That is, the redundancy and
granularity of the data differ over record types. Thus,
I need the ability to dynamically change the unit sizes
of rollback or recovery of information upon network
failure, and I need the ability to dynamically change
the size of the commitment unit, i.e., the amount of
information guaranteed to be transmitted within the
session.

4. 1 do not especially need any more default options on
the new data transfer service.

5. T will never change the size of the quarantine unit, that
is, the size of what I refer to as records, since my rec-
ords are all the same fixed size.

6. I am willing to spend a total of $30K on developing
these improvements.

7. 1 am willing to forgo about 5 percent in operational
costs for these improvements.

The protocol designer now translates these requirements
stated in English into mathematical inputs to the LP model.
The inputs below correspond numerically to the require-
ments above. The notation corresponds to that of Figures
3 and 4. The point of this example is that the applications
builder states requirements in English and that the protocol
designer reexpresses them mathematically. It is not impor-
tant that the reader of this paper grasp the details of the
mathematical expressions that follow. Protocol designer
translation:

1. Saux=b; for p,=j=q,
(Meaning: Consider only data transfer features.)
2. ¢;=¢;+0.2¢; for p:<j=q-
(Meaning: Increase the value of these response features
by 20 percent.)
3. x;=1forj=...
(Meaning: Indicate that certain features are required.)
4. ¢;=c;—0.2¢; for P3SI=qs
(Meaning: Decrease the value of these features by 20
percent.)
5. x;=0forj=...
(Meaning: Omit certain features from consideration.)
6. b] + bz + D) + bk530000
.(Meaning: Constrain developmental resources to
$30,000.)
7. byvi+brsr+. .. +bn=0.05 of present operational cost
(Meaning: Constrain operation resources to 5 percent
growth.)

Parameters of the model

The toy FTP design highlights some of the ways in which
the model can be controlled. Presently, the model allows the
user to constrain a number of feature and resource attributes.
They appear below along with an indication of the actions
that can be affected by the model’s user.
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Feature attributes

Feature subsets of X can be selected from the data base
for purposes of considering or not considering them. Also,
their values and/or costs can be increased or decreased. The
selection mechanism is to name one or more properties of
the features to specify a subgroup of interest. These feature
attributes are described below. ,

1. Features may be selected as the subgroups shown in
Figure 4. For example, data transfer or host accounting
may be constrained as subgroups. Thus, as a subgroup
the features can be considered or ignored and their as-
sociated values can be increased or decreased.

2. Within a subgroup or over all features, user options of
service capabilities may be addressed.

3. Similarly, system responses to events is an addressable
attribute.

4. The presence or absence of preassigned default values

for protocol features may also be addressed.

5. Lastly, the ability for the user to set default values is
an attribute of protocol features that can be addressed.

Resource attributes

1. The allowable allotment of resources may be managed
on an individual resource basis, i.e., = a;x;<b; for a
given i.

2. Resources may be grouped as shown in Figure 4, e.g.,
b;+b;s+. ..+ b= allotment.

3. Lastly, resources may be partitioned at the level of
operational ones and developmental ones.

Present work on a realistic FTP design

To date we have concentrated on developing the model.
Consequently, it has been subjected only to small problems
similar to the toy problem described above. Presently, we
are constructing the data base needed for a genuine exercise.
For this more substantial test, we have chosen the FTP fam-
ily. To acquire features for the data base, the extraction
rules!'t were applied to six FTP documents.2:3.4.8.14.18 Due to
the newness of these rules, the level of granularity of what
we refer to as a feature varies somewhat. Generally, though,
applying the rules yields a rather fine level of description of
the protocol. Approximately 170 unique features were taken
from the six FTP documents. We somewhat arbitrarily se-
lected as the kernel FTP those features appearing in at least

five of the six documents. The resulting kernel contains eight -

features, leaving about 160 for inclusion in the data base.
For resources we have used the list shown in Figure 4 and
we have provided initial estimates of costs, later to be re-
placed by those of protocol designers. We plan to work with
several other government agencies to develop optimum
FTPs to then be evaluated in terms of these agencies actual
requirements of existing needs. These agencies will provide
the initial value vectors for the data base.

THE MODEL STRUCTURE AND IMPLEMENTATION
Branch-ahd-bound algorithm

A linear representation was selected for our initial study
of protocol design quantification. It is not clear that a linear.
relationship holds. Nevertheless, we emphasize the use of
an analytical method to quantify protocol design. The cor-
rectness of this particular model is of lesser importance at
this juncture.

One important characteristic of the model is that it is a
binary integer model—binary in the sense that either a fea-
ture is present or absent in resulting protocol design. A num-
ber of (binary) integer programming algorithms have been
studied in terms of their computational efficiency. Most of
them can be classified as using enumeration, decomposition,
cutting-plane, or group theoretic algorithms.¢ Initially, an
enumerative branch-and-bound algorithm,!2 was chosen.
The branch-and-bound method greatly reduces the number
of possible solutions that need to be considered. It consists
of a branch portion that partitions the search space and a
bound portion that determines the best possible value (in the
subspace) of the objective function. Useful insights were also
gleaned from Mitten'” and from Lawler and Wood.'® The
algorithm as first implemented, described by Hiller and Lie-
berman, 2 was not perfectly suited to our needs. We are cur-
rently modifying the algorithm to reduce computation time,
given the extra information inherent in the problem defini-
tion.

Sensitivity analysis

In linear programming, all of the model’s data are assumed
to be correct. Actually, values are estimates.'? We are rea-
sonably confident of the cost of each resource (supplied by
protocol designers), but the value of features (supplied by
potential users) should be less accurate initially. To assure
near optimal solutions, the model is to be parameterized for
sensitivity analysis. Sensitivity analysis allows investigating
different values for certain parameters and determining the
extent to which data can be changed while retaining an op-
timal solution.”

The computer program

The LP model is implemented in the C language and runs
under the UNIX® operating system on a PDP-11/45. At
present, the data base and program are separate files that
are loaded together as an on-line submitted batch job with
terminal output. We are constructing a command interpreter
as an interface so that the model’s user can interactiv@ly
adjust input parameters and make temporary modifications
to the data base.

With the advent of a 160-feature data base, a severe prob-
lem arises. The search space for an optimum solution is 2V
where N is the number of data base features for the family
of interest. Although the branch-and-bound algorithm sig-
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nificantly reduces (compared to an exhaustive enumeration)
the number of possible solutions, the number 2'6° is still very
large. We have taken two steps to circumvent this compu-
tational explosion. The FTP protocols will be developed sec-
tion-wise, e.g., connection features, then data transfer fea-
tures, and so forth. Thus, if features are partitioned into,
say, 10 sections -of about 16 features each, then the search
space is reduced from 2160 to 10+2'¢. Also, we are exploring
other heuristic algorithms that will quickly produce a good
upper bound on the objective function. A successful pro-
cedure will allow the features to be regrouped into larger
clusters for simultaneous consideration.

OTHER USES OF THE MODEL
Ancillary outputs

The most prominent output of the LP model is the feature
list of the target protocol. The model fashions other useful
information such as resource requirements. Resource re-
quirements and their costs are output for each selected com-
bination of features. Reference material is to be incorporated
at the feature level. This material (which will become part
of the program output) will report, for each target protocol
feature, prevalent implementations and implementation stra-
tegies, document references to existing or proposed imple-
mentations of the features, and other information to guide
implementation of the protocol.

We have referred to the LP model as aiding in protocol
design, whereas the main output is a service feature list,
more closely allied with a specification than a design. How-
ever, the implementation guide information lies more in the
domain of design than specification. In fact, the LP process
lies somewhere between specification and design.

CONCLUSIONS

The LP model does not provide a completely satisfactory
protocol design tool. It attempts to quantify sufficiency of
service. Other equally important variables for later study are
quality of service and the interface representation of the
service to the user. '

-The model has been described to a number of protocol
users and designers, and has been well received. Our ex-
pectation, as a result of this work, is that some variant of

this quantification technique will impact the development of
the next generation of network protocols.
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Extracting service features from protocol documents*
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INTRODUCTION

This paper describes a manual procedure for itemizing the
service features of a computer network protocol. The pro-
cedure has been tested and refined several times. The testing
is described here, along with analysis of test results and gen-
eral observations. The authors conclude that, although the
procedure now provides only partially satisfying results,
such a method is needed to aid in quantifying users’ protocol
needs.

It is easy to envision rather diverse applications that, in
turn, occasion quite different network protocol services. For
example, remote job entry and file transfer are most handily
accomplished over a logical virtual circuit, whereas trans-
action-oriented processing applications are better suited to
a datagram type service. The requirements can differ (de-
pendent upon the application) within a protocol layer. Sim-
ilar to the variant types of connections needed, the above
examples differ in their requirements for message or data
segment sizes. It follows that if the using process views a
protocol as a collection of service capabilities, then the col-
lection needs vary across application classes. Thus, in alli-
ance with the ISO reference model, {ISO], we subscribe to
the idea of a family- of protocols within each layer of the
network protocol hierarchy, where different members of the
family (i.e., individual protocols) provide different mixtures
of services concomitant with the using processes require-
ments. L ) »

If we accept the premise that protocol designers do not
have a firm grasp on application requirements, and that
needs vary according to application; then we can accept the
need to develop and apply methods to quantify the service
capabilities of a protocol.

* This work is a contribution of the National Bureau of Standards and is not
subject to copyright. '

Need for a repeatable procedure for determining service
features

To quantify the service capabilities of a protocol we must
first agree on exactly what service features of protocols are.
Interesting as it may seem to those not working in the area
of high level network protocols, at a recent protocol work-
shop there was debate and disagreement over exactly what
the service features were of a particular protocol in question.

. The experts do not necessarily agree. Thus, the first quan-
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tification step is to devise a method of determining service
features of a protocol.

It is desirable to study proposed protocols as well as in-
place ones. The definitive source common to the two is usu-
ally a protocol specification document written in English
and accompanied by sundry notations. That is generally the
most one can expect from a proposed protocol. With this
in mind, we can now state our goal more precisely. Given
a protocol specification document written in English, devise
a set of rules to extract service features. This method must
be repeatable. That is, if some number of protocol designers
derive features of a given protocol, they should extract es-
sentially the same features. We say essentially because what
is involved is the application of an algorithm to English text.
History has shown us in other areas of computer science
that we should expect only limited success. Thus, our goal
is to arrive at a workable get of rules, not a perfect set.

Once features can be identified, then other analytical
methods [HEAJ] can be used to associate features with ap-
plications.

First attempt at rules for feature extraction

A small, cohesive set of rules for feature extraction have
recently been defined. They have been applied to excerpts
of the INWG File Transfer Protocol document [INWG] by
some of our colleagues who are not experts in the area of
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network protocols. The results of these exercises have been
studied and subsequently fallacious rules have been amended.
These are matters to which we now attend.

DESCRIPTION OF EXERCISES
Rules and baseline features

Keeping in mind the aim of determining and quantifying
application requirements of protocols, we began to devise
feature extraction rules by posing questions about protocol
service features.

1. What are the characteristics that a service feature must
possess? .

2. How do we go about extracting service features from
a protocol specification?

3. How do we know we have listed them all?

Consider these questions in reverse order. First, we cannot
know when we have listed all the features. A reasonable
objective is to specify a systematic way of listing features
such that the procedure can be reliably repeated by different
protocol experts to arrive at almost the same feature set. In
partial answer to the second question, most of the service
features stem directly from the commands and parameters
afforded the application process. For example, Sections 4-
6 of the INWG File Transfer Protocol, which describe com-
mands and parameters, would be the appropriate parts of
that document. We couched the answer to the first question
above in terms of how we might expect a respondent in a
survey to quantify the sufficiency of a service feature.
Thought of in these terms, we then had some guidance from
survey questionnaire construction methods that permit
quantification of a subject’s response.

From the above reasoning and guidelines from survey re-
search methods [BABE], we devised a set of extraction rules
and then selected the INWG FTP as a reference point for
their application in order to test their effectiveness. After
the first of two exercises the rules were improved based upon
results obtained. The present version of the rules are shown
below. ‘

" Rules for extracting protocol service features from a
protocol definition document

NOTE: The following rules are given in precedence order.
Thus, first apply Rule 0, Rule 1, Rule 2, Rule 3, Rule 4 and
finally, apply Rule 5. Service feature as used in these rules
means an individual service provided by a protocol to the
using process. The lack of some characteristic is not con-
sidered a feature; therefore nothing should be listed if a rule
does not apply.

Rule 0: Scan the entire protocol document to familiarize
yourself with it before applying the following rules.

Rule 1: Features of a protocol are described in those parts
of a protocol definition document containing an explanation

of protocol functions. Different terminology may be used in
each document to designate these sections. For example, in
the INWG File Transfer Protocol document, features can be
extracted from those sections that describe commands and
their parameters. In another protocol document, Transmis-
sion Control Protocol (TCP), the section containing the
needed information is called Functional Description. Use
only those portions of the document that describe the actions
or attributes of the protocol that are visible to the using
process.

Example 1: From the INWG File Transfer Protocol, Section 4
(...Level 0 Commands), Section 5 (Parameters Describing
Standard Attributes), and Section 6 (Level 1 Commands) would
be appropriate for feature extraction.

Rule 2: An individual feature may be described anywhere
within a particular section of the protocol document. Some-
times two or more features can be extracted from a single
description. It may be obvious, by the use of AND in the
command description, that two features are being described
(example 2); it may not be as obvious when a series of fea-
tures is contained in a single command description. Also,
there can be a description listing several related attributes
which, when grouped together, constitute one type of service
capability and therefore, one feature. In any case, where
more than one feature is given simultaneously, state each
feature separately. If only one feature is described, state the
feature.

Example 2: From the INWG File Transfer Protocol, Section
5.2: ““The mode of access parameter is used to define the DI-
RECTION and MODE of access to be used in the proposed
transfer.”” The feature related to DIRECTION could be stated
as: “Files may be transferred in either direction over a logical
connection.”’ The feature related to MODE could be stated as
““The initiating process can select from among optional modes
of file access.”

We can represent this rule application graphically, where the
arcs show rule numbers applied and the nodes portray the
resulting features.

Secrion 5.2
2 2

Remember that individual features can be listed in a series
of three or more as well as being described singly or com-
bined by the use of the cunjunction AND.

When there is a description defining several parameters
which can be grouped together by their related action, it may
be helpful to examine the detailed bit patterns of the com-
mand formats to determine these groups. This approach to
the application of Rule 2 is useful only where two conditions
are met: (1) formats are included in the description, and (2)
the difference between bits defining independent ‘‘con-
cepts” and a field of related bits defining options of a single
‘“‘concept’” can be distinguished.
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Rule 3: (Remember to apply Rule 2 before applying Rule
3. Then apply Rule 3, separately to each feature derived from
Rule 2.) Often there are options or alternatives which can
be applied to each action provided by the protocol. These
alternatives may appear in either of two forms: options that
a user may chose from in employing the feature, or a set of
permissible responses, one (or more) of which a responding
process may select. The features identifying the general ser-
vice provided have been extracted by the application of Rule
2. Now apply Rule 3 to each of these features.

Rule 3-a: State, as a separate feature, the list of options
or responses allowed. This rule may be applied recursively.
That is, where there is a subcategory of options or responses
associated with an option, state, as a separate feature, the
list of these subcategory options or responses.

Rule 3-b: State, as a separate feature, that a default value
is provided.

Rule 3-c: State, as a separate feature, the particular value
of the default.

Rule 3-d: State, as a separate feature, the ability to change
the value of the default.

Example 3: From the INWG File Transfer Protocol, Section
5.2, features could be stated as follows:

Application of Rule 3-a: ‘‘The initiating process can
select access modes from among the following: ‘make
only’, ‘replace only’, ‘replace or make’, ‘append
only’, ‘append or make’, ‘take job input’, ‘take job
output’, ‘read and remove’, ‘read only’, ‘destructive
read’, ‘give job input’, ‘give job output’, and ‘no ac-
cess’.”

Application of Rule 3-b: ‘‘There is a default access

mode.”’

Application of Rule 3-¢: ““The default access mode is

LERX}

‘no access’.

Application of Rule 3-d: Access mode defaults cannot
be changed in the INWG File Transfer Protocol; thus,
according to the introductory note, no feature would
be stated. If, however, the INWG File Transfer Pro-
tocol permitted the user to set the default, then the
feature could be stated as: ‘“The user may change the
default access mode for the data transfer phase.”
The x terminating the arc 3d indicates that no feature re-
sulted from the application of the rule.

Example 4: From the INWG File Transfer Protocol, Section
6.4, which describes the End of Data Command (ES): a list of
responses is given to signal the end of file. Beyond that, two
of these responses ES(E)—error and ES(A)—abort, have op-
tional responses associated with their use. Therefore, the fol-
lowing features could be listed: '

Application of Rule 3-a (applied recursively): After the
first application of Rule 3a to Section 6.4, we would
expect the following feature to be extracted: ‘“The ES
command is sent in response to a QR or an EOF.”
A second application of Rule 3-a yields: ‘‘Possible
arguments for an ES command sent in response to an
EOF are OK, error and hold. Possible arguments for
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an ES command sent in response to a QR are OK,
error and abort.”’ Another application of Rule 3-a
gives the following: ‘‘The optional responses for the
ES(Error) argument are ‘receiver error, retry possi-
ble’, ‘receiver error, no retry possible’, ‘protocol

error detected by receiver’, ‘GO not acceptable to.

receiver’, ‘sender error, retry possible’, ‘sender error,
no retry possible’, ‘protocol error detected by sender’,
and ‘GO not acceptable to sender.” ‘“The optional
responses for the ES(Abort) argument are ‘timed out
awaiting an MR’, and so on.

