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Figure 4—Interactive display and plotter/digitizer

Even though the design and development of the
URBAN COGO system and the graphics part in
particular has been done using the specific device
described above, the system has been designed to
permit the use of any such hardware as long as it can be
driven in a functionally similar manner. Merely by
using a COGO system setting command, and having
the appropriate interface programs to physically drive
the units, achieves compatibility with other plotters
and interactive displays.

SET SYSTEM PLOTX 30.0 PLOTY 240
UNITP 0.001

The set system command can also be used to limit the
size of the plot (as above) or of the display, thus per-
mitting different plotter table sizes, different storage
tube sizes, and different physical paper sizes on the
plotter. The UNITP parameter tells the system what
the size of a plotter unit is, in this case, .001 inch.

Graphic inpul

Inputting of information from the digitizer (flat-bed
digitizer) is most powerful.

XY
DIGITIZE {XZ ; POINT n SCALE

YZ

length
ORIENTATION
length PER VALUE
X value Y value
direction DATUM

POINT m

The digitize command puts the user into digitize
mode and sets up basic values to be used in the ensuing
storing of the digitized points. n is the point number at
which the system is to begin storing points. The
SCALE parameters define the scaling to be performed
in translating from digitizer coordinates to actual
coordinates. It can be given as 200 PER 1 meaning
perhaps 200 feet per inch or it can be given as 200 per
whatever length is digitized as two points after the
command is given. The ORIENTATION defines what
rotation is to take place upon the digitized points prior
to storing them and can be given as N 0 E where the
corresponding direction of due north on the map which
is being digitized is defined by 2 points digitized after
the command is given.

The last parameter, that of DATUM, defines a base
point about which translation, rotation, and scaling are
to occur. The values define the actual coordinates (Gf
POINT m option is used, the coordinate values of
stored point m are used) of the base point and the
digitizer coordinates of that point are defined by
digitizing it after the command is given.

Thus, after issuing the command with its appropriate
parameters and digitizing 5 or 3 points (5 if SCALE
length is given, 3 if length PER value is given—[2 for
scale], 2 for orientation, 1 for datum), the system is
ready to start accepting digitized information to
translate, rotate, and scale it, and then to store it.

Any kind of allowable geometric object from points
to chains and points to networks can be defined and
stored in this way. To enable the user to tell the system
what object or objects he wishes to define, the function
keyboard is used. Its template for this command is
currently defined as shown in Table II.

TABLE II—Function Key Definitions

Fen. Key Action

POINT

COURSE

CURVE

CHAIN

NETWORK

LINK

END OF OBJECT

END OF OBJECT CLASS

PLOT everything digitized up to this point

DISPLAY everything digitized up to this point

NAME the last object by keying in from keyboard

TEXT (or label information) is to be located at
next point digitized and the textual information
itself entered from the keyboard

RETURN to the standard keyboard command
environment

O 00 =IO O AW

Pt et
N = O

—
=23
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TABLE III—Digitizing Sequences

Function key 4
Digitize point
Digitize point
Function key 3
Digitize 5 points
Function key 7
Function key 2
Digitize 2 points
Function key 7
| Function key 7
Digitize point
Function key 3
Digitize 3 points

Function key 7
Digitize point
Function key 7
Function key 8
Function key 5
Function key 6
Digitize 6 points
Function key 6
Digitize 2 points
Function key 8
Function key 16

Chain 1
Network Chain 2

The functions are hierarchical in that once the chain
key is pushed, everything that follows, be it points
digitized or combinations of point, curve, course func-
tion keys and digitized points, will be stored as one chain
until the end of object or end of object class key is
pushed. Thus, the sequence in Table ITI will store 2
chains and 1 network.

The objects digitized in Table III consist of, respec-
tively:

chain1: 2 points, 1 curve, 1 course

chain 2: 1 point, 1 curve, 1 point

network 1: 5 links composed of 6 points, 1 link com-
posed of 2 points

If no name is given by the user (as above), the system
will automatically assign unique names to all objects
defined.

The plot and display functions are very useful to the
user by enabling him to take spot checks on what he
has done so far without removing him from digitize
mode.

It has been found that the accuracy obtained from
inputting coordinate data in this fashion is entirely
dependent upon the amount of time the user wishes to
take to accurately position the cross-hair over a position
to be digitized. With enough care, accuracy to better
than .01 inch can be achieved.

Graphic output

A wide variety of graphical output capabilities exist
in the system and will be expanded upon in the future.
Straightforward plotting or displaying of geometric
objects was the first graphic capability implemented.
All objects, points, courses, curves, chains, blocks,
regions, of any level, and networks, can be drawn and
translated, rotated or magnified. It is thus possible to

display a large section of the city, home in on a particu-
lar subarea of interest through one or many repeated
magnifications, and then get a hard copy plot of the
area of interest. Figures 5 and 6 show results of a dis-
play and a plot, respectively, of several blocks of a city.
- A display or a plot can be annotated with the name
of each object on it, be it all point numbers or all chain
names or all block names, etc. The user can also point
to an object and have its name or number drawn. Stored
attributes about the plotted or displayed objects can
also be drawn. Figure 7 shows a block of a city plotted
and then annotated with the names of the parcels in the
block and the use of each of the parcels as recorded in
the assessor’s office. The caption “mixed” means that
the parcel has mixed usage. Figure 8 shows a plot of
what each mixed usage is, drawn so as to use the sheet
as an overlay.

A selective draw can also be done, whereby the user
requests all of a certain object type whose data attri-
butes satisfy certain criteria to be displayed or plotted.
Figures 9 and 10 illustrate this capability. The first
figure is a display of all chains in a section of a city
whose land value is greater than $75,000 or whose
building value is greater than $150,000. The second
figure is a display of all chains in the same section of a
city whose land value is greater than $75,000 and whose
building value is greater than $150,000.

Just as objects which are drawn in a standard fashion
can be annotated, so can objects that are selectively
drawn. Figure 11 shows the result of a selective plot and
an annotation. The plot requested was all chains in a
section of a city whose land value is greater than

Figure 5—Display of several blocks
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$100,000. That plot was then annotated with the chain
names and the land value for each chain.

Another graphic capability is density mapping. Sets
of ranges of values for an attribute of chains, blocks, or
regions can be drawn, each set with a different shading
line. Figure 12 illustrates this by showing different
ranges of land value for parcels in a block of a city. The
ranges chosen for this were 1,000 to 10,000 designated
by ZZA4, 10,000 to 25,000 designated by SN, 25,000
to 75,000 by =], and 75,000 to 500,000 by[TTT] . This
capability can be used on the display as well as the
plotter.

Figure 6—Plot of several blocks
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Figure 7—Annotated plot of a city block

Statistical charts and graphs can also be drawn.
They are described in the section about the statistical
capability of the system.

Additional graphical capabilities are planned for the
system but not yet implemented. Full mapping capa~
bilities including full or partial dimensioning and
symbol labeling is planned. Examples of such use are
tax mapping and utility network schematics. Planar
perspectives of three dimensional objects is also
planned. Usage for these includes skyline perspectives
along a street and multi-tiered transportation and
utility networks.
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Figure 8—Annotated overlay of mixed usage

A great deal of emphasis is being placed upon the
graphical capabilities of the system. It is the author’s
opinion that this will prove to be one of the major
features of URBAN COGO.