Rule 4: Define each feature using a single declarative sen-
tence.

Example 5: From the INWG File Transfer Protocol, Section
5.2: “*Bit 15 (or [8000]) of N is used to indicate the direction of
the proposed transfer, thus:

[0000] P—Q (TAKE)
[8000] Q—P (GIVE)”’

This feature might be stated as follows: ‘‘Files may be trans-
ferred in either direction over a logical connection.””

Rule 8: State features completely, clearly, and succinctly.

Baseline features by authors

For purposes of comparison to results of the exercises to
be described, the authors applied the above rules to Sections
5.12, 5.13, and 5.14 of the INWG FTP. The service features
thus obtained, we refer to as baseline features; they are given
- below.

SECTION 5.12

1. The user is able to optionally compress level 2 data.
2. The options for compression are to compress or not
to compress level 2 data. '

3. There is a default compression option.
4. The default is not to compress data.

5. The user may optionally interrupt and continue data
transmission.

6. In doing so, the following options may be employed:
later resumption of this transfer in a new transfer pos-
sible, restart requests permitted within this transfer,
restart mark acknowledgment must occur, and tem-
porary hold.

7. There is a default assumption.

8. The default is that no interrupt/restart will be used.

9. The user can provide parameters on the GO command

-for experimentation. ,

10. There is a default assumption.

11. The default is that the experimeiital facility will not
be used. '

SECTION 5.13

12. The service may inform the user of the current state
of file transfer.

13. The states of file transfer are: viable, rejected, ter-
minated, and aborted.

14. There is a default for the state of transfer.

15. The default is viable.

16. The user is provided an explanation when the transfer
has failed or is being rejected.

17. The specific extra information about this state is given
in Appendix IV of INWG FTP.

- 18. There is a default explanation.
19. The default value is given in Appendix IV.

SECTION 5.14

20. The user specifies a filename, which is acceptable to
the conceptual filestore, that is used to identify the
_ file involved in the file transfer.
21. There is a default filename.
22. The default filename is null.

Figure 1 is a graphical representation of the baseline fea-
tures showing how they were derived from the FTP materials
by applying the rules. The nodes represent the features
where the number in the circle corresponds to the baseline
feature number. The arcs are labeled to show which rule
number was applied to derive the node below. The X means
that the application of the rule did not result in a derived
feature.

Exercises to test the rules

Exercises were devised whereby subjects would extract
features from excerpts from INWG FTP in order to test the
strength of the rules. Six colleagues, who were at least fa-
miliar with some high-level network protocols, were chosen
to participate in the first exercise. They were divided ran-
domly into two groups of three subjects each: a control group
who would list service features, but without the aid of the
extraction rules; and a test group who would also list service
features described in the FTP material, while following the
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Figure 1—Representation of baseline features and application of extraction
rules.

extraction rules. If our assertion that rules are needed is
correct, then the control group members should each list
different features. Also if the rules are good, then the test
group members should list many of the features comprising
the baseline. Pictorially, we can represent our expectations
as shown in Figure 2. Responses from control group partic-
ipants should be widely scattered, while the test group’s re-
sponses should be similar among members and should
roughly correspond to the baseline.

Results of the first exercise, to be described, led to rule
improvement. Subsequently, a second exercise was con-
. ducted with six other colleagues, using the improved rules.
The first part of the second exercise followed the pattern of
the first exercise: control group and test group. Then, to
gather additional information, the control group of the sec-

CONTROL GROUP

TEST GROUP

ond exercise later applied the rules to behave as a third test
group. The results and conclusions follow.

FINDINGS AND CONCLUSIONS
Purpose of analytical analysis

The test subjects of the first exercise named, respectively,
14, 7, and 7 of the 22 baseline features. The control subjects
of that exercise identified, respectively, 2, 3, and 4 of the
22 baseline features. How successful was the exercise? Let
us rephrase this question. More specifically, do the results
warrant refining and continuing the initial approach, or in-
stead do they suggest that this approach should be aban-
doned in favor of some new method? Furthermore, if the
results are promising, what can be inferred from them that
would lead to rule improvement?

These questions suggest the need to apply an analytical
technique to aid in the evaluation of the exercise. Intuitively,
we wish to group the subjects and the baseline data into
groups such that subjects within a group have a high degree
of natural association among themselves (according to some
grouping criterion) while the groups themselves are more
distinct from one another. Then, if the rules worked well,
we would expect to derive three distinct groups: one con-
taining the control subjects, a second containing the test
subjects, and a third (closely related to the second) contain-
ing the baseline, as illustrated earlier by Figure 2. A statis-
tical technique that can perform this grouping is called clus-
ter analysis. Each subject (measured by 22 baseline features),
along with the defined baseline, may be represented by a
point in 22-dimensional space, whose coordinates for each
subject are the subjects’ scores associated with the 22 base-
line features. )

Note that the results of use of the cluster analysis apply
only to the 12 subjects of the two exercises and the baseline
data. Based upon only 12 subjects, we cannot infer that they
represent any larger population.

BASELINE

Figure 2 Anticipated clustering of subjects’ responses.
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Cluster model

The first step in the cluster analysis is to score the subjects’
responses in relation to the baseline definition. If subject i
named baseline feature j then the subject receives a score

- of 1in that spatial dimension, otherwise the subject receives
a 0 for that coordinate. It is important to recognize that as-
signment of scores is necessarily subjective, to some extent.
The authors deliberated on scoring and concur that any er-
rors that may have been induced through scoring would not
significantly alter the results of the cluster analysis.

The next step in the analysis is to select a measure of
association appropriate to the problem domain. Metric dis-
tance was chosen, since other common forms (e.g., cosine
of the angle between vectors and product moment correla-
tion) are considered to be ill suited to measuring associations
with binary data [ANDM]. Common distance metrics used
in cluster analysis are the !,, [, (Euclidean), and /.. norms.
With binary variables, each of these metrics compute to the
same quantity for each comparison of subjects j and k on
feature i. The distance metric, then, is used to compute pair-
wise relationships between subjects. The final major step in
the analysis is to select and apply a clustering algorithm. The
Ward algorithm {WIGD] was chosen because it weights the
distance between centroids (as a function of cluster sizes)
when computing the distances between clusters. Further-
more, the error sum of squares does not decrease, hence the
algorithm is not subject to reversals.

Cluster findings of exercise 1

If the rules were ideal we would expect to find two clus-
ters: one containing the control group and a second con-
taining the test group and baseline. When the 6 subjects are
analyzed we find:

(c1,c2,¢3)(t1,b)(t,15)

where the parenthetical groups represent clusters and the
c¢it; and b correspond to control subjects, test subjects, and
baseline, respectively.

The three clusters are roughly equidistant. Any further
grouping results in a large increase in the accumulated error.
Dividing any one group into two groups does not substan-
tially reduce the error term. Hence, these are the appropriate
clusters. The first cluster contains exactly the control group
as we had hoped. The two remaining clusters contain (1) two
test subjects, and (2) a test subject and the baseline.

Seven meaningful observations leading to rule improve-
ment were made upon examining the cluster findings of ex-

ercise 1. The rules were accordingly modified (to the form

shown earlier in this paper) for the second exercise.

Observations and conclusions of a general nature from
exercise 1

In addition to the rule-specific observations, four obser-
vations of a more general nature were noted.

1. Observation: Poorly written documents may result in
nonmeaningful features extracted.

Conclusion: Rules may lead to standardized formats
for writing specification documents.

2. Observation: Rules, as applied by the subjects, gen-
erate many features that are not of interest to users.
An example is a feature dealing with parity bits. Most
users would not care to be concerned-—they would sim-
ple want parity to be such that their processes worked
correctly.

Conclusion: Experts can act as filters to discard ex-
traneous features, especially after some experience
in interviewing applications users.

3. Observation: Control group subjects identified very
few, yet very different, features and described them in
general terms.

Conclusion: Such a high level of generality is not
useful in obtaining detailed requirements from users.
There is a need for rules to allow uniform feature
extraction.

4. Observation: The cursory instruction period was in-
adequate.

Conclusion: Training needs to be extended and to
include a work session by the subject with comments
by a trainer.

Overview of the second exercise

The first exercise allowed a comparison between control
and test groups which we now refer to as C,: T,. The second
exercise, conducted in two parts, permits the following com-
parisons.

C,:T,: The control group 2 can be analyzed with test
group 2. The purpose, as in C,: T, is to test the need for
extraction rules. In this respect, significant differences be-
tween exercise 1 and exercise 2 were the following. Control
subjects of group 2 were instructed to state features at the
level of individually distinguishable service capabilities.
Thereby, they were given some level of training (which re-
flected the level of granularity of features) beyond that pro-
vided to control group 1. The rules were improved between
exercise 1 and 2 which should improve the scores of test
group 2 over test group 1. The training for test group 2 was
more comprehensive than for test group 1 as suggested by
general observation 4, above.

T,:T,: Test groups 1 and 2 can be analyzed together. The
purpose of this analysis is to determine the rule improve-
ment’s progress between exercise 1 and exercise 2.

T,:CT,: As the second step of exercise 2, control group

" 2, after completing their initial exercise, was trained and then

applied the rules. We now label this group control/test group
2, CT,. Control/test group 2 can be analyzed with test group
2 to determine the impact of individual differences among
the subjects (since the sample size is so small) with respect
to the experiment. Note, however, that some factors of this
comparison jeopardize the validity of results, namely the
effects of taking a test upon the scores of a second test and
maturation such as test fatigue.
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C,:CT,: We may analyze control/test group 2 and control
group 2, i.e., the same group with and without the assistance
of the rules. The purpose of this comparison is again to assess
the value of the rules. ‘

The results of these analyses follow.

F indings of exercise 2

The cluster analysis procedure is iterative. At each step
exactly two groups of individual subjects who are nearest
neighbors are combined. This synthesis introduces an error
in that the resulting cluster is represented as the centroid of
its components. Individual location information is lost
through combining. Figure 3 graphs this accumulated error
against repetitive clustering. We chose to describe the ex-
periment results from the viewpoint of four iterations, which
provides a cutoff prior to where the accumulated error dou-
bled at the next iteration.

Based upon four iterations, findings follow. Results of
exercise 1 are included for comparison. Notation is consis-
tent with previous sections of this paper.

(c,c,0) (t,1) it,b)

C,:T,

C,: T, (c,c,0) (t,t,1) (b)
T,:T, () (t1,21,82,15) (z.,b)
T,:CT, (ct,ct,t) (ct,t,1) b)
C,:CT, (c¢,c,c,ct) (ct,ct) b)

The number of baseline features 1dent1ﬁed by each member
of each group is given below.

Ci: 2,34
T,: 7,7, 14
Cyx 2,25
T,: 9,9 11
CT,: 4,9 12

Interpretation of exercise 2 results

The outcome of exercise 2 closely matches that of exercise
1. In aggregate, the correspondence to baseline features by
subjects of exercise 1 were C,=9 baseline features and
T,=28. For exercise 2, C,=9 and T,=29. The three-to-one
‘hit’ ratio between test group and control group maintained,
as did the one-to-one ratio between C,:C, and T,:T,. Test
group 2 was slightly more consistent that test group 1: com-
pare (z,t,1) (b) to (¢,1)(z,b). The improved rules-and additional
training did ‘not noticeably improve the results (T,=28,
T,=29). The findings of exercise 2 support (nearly duplicate)
those of the earlier exercise.

The T,:T, comparison reveals random clustering. Agam
consistency is demonstrated but no real improvement is vis-
ible.
~ The comparison T,:CT, should signal any substantial dif-

ferences between the control and test groups of exercise 2.
If T, results match CT, results then we can infer that the
differences between C,:CT, and C,: T, are mainly due to
the use of the rules rather than because of any differences

40
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Figure 3—Error induced by grouping.

in the level of ability of subjects. The result (ct,2,¢)(ct,ct,f)
is ideal. We conclude that groups C, and T, were evenly
matched overall and that the differences in scores can be
attributed to the rules.

The results of comparison C,:CT, are similar to those of
C,:T,and C,:T,, namely C,=9 and CT,=25. The three-to-
one ratio obtains. Evidently, the C,:CT, results reinforce
the C,:T, and C,: T, findings, since after training the CT,
subjects performed similarly to the other test subjects.

Other observations and conclusions from exercise 2

Trained subjects (of both exercises) averaged naming 15
percent of the features of INWG Section 5.12. Their accu-
racy was 67 percent over Sections 5.13 and 5.14. The low

~ hit rate for Section 5.12 was due to the misapplication of rule

3-a where rule 2 applied. Where rule 2 applies to features
given in series, it should be distinguished from rule 3-a in
that each feature expresses an independent concept.

Six of the 11 baseline features of Section 5.12 concern
defaults. Misuse of rule 3-a caused features 1 and 5 to be
combined into a single feature. Consequently, the subjects
made two default statements instead of the six named in the
baseline. Thus, they received scores of 0 for baseline fea-
tures 1 and 5 and 3, 4, 7, 8, 10, and 11. This scoring may



870 National Computer Conference, 1980

seem rather strict. A more liberal interpretation of their de-
fault features would yield a 70 percent accuracy rate for
Section 5.12 material.

Overall, test subjects of T, T,, and CT,, consistently iden-
tified slightly more than 40 percent of the baseline features.
T, received a 5-minute training. T, and CT, received a 45-
minute training. The authors have worked with the rules over
a several months period. We have independently applied the
rules to six FTP documents. Upon comparing results we
extract about 95 percent of the same features.

We conclude that the intent of the rules is basically sound.
They need to be stated more crisply. They should include
more examples to differentiate rules 2 and 3a. Lastly, with
the present rules, considerable practice (on the order of days,
not minutes) is probably needed to achieve a 95 percent hit
rate with the baseline features.

NEXT STEPS

Given a repeatable procedure for feature extraction, the
following question naturally arises. Do the features, so ex-
tracted, really represent the protocol’s capabilities or value-
added service in terms meaningful to the applications build-
ers and to protocol designers? To answer the question with
respect to protocol designers, the authors expect to get ex-
perts’ opinions on their representativeness. The authors
have since applied the resulting rules to several protocol
documents and, with the help of applications users, are test-
ing the results via an analytical model [HEAJ].

This effort provides insight that could be applied to the
development of procedures for writing specifications. The
actual identification of features reflects both the efforts of

. the author and the reader of the document. If the author had

known the specific rules that were to be applied in the ex-
traction of features, then an equivalent set of rules could
have been identified and applied in the development of the
document. It is anticipated that this dual approach would
significantly enhance the elimination of ambiguity in such
a document. There are plans to evaluate the utility of this
approach in the development of standard protocol specifi-
cations.
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Verification of information in a file*

by JAINENDRA K. NAVLAKHA

Florida International University
Miami, Florida

INTRODUCTION

Computer centers and particularly data processing centers
deal with a stack load of information files as a daily routine.
The information in many of these files is organized according
to a particular format. For example, in an ‘‘employee file,”’
the information about an employee might consist of the name
of that employee, his or her age, sex, social security number,
salary, etc., in some order.

Before getting information about an employee from that
file, it would be worthwhile to check the correctness of such
information, that is, to make sure that in the ‘‘name’’ field
is the person’s name (some alphameric characters with
blanks), in the ‘‘age’’ field is the age of the employee (that
is, a two digit number specifying the age in years), and so
on.

Observe that we are not validating the information for any
particular employee as such, but making sure that the in-
formation available in the file is formatted properly. For ex-
ample, if a number ‘‘25°° appears in the ‘‘age’ field, the
contents of the field are okay from the format point of view
even though the actual information might be wrong. How-
ever, if the age-field contains ‘“A7,”’ we are certain that this
is wrong information from the format point of view.

Thus, what we wish to accomplish is the validation of in-
formation in the file insomuch as it conforms to some format
specification.

BASIC VERIFIER SYSTEM

Figure 1 describes the verifier system, which when input
with a proper valid format and a file record, verifies whether
the information in the file record is correct with respect to
the specified format or not.

The system is implemented on the UNIVAC 1106 at the
Centro de Procesamiento, ‘‘Dr. Arturo Rosenblueth’ in
Mexico City, in Regular Expression Compiler-Markov (REC/
MK) language. A couple of compilers of REC are described
in Cisneros! and McKintosh.?

* This work was carried out when the author was an exchange visitor to the
Centro de Procesamiento, ““‘Dr. Arturo Rosenblueth’ (‘‘Dr. Arturo Rosen-
blueth’” Computer Center) in Mexico City.
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REC/MK has no unconditional jump statements as some
of the other programming languages have, but it does have
an ‘“‘escape statement’’ similar to the one in BLISS.? In that
regard so far as its structure is concerned, this programming
language falls somewhere between the structured language
in the sense of Dijkstra, and an unstructured language like
Fortran IV. The choice of the implementation language was
governed more by the usage of the verifier at the Center
rather than the suitability of the language for this particular
application.