STATISTICAL ANALYSES

URBAN COGO currently has the ca,pability to
perform parametric and non-parametric statistical
analyses on groups of data attributes. Sample vectors,
upon which the analyses are to be performed, can con-

Figure 9—Selective display on land value

sist of raw data (the actual attribute values) or of data
formed through groupings, exclusions, inclusions,
additions, subtractions, multiplications, divisions,
powers, etc., upon the raw data. Besides the standard
statistical values, the system can perform the following:

Non-Parametric
Chi-square analysis
Kolmogorov-Smirnov test
Mann-Whitney U test
Kendal Rank Correlation test

Figure 10—Selective display on land value
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Parametric Using the statistical subset of URBAN COGO, it is
Variance, covariance possible, through combining, rejecting, creating new
Correlation vectors with the results of analyses, and so forth, to
Regression combine and aggregate in almost any way to any level
required, starting at even the most raw level. Capabili-
ties exist for the sample vectors to be saved in a file
Additional analyses, such as time series and factor so that statistical investigation and analysis can be
analysis, are planned. done at the user’s leisure.
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The statistical subset also provides the user with the
ability to graphically portray a vector or group of
vectors. Graphs, scatter diagrams, and histograms can
be drawn on the printer, the display, or the plotter.
Figures 13 and 14 illustrate the plotting of a graph and
a histogram, respectively. The first is a graph of the
land values of all parcels in a section of a city. The
second is a histogram of the use of the parcels in a
section of a city.

PROCESSING FUNCTIONS

Various processing facilities have been included.
ICES COGO contained the ability to locate points in
the XY plane in many ways, including:

—at a given distance and direction from another
point

—at the intersection of 2 lines

—at the intersection of 2 curves

—at the intersection of a curve and a line

—as a projection onto a course or a curve

—at a given distance along a course or curve
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Figure 13—Statistical graph plot on land value
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Figure 14—Histogram plot on usage

URBAN COGO has expanded upon this to enable the
user to intersect higher level objects and store the
points of intersection as new points. Networks, chains,
and blocks can all be intersected with similar objects,
e.g., network with network, or with other objects,
e.g., network with block.

It is planned to expand upon the location capability
as well as the intersect capability to move along any
planar slice in 3-space when the three-dimensional
object capability is implemented.

Translation and rotation of networks, chains, and
blocks are also provided with the ability to do so on
any of the three standard planes—XY, XZ, or YZ.
Thus, with this capability, a user may store groups of
objects in their own local coordinate system and when
they are fully checked, translate and rotate them to a
more global coordinate system.

Tabulation

Tabulation facilities are also available and can easily
be added to for any specific use of the system. General
capabilities such as selective tabulation of objects whose
data attributes satisfy certain criteria, or the sorting of
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a class of objects on one or more data attributes are
now part of the system. Major report generation could
easily be added to the system, but is highly user and
type-of-data dependent. An illustration of one such
report is the generation of tax bills for the assessors
office. Adding this capability would be very easy once
the format for the bills has been defined. 1t is easy to
foresee many facilities being added to the system in the
area of report generation, but primarily by and for a
specific set of users.

CENSUS DATA

Many potential users of URBAN COGO will want to
interface with census programs and to use census data.
Commands and their associated programs are being
developed to be able to retrieve any or all of the data
on a census tape and store it in a defined way in the
URBAN COGO data base. This facility is being
developed so that not only census data can be retrieved
and used in this way but almost any kind of data that
a user might want to utilize in the system.

The retrieving and the defining of the correspondences
between the original data and its URBAN COGO
counterpart is structured so that attribute data as well
as geo-data (such as that used in the DIME system)
can be handled.

It is foreseen that this capability will be one major
way in which users will be able to interface other
systems with URBAN COGO.

EDITING

There is one very important fall-out of the work done
to date on the system, namely the ability of the system
capabilities to be used for data editing, data error
detection, and self-checking. The features which have
proved very useful for error detection are:

—the definition of allowable categories of data and
the allowable values these attributes may have;

—the display and plot facilities to catch errors in
the definition of geographic objects;

—the sorting and statistical tabulation commands
to find objects for which no data is stored or for
which only partial data is stored.

The fact that a user can essentially use the system
to check the system is of major import, and the fact
that it is provided as fall-out (by design) is also of
major importance. It is most likely, however, that this
fact will only be recognized through use.

USAGE SAMPLING

The potential uses for and users of the system are
many and varied. A brief summary of some follows:

—City Government: tax billing, analyses of effects
of tax changes, mapping, management reporting,
area redevelopment;

—State Government: transportation route location
and analysis, congressional districting, main-
tenance of highways and highway signs;

—Utility Companies: maintenance, location of
manholes, prime power supplies, utility network
mapping;

—Consulting Companies: transportation studies,
airport location studies, urban planning;

—Legal Services: title searching.

The specific uses of the system are potentiaﬂy too
numerous and varied to describe. Perhaps the best
source is the imagination of each user.

SUMMARY

While it is believed that the URBAN COGO system
described above provides the base for a new kind of
urban information system, it is also believed that much
work still remains to be done with it in order to prove
this belief. Two major areas still remain to be re-
searched. ’

—the design and development of a new file struc-
ture
—the use of the system in some specific applications

This work is planned to be performed in the coming
year.

The author believes that the building of the system
upon geographic data as its base and the heavy emphasis
of graphical capabilities in the system will prove to be
the way-of-the-future for urban information systems.
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Understanding Urban Dynamics*

by GERALD O. BARNEY

Center for Naval Analyses
Arlington, Virginia

INTRODUCTION

As indicated by published reviews and unpublished
criticisms, some readers have had difficulty in under-
standing several of the most important points of Urban
Dynamics** by Professor Jay W. Forrester. The book
contains several stumbling blocks. For example, eertain
pet theories that for years have been thought to be
important in the dynamies of an urban area are scarcely
even mentioned (e.g., transportation, erime, pollution,
discrimination and suburbs). Also, several measures of
urban characteristics appear to be sufficiently different
in the model from those found in real urban areas to
distract one’s attention from the main points of the
book. But there is a message in Urban Dynamics, and
when it is comprehended, these stumbling blocks
become less significant. This paper is intended to help
the reader of Urban Dynamics to understand the
message of the book and to see beyond many of the
criticisms that have been made.

WHAT IS URBAN DYNAMICS?

Urban Dynamics is an analysis of how the urban
system operates and how it can be more effectively
managed. The development of large concentrations of
relatively unskilled persons and the blighting effect
these concentrations have on our people and cities are
the primary issues discussed in the book. The analysis is
based on a computer model which, in the most general
terms, simulates the interactions among population,
housing, employment (industry) and munieipal
services.

The urban system is an example of what has become

* Dr. Barney is employed by the Center for Naval Analyses of the
University of Rochester, 1401 Wilson Boulevard, Arlington,
Virginia 22209. This paper was written while Dr. Barney was on
leave at the Massachusetts Institute of Technology.

** Published by the MIT Press, Cambridge, Massachusetts, 1969.
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known as a “complex system”—a system whose
behavior is dominated by multiple-loop, non-linear
feedback processes. Mathematical analysis is not too
helpful in understanding complex systems since their
non-linear properties are as yet very difficult to treat
analytically. Currently, the only successful method of
dealing with systems as complex as the urban system is
experimentation—with the actual system or with some
representation of the actual system. In the case of the
urban system, most of the experimentation is done with
a mental representation—the mental image (or model)
we each have of how the urban system operates.

Our public officials are constantly performing
experiments with their mental models as they evaluate
proposed changes and additions to laws and policies.
Although most public officials are probably not ex-
plicitly aware of it, their experiments involve three
separate and distinet steps. The official first brings to
mind his latest mental image of how the system operates;
he then uses his mental model to deduce the effects of
the proposal; and finally he judges his deduction of the
effects against his set of values and goals. In the past,
it has not been too important to distinguish these three
steps, but as the policy and legislative issues become
more complex, it is increasingly important to know
whether disagreements over a given proposal stem from
different conceptions of how the system works, from
inaccurate or inconsistent deductions of effects, or
from more basic differences of values and goals.

In turning to the computer for assistance, we are
forced to consider each step separately. Our mental
image must be developed and expressed in a language
that can be used to instruct the computer. Any con-
sistent, explicit mental image of any system can be so
expressed. Our mental images are the results of our
experiences, and expressing these experiences explicitly
for the computer permits others to examine, correct,
and comprehend our mental images and to contribute
to a broader understanding through their different
experiences. Given the expression of our mental image,
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the computer can point out inconsistencies, determine
sensitivities, and deduce implications much more
accurately than can the human mind—and without
changing the ground rules part way along as the human
mind is so prone to do.