There are two major advantages of such a verifier system.

1. Reliability

Once the contents of all the records of a file are verified
correct with respect to the proper format specification, one’s
confidence in the future usage of data from that file increases
to a great extent. '

2. Savings in programmer time

Without such a generalized system, if one wishes to verify
the correctness of information content in a file, one has to
write a separate program to achieve this. If there is a second
file in which the information is organized quite differently
from the previous file information, then yet another program
is required to verify the correctness of information in that
file. However, if a generalized verifier system did exist, then
the information contents of both the files would be verified
by it just by a change in format specification for the two
files, thereby providing a tremendous savings in the pro-
grammer time.

FORMAT TYPES

In order to check the correctness of information in a file

'record, the verifier takes the description of the valid format

which specifies the order in which the information should
occur in that record. This valid format is composed of a
collection of different format types, which specify the type
of information in fields of a file record. The choice of se-
lecting particular types of formats was governed by the ap-
plications of the verifier system at the Center, though we
feel that these formats are quite essential for verification of
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Verifier to check
vValid format

the correctness
correct/incorrect

of information
File record

in a file

Figure 1—The verifier system

file contents in other application areas also. Quite a number
of these format types are based on defining sets of charac-
ters, for example, ‘D’ is treated as a set of digits, ‘L’ as a
set of letters, ‘B’ as a set of blank, etc. In the present version
of the system, the following format specifications are al-
lowed.

1. Digit-format

The digit-format allows one to specify the requirement that
the next n characters in the file record should be all digits.
It is specified as ‘‘nD,”” where n is a positive integer. Con-
sider the following file record

----- 15793 BAXY----- %
1

where pointer 1 indicates the position in a file record to the
left of which the information has been verified, and the ver-
ification is to be continued to its right. Suppose, the format
s “‘5D.”” Then, the information in the next field of the file
record is correct with respect to this format, and the pointer
1 in the file record is moved right by 5 characters.

2. Letter-format
Syntactically, it is specified as ‘“‘nL’’ and means that the
next n characters in the file record should be all letters (A
to Z).
3. Ambos (means ‘‘Both’’ in English)-format
This format is specified as “‘nA’” and requires each of the
next n characters of the file record to be either a letter or
a digit.
4. Blank-format

It is specified as “‘nB’’ and it looks for n blanks in the
information file record.

5. Total-format

“nT’ specifies that the next n characters in the file can
be any characters chosen from the full character set under

consideration. This format allows one to skip over several

characters in the file.

** B denotes a blank character.

6. Set definition

This format allows the user to define a set X of particular
characters, so that he can specify ‘‘Set format™ (described
next) based on this set.

example 1—X = L + (-B,) defines X to be the set
X={AB---YZ-b}

This set might be useful when verifying characters in the
name-field of an employee file record.

X = L — (XYZ) specifies a set X whose members are all
the letters of the alphabet except ‘X’, ‘Y, and ‘Z’.

X = T — (+ —*/) defines a set of all characters (recall
that T is the total set) except ‘+°, ‘*—’, “*’, and /.

We feel that this format is one of the most essential formats '
for information verification in a file. There are many occa-
sions when such a format can be used to check the contents
of a particular field in a file record. One example might be
the verification of name-field contents of an employee file,
when the set can be as defined in example 1.

7. Set-format

“nX’’ specifies that the next n characters in the file should
belong to the set X defined using the set definition format.
For example, consider the format

X=L+D-(12Y2)$5X$

where ‘$’ is the separator between two formats. It first de-
finestheset X ={34---90A B - -- W X}and then looks
for § characters in the file record to belong to the set X.
Obviously, the set definition precedes the set format spec-
ification.

example 2—Suppose a record of an employee file has the '
following set up.

Field Name NAME AGE SEX
No. of Characters 20 2 1

Assume that we wish to leave two blanks between any two

adjacent fields. For verifying the correctness of information
in this record, the valid format might be specified as follows:

X=L+(b)$20X$2B$2D$2BS$
=MF)$1X$

If arecord was . . .

JOHNBP.BDOE,JR.BB6bBB®H276BM

. then, it would be verified correct with respect to the above

format specification.
8. Constant value format

On a number of occasions, one wishes to specify a se-
quence of specific characters in a file. This can be done using
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the constant value format. It is specified as “Cb
{char.sequence)’’ where (char.sequence) is the desired se-
quence of characters in the file. ‘$’ acts as the terminator
of the desired sequence, and thus cannot be used as part of
the sequence itself.

For example, Cb(CONSTANTS

requires the next eight characters in the file to be ‘““CON-
_STANT.”

9. Range-format

Syntactically, this format appears as R({char)-(char),
{char)-(char),....). It thus consists of a variable number of
character pairs of the type (char)-(char) each being separated
from the next by ‘,’. The ith character pair governs the in-
formation content of the ith character in the file.

R(0-6,A-K,X-Z), for example,

looks for three characters in the file, the first between 0 and
6, the second between A and K, and the third between X
- and Z. The obvious restriction of the format is that in every
character pair, the ASC11 (or any other) representation of
the first character should be less than or equal to that of the
second character.

All the above formats, except the Set definition format,
were fixed-length field formats which are character oriented.
The formats explained below are a little different from the
above types.

10. Number-format

It is specified as N({digit seq), (digit seq)). It is used when
the information in the next field of the file record is-desired
to be within a range of numbers. For example, while veri-
fying the “‘age” field of a record in the employee file, one
may wish to make sure that the age is between 21 and 65.
The format specification for that information would be
N(21,65).

Both the numbers specifying the range should be positive
(current implementation, which can easily be changed to in-
clude negative numbers, also) and the first should be less
than or equal to the second if the format is to be meaningful.
In the present version of the verifier, there is an added re-
striction imposed on this format specification which is that

the two digit sequences would have the same number of -

characters. For example, a number between 0 and 379 should
be specified as N(000,379). This restriction can be removed
in future versions of the verifier.

11. Select-format

This format allows the user to specify information content
- of the next field in the file to be one of many choices. It is
specified as follows:

S(choice 1 ! choice 2 ! choice 3 ! ..... ! choice k).

For the next field information of the file to be correct, it
should satisfy either one of the above choices, e.g., S(Cb
MICWBF) specifies that the next character in the file should
be either an ‘M’ or an ‘F’. This format may be useful for
verifying ‘‘sex’’ field of an employee file record.

A choice in this format specification can be either of Digit,
Letter, Ambos, Blank, Number, Range and Set formats or
Constant value format.

For example, S(3D ! 1B ! 3L) looks for the field infor-
mation to be consisting of either 3 digits or 1 blank or 3
letters. The file record

satisfies the above format because the second choice, 1 B,
is satisfied. :

12. Variable-format

There are times when we know that the next field contents
should be all digits or all letters or all characters from some
set, but we do not know the size of the field. In fact, the size
of the field may be different for different records of that file.
Variable-format proves to be very useful under those cir-
cumstances. It allows the user to specify a variable length
information in the file. The syntax of this format is ...#spe-
cial letter, where special letter can be D(Digit), L(Letter),
A(Ambos), B(Blanks) or X(Set). It means that any number
of next characters in the file belonging to the particular set
(specified by special letter) are to be counted as constituting
the next field. Absence of any character in the file from the
designated set means finding 0 character.

For example, if the file information is

then, #D matches
#L matches
#A matches 4 characters,
#B matches 0 characters,
andif X = L + D + (+), then
#X matches 6 characters.

1 character,
0 character,

One application of this format might be to skip over some
variable number of characters in the file until you encounter
the first ‘*’, That could be accomplished by the following
format specification. ,

X=T-M™S$#XS$

Fifst, X is defined to be a set of all characters except ‘*’,
and then, in the file you match a variable number of char-
acters belonging to the set X.

13. Equal-format

It is not uncommon to encounter file records where the
information content of two fields should be identical. For
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example, the identification code in a file may appear as the
first and also the last field of the file record. Equal-format
validates such information.

It is specified as ‘“Em,’” where m is the number of one of
the previous fields.

For example, If the valid-format is ...

3D$2BSELIS-----

it looks first for three digits, then for two blanks and then
the third field, whose contents should be the same as those
of the first field, character by character. The file record...

- - - 15268152

)
1

satisfies the above three formats of the valid-format.

By convention, when counting field in this format speci-
fication, set definition is not counted as a field because it
does not verify any additional field of the file record.

Figure 2 gives the formal BNF description of a ‘‘valid-
format”’ for verifying information content of a file record.

HIGH-LEVEL DESCRIPTION OF THE PROGRAM

The verifier takes in the description of a valid format as
input and then reads in a sequence of file records to be ver-
ified as specified by individual formats of the (valid-format).

Once it finishes verifying one set of file records, it goes
back and reads in another (valid-format) and repeats the
procedure until no more verification is necessary. The al-
gorithm in its simplest form can be described as follows:

Step 1. Read a (valid-format). If *‘end-of-input-file,”’ then
STOP.

Step 2: Read a file record to be verified. If no more rec-
ords to be verified, GO TO step 1.

Step 3: Validate the information of the file record ac-
cording to (valid-format), and report the resulit.
GO TO step 2.

Step 3 of this simple algorithm checks whether the infor-
mation in successive fields of the file record is conformal
with respect to the individual formats of the (valid-format)
or not. Its detailed description is given below:

Step 1: Get the next (individual format).
Step 2: If DONE, then perform some initialization for the
' next record verification, and RETURN.
Step 3: Verify the information in the next field of the file
record.
Step 4: Report the correctness information to the user.
GO TO step 1.

Step 3 above consists of first determining what the type
of that (individual-format) is and then verifying the contents
of the next field with respect to it.

<Valid formats ::= <ind. format> $ |

<ind. format> § <Valid format>

<ind. format> 1:= <D-for> | <L-for> | <A-for> |
<B-for> | <T-for> | <Set-for> |
<Set def.> | <Con Val> | <N-for> |

<R-for> | <S-for> | <V-for> |

<E-for>

<D-for> t:= <pos. int.> D

<L-for> t:= <pos. int.> L

<A-for> ::= <pos. int.> A

<B-for> ::= <pos. int.> B

<T-for> ::= <pos. int.> T

<Set-for> s:= <pos. int.> X

<Set def.> ::= X = <Set description>

<Set description> ::= <LS> | <LS> + <Set description®> l

<LS> = <Set description>

<LS> s:= <sp. let. 1> | <get>

<sp. let. 1> ::= DL | T

<set> ::= (<char. sequence>)

<char. sequence> ::= <char> [ <char.> <ch§r, sequence>
<char> ::= any valid characteri

<pos. int.> ::= <nonzero digit> |

<nonzero digit> <digit sequence>

<digit sequence> 1:= <digit> | <digit> <digit sequence>
<digit> ::= 0 | <nonzero digit>

<nonzero digit> ii= 1| 2| 3| 4|5} 6[| 7] 8|9
<Con val> ::= C <Blank> <char. sequence>

<Blank> = B

<N-for> ::= N (<digit sequence> , <digit sequence>)
<R-for> ::= R (<Range>)

<Range> ::= <char> - <char> |

<char> - <char> , <Range>
<s-for> ::= S (<choices>)
<choices> ::1= <ind. choice> |
<ind. choice> ! <choices>
<ind. choice > t:= <D-for> | <A-for | <L-for> |
<B-for> | <Set-for> | <Con val> |

<N-for> | <R-for>

<v-for> 1:= # <sp. let >
<sp. let 2 t:= D| L|A| B| X
<E-for> ::= E <pos. int.>

Figure 2—BNF description of a- valid-format

A sample output of the program for a test run is shown
in the APPENDIX. ‘

CONCLUSIONS AND EXTENSIONS

In this paper, we described a software verifier system to
check the correctness of information in a file. The (valid-
format) and the file record to be verified are input to the
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system, and the output is the correctness result for every
(individual-format) of the (valid-format), based on whether
the file information was conformal with respect to it, or not.
Other than increasing one’s confidence in the contents of
the file once it is verified, the system, being a rather general
one, helps save a tremendous amount of programmer time
in the sense that one program is good for verification of in-
formation in all types of files and separate programs are not
required.
. The program is written in REC/Markov language and is
implemented on the UNIVAC 1106 computer at the Centro
 de Procesamiento, “‘Dr. Arturo Rosenblueth” in Mexico
City. The choice of the language was governed by the future
use of the verifier at the' Center rather than its suitability for
this application. The top-down design of the system has guar-
anteed modularity, and we feel that the system can be main-
tained and modified fairly easily.
A couple of possible extensions to the system are proposed
below:

1. Presently, set definition allows only ‘X’ to be used for
defining sets. This can be easily changed to include
usage of other characters (‘Y and ‘Z,” for example) in
set definitions. Then, more complex set definitions
would be possible and it would be possible to keep 2
or 3 defined sets at hand. Also, this would allow sets
to be defined in terms of already defined sets other than
D, L,orT.

For example, Y = X-Z § /

2. Except for equal-format, all other types of formats are
independent of information contents of previous fields
of a file record. For more complex applications, a few
other “‘information dependent formats’’ might be added.

For example, a format of the type...

IF information in kth field was*****,

THEN format 1 ELSE format 2 § ,
may be quite useful in certain applications. At present,
this is partially achieved by the select format.

One other possibility that comes to mind is as fol-
lows. Suppose S(CBM!CBF) was pth individual format.
Then a format of the type...

IF “‘contents of field p of the file conformed with

CbM”’ THEN format 1 ELSE format 2 $
may allow one to tie in proper information in some field
of the file record with contents of one of the previous
fields whose contents might have been one of many
choices.

3. Presently, the verifier system is capable of handling
only the ‘“‘character oriented files.”” This can be ex-
tended to make it handle binary strings of more than
one byte.

I would like to add that one can visualize tremendous pos-
sibilities of such a verifier system in data file information
verification. This, being the first version of this system, is
definitely not very neat and concise, but with proper mod-
ifications, the later version of the system can be developed

_ to satisfy the needs of individual users.
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APPENDIX
A sample output of the verifier (test runs) is shown below.

REC/MARKOV

INPUT A FULL FORMAT
FULL FORMAT

3D $2B $3L $2B $ N(173,257) $ 2B $ CHXYZ$ 2B $ 34 $
INPUT A FILE RECORD
FILE RECORD BEING TESTED =
123 ABC 197 XYZ ASL
FIELD NO. = 1
CORRECT INFORMATION
FIELD NO. =2
CORRECT INFORMATION
FIELD NO. =3

CORRECT INFORMATION
FIELD NO. = 4

CORRECT INFORMATION
FIELD NO. = 5

CORRECT INFORMATION
HELD NO. = 6
CORRECT INFORMATION
FIELD NO. = 7

CORRECT INFORMATION
FIELD NO. = 8

CORRECT INFORMATION
FIELD NO. = 9
CORRECT INFORMATION

"INPUT A FILE RECORD

FILE RECORD BEING TESTED =
086 AOR 258 X—~Z WIT

FIELD NO. =1

CORRECT INFORMATION
FIELD NO. =2

CORRECT INFORMATION
FIELD NO. = 3
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CORRECT INFORMATION -
FIELD NO. = 4

CORRECT INFORMATION

FIELD NO. = 5

ERROR ((N—-FOR) VIOLATED)
FIELD NO. = 6

CORRECT INFORMATION

FIELD NO. =7

ERROR ((CON-VAL) VIOLATED)

FIELD NO. = 8
CORRECT INFORMATION
FIELD NO. =9

CORRECT INFORMATION |

INPUT A FILE RECORD

INPUT A FULL FORMAT

FULL FORMAT

X =L+ D - (12Y2) $3X $ 2B $ S2X | R(0-5,0-6) | 2B)
$5T$2B$2X$

INPUT A FILE RECORD'

FILE RECORD BEING TESTED =

S5M 15]JKNAYV K7

SET DEFINITION

CORRECT INFORMATION

FIELD NO. = 1

(*DONE CASE*)

- CORRECT INFORMATION

FIELD NO. = 2
CORRECT INFORMATION
" FIELD NO. =3
CORRECT INFORMATION
FIELD NO. = 4
CORRECT INFORMATION

* FIELD NO. =5

CORRECT INFORMATION
FIELD NO. = 6
CORRECT INFORMATION

INPUT A FILE RECORD

FILE RECORD BEING TESTED =
TRY N —*/+? 6U

SET DEFINITION

CORRECT INFORMATION

FIELD NO. =1

ERROR ((SET-FORMAT) VIOLATED)
FIELD NO. = 2

ERROR ((B-FORMAT) VIOLATED)
FIELD NO. = 3

CORRECT INFORMATION

FIELD NO. = 4

CORRECT INFORMATION

FIELD NO. =5
CORRECT INFORMATION
FIELD NO. = 6

CORRECT INFORMATION

INPUT A FILE RECORD
INPUT A FULL FORMAT
FULL FORMAT
#A$2BSE1$3D$SE4$3L$E6S
INPUT A FILE RECORD
FILE RECORD BEING TESTED =
AT9BX AT9BX159159AXTAXT
FIELD NO. =1

CORRECT INFORMATION

(5 CHARACTERS MATCHED)
FIELD NO. =2
CORRECT INFORMATION
FIELD NO. = 3

CORRECT INFORMATION
FIELD NO. = 4 )
CORRECT INFORMATION
FIELD NO. =5

CORRECT INFORMATION
FIELD NO. = 6

CORRECT INFORMATION
FIELD NO. =7

CORRECT INFORMATION

(*DONE CASE*)

INPUT A FILE RECORD

FILE RECORD BEING TESTED =
JKN124 JKN124173172A56A56
FIELD NO. =1

CORRECT INFORMATION

(6 CHARACTERS MATCHED)
FIELD NO. =2

CORRECT INFORMATION
FIELD NO. = 3

CORRECT INFORMATION
FIELD NO. = 4

CORRECT INFORMATION

FIELD NO. = 5§

ERROR (UNEQUAL FIELD INFORMATION)
FIELD NO. =6

ERROR ({L-format) VIOLATED)
FIELD NO. =7

CORRECT INFORMATION
INPUT A FILE RECORD
INPUT A FULL FORMAT
REC/MARKOV.

(*DONE CASE*)
(*DONE CASE*)
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INTRODUCTION

Extensions to a programming language are often introduced
by individual implementors for a variety of reasons. In some
cases, a new construct may allow the programmer to take
advantage of a unique hardware or software feature in the
specific system. In other cases, the application for which the
language is frequently employed may warrant simpler and
more efficient constructs. Whatever the motive, extensions,
in general, severely limit portability of programs. Often it
is necessary to manually translate non-standard features be-
fore a program can be successfully adapted to a new envi-
ronment. If we must live with such extensions at all, ideally
we would like to be able to translate all extensions auto-
matically to make the adaptation expedient and reliable.
Some extensions clearly do not have direct translations
in all target environments. Others lend themselves to system-
independent translations, e.g., to the base (standard) lan-
guage itself. Typically such translations do not have the same
elegance and efficiency as the original construct, but they
enhance the portability of programs. A system which accepts
descriptions of such extensions and their translations can
automatically process non-standard programs, yield a stand-
ard translation and provide a precise definition of the ex-
tension to a naive reader of the program. In this paper, we
outline such a system that we call ‘‘extension processor.”’
The details of the system are specific to the Pascal lan-
guage. The concepts involved, however, are equally appli-

cable to any block structured language, such as Algol, .

BCPL, and PL/1. Their applicability to other languages such
as FORTRAN and COBOL is limited.

The extension processor is somewhat similar in function
to a macro processor in that both systems attempt to pre-
process the source text of a program and produce an output
suitable for the compiler. There are a number of macro pro-
cessors designed for use with Pascal-like languages (see Ref-
erences 3 and 4 for examples) and some of these are powerful
enough to handle minor extensions such as the use of con-
stant expressions where only simple constants are permitted
in the base language. But these systems are not capable of
describing more complex forms of translations that may in-
volve source code movement and/or augmentations far from
the point where the extension is used. The proposed exten-
sion processor can effectively describe moderate forms of
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global and local transformations that are sufficient for trans-
lating many popular extensions to Pascal.

THE EXTENSION PROCESSOR

" Extensions are described by the programmer with the help
of two new statements—GRAMMAR and TRANSLATE.
The GRAMMAR statement describes the syntax of the ex-
tensions, while the TRANSLATE is used to specify the
standard language translations for them. Each of these state-
ments can be included in any Pascal block, preceding all
other declarations such as LABEL, CONST, etc. Like all
other declarations, GRAMMAR and TRANSLATE are also
subject to the scope rules of Pascal. This means an extension
can be *‘global’ if defined at the program level, or ‘‘local”’
if defined in a lower level block. It is also possible to translate
the same extension in different ways in different blocks. The
complete syntax of these statements is outlined in the ap-
pendix. The overall structures and the semantics are dis-,
cussed in this section.

The main structure of the GRAMMAR statement is de-
picted in the syntax diagram below.

<grammar >

“‘*GRAMMAR-T-V <nonterm> ~—» =: —» <substitution> —p: ;-r—>

Here (non-term) is the syntactic identifier of the extension
feature; (substitution) is merely a linear representation of a
syntax diagram for that extension. The (substitution) itself
is a sequence of tokens consisting of key words (both stand-
ard and user defined), operators and other non-terminals,
defined elsewhere in a GRAMMAR statement. Not all non-
terminals need to be explicitly defined; ‘‘standard’’ defini-
tions could be included within the extension processor, just
as standard type identifiers, such as INTEGER, BOO-
LEAN, etc., are defined in Pascal.

In addition to the terminals and non-terminals, a substi-
tution may also include labels to identify syntactic entities
in the definition. These labels are useful in describing the
translation later in a TRANSLATE statement.

There are two special operators provided in the GRAM-
MAR statement: the ‘‘follow-on’’ operator — which is op-
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tionally employed to clarify the physical juxtaposition of two
successive syntactic entities; and the ‘‘alternates’’ operator
—: which indicates a branch-off point in the syntax diagram.
For example, the syntax diagram

_<examplel>

~—>» THIS—>1S “—iOTTA —EGOODT EXAMPLE —»
BAD :

can be expressed in a GRAMMAR statement like this:

GRAMMAR
.examplel. =: THISIS —: .(NOT).,,
()
—- A —-: .(GOOD).,
.(BAD).;
— EXAMPLE :;

Recursive definitions are written in a manner similar to the
BNF notation. For example, this syntax diagram

<example2>

"‘7[it11f[i;:I€>IS —— IT—>"
AND

is translated to a GRAMMAR statement by defining a sep-
arate non-terminal for the recursive component ““THIS’’:

GRAMMAR
.example2. =: .t. ‘‘see definition below”’
—: .()., “the escape option’’
.( AND .t. ).; ‘‘the recursion option’’
- ISIT:;

.t. =: THIS :;

The TRANSLATE statement is more complex as it must
describe the more difficult task of translating the extension
to the standard language.- Many times there is a need to add
variables or type identifiers to the local block or the program
block. Sometimes it may also be necessary to add executable
statements to the body of a procedure. The TRANSLATE
statement syntax provides for these specifications in Pascal-
like constructs. The overall syntax diagram for the statement
has the form:

<translate>

=——% TRANSLATE —T—D <nonterm> =~ TO ~—><trans1ation>-——b;-J—-)

The non-terminal referenced above must be defined in a
GRAMMAR statement, either explicitly or implicitly as a
standard non-terminal. The (translation) consists of three
components—‘‘global includes,”” ‘‘local includes’ and
“‘substitution.’’ The global and local *‘includes’’ are intended
to specify new labels, identifiers, procedures, functions or

statements that may be needed at the program level and in
the current block respectively. Thus each of these ‘‘in-
cludes’’ is divided into eight parts: LABEL, CONST, TYPE,
VAR, PROCEDURE, FUNCTION, TOPOFSTMT and
BOTOFSTMT.

The syntax of each part, so far as the extension processor
is concerned, is the same. However, the phrases constructed
by the extension processor must be acceptable to the Pascal
compiler. The actions of the extension processor itself are
restricted to adding the phrases specified in each part to the
appropriate parts of the program or local block.

The substitution part is identified by the key word TRANS
and it describes the in-place substitution for the recognized
extension. The description takes the form of a sequence of
terminals (operators, key words etc.), non-terminal labels
(defined in the GRAMMAR for the extension), and identi-
fiers and labels defined in the ‘‘includes” (called ‘‘sys-
names’’ and ‘‘syslabels’’). Special built-in functions called
“‘sysfunctions’’ are also provided for generating tokens that
do not appear explicitly within the extension text, but are
‘“‘computable’” by the extension processor. For example,
&EXPTYPE(S$E) generates the type of the expression $E.

Furthermore, three powerful ‘‘syscontrol’” statements are
also provided for the control of the number and sequence
of tokens generated; these are &FOR (also, &FOREACH),
&IF and &CASE. These syscontrols are similar in function
to the conditional compilation features of many macro pro-
Cessors. :

The sysfunctions and syscontrols together form the heart
of the translation language used by the extension processor.
By adding more powerful features into these two categories,
it is possible to widen the range of extensions that can be
translated. In the following section, we illustrate the use of
some of the more basic features of this work.

EXAMPLES

A set of five examples is presented in this section to il-
lustrate features of the extension processor.

Example 1: the exfendea' CASE statement

Many implementations of Pascal, such as Reference 1 for
example, have extended the CASE statement to accept an
“OTHERWISE" phrase which specifies an action for cases
not covered in the body of the main CASE. This example
illustrates how such a CASE statement can be translated to
the standard language.

Even though it is not necessary, we will assume that the

. extended CASE statement begins with a different word, say

ECASE. This change makes it easier to describe the exten-
sion as a new statement and the parser within the extension
processor can recognize it more easily. With this modifi-
cation the typical extended CASE construct can be de-
scribed in a syntax diagram as follows.
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<extended case>

——» ECASE —» <expression> — OF ———l

» <constant list> —» : ——» <statement>

.
s

|—>0THERWISE ~—» <statement> ———>»

This syntax is described in a GRAMMAR statement as fol-
lows.

GRAMMAR
.statement. =: —: .( .extendedcase. ). ‘‘include as a
statement’’
" .extendedcase. =: ECASE $EXP: .expression. OF
$CASES: .cases.
OTHERWISE $OTHSTMT: .state-
ment. :;
.cases. =: —: $NULL: .().,

$CASE: .( “‘non-null cases’’
$CONL: .constantlist.
ment. ).;

-:.0).,

.(; .cases. ).; “‘recurse”’

.state-

.

The labels such as SEXP, SCASES etc. are defined here for
reference in the TRANSLATE statement.

A straightforward translation of the ECASE statement is
to check the value of the case expression to be in the set of
all constants for which case parts are defined before exe-
cuting a standard CASE statement. The idea is expressed
in a TRANSLATE statement as follows.

TRANSLATE .extendedcase. TO
LOCAL “‘additions to the current block’’
VAR &X: &EXPTYPE.( $SEXP ).; ‘‘define a local
variable’’
TRANS “‘in-line substitution’’
BEGIN (* extended CASE #)
&X := $EXP; (x compute and save case
expression *)
IF &X IN
[ “now, list all constants’’
&FOR $CASES &DO ‘‘begin looking at
$CASES”’
.( &FOREACH $CONL &DO
.( $CONL “list the constants’’
&IFMORE.(, ). ‘““comma if more to go”’
).
). ] ““ending bracket for the set”’
THEN (* if one of the constants *)
CASE $EXP OF “‘do a standard CASE”’
$CASES “‘list the cases as is”’

END (* CASE *)
ELSE $OTHSTMT *‘the otherwise part”’
END (* extended CASE #)
TREND; ‘‘end translation’’

The &FOR $CASES is really not needed as there is only
one $CONL in the GRAMMAR for ECASE. It is included
here for clarity that the inner &FOREACH is confined to
the non-terminal $CASES.

Example 2: the LOOP statement

The NBS Pascal compiler® introduces the notion of a
LOOP statement to allow efficient construction certain
classes of loops without the use of the GOTO statement.
(The NBS compiler does not itself implement the GOTO.)
The syntax of this extension is described by

<loopstatemnient>

~——» LOOP —> <statement list>-—-—]

L—-) EXIT ~—9 IF —» <expression> — ; -—-—]

L—><statement list> -

L op—s
and in a GRAMMAR statement by

GRAMMAR
.statement. =: —: .( .loopstatement. ). :;
Joopstatement. =: LOOP
$SL.1: .statementlist.
EXIT IF $EXP: .expression. ;
$SL2: .statementlist.
END :; ‘‘end of definition”’

The translation of the LOOP statement is straightforward if
the use of GOTO statements is permitted.

TRANSLATE .loopstatement. TO
LOCAL LABEL &2; ‘‘new label needed for GOTO”’
TRANS
BEGIN (* LOOP *)
REPEAT
$SL1;
IF $EXP THEN GOTO &2; (* EXIT IF *)
$S1.2 ‘
UNTIL FALSE; (* forever, that is *)
&2: (* point of escape *)
END (* LOOP #*)
TREND;

This translation may be unacceptable if GOTOs are not im-
plemented in the target system either. A translation without
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the GOTO can also be devised, though somewhat bela-
boredly.

TRANSLATE .loopstatement. TO ‘‘the goto-less version”’
LOCAL ““define a local procedure for $SL1>°
PROCEDURE &SL1;
BEGIN
$SL1
END;
TRANS “‘now, use &SL1 for $SL1 and unfold the
loop™’
BEGIN
&SL1; (* leading execution of $SL1 #)
WHILE NOT ( $EXP ) DO
BEGIN
$SL2;
&SL1 (* top of the loop here again *)
END
END (* LOOP #)
TREND;

Example 3: conditional expressions

Algol’s conditional expressions can save coding time and
improve execution speed of programs. Pascal does not in-
clude this feature in the spirit of keeping the language simple.
We can readily introduce this feature for simple data types
as an extension.

GRAMMAR
.expression. =: —: .( .conditionalexp. ).; ‘“‘add to
expressions’’ :;
.conditionalexp. =: CIF ‘‘choose a different prefix for
ease’’

$BOOL: .expression.
THEN ( $EXP1: .expression. )
ELSE ( $SEXP2: .expression. ) :;

We translate the entire conditional expression into a function
call, which then returns one of the two values, $SEXPI1 or
$EXP2, depending on $BOOL.

TRANSLATE .conditionalexp. TO
LOCAL
FUNCTION &F : &TYPE.(SEXP). ;
BEGIN
IF $BOOL THEN &F := $EXPI
ELSE &F := $EXP2.
END; ,
TRANS ‘‘the in-place substitution is simple’’
&F
TREND;

Example 4: macro statements

The extension processor described in this paper does not
necessarily replace the functions of a macro processor. A

simple text substitution type macro processor can express
certain preprocessing requirements better than our extension
processor can. The most logical place for a macro processor
is between the extension processor and the compiler; that
is, the output from the extension processor can be the input
to the macro processor whose output in turn will be the com-

- piler’s input. This means that any non-standard construct

that is to be passed on to the macro processor must be left
alone by the extension processor. In particular, the MACRO
statement itself must be acceptable to the extension pro-
cessor. This can be achieved by stating the syntax of the
MACRO statement in a GRAMMAR statement at the pro-
gram level. An example of such a declaration follows.

GRAMMAR
.declarations. =: —: .( .macrodcl. ).; ‘‘add to
declarations’’ :;
.macrodcl. =: MACRO .macdefs. :;
.macdefs. =: $MACNAME: .identifier.

—:.0., ‘“‘case of no parameters’’
.(.idlist. ).; “‘with parms”’ )
= # .terminals. # ; ‘‘prototype’’
—:.0., ‘““end of macros”’
.( .macdefs. ).; “more to go”’
i3 “‘end of MACRO syntax’’.

Additional definitions may be needed if the macro parame-
ters are represented by special identifiers.

Example 5: the BUILTIN attribute

In PL/1 it is possible to return to the global level meaning
of an identifier, even though a surrounding block may have
redefined it differently. The BUILTIN attribute of PL/1,
which does this, is somewhat restrictive, but the concept is
quite useful. A similar facility could be made available in
Pascal if we define a key word ““BUILTIN’’ and allow dec-
larations such as '

TYPE BOOLEAN = BUILTIN;

A similar use with the CONST declaration may also be
permitted. The extension processor can be called in to con-
vert this non-standard feature into standard Pascal by de-
fining a new identifier at the program level, equating it to
the standard identifier there and substituting the new iden-
tifier in place of BUILTIN. The following GRAMMAR and
TRANSLATE statements achieve this.

GRAMMAR
.constphrase. =: —: .(.builtinphrase. ).; :;
.typephrase. =: —: .( .builtinphrase. ).;:;
.builtinphrase. =: $X: .identifier. = BUILTIN :;
TRANSLATE .builtinphrase. TO
GLOBAL
TYPE &GLOBALTYPE = $X;
TRANS ,
$X = &GLOBTYPE
TREND;
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The foregoing examples only illustrate the simpler appli-
cations of the extension processor. A number of features,
such as the &CASE and &IF syscontrols, were not needed
in these situations. Both &CASE and &IF are useful when
it is necessary to generate different translations for a syn-
tactic entity depending on its alternates in the grammar.

CONCLUSION

We have outlined an ‘‘extension processor’’ that will allow
a Pascal user to automatically translate many non-standard
extensions into standard Pascal. In addition to making the
adaptation of program using extensions easy and reliable,
it also provides a way to define one’s own extensions, more
powerful than possible with a macro processor.
The question of ‘‘what is standard Pascal?”’ is not at issue
" in this paper. It is only necessary to have a working definition
of a ‘“‘base’’ language whose features are generally accepted
as standard. We have assumed no single definition as the
standard language; but all the features used in the illustrative
translations are a subset of the languages defined by Jensen
and Wirth’ and the IEEE Pascal Standards Committee draft.®
Not all extensions can be translated to the base language

APPENDIX

“Syntax of GRAMMAR and TRANSLATE statements

<grammar >

_— GRAMMAR-T)<nonterm> —~—> =: —> <substitution> —>:; -I—b

<nonterm>

——y+ —p<identifier> 5. —5
<substitution>

<inline nonterm>
-: —» <alternates> w—p

H

<token>

‘l:mon'tern» j—)
<terminal>

<inline nonterm>

. —I-—)<nonterm label> = : T—). (—><substitution> —») ,—>

<alternates>

<alternate label> =9 : T) o (=—p<gubstitution> =—=Pp).