But probably the most important contribution the
computer makes is that it forces us to give separate
consideration to questions of values and goals. Given
the implications of a proposed change in a law or
policy, we are forced to ask if this is what we want, if
this is consistent with our values, and if this brings us
any nearer our collective goals. With finite resources,
cities can’t be everything to everyone. Given a better
understanding of the options available and the effects
of any given proposal, debate must then center on the
desirability of the effects and the values necessary for
judging desirability.

By passing laws and changing policies, our public
officials are making changes in the very structure of
our society. To be of assistance in the analysis of the
questions they face, a model must not only reproduce
the behavior of a city in a general sense, it must also
correctly reflect the basic causal mechanisms at work.
Many basically different models can reproduce urban
history, but a model that is to be used to examine the
effects of change in structure must correctly reflect
all of the important causal mechanisms—some of which
are not yet easily measured. This is a formidable re-
quirement, and success for now must be measured not
against an absolute standard of accuracy but rather
against our only alternatives—inexplicit mental models
or intuition.

THE HEART OF THE MODEL

The Urban Dynamics Model is an explicit expression
of a distillation of several mental images. Its subject is
the causes of urban decay—the concentration of large
numbers of relatively unskilled people in urban areas,
and all the attendant problems. In the model, just as in
real cities, people migrate in and out and move among
the socio-economic classes (Forrester defines three such
classes: Underemployed, Labor, and Management-
Professional) in response to a variety of conditions,
including population, housing, employment, and
municipal services. The heart of the model is the
enumeration and description of the multitude of urban
conditions which influence migration and economic
advancement.

The concept of “attractiveness,” the central idea
behind Forrester’s deseription of migration, is frequently
misunderstood. Attractiveness is not an indication of a
city’s beauty but rather a measure of a city’s drawing

and holding power for people in the three socio-economic
classes. Although a city’s attractiveness is generally
different for the Underemployed, Labor, and Manage-
ment-Professional populations, there is an attractive-
ness for each of the three classes determining the rates
at which they are drawn to the city and how effective
the city is in holding them there once they arrive.
Forrester inadvertently confuses many readers when he
gives the attractiveness indicators the following three
apparently unrelated names: Attractiveness for Migra-
tion Multiplier (AMM), Labor Arrival Multiplier
(LAM), and Management Arrival Multiplier (MAM).
The identical modeling function of the three attractive-
ness multipliers is indicated in Figure 1.

The attractiveness multipliers are especially impor-
tant in that they reflect the population’s response to a
variety of ‘“incommensurables.” Population, housing,
housing programs, economic advancement potential,
publie expenditures and employment opportunities are
reduced to a common scale or commensurated (differ-
ently for the three classes) to give a composite attrac-
tiveness for each class. For example, attractiveness for
the Underemployed population increases with increased

Underemployed Labor
or Management-Professional

Population
~ P \\
Departures Arrivals
/
7
7
£
Depqrture Perception
Multiplier Delay
£
//
\\ Attractiveness\ ~ 7
N Indicator:
AMM, LAM
or MAM
/
/
I Population
\\ Housing Stock

~—g] Housing Programs
Advancement Potential
Public Expenditures
Employment Opportunities

Figure 1—A flow diagram summarizing how the attractiveness

indicators are used to influence the arrivals and departures for the

three socio-economic classes (see Urban Dynamics, pages 134, 160
and 165)



Understanding Urban Dynamics 633

housing programs, economic advancement potential,
public expenditures, and employment opportunities,
but decreases with increased Underemployed population
(reflecting more competition for jobs, housing, ete.).
Wherever differences in attractiveness exist, the popula-
tion gradually migrates to the more attractive area,
and the changed population distribution gradually
reduces the difference in attractiveness.