>

efficiently. Even among the ones that can be translated ad-
equately, there are some that cannot be handled by the pro-

‘posed extension processor. The ‘‘structured constants’’ ex-

tensions’? are among the more popular ones that pose a
difficult problem. Some special cases, such as single level
arrays of simple base types, can be handled fairly adequately
with the help of a few more sysfunctions and at least one
additional construct in the TRANSLATE statement. The
question of what minimal additions will be needed to handle
the general case is currently under investigation by the au-
thor.
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The flexible console—FLEXICON

by DAVID L. STEINBERG

Siemens Corporation
Cherry Hill, New Jersey

INTRODUCTION

Mature engineering fields have well-developed tools and
standards which aid in development and guarantee product
quality. Ironically, after over thirty years, programming re-
mains basically an undisciplined processs with most software
engineers still using techniques and tools which have changed
little over the last ten years.! There is as yet no common
standard for programming tools and common experience in
the use of those tools and techniques which currently do
exist. The mounting cost of software dictates that the time
has come to offer the software engineer tools which can
increase his productivity, via saving time and making man-
machine interaction more efficient.

A set of programming tools, brought together in a software
development facility such as a dedicated programmer’s con-
sole, could provide the framework for a software engineering
discipline, and add stability to the computer programming
environment. Because of the continuing reduction in the cost
of hardware it is now economically plausible to consider the
design of a single user terminal with capabilities and features
which could not have been justified in the recent past.

The project undertaken by CRD has examined the ‘‘wish
list” indicated above with the aim of designing a workstation
which allows the programmer to work efficiently with an
integrated set of electronic tools in place of traditional tools
such as pencil and paper, line editors, keypunches, docu-
mentation typists, draftspeople and printed reference man-
uvals.?

The traditional stages of software engineering or program-
ming (planning, implementation, and testing) were consid-
ered to be the activities performed by programmer in which
electronic assistance is needed. The primary questions that
arose were:

® What tools does a programmer need?
® Can these be satisfied by a programmer’s console?

Several criteria were used to select those features to be
included in the Programmer’s Workstation.? These included:
(1) the applicability of the features to the. software effort;
(2) the degree of usefulness of the feature to the software
effort; (3) the potential power of the feature within the sys-

tem environment; (4) the ease of implementation of the fea- .

ture into the prototype.

As work proceeded on the project, it became apparent that
many features being designed into FLEXICON could be
effectively utilized in applications other than programming.
Therefore, FLEXICON was designed as a basic system
which could easily be adapted to tasks other than that of a
Programmer’s Workstation. :

SYSTEM CONFIGURATION OF THE FLEXIBLE
CONSOLE

The hardware configuration of FLEXICON makes use of
independent MPU subsystems sharing a common bus. Al-
though up to three subsystems can be interconnected via a
data link controller, only two were used in the engineering
model: a dialog subsystem and a function subsystem. The
dialog subsystem manages the man-machine interaction.
This system includes an INTEL Single Board Computer
(SBC-80/20) with 64 kBytes of memory with related boards
and interfaces (see Figures 1 and 2).

The function subsystem performs tasks initiated by the
dialog subsystem such as file management, spooling, etc. It
is implemented by an INTEL Microcomputer Development
System (MDS) with 64 kBytes of memory, double density
dual floppy disks, an In-Circuit Emulator (ICE-80), a resi-
dent relocator and linker, a text editor, an operating system,
and assorted unility routines.

An additional subsystem can be added to accommodate
special requirements, for example archival storage or parallel
high level language compilation.

Since the tasks a programmer performs require significant
amounts of data, a high-speed data link between the dialog
subsystem and the function subsystem was needed. Data
exchange on the prototype was provided by Direct Memory
Access (DMA) in each of the subsystems via a parallel data
bus.

The various user I/O peripherals, which have been con-
nected to the dialog subsystem, represent a collection of
state-of-art devices intended to provide the user with an
optimized man-machine interface. These include: (1) up to
four color CRTs, each with limited graphics; (2) transparent
Touch Sensitive Devices (TSD) on each CRT; (3) conven- -
tional keyboard.

The CRTs are Intercolor 8051 intelligent terminals, which

_ can display 48 lines consisting of up to 80 characters per line.
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Figure 1—Hardware structure of Flexicon. -

FLEXICON’s use of CRT displays is intended to minimize
the need for paper. In this respect, most tasks require a
worker to have access to several kinds of information at the
same time in order to make decisions and/or to create new
documents. The number of sources of information a worker
needs at any one time and the amount of information a
worker needs to see from each particular source is totally
task dependent. However, there is a practical limit to the
amount of information that a person can physically perceive.
The selection of four CRTs was done arbitrarily for the en-
gineering model as an upper limit, with further study to de-
termine an optimum configuration, taking into account er-
gonomics, applications, etc.

FLEXICON utilizes modes, control areas, as well as func-
tion ‘‘buttons’ on each screen to organize the system with
the objective of maximizing displayed information. CRD
found that the basic capabilities required to organize the
needs and tasks of a programmer appear to be similar to
those required in many other application areas which involve

the creation and modification of data or information. CRD
believes many of the concepts behind the use of FLEXICON
as a programmer’s workstation are appropriate in configur- -
ing FLEXICON as a station for users performing similar

tasks. ) , '

With the display of more information on multiple CRT's
than previously available, CRD believes that effective,
““more natural’’ methods of interacting with this information
must be devised to replace traditional cursor control on the
keyboard, light pens, joy sticks, etc. Studies by N. Negro-
ponte have shown that traditional cursor control methods
significantly detract from an efficient interaction.® For ex-
ample, a light pen requires a worker to be continually han-
dling it as he shifts back and forth between entering infor-
mation on the keyboard and using the light pen to manipulate
information on CRT screens.

Two approaches have been used in FLEXICON to pro-
vide a more natural method of interacting with the large °
amount of displayed information. First, screen oriented tech-
niques are used in place of the traditional line editor. In other
words, the user ‘‘sees’’ everything as it actually is, without :
the need to imagine as in the line editor approach of the past.
Each screen is considered to be a small window into a larger
workspace belonging to the file. At all times, a FLEXICON
user sees on a screen as much of the file’s workspace as the
CRT field allows (42 lines). What the user sees in the CRT
window is an exact image of the information in the file work-
space. A FLEXICON user can concentrate on the job he
has to do instead of being distracted by traditional line editing
tools which intercede between him and the information with
which he is working. No clutter of commands ever appgars
in the window area of a FLEXICON CRT screen; only the
user’s information appears.

A second technique to provide a ‘‘comfortable’” interac-
tion with information displayed on the CRTs involves the

-utilization of transparent Touch Sensitive Devices (TSD)

which cover the face of each CRT.. The TSDs enable the
FLEXICON user to manipulate information appearing in a
CRT window simply by touching the information on the CRT

I I I I I I
I I COMPILER I I  FILE MANAGEMENT I I
I I TEST & DEBUG UTILITYI I I 1
I . I T e I I
I FUNCTION SOFTWARE I
T e e e I
!
____________________________ e e e
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Figure 2—Software configuration of Flexicon.
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with his fingertip, thus liberating the user from the incon-
venience of handling multiple light pens and/or keyboards.
The Touch Sensitive Devices (TSD), together with the vis-
ible workspace concepts just described, greatly simplify user
interaction with FLEXICON and provide a comfortable and
friendly user environment for man-machine interaction.

The use of high resolution graphics’is considered not es-
sential to document software. The capability to easily draw
lines and boxes and color modification is thought to be ad-
equate for program documentation. However, CRD feels
that the graphics provided to the programmer must blend
well with individual character manipulation capabilities since
programmers create and edit diagrams made up of lines and
boxes and alpha-numeric characters and since such diagrams
are often intermixed with text.

FLEXICON provides a user with simple, yet adequate,
graphics which enable him to create and edit diagrams made
up of lines and boxes. An easy to comprehend and easy to
use set of editing functions are built into FLEXICON which
enables a user to modify, move and edit graphic lines and
boxes, including any associated text. These editing functions
_are all natural language controls. A FLEXICON user can
manipulate a portion of the CRT window either as a strip
of characters or as a geometric area. The result of combining
simple line graphics with both graphic and character oriented
editing techniques is a system as easy to use as a ruler and
a pair of scissors, but with the power and the convenience
of electronic manipulation. All of the controls are able to be
activated by touch, rather than by command entry via the
keyboard. ‘

Color is available as an added dimension to document clar-
ity. Its use is being studied as a way to enhance various
presentations, such as structured program code constructs.

USING THE FLEXIBLE CONSOLE

Traditionally, clerical staff members have used terminals
with limited capabilities to do repetitive, rigidly defined
tasks. Special knowledge is required to properly use such
terminals and to properly perform such tasks. Usually the
clerical staff requires extensive training in the usage of a
particular terminal and how to perform a particular task.

With the growth of timesharing computer systems, pro-
grammers are beginning to use terminals to create and revise
programs. Most of these terminals are teletypes or dumb
CRTs equivalent to teletypes. To use such terminals to cre-
ate and edit programs, programmers must learn a command
language for a line editor as well as separate command lan-
guages to perform such tasks as compilation, linking, pro-
gram execution and file management. Usually these various
command languages are designed for the convenience of
computers and terminal equipment rather than humans.

A major design goal of the FLEXICON project has been
to produce a unit which can be used after only a short in-
troduction. FLEXICON does not require special knowledge

or training to use and does not require the user to know any .

special command language. FLEXICON is controlled and

used by touching items on menus, by answering questions
posed by the system, and by following directions given
through the use of prompts. :

In FLEXICON, standard menu buttons on the Touch Sen-
sitive Devices (TSDs) surround each screen. These standard
menu buttons are fixed onto the TSDs and do not change.
These standard menu buttons organize the major tasks of
the user and provide most of the tools he needs to do his
job. The present FLEXICON system has been oriented to-
ward a ‘‘Programmer’s Workstation.’’ Therefore, the stand-
ard menu buttons provide the tools to create and edit code,
diagrams and documentation. These tools are similar to, and
in some ways identical to, the tools needed by other profes-
sionals and by secretarial staff to create and edit information.
Nevertheless, these menu buttons are really controlied and
therefore may easily be changed to suit other applications.

In FLEXICON, ““soft’’ menu buttons are presented to the
user in the control area of the screen to provide appropriate
functions for specific applications needs. These menu but-
tons are changed as necessary as part of the prompting scen-
ario. They provide a simple and powerful technique to pro-
vide the user of FLEXICON with very specific capabilities
tailored precisely to a particular application task. They ac-
tivate frequently used preprocessed operations.

The Touch Sensitive Devices and the combination of
standard, fixed menu buttons and ‘‘soft,”’ changeable menu
buttons make the FLEXICON unit a natural and simple tool.
A FLEXICON user touches the information he wants to
manipulate, thereby positioning the cursor, and then touches
a menu button to perform certain action with the informa-
tion.

In addition to the standard and soft menu buttons, FLEX-
ICON uses informational prompts to guide and assist the
user in performing tasks. The lower six lines of each CRT
screen constitute a control area and are used by FLEXICON
to constantly inform the user of the status of the screen in-
cluding any errors he may have made and the action required
to correct the error and properly proceed with his task.
FLEXICON also asks questions of the user when it needs
specific information to perform a task.

The result of using standard menu buttons, ‘‘soft’” menu
buttons, TSDs and extensive prompting on FLEXICON, is
a terminal system concept which can be used productively
by a new user in a very short period of time. A user need
remember very little about the system to use FLEXICON.
He only need look at the physical face of the screens with
their associated fixed and soft menu buttons and the prompts
to start to work.

APPLICATION AREAS FOR FLEXIBLE CONSOLE

The specific application area of a ‘‘“Programmer’s Work-
station’” was selected for the initial FLEXICON system.
However, the basic tools and capabilities a programmer
needs to electronically create, modify, and use software and
documentation, and to interchange information with other
computer systems, are also the basic tools and capabilities
needed by other professionals and staff who create, modify
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and use information. FLEXICON is a basic core system to
which additional capabilities and functions can be added to
tailor the system to other application areas. It is appropriate
to consider the use of FLEXICON in any application area
in which professionals need user oriented facilities and the
capabilities of a highly intelligent terminal to increase their
productivity and job satisfaction.

Some of the specific areas in which FLEXICON seems
to lend itself include:

® Management Information Systems

® Computer Aided Design

® Automated Architecture

® Database Management

® Database Inquiry

® Secretarial Workareas

® Automated Office

® Order Entry with Inventory Management
® Process Control

Generally, any tasks which can be structured and performed
with decision trees, that require the integration of infor-
mation from several sources or that require the accessing
and/or combining of information from several sources are
likely candidates for a system such as FLEXICON.

CONCLUSIONS

An all purpose workstation which enables a programmer
to increase his productivity, reduce the time required to de-
velop a system and increase the quality of his work, offers
advantages: to the programmer, the system designer, the
~ analyst and, indeed, the manager. It must be noted that
FLEXICON is not the solution to all a programmer’s prob-
lems; there are several areas which need more development,
specifically the application package itself. The FLEXICON

concept is that of a high level tool which can have many
applications. There are many additions which can be made
to this system to make it a more powerful tool. Much of
these are software expansions. CRD is currently looking into
various areas in which the computer may ease the load of
the programmer to an even greater extent. Some of these
areas include such dynamic possibilities as automatic pro-
gramming, automatic testing, electronic manuals, automatic -

~program analysis, and non-procedural languages.

The future for a system such as FLEXICON is open-
ended, constrained only by the needs of the user and tech-

_nology. The power of the system is defined by the memory
" size and the usage, be it as an intelligent terminal, a stand-

alone system, or part of a network. FLEXICON could be
tied to a micro, a mini, or main frame computer.

Computer based systems are being used more and more
in all facets of life. Their successful use requires good man-
machine interfaces. FLEXICON provides convenient, easy-
to-use, man-machine interface, which speeds and simplifies
the creation and manipulation of the information needed by
these computer based systems.

REFERENCES

1. Gaines, B. R. and Hill, D. R. (eds.), ‘““‘Man Computer Communications,”’
Infotech State of the Art Report, Infotech International, London, 1979.

2. Berinson, N., “FLEXICON, A Model of a Multi-Screen Programmer’s
Desk.” Siemens Research and Development Reports (June 1978), ISSN
0370-9736, pp. 353-355.

3. Reed, D., et al., “FLEXICON User Specifications,”” Version 1.0, Sie-
mens, Cherry Hill, 1978.

4. lvie, E. L., ““The Programmer’s Workbench—A Machine for Software
Development,”” Communications of the ACM, 20, 1977, pp. 746-743.

5. Weinberg, G., The Psychology of Computer Programming, New York,
Van Nostrand Reinhold Company, 1971. '

6. Negroponte, N., et al., ‘“ Argumentation of Human Resources in Command
and Control Through Multiple Media Man-Machine Interaction,”” in
Graphical Conversation Theory, ed. by Department of Architecture, Mas-
sachusetts Institute of Technology, Cambridge, 1976.



The INTEL® 8087 numeric data processor

by JOHN F. PALMER

Intel Corporation
Santa Clara, California

INTRODUCTION

The INTEL® 8087 is a high performance general purpose
numeric data processor. It is used with the INTEL® 8086,
or the INTEL® 8088, microprocessors to extend their in-
struction sets with over 100 instructions (not counting ad-
dressing mode). The 8087 has all of the 8086 addressing
modes and through a coprocessing interface is able to exe-
cute numeric instructions concurrently with the 8086 (or
8088). The high performance overlapped execution is trans-
parent to the user who sees the 8087 simply as an extension
of the 8086 (8088). Furthermore, the 8087 is the only chip
that must be added to an 8086-based system to provide nu-
merics capability with a performance enhancement over
software of more than 100. In addition to high performance,
great care was taken to ensure that the 8087 could be used
in any application involving numbers—including commer-
cial calculations. This required an unprecedented level of
accuracy and reliability to be built into the processor. The
intent was to greatly simplify the production of high per-
formance but reliable numeric software.

Mathematical software is easy for the uninitiated to write
but notoriously hard for the expert. This paradox exists be-
cause the beginner is satisfied if his code usually works in
his own machine while the expert attempts, against over-
whelming obstacles, to produce programs that always work
on a large number of computers. The problem is that while
standard formulas of mathematics are fairly easy to translate
into FORTRAN they often are subject to instabilities due
to roundoff error. Consider, for example, the quadratic
equation

Ax*>—2Bx+C=0
whose solutions are
x,=(B+VB*-AC0)A
x,=(B-VB*-AC)/A

Programs using these formulas, when run on a conven-

tional computer, will produce results that are very sensitive

to roundoff damage.

Since roundoff analysis is subtle, difficult and exceedingly
tedious, our intent in the 8087 design was not only to make
reliable and robust software easier for the expert to build

887

but to make it more likely that the unanalyzed code of the
average programmer would run successfully. For example,
the above formulas for the quadratic roots will be far less
sensitive to roundoff error if evaluated on the 8087 instead
of a typical computer. '

Another important aspect of the 8087 is that it is an im-
plementation of a very carefully designed standard, pro-
posed to the IEEE and destined to be emulated by many
other manufacturers. The establishment of this standard will
go far to provide an environment for experts to produce ever
more reliable software. Until now most experts, in an at-
tempt to produce portable code, have written for a mythical
computer whose capabilities are an intersection of the ca-
pabilities of all major computers and whose arithmetic is a
collection of all the ugliness of any of them. Thus these pro-
grams, while useful for everyone, are ideal for no one. As-
suming a standard environment, professional programmers
will be able to concentrate on optimizing the code since port-
ability will be automatic.

The proposed IEEE Floating-Point Standard (1, 2, 3, 4)
specifies two data formats

REAL (32 bits, 8 bit exponent)
LONG REAL (64 bits, 11 bit exponent)

and a support format we call
TEMPORARY REAL (80 bits, 15 bit exponent)

to indicate its intended use as a format to hold intermediate
results. Along with the formats, the standard specifies three
rounding rules, required operations (+, —, *, /, REM,
SQRT, COMPARE) and exception conditions. The 8087 im-
plements the full standard and many extensions. Some of
the major benefits provided by the 8087 will be explained
shortly but first an architectural overview will be given to
serve as a framework for the more detailed later discussion.

ARCHITECTURAL OVERVIEW

The major architectural feature of the 8087 is its operand-
result stack of 8 registers, each capable of storing an operand
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in TEMPORARY REAL (80 bit) format as shown below:

1V NN
o o 15 16 \ \ 79

sign exponent significand ,

All operands used within the 8087 are first converted to
this format which provides 64 bits of precision and a range
of about 10=%%®, In addition to the stack there is a set of
registers called the ENVIRONMENT which contains the
exception flags and pointers and processor control flags.

At the simplest level the programmer may treat the 8087
registers as a pure stack. All operands are explicitly loaded
into the stack and operations are performed on the top ele-
ments of the stack. The load (or push) instruction can trans-
fer operands to the stack using any one of seven data for-
mats:

Shorter Integer (16 bit 2’s complement)
Integer (32 bit 2°s complement)

Long Integer (64 bit 2’s complement)

Real (32 bit)

Long Real (64 bit)

Temporary Real (80 bit)

Packed Decimal (80 bit; 18 digits and sign)

- The load instruction never causes a rounding error, since
TEMPORARY REAL is precise enough to hold all seven
types exactly. Stack operands can be returned to memory
in any one of these seven forms using the store and pop
instruction which automatically converts the top of stack to
the designated format, stores it in memory and then pops
the stack.

The arithmetic operations which manipulate the stack pop
the top two elements off the stack, perform the operation
and push the result back onto the stack. The operations sup-
ported are: ADD, SUBTRACT, SUBTRACT REVERSE,
MULTIPLY, DIVIDE, and DIVIDE REVERSE. There are
_ COMPARE instructions that set two bits in the environment

(indicating ‘‘greater,” ‘‘equal,”” ‘‘less,”” or ‘‘unordered’’)
and then pop both elements, pop just the top, or pop neither.
The REMAINDER instruction in the 8087 is an instruction
primitive. It is intended to be used in a software loop to
return both the ‘‘divisor’’ and the partial remainder of a di-
vision. There are several other instructions that operate on
the top elements of the stack:

NEGATE: reverses the sign of the top of stack
ABSOLUTE VALUE: sets the sign of the top of stack to
positive

SQRT: computes the square root (its oper-
ation time is as fast as divide) of the

' top of stack
SCALE: treats the next-of-top as an integer

and adds it to the exponent of the
top of stack—a fast form of multi-
plying by a power of two

EXAMINE: a four bit condition code is set to
. indicate the contents of the top of
stack (i.e., zero, positive, invalid,
empty, etc.)
the top of stack is decomposed into
its exponent and significand and
these two results are returned to the
stack
the top of stack is compared to zero
a set of instructions that load inter-
nally stored constants onto the top
of stack (i.e., m, 0, 1, etc.)

TAN: takes the top of stack, Z as an ar-
gument, assuming that 0=Z=mx/4,
and returns two results, x and y such
that y/x=Tan(Z).

DECOMPOSE:

TEST:
CONSTANTS:

ARCTAN: takes the top two stack elements and
returns the result Z such that
Z =arctan(y/x)

EXPONENTIAL: takes the top. of stack, x, assuming
0=x=1/2, and returns 2*—1

LOGARITHM: takes the top two stack elements and

returns y« log,(x).

In addition to the stack instructions listed above there are
two instruction set optimizations. The first optimization is
a set of arithmetic instructions that reference memory—one

. of the operands comes from the top of stack, the other from

memory, and the result is returned to the top of stack. The
operations which may use this optimization are ADD, SUB-
TRACT, SUBTRACT REVERSE, MULTIPLY, DIVIDE,
DIVIDE REVERSE, COMPARE and COMPARE & POP.
The four types of memory operands that can be referenced
by these instructions are SHORT INTEGER (16 bits), IN-
TEGER (32 bits), REAL (32 bits) and LONG REAL (64
bits). There are also STORE (without POP) instructions that
reference the same four operand types. These instructions
significantly reduce the number of instructions needed to
evaluate a typical expression. For example, suppose R, X
and Z are REAL, § and Y are LONG REAL, I is SHORT
INTEGER and J and K are INTEGER. Then the expression

R:=(S: =X+ YY((J - K)*2Z))

is evaluated by the following code sequence: ”

Instruction Memory Reference

LOAD REAL X
DIVIDE SHORT INTEGER I

ADD LONG REAL Y

LOAD INTEGER J
SUBTRACT INTEGER K
MULTIPLY REAL Z
DIVIDE REVERSE

STORE LONG REAL S

STORE & POP REAL R

Without the additional memory referencing instructions
the above expression would have required 14 instructions
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and 3 stack elements instead of 9 instructions and 2 stack
elements.

The second optimization involves internal stack address-
ing. There is a set of arithmetic instructions: ADD, SUB-
TRACT, SUBTRACT REVERSE, MULTIPLY, DIVIDE
and DIVIDE REVERSE, that may take one operand from
the top of stack (TOP) and the other operand from any stack
element addressed relation to TOP (i.e., TOP+i, i=0,...7)
and the result can be written over either operand. If the result
is returned to the stack element (instead of the stack top)
the instruction may either leave the top unaltered or pop the
stack.

Thus the new instructions are:

(TOP) op (TOP + i)—(TOP)
(TOP) op (TOP +i)—(TOP + i)
(TOP) op (TOP +i)—(TOP+i) & POP

In addition to the arithmetic instructions mentioned,
LOAD, STORE, STORE & POP, and EXCHANGE instruc-
tions may also refer to stack elements relative to TOP. For
example LOAD TOP +i would load the contents of the ith
stack element beneath the top onto the top of stack. These
instructions allow stack elements to be used to accumulate
results in loops and to hold common subexpressions. For
example, suppose X(J) is an array of N REAL’s and we want
to calculate

MEMORY
INSTRUCTION REFERENCE
R) LOAD ZERO
(S) LOAD ZERO
(T) _LOAD ZERO
LOAD REAL X))
ADD TOP+3
LOAD TOP +0 (this is the
DUPLICATE TOP
instruction)
MULTIPLY TOP +0 (this is
the SQUARE TOP
instruction)
ADD & POP TOP+2
MULTIPLY SHORT I
INTEGER
|_ADD & POP TOP+2
STORE & POP REAL T
STORE & POP REAL S
STORE & POP REAL R

LOOPon I:

This stack addressing capability both minimizes memory
referencing and permits loop accumulations to benefit from
the extended range and precision of TEMPORARY REAL
thus significantly attenuating the effect of roundoff error and
making intermediate overflow or underflow practically im-
possible. Thus the 8087 may be thought of as a “‘pure’’ stack

machine with optimizations for memory and internal stack
element addressing.

In addition to the computation instructions the 8087 has
a set of administrative instructions for processor control and
for status saving and restoring. In order to minimize context
switching overhead there are single instructions, SAVE and
RESTORE, that store and load respectively all 8087 volatile
status. Also provided are instructions for loading and storing

- ‘the 8087 status needed for software exception handling: ex-

ception flags and pointers to the offending instruction and
datum. Finally, there is a 16 bit CONTROL WORD that may
be loaded and stored. The contents of the control word dic-
tate:

1. the rounding mode—there are four types of rounding.

2. the internal precision—results may be held internally
in TEMPORARY REAL format but rounded to REAL
(24 bit), LONG REAL (53 bit) or TEMPORARY REAL
(64 bit) precision.

3. the mode of infinity arithmetic—there are two types
of infinity closure, affine and projective, that will be
explained later.

4. the response to exceptions—for each type of exception
there is both a flag and an exception mask. According
to the setting of the mask the 8087 either interrupts after
setting the exception flag or it executes an on-chip
microcoded exception handler and continues pro-
cessing.

The usefulness of these controls and the power of the 8087
exception handling will be explained in the next section.

USER BENEFITS

Many of the 8087 features confer significant user benefits.
The benefits that are provided by five of these features will
be described in this section:

1. the “‘extended’” (TEMPORARY REAL) support for-
mat

the rounding modes

the on-chip exception handling

the modified stack architecture

the high performance.

e wn

One of the major innovations of the 8087 is the provision
of an extended support format called TEMPORARY REAL.
This format provides several significant advantages. Firstly,
the 8087 should be thought of as having clean REAL (single)
and LONG REAL (double) precision. By this we mean that
not only is the arithmetic accurate but the commonly sup-
plied system functions are also accurate to LONG REAL
precision. For example if x is LONG REAL then e*, In(x),
tan(x), etc., will all be accurate to within less than a unit in
the last place of LONG REAL precision—in fact because
of the on-chip primitive functions the logarithmic and tri-
gonometric functions will be accurate to within a few units
in the last place of TEMPORARY REAL precision. The
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benefits of the TEMPREAL format can also be seen by ex-
amining its use in the most demanding function in the 8087’s
repertoire, X”. In calculating this function one loses in ex-
treme cases as many fraction bits in the answer as there are
bits in the exponent of y; if x and y are restricted to LONG
REAL then z=x" can lose about 11 bits in these extreme
cases. This is a significant error in a function that is crucial
for commercial calculations involving interest rates. By
using TEMPORARY REAL and the 8087 logarithmic func-
tions we can compute x”, where x and y are LONG REAL,
accurate to about a unit in the last place of LONG REAL
precision. Besides providing accurate rate of return calcu-
lations we can also ensure that integral values of the argu-
ments yield exactly what is expected (i.e., 2* =8 not 8.00...01).

Another benefit of the TEMPORARY REAL format is the
ability to provide accurate libraries—mathematical, statis-
tical, commercial, etc. The user of these libraries delivers
his data in REAL or LONG REAL precision and receives
his results in the same format. However, the library has used
TEMPORARY REAL variables to perform internal calcu-
lations, thus protecting against not only roundoff errors but
intermediate overflows and underflows (most over/under-
flows occur on intermediate calculations since usually the
input and output lie within fairly narrow ranges). Most li-
braries make performance claims ‘‘in the absence of over/
underflow.’’ By judiciously using TEMPORARY REAL var-
iables, libraries will often be able to ensure that the only
over/underflows that occur either do not matter or are on
output where they provide the user a necessary and useful
warning result.

Another advantage of this support format is that code
written by programmers who are unfamiliar with analyzing
their programs for roundoff errors and other problems—this
includes almost all of us—will much more often work cor-
rectly.

This is particularly true because of the extended stack— -

it is almost impossible and certainly inconvenient to compute
on the 8087 without using the TEMPORARY REAL format.
Consider for example the program discussed earlier for cal-
culating the roots of a quadratic equation:

R,:=(B+VB’-AC)/A
R,;:=(B-VB*-ACQ)/A

On a typical computer with no support format these for-
mulas from high school math are subject to severe roundoff
damage. However, because of the stack of TEMPORARY
REAL registers, if the expressions are evaluated on the 8087,
the support format is used automatically and invisibly for
the sensitive parts of the calculation and the expressions are
much more accurate. The 8087 stack thus makes ‘certified”’
software easier to write and makes it more likely that un-
certified software is reliable.

A second major contribution of the 8087 to numerical com-
putation is the capability of controlling the rounding mode.
As described earlier there is a field in the CONTROL WORD
of the 8087 that specifies how infinitely precise results are
to be rounded to fit the designated format. If the correct
result is exactly representable then that result is returned

regardless of the rounding mode. Otherwise the result can
be specified to be any one of:

1. the nearest (if there are two then return the one with -
zero in the least significant bit—this avoids the usual
bias)

2. the next larger } (these modes are termed

3. the next smaller ““directed rounding’’ (5))

4. the closer to zero (true truncation)

Normally one would use the ‘‘nearer’’ rounding to com-
pute the most accurate and statistically unbiased estimate
of the correct result. Alternatively, by using the directed
roundings, one can not only compute rigorous error bounds
at crucial places in a program but also implement Interval
Arithmetic (6,7). Interval Arithmetic, where operands and
results are intervals instead of isolated numbers, completely
encloses all rounding errors. Thus when a computation
yields an interval result, the user knows that the exact result
is contained in that interval. Interval Arithmetic can also be
used to estimate the consequences of uncertainty in data.
By entering the data as intervals enclosing any possible
measurement errors, the width of the resulting intervals
gives an indication of the sensitivity of the computation to
those errors. Another use of Interval Arithmetic is to cal-
culate, in a simulation, the effect on a system as a variable
such as TEMPERATURE passes through a range of values.
Professor W. Kahan of the University of California at Berke-
ley has written (8): ‘

*‘No other feature would enhance safe numerical computation
more that the provision of INTERVAL as a data type in FOR-
TRAN as readily accessible as INTEGER or REAL.”

If Interval Arithmetic is so useful why isn’t it in wide-
spread use? The main reason is that on a typical computer
a rigorous Interval Arithmetic package can cost a factor of
100 to 300 over the ordinary floating-point arithmetic. On
the 8087 this penalty is expected to be a factor of about 5.
The implementation cost of providing the directed roundings
was no greater than that of unbiased rounding so the value
of the capability far exceeds it cost.

Another area where the 8087 makes significant contribu-
tions to safe but flexible software is exception detection and
handling. Exception detection on the 8087 serves three main
functions:

1. to report potentially fatal programming errors

2. to permit execution to be resumed after prearranged
response to exceptional conditions

3. to allow functional extensions to the system.

Each type of exception detected by the 8087 has associ-
ated with it both a flag and a mask. (The exception masks
are part of the CONTROL word and their value is set and
saved by LOAD CONTROL and STORE CONTROL in-
structions.) When an exception occurs, the 8087 sets a flag
and if the flag’s mask is reset, an interrupt is generated. The
interrupt procedure (exception handler) has access to the
address of the instruction that caused the exception and the
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address of the referenced datum (if any). If, on the other
hand, the exception flag’s mask is set, then the 8087 executes
an on-chip microcoded exception handler that performs the
second function described above: the instruction’s response
to the exception is ‘‘tailored” to that desired in the vast
majority of cases. Execution resumes but the flag remains
set until it is read and reset by software.

The exceptions that the 8087 detects and its response to

_them are explained below.

1. INVALID OPERATION: :Stack overflow, stack un-
derflow, indeterminate form (0/0, « —x, etc.) or the use
of a Non-Number (NAN) as an operand. An exponent
value is reserved and any bit pattern with this value in
the exponent field is termed a Non-Number and causes
this exception. '

a. Masked: If the exception was caused by using
NAN'’s as operands then the NAN (the ‘‘larger’’ if
both operands were NAN) is delivered as the result,
otherwise a special NAN called INDEFINITE is
returned.

b. Unmasked: Interrupt before any processing.

This exception is used for all of the purposes described.
Indeterminate forms are usually fatal errors and should be
reported—either immediately or by propagating INDEFI-
NITE to the end of the program and thus discovering both
the error and how it contaminates subsequent calculations.
Stack over/underflow is also usually fatal but an ambitious
exception handler could use this exception to extend the
8087 stack to memory. Finally, the NAN’s can be used for
both run time diagnostics and functional extensions. As an
example of the former, one could fill uninitialized arrays with
NAN’s each of whose significands contains the value of its
index. Thus a reference to an uninitialized array element
would not only indicate that it was uninitialized but which
one it was. An example of functional extension would be to
use the NAN as a pointer into a heap of values that could
not be stored in the specified format. This would make it
possible to implement a nearly infinite exponent range.

2. OVERFLOW: The result is too large in magnitude to
fit the specified format
a. Masked: Infinity with the sign of the correct result
is returned.
b. Unmasked: An encoding of the true result is re-
turned and then interrupt is signalled.
3. ZERO DIVISOR: The divisor is zero while the divi-
dend is a finite non-zero number
a. Masked: Infinity is delivered with the sign as the
XOR of the signs of the operands.
b. Unmasked: Interrupt before processing.

Both of these exceptions, if masked, generate infinities
which are special bit patterns and must be dealt with in a
safe, consistent manner by the 8087 in subsequent calcula-
tions. For this reason the 8087 recognizes infinities as valid
operands and deals with them in one of two modes, AFFINE

-or PROJECTIVE, determined by a field in the CONTROL

WORD. The basic difference is that the affine treats all finite
numbers as if —o=x=+ while in the projective mode «
has no sign and cannot be compared to finite numbers. The
affine mode is powerful but can give misleading results while
the projective mode is always safe but not quite as useful
as affine. The default is projective and this is the recom-
mended mode unless a user has analyzed his program and
is sure the affine mode is safe.

4. UNDERFLOW: The result is non-zero but too small

in magnitude to fit in the specified format

a. Masked: The significand of the result is denormal-
ized (shifted right) until the exponent is in range.
This allows underflowed numbers ‘‘gradually’’ to
become zero retaining as much information as pos-
sible and is called ‘‘gradual underflow.”

b. Unmasked: An encoding of the correct result is de-
livered and then an interrupt is signalled.

Underflow is usually not a fatal error and by using gradual
underflow (masking the exception) one can proceed, con-
fident that the risk of undetected fatal underflow is com-
mensurate with the risk of fatal roundoff damage (see 4).

5. DENORMALIZED OPERAND: At least one of the
operands is denormalized, it has the smallest exponent
but a non-zero significand.

a. Masked: The operation proceeds as if the operand
were unnormalized.

b. Unmasked: Interrupt without processing. This ex-
ception is used to implement, via exception han-
dlers, an optional mode of arithmetic described in
the proposed IEEE Standard for Floating-Point
Arithmetic (2) in which no unnormalized results are
generated.

6. INEXACT RESULT: If the true result is not exactly
representable in the specified format, the result is
rounded according to the rounding mode, the flag is set
and
a. Masked: Execution continues
b. Unmasked: Interrupt is signalled.

This exception is used to implement exact arithmetic in
floating-point for, among other uses, accounting calculations
and preconditioning (see 4).

Exception handlers are difficult to write, debug and main-
tain and they consume valuable memory space at run time.
Therefore, we have provided, on the 8087, exception han-
dling that will be ideal for the vast majority of situations. We
recommend that most users mask all exceptions except IN-
VALID OPERATION. With the built-in exception handling
and reliable infinity arithmetic it is the only exception that
is likely to be fatal. User exception handling software can
thus be kept to a minimum.

Another special feature of the 8087 to enhance perform-
ance and accuracy is the ability to select operands from and
return results to internal stack elements. This stack element
addressing mechanism which has already been described is
useful for holding common subexpressions and for holding
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accumulations during the execution of a loop. Another ex-
ample will further illustrate its usefulness. An important cal-
culation that is often found in the inner loop of numeric pro-
grams is the evaluation of recurrence relations. A particular
example is the following three term recurrence

X,»+.=a;X,-+biX,-_1, i=2,...,N—1

Using a typical evaluation stack this computation would

require, in addition to the add and two multiples, five mem-

ory references—four loads and one store. The evaluation on
the 8087 stack requires only two memory references:

Start

of Multiply b; Load Multiply a;
Loop (memory) (stack) (memory)

X; aX;

X bX;_, bX;_, bXi_,

X,' X,' X,' X,’

Add Exchange
(stack) (stack) Go to Loop
X =AX;—bX, X;
X,’ Xl’-+- 1

The ‘‘program’ shown above illustrates a general prin-
ciple. Almost all important numerical computations have
inner loops that will benefit from the ability to access inner
stack elements.

High performance was another of the important design
goals of the 8087. It is difficult to compare 8087 performance
with other machines since it is not feasible to obtain the same
accuracy and reliability as the 8087 on even the largest main-
frames. For example in executing a primitive instruction like
MULTIPLY the 8087 provides:

1. A result with an extended precision and range

2. Correct unbiased rounding with optional direct round-
ings for error bounding

3. Reliable exception detection and safe, automatic han-
dling

4. Forms of the instruction to minimize memory refer-
ences.

No other computer—mainframe or minicomputer—inte-
grates these features into a single architecture. But in ad-
dition to ‘‘architectural performance’’ a great deal of atten-
tion was given to raw instruction performance. For simplicity
and execution speed the 8087 was implemented with an in-
ternal data path and ALU of 67 bits. There is a shifter that
can shift left or right from 0 to 63 places in one clock cycle.
This shifter was indispensable in normalization, data for-
matting and the transcendental functions which were eval-
uated using a modified CORDIC algorithm. The loops for
MULTIPLY, DIVIDE and SQUARE ROOT were imple-
mented with a hardware sequencer. MULTIPLY was optim-
ized by checking for 40 least significant zeros and skipping

them in the multiply loop—this would occur if either operand
were originally SHORT REAL or if either value were an
integer and less than 2?° in magnitude. The timing for several
instructions demonstrates the 8087’s performance.

Instruction Execution Time
(microseconds)
COMPARE 6
ADD (MAGNITUDE) 10
SUBTRACT (MAGNITUDE) 16
MULTIPLY 16,24*
DIVIDE 38
SQUARE ROOT 38

* The shorter time applies if either operand were originally SHORT REAL
as explained earlier.

Additional performance is gained by the overlapped ex-
ecution of the 8086 (8088) and the 8087. The amount is hard
to estimate but is definitely material.

CONCLUSION

The architecture of the INTEL® 8087 has been described
along with a review of its user benefits. The 8087 has un-
precedented performance, reliability and capability—it can
be used in any numerical application to provide a hundred-
fold increase in mathematical performance over the 8086 or
8088 alone. In contributing to and being compatible with the
proposed IEEE Floating-Point Standard the 8087 has care-
fully balanced safety with utility.

The many features of the 8087, when combined, can make
it appear complex. Like a car’s automatic transmission the
8087 is complex, but also like an automatic transmission the
user need not see the complexity to reap the benefits of In-
terval Arithmetic, reliable rounding, safe automatic excep-
tion handling and an integrated support format that virtually
eliminates intermediate over/underflows and makes inter-
mediate roundoff error negligible. The 8087 removes many
of the pitfalls of numeric computation.
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Home computing—A vision in search of a marketplace:

areas of needed research

by JOHN E. RUCHINSKAS, CHARLES W. STEINFIELD and LYNNE L. SVENNING

Annenberg School of Communications
Los Angeles, California

INTRODUCTION

“The typical family of the late 1980’s is a working couple with
two children, one car, a small house and a rather well-structured
way of living. . . . They have a home computer for paying bills,
banking, monitoring their energy use, specialized research ser-
vices and access to data for personal and business use.”

So states Joseph Plummer, senior vice president of re-
search at the Young and Rubicam advertising agency.! Like
many soothsayers before him, Plummer assumes the home
computer will be rapidly integrated into American house-
holds. Yet, a look at the predictions of a decade ago, which
also promised the ‘‘magic’’ of home computers, calls into
question just how inevitable the home computer really is.

The ubiquitous home computer has not emerged—and
shows no new signs of doing so. Computing and memory
costs are dropping, more and more individuals are being
exposed to the computer at work each year and yet, the
home computer bonanza remains a vision.

The natural question that comes to mind is, ‘“‘Why hasn’t
the demand for home computers materialized?’’ Perhaps, the
more fundamental questions are, ‘‘What needs do people
have for computing functions in the home?’” and ‘‘How can
these needs be effectively addressed and marketed?”’

By focusing on home computing functions rather than
home computers, we are emphasizing the fact that any num-
ber of computer/telecommunication combinations can be
used to accomplish the same task. Individuals might own or
lease a terminal which is linked to a central computing fa-
cility, with little or no processing capability residing in the
home. Alternately, one could own a stand-alone unit, as in
the typical conception of the personal computer. Whatever
the configuration, basic questions remain about people’s
willingness to purchase home-based computing functions,
however they might be offered. We must move from wishful
prognostication to systematic assessment of the consumer’s
(user’s) point of view, and try to understand the factors that
influence the mass-market appeal of home computing func-
tions. We must look beyond the specialized hobbyists, com-
puter programmers or adult toy enthusiasts who are cur-
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rently purchasing computers or computing functions to the
general consumer. '

In order for computing to become a fixture in the American
household, it must first and foremost offer the consumer
clear benefits, either in terms of access to new services, con-
venience in fulfilling familiar tasks, or efficiency in managing
one’s daily life. Since any form of home computing repre-
sents a major capital investment for most consumers, it is
unreasonable to expect widespread adoption, unless per-
ceived needs of consumers are served.

This paper takes a consumer perspective in raising the
kinds of issues that will shape the success or failure of future
attempts to introduce home computing functions. Our goal
is not the definition of a single research program, but rather
to point out areas of uncertainty that cloud visions of the
home computer future.

SERVICE POSSIBILITIES

The first step in moving beyond today’s specialized market
lies in finding services that offer clear benefits to the general
consumer. A full range have been proposed in the ‘‘blue-
sky’’ literature. Those that appear most viable are briefly
reviewed in the following paragraphs.

On the economic side of the ledger, there are home com-
puter applications that promise the consumer greater con-
venience or cost savings in managing financial assets.
Budget, task and financial analysis; electronic funds trans-
fer, utility bill verification and exception reporting; energy
management, home security and even investment portfolio
management are all familiar possibilities. Greater conve-
nience in record keeping (budget and bill management, tax
reporting), automated accounting, increased security oreven
financial gains (energy conservation, portfolio management
and financial accuracy) are proposed benefits. Business uses

" from the home offer the consumer both convenience and

cost savings by eliminating trips to work.

A second set of activities that are easily amenable to com-
puterization lie in the information domain. News, mail and
classified advertising can all be computerized, targeted and
sent electronically. Electronic libraries or filing cabinets con-
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taining a range of information from personal documents to
work-related data to recipes offer the consumer a more man-
ageable information storage and retrieval option than current
print-based options. Appointment or other scheduling in-
formation, as well as family messaging are frequently touted
as possible uses. Computer assisted access to travel, enter-
tainment and other directory information is an increasingly
apparent reality, especially overseas.

Finally, in the area of education, programmed learning,
word processing and student related coursework via com-
puter offer seemingly attractive selling points.

Of course, entertainment is a function which cannot be
overlooked. Home computers can offer electronic amuse-
ment and game functions, provide assistance in travel and
entertainment reservations, and serve as a ‘‘creative com-
panion’’ in music and graphic generation. Control of the
entertainment/information environment with computer aid
is also envisioned. Pre-scheduling, recording, controlling
program or media access (especially for children) and play-
back are all realizable computer assisted options.

The oft-mentioned possibility of shopping from the home
via electronic catalogues is the most ‘‘popular’’ of the in-
teractive functions that promise the consumer convenience,
time and energy savings. Other interactive alternatives that
have also been proposed include opinion analysis/voting and
nutrition/dietary analysis and management.

Current consumer response to service possibilities

While many consumer services can be provided through
some combination of home terminal and computer capabil-
ity, we have yet to assess whether the value assigned by the
consumer exceeds the cost of providing the computer-as-
sisted service. Consumer valuation will determine which
services will be purchased by which consumers, in what
combination, and for how much money.

Almost all projections of the potential demand for home
computers, home terminals and interactive transaction ser-
vices are based on the best guesstimates of ‘‘experts’ as to
what services are feasible and desirable.>? The alternative
to expert projections lies in extrapolating future demand
from current sales figures.

Present estimates of home computer sales place the market
at substantially less than half a million households during
1979. Lipoff* estimated there were 275,000 home computers
sold through the end of 1978, while Nilles et al.’ place personal
computer sales at 250,000 for the same time frame. Both
authors caution against using current owners as a model for
future demand, since the present market is largely made up
of hobbyists and individuals with previous computer expe-
rience. ‘“The dominant portion of the growth in use of per-
sonal computers in the future depends upon the acceptance
of the personal computer by quite a different set of individ-
uals.’’¢

As creatures of habit, we hold rather tenaciously to those
that serve us well. The literature on change and innovation
suggests that the rate of adoption of new products or new

ways of doing things is affected by:”

o the consumer’s ability to observe the innovation in ac-
tion;

e the consumer’s ability to experiment or try the inno-
vation without a great deal of risk;

® the perceived complexity of the innovation; that is, can
the innovation be adopted relatively easily or is it dif-
ficult to understand and does it require a set of new
skills before one can function effectively using the in-
novation;

® the compatibility of the innovation with the consumer’s
existing values, experiences and needs;

o and the perceived relative advantage the innovation has
over the “‘old way.”

Looking at attributes of home computers or even home
computing functions with this diffusion of innovation per-
spective suggests a rather slow rate of adoption and reveals
several potential barriers to general market acceptance.

e Consumers have relatively few opportunities to observe
computers in action, especially in a home environment
serving home needs. While the opportunities are stead-
ily growing, the computing function is not always a
readily visible aspect of the product offering. Therefore,
the consumer may not observe and generalize about the
value of home computing innovations.

® Home computers and computer assisted services are
still rather expensive, thus a costly experiment for most
consumers.

® While some computerized products/services require lit-
tle from the consumer in the way of new knowledge or
skills, the personal computer is another story. There is
limited software available, which means the consumer
must be satisfied with a few pre-programmed functions,
or develop their own programs, which means learning
new skills in many cases.

e Computers are generally improving their image in the
“‘public eye.”” However, there is still a great deal of
resistance to the notion of ‘‘computerized living.”’ Com-
puters are often viewed as the culprits in consumer’s
bad experiences with billing or banking. People also
value the ‘‘human touch’’ and find in-person transac-
tions often satisfy several needs, including the need for
social interaction.

® Research suggests that consumers may have some dif-
ficulty seeing the relative advantage of computer as-
sisted shopping, banking, budget-making or communi-
cation.

A series of studies completed by the Center for Com-
munications Policy Research at the Annenberg School of
Communications during the last seven years gives some in-
dication of how the ‘‘average’’ consumer views the ‘‘desir-
ability’’ of some services that might be introduced via home
computers.

Respondents were introduced to the notion that some ac-
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tivities they now engage in could be accomplished in the
home with some combination of television, telephone and

- computers. They were then asked if they would be willing
to purchase a variety of services for approximately the price
of their basic monthly telephone bill. The services and the
percentage of consumers willing to purchase these servides
are indicated in Table I. Consumers were most attracted to
services involving entertainment, education, and civic func-
tions. Banking, medical consultation, television visiting and
accessing government information are only slightly less at-
tractive, while notions of shopping and working from the
home generally drew more negative responses. These figures
should be considered with a grain of salt, since respondents
may have been indicating a general positive or negative at-
titude toward the service rather than absolute willingness to
purchase.

Consumer comments on why they would not be interested
in such services most often reflected a need to get out of the
house, the desirability of human contact in many transaction
type activities, an inability to envision the service de-
scribed, and perceived possibilities of abuses in security,
privilege and privacy. They seem worried that computer and
telecommunication assistance will depersonalize many ac-
tivities, further concentrate activities in the home, un-

knowingly open their transaction and media behavior to scru-
tiny, and generally cause a deterioration in the quality of life
they now enjoy.

Similar attitudinal barriers to home computing functions
were noted in an investigation of potential users of electronic
transaction services.>'® This study surveyed 325 Los An-
geles residents about their attitudes toward electronic funds
transfer, electronic shopping, and electronic mail systems,
including willingness to use such systems. Respondents’ at-
titudes about the reliability of computers proved to be the
most influential variable in discriminating potential users
from non-users. Those who felt ‘‘computers are less reliable
than people’’ were least likely to say they would use any of
the three systems. Concerns about privacy issues in the use
of electronic services joined with demographic measures
such as age and education in further discriminating individual
willingness to use electronic services.

Overall, 24 percent said they were in favor of electronic
mail, while 21 percent found electronic banking or shopping
appealing. Significantly, more than a third of all respondents
said they were neutral toward conducting at least one of
these transactions electronically. Given the previously noted
importance of attitudinal factors in influencing willingness
to use these systems, it would seem especially critical to

TABLE I-Percent of Consumers Willing to Purchase Telecommunication/
Computer Services*

Sample Population
Sacra-

San Fort

L,A.l Diego2 mento? Fresno’? Marin! worth! 1.a.l
1973 1977 1977 1977 1978 1979 1979
SERVICES (N=197) (N=500) (N=400) (N=400) (N=626) (N=200) (N=200)
EDUCATION-taking credit courses from
the home via television 38.7 63.8 62.2 60.6 45.8 28 40.4
SHOPPING-using television to examine
products, order by phone or inter-
active cable service 20.4 39.2 38.8 39.2 25.4 19 15.1
ENTERTAINMENT-first run movies and
sports events 47.3 68.4 71.7 64.8 66.1 70
MEDICAL CONSULTATION AND DIAGNOSIS-
with computer assistance via a com-
bination of telephone and television 29.2 45.2 40.4 48.4 26.5 24 30.0
BANKING-funds transfer, bill paying,
etc. via telephone 13.2 56.4 58.6 60.3 49.8 37 49.3
CIVIC FUNCTIONS-such as voting, and
driver's license renewal 27.4 73.1 74,2 72.8 62.3 57 68.2
VISITATION-via television with
.friends and relatives 38.1 64.3 53.6 50.1 47.0 50 47.9
ACCESSING GOVERNMENT INFORMATION-
such as social security information
or city council agenda 26.2 55.8 61.2 56.9 62.6 51 59.1
.SELF IMPROVEMENT OR SKILL INSTRUCTION-
such as carpentry or plant care 33.5 66.4 75.7 63.8 64.2 47 64.1
WORKING FROM THE HOME-with an elec-
tronic connection to the work place 16.1 38.8 33.1 31.9 28 28.8

27.5

*Revised from Goldman8

Random probability sample of adults, telephone interviews.
2Cluster sample of adult women, face-to-face interviews.
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examine user attitudes and beliefs about computing func-
tions if one where attempting to encourage the adoption of
home-based computer services.

This brief discussion of our current state-of-knowledge
about consumer attitudes and willingness to use and/or pur-
chase telecommunication/computer ‘‘functions’’ indicates a

general lack of information. We must know far more about

the nature and extent of consumers’ perceived needs, atti-
tudes and intentions to purchase or use computing functions
before we can assess market demand with any degree of
accuracy and/or design products and services that will make
the soothsayers’ visions an evolving reality. Projecting short
and long term consequences of consumer adoption is another
important facet of missing information that may prove vital
in allaying consumer fears and in designing a socially ben-
eficial introduction of home computing.

AN INFORMATIVE RESEARCH PROCESS

Social science research can inform the process of creating
reality out of visionaries’ dreams of the future. The following
pages outline a research process which reduces uncertainty
about the marketplace, as well as the possible/probable con-
sequences of widespread adoption of homing computing.

An assessment of consumer’s attitudes, values and be-
havior before the introduction of a computer assisted life-
style is at the core of the proposed research process. This
baseline information provides product designers and mar-
keters with insights about potential users and serves as a
benchmark for measuring change. Market uncertainty can
be reduced considerably through a program of iterative form-
ative evaluation. Initial product design informed by base-
line data is refined by a process of prototype development,
analysis of consumer reaction, and product redesign.

In addition to helping shape viable market offerings, social
science research can help anticipate the socio-economic con-
sequences of widespread consumer adoption of new tech-
nologies. Anticipating direct and indirect impacts of con-
sumer adoption and use of home computing products/
services allows product designers and policy-makers to plan
for both socially and economically beneficial outcomes. The
formative evaluation process can be slightly expanded to
develop information about the possible/probable impacts of
new technologies on individual behavior and socio-economic
institutions (Figure 1).

Short term changes in the attitudes, values and behaviors
of consumers can be monitored in market-testing and early
in the product diffusion process. These observed changes
can be used to project larger socio-economic impacts.

Anticipatory product-design and policy formulation de-
rived from consumer research can improve the likelihood
that a desirable socio-economic future will emerge from the
introduction of home computing. The following pages de-
scribe a research process that serves these ends.

Formative evaluation

A computer enthusiast can readily highlight the advan-
tages/benefits accruing to the home user of computing prod-

BASELINE INFORMATION

eDemographics
eValues, Attitudes
ePerceived Needs
eLifestyle
eActivity Patterns
eExperience with
Computers

H<HRAPROOH

RODUCT DESIGN AND EVALUATION

eAppeal Testing
eValuation of Products/
Services

eConfiguring for Best
Market Advantage
eMarket Testing

zoHHRApHrLd

ACTUAL MARKET
OFFERINGS

Ll

IMPACT ANALYSIS

MEASURING SHORT
TERM EFFECTS

PROJECTING LONG
TERM CONSEQUENCES

®Resource/Acti- eSocial Structures

vity Realloca~

tion eSocial Institu-
eSubjective/ tions

Perceptual
Evaluations
e0Organization/
Institutional
Impacts

eQuality of Life

Figure 1-The research process.

ucts and services. The home user, on the other hand, often
confronts the possibility of purchasing computing functions
with a set of perceptions and attitudes that temper adoption
and realization of such benefits. User factors must be re-
searched and addressed before a consumer-oriented home
computing marketplace will evolve.

An iterative formative evaluation process will yield prac-
tical information for designing computing innovations which
have mass market viability.! As indicated, this process
starts with gathering baseline information about consumers’
values, lifestyles, activities, perceived problems, attitudes
toward and experiences with computers, as well as products
and services with computer components. The information
can be used to design and refine product/service offerings
in a manner which will optimize perceived consumer value.
An accurately refiected market demand permits better
‘‘packaging’’ and marketing, which in turn promotes wide-
spread adoption, and the evolution of a more user oriented
home computing marketplace.
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Baseline information

Consumer demographics, values, lifestyles, and perceived
needs are traditionally important factors accounting for var-
iance in purchasing and utilization behaviors. The prelimi-
nary research previously cited indicates that age, education
and socio-economic status are important factors influencing
attitudes toward and willingness to purchase computing

functions in the home. The research has been confined

largely to California, and individual studies are biased in
several other ways, such as all women populations, or an
upper socio-economic survey area, or a totally Los Angeles
population. While the results hold across most of the studies,
there is a need for more in-depth research on more repre-
sentative samples before we can generalize to the mass mar-
ket.

Other factors may mediate the influence of demographic
variables. We have yet to assess the relationships of values
and other lifestyle variables to perceived need for, valuation
of and willingness to purchase and/or use home computing
functions. For example, the consumer’s valuation of social
interaction may be a better predictor of resistance to adopt-

ing home computing services than either age or socio-eco-

nomic status. Or, consumers with an activity-rich lifestyle
may see a value in saving time in this manner. Children
in the home have also been shown to be an important lifestyle
variable that influences the purchase of educational/infor-
mation products and services. Some individuals prefer to
separate their home and work lives, while others prefer an
integration of life activities. Lifestyle preferences such as
these are bound to influence the valuation of products and
services which permit working from the home.

Very few of us are completely satisfied with our life ex-
periences. Some of us fret over finances, others are bothered
by crime in the streets. Some of us have difficulty finding
time to spend with family members, others of us are bored
and alienated. Identifying the common and even uncommon
concerns of general consumers can provide ‘‘designers’’ and
packagers with a set of perceived needs which can be ad-
dressed with communications and computer technology. An
innovation that has been designed to meet perceived con-
sumer needs has a head start in the race for consumer ac-
ceptance.

Consumer experience with computers and computing ser-
vices is another type of useful baseline data. One’s experi-
ences and one’s value system shape attitudes, which in turn
have been shown to influence an individual’s behavioral in-
tentions.!? There is a wide degree of variance in the general
consumer’s experience with computers, ranging from the
computerized billings most of us receive, to daily interaction
with computer terminals. These experiences crystallize
positive or negative attitudes toward computing. Knowing
what experiences characterize an individual’s interaction
with computing services and how that individual evaluates
those experiences can provide important insights in design-
ing products and services that will create generally positive
experiences and enhance the probability of adoption.

A whole range of attitudes will influence individual incli-
nations to use computers or computing services. Attitudes

toward computers, concentrating activities in the home,
depersonalizing transactions, energy conservation, privacy,
security, television, etc. will all play a role in shaping the
consumer’s response to home computing. Identifying which
attitudes are highly correlated with intentions to adopt or
not adopt will give us a clearer picture of market character-
istics. ,

For the most part, computer designers have produced
products and services that appeal to an audience somewhat
like themselves. Gathering more in-depth baseline infor-
mation on a wider range of consumers is a valuable step in
developing home computing products/services with a broader
appeal. Baseline data gathered from a representative sam-
pling of consumers should include not only the traditional
measures cited earlier, but a cataloguing of daily activities
and the values and satisfactions attached to these activities.

Product design and evaluation

~ Formative evaluation is iterative in that the market is ana-
lyzed, products and services conceived, tested for appeal
and valuation, designed and/or packaged, test marketed, re-
fined and finally delivered to the general market. Throughout
this process, empirical research can generate data which re-
veals how well products and services match market de-
mands. The better the fit, the more likely the use or pur-
chase.

Ideas or prototypes can be tested for market appeal using
a variety of focus groups or survey techniques. Early con-

- sumer evaluation reduces the risk of sunk costs and market

failure. Appeal is only one of the factors influencing con-
sumer decisions. How the consumer values the product or
service in the context of competing demands for time and
financial resources is a crucial factor affecting innovation
adoption. Can and will the consumer shift resources? What
kinds of trade-offs can or will the consumer make in order
to access or purchase computing services? How can com-
puting products and services be designed to maximize the
benefits and minimize the costs resulting from trade-offs
made?

The configuration of product and service offerings also
plays a major role in their market acceptance. For example,
there appears to be a consumer orientation toward single
purpose products. One has only to look to the typicalkitchen
to see specialized appliances, with purposes ranging from
yogurt making to hot dog cooking. The home computing
market seems headed in the same direction, with separate
devices for controlling appliances, playing games, and word-
processing. Is this a necessary step? Can the market be cre-
ated in a more energy efficient, space efficient, resource
efficient manner serving the ‘‘needs’’ of both producers and
consumers of home computers? What factors will inhibit
such developments?

Formative evaluation research can help answer these
questions and in the process help create a home computing
marketplace where product/service offerings fit consumers’
needs and values. In-depth consumer research and product
evaluation will generate the kind of information necessary
to make home computing a reality.
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Impact analysis

Society is always altered by the introduction of techno-
logical innovations, sometimes in intentioned ways, often
in unanticipated ways that prove less than desirable.!* In
recent years there has been a movement toward inventing
or designing a desired future, rather than letting the future
evolve in a happenstance manner. This requires feed-for-
ward information about likely short term effects, as well as
assessments of possible/probable long range impacts of tech-
nology adoption. Armed with systematically generated in-
formation regarding potential consequences, prescient plan-
ners and policy-makers in both the public and private sector
can chart courses of action designed to avoid or mitigate
undesirable consequences.

Measuring short term effects

Adopting home computer products/services will have sig-
nificant immediate and continuing effects on the way indi-
viduals live their daily lives. Using computerized functions
to substitute for, or augment, present behaviors will result
in major resource and activity reallocations. The observable
shifts in time, money and energy allocation may be accom-
panied by changes in individuals’ subjective/perceptual eval-
uation of the particular activities in which they engage and
their lives in general.

The most likely and noticeable effects of adopting home-
based computing services will be changes in individual ac-
tivity patterns. For example, computer assisted shopping
from the home might result in less time spent shopping, less
physical activity and gasoline consumption, and changes in
individual spending habits. How will individuals allocate
time formerly spent shopping? Will distinct patterns of ac-
tivity reallocation emerge for different segments of the pop-
ulation? Will individuals reallocate travel savings into other
out-of-home activities? Will individuals attempt to compen-
sate for secondary characteristics of the shopping experience
(e.g., social interaction) lost in computerized shopping?
How?

Time allocation and activity pattern analysis before and
after adopting computerized functions such as shopping will
provide data on individual behavioral change. This analysis
will indicate the types of direct effects and secondary impact
that might be experienced with widespread adoption of com-
puter assistance in the home.

Differences in the way individuals perceive or value ac-
tivities are likely to accompany observable behavioral
changes. For example, shopping may become a less valued
activity due to the loss of social interaction. While time al-
location and activity pattern analysis. may reflect shifts in
the valuation of life activities, they may not entirely capture
the qualitative dimensions of the individual’s experience.
Asking individuals to assess their satisfaction with various
life activities, as well as observing changes in the actual ac-
tivity pattern, may provide feed-forward insights on the ef-
fects of home computing on perceived quality of life. Per-
ceived valuation data may also yield data useful for

designing or modifying home computing products/services.
For instance, should behavioral and valuation data indicate
a strong attachment to social or group activity aspects of
newly computer assisted functions, home-based electronic
messaging and other services designed to enhance social in-
teraction might be developed.

Attitudinal, valuational and behavioral individual effects
are the most readily captured through existing research
methodologies. Observation of change at the individual level

. can be used to assess certain short term organizational and
" institutional impacts. Aggregate shifts in resource allocation

will mean some industries are likely to benefit from home
computer services, while others may suffer, given mainte-
nance of their current approach to the marketplace. For ex-
ample, Ruchinskas'* detected a decline in newspaper reading
among consumers who had access to textual channels pro-
viding news and sports headlines via cable TV. Similarly,
there was evidence that sports fans used more convenient
text channels instead of TV news to gather sports infor-
mation. Such cross impacts may follow the introduction of
home computer products/services, unless existing service
providers alter their offerings to provide unique consumer
benefits.

To thoroughly assess short term effects at the organiza-
tional level, the proposed consumer-based analysis should
be supplemented by monitoring other indicators. Specifi-
cally, this would involve tracking organizational response
to observed shifts in consumer demands. This information
will be vital in attempts to project long range institutional
level impacts of widespread adoption of home computing.

Projecting long range impacts

Assessing and evaluating short-term effects creates the

" information base necessary for projecting long range social

and economic consequences that may result from wide-
spread adoption of new personal computing products/ser-
vices. Impact domains of particular relevance with respect
to home computing are social structures, social institutions
and quality of life. Examples of possible changes in each of
these domans are highlighted as a means of pointing to areas
in which short term effects research might be used to project
larger socio-economic consequences.

Our societal structure is in some ways reflected by indi-
viduals’ access to information. Some have suggested the
development of home information/educational computer-as-
sisted services will exaggerate information or knowledge
gaps. They envision a further exacerbation of ‘‘unequal in-
formation access,”” and a widening gap in information levels
between the rich and the poor.'>'* Examining the charac-
teristics of purchasers, users and those interested in infor-
mation related products and services, and assessment of pre-
post knowledge levels, would provide a test of this hypoth-
esis.

Other social structure ramifications may follow from pos-
sible reductions in interactions among members of different
socio-economic ‘‘classes’’ due to the concentration of trans-
actions in the home. This could reverse trends toward in-
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tegration and cause a loosening of the social fabric. Activity
analysis could reveal the beginnings of changes that might
have long term implications for changing social patterns.

Services offered through home computers and/or inter-
active terminals are likely to have impacts on existing social
institutions. Widespread adoption of computer assisted in-
struction in the home would definitely impact our educa-
tional institutions and alter the manner in which educational
services are delivered to the public. Transportation institu-
tions could experience major impacts from a reallocation of
the work force, due to increased working from the home or
local work centers via computer linkages. Potential socio-
economic impacts in this area have been discussed in the
telecommunication literature.!” Examples of possible insti-
tutional impacts are myriad, but research assessing the na-
ture and/or likelihood of these impacts is almost nil.

Finally, all of the possible and probable changes we have
discussed interact to influence the quality of life (QOL).
Quality of life is a function of both the ‘‘objective’’ envi-
ronment (physical, social, economic and political) and sub-
jective perceptions, attitudes and experiences of individuals
living in that environmental context.'®

Assessments of life and activity satisfaction will prov1de
some indication of the impacts home computing has on in-
dividuals’ perceived quality of life. In part, product design
and planning represents a further effort to maintain a high
quality of life by designing products and services that reflect
consumer needs and values. However, careful monitoring
of changes in organizational and institutional structures is
also necessary. This is evidenced in past QOL research,
which found the family institution to be the strongest factor
influencing individuals® perceived quality of life.!

Policy implications

It must be recognized that information provided by pro-
jections of long range socio-economic consequences lies in
the domain of public policy making as well as private in-
dustry. Research results identifying potential tendencies to-
ward increasing ‘‘information gaps’’ may highlight policy
issues which ultimately require government intervention to
facilitate ‘‘equal’” access to educational and information ser-
vices. Policies may also take the form of legislative restraints
should negative sdcial consequences seem likely based on
the empirically-based projections. Private industry must
therefore anticipate socio-economic consequences and sub-
sequent government action which would alter the shape of
the marketplace.

CONCLUSION

Research can reduce the uncertainty surrounding both the
development of the home computing marketplace and the
impacts of home computing on the quality of our lives. This
research must begin with a more careful study of potential
users and proceed to examine human behavior in home set-
tings to which home computing has been introduced. After

determining how human behavior changes with access to and
utilization of home computing, researchers can begin to more
accurately assess the possible/probable socio-economic con-
sequences of a computer assisted lifestyle.

We have described a research process designed to max-
imize both the short and long term benefits of introducing
home computing functions. The formative evaluation data
that is essential to successful introduction of computing
functions also provides us with baseline measures for judging
future changes. Throughout the product design and market
testing phases, the immediate effects of using home com-
puting functions can be monitored. With this information,
we can project what the impact would be if these observed
changes took place on a large scale. This information feeds
back to decision makers to shape the next round of product
design and market introduction. In-putting ‘‘impact’’ data
early in the product development cycle, before parties have
a large vested interest or capital investment in existent tech-
nology minimizes the risks of undesirable consequences.

Such a concerted research effort represents an attempt to
maximize both the economic and social benefits of home
computing. In an era where societal resources are becoming
recognized as a finite and valuable commodity, we cannot
miss this opportunity to direct technological change in a
manner that maximizes its utility for all stakeholders.
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