Significant differences in attractiveness can exist
only across boundaries where migration is restricted
(e.g., between cities in Mexico and California). Within
the United States, however, attractiveness is essentially
constant. When all components of attractiveness are
considered, New York City, Chicago, Colorado Springs,
and Bend (Oregon) have very nearly equal attractive-
ness for a given socio-economie class.

Another important part of the model is the deserip-
tion -of the factors that determine how fast people
advance from Underemployed to Labor and from
Labor to Management-Professional. The rate of
advancement from Underemployed to Labor (UTL) is
particularly important, since it is only through this
transition that the Underemployed can escape poverty.
The conditions that influence UTL are total labor and
underemployed jobs, Labor and Underemployed
populations, education level of Underemployed, job
training programs, and the ratio of Labor (teachers)
to Underemployed (students).

THE FAILURE OF CURRENT URBAN
PROGRAMS

The importance of the advancement and attractive-
ness concepts can be seen in Forrester’s analysis of
current urban programs. In actual practice, these
programs generally have a similar and characteristic
development pattern: an initial period of slight improve-
ment and generation of hope, followed within a few
years by readjustments within the urban system which
result in a loss of gained ground and general disillusion-
ment of the Underemployed. The net result has been
increased concentrations of Underemployed, continually
decaying conditions, and growing hostility of the
Underemployed toward the “System’ and toward the
“Establishment’’ that they think controls the “System.”
Actually, as Forrester’s analysis shows, the failure of
our urban programs is due not to the control of the
establishment, but rather to a collection of feedback
processes that are at work within the system and are
almost beyond the influence of the establishment. The
advancement and attractiveness concepts are important
in understanding the operation and effects of these
feedback processes.

Programs start
improving conditions
for the
Underemployed

Reduced
attractiveness
for
Underemployed

{Negative
effect)

Increased

attractiveness for

the Underemployed
perceived.

Reduced
capacity of
Underemployed to
develop their own
environment

Migration
into the area

Reduced increases slightly;
advancement and slightly fewer
employment are leaving.

potential for
Underemployed

Increase
congestion and
crowding

Reduced
attractiveness to
Management- Professionals
Labor and
business

Increased
pressure for
Underemployed
housing

Increased
competition for
available land;

less land available

at higher prices

Figure 2—Illustration of two negative feedback loops which tend
to undermine the effects of direct aid to the underemployed

There are many interacting feedback processes that
cause urban problems to feed on themselves and make
failures of our urban programs, but in a highly simpli-
fied way, two of the most dominant interactions are
illustrated in Figure 2. Shortly after the initiation of
any given program (housing, food, health, job training,
ete.), conditions for the Underemployed do measurably
improve, and the improvement encourages continuation
of the program. In time, the increased attractiveness of
the area is evident to the Underemployed, and, as a
result, a somewhat larger number move into the area
and a somewhat smaller number leave than would
have, had the attractiveness not increased. There
follows a period of somewhat expanded growth of the
Underemployed population in the area, and this
population growth increases the pressures on the avail-
able schools, housing, employment opportunities,
shopping and recreational faecilities, and transportation
systems. The effects of this first feedback loop are felt
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within a few years when the increased crowding and
congestion begin to drop the total attractiveness back
toward what it was before the program was started.

The effects of the second feedback loop are delayed
by another few years. The enlarged Underemployment
population, which resulted from the initial success of
the program, increases the demand for Underemployed
housing. As a result, Underemployed housing competes
more and more vigorously for available land. This
competition not only takes vacant land but preserves
very decayed housing stock that might otherwise be
destroyed to permit an alternative land use. The in-
creased demand for Underemployed-housing land-use
drives up the cost of land for Labor and Management-
Professional housing—thus reducing the attractiveness
of the area for these two populations. This reduced
attractiveness for Labor and Management-Profes-
sionals, combined with the more intense competition
for land, implies more business expenses, fewer business
opportunities, and increased difficulties for all forms of
business activity. Declining business activity reduces
the advancement potential for the Underemployed.
The lowered advancement potential in turn diminishes
the chances of the Underemployed escaping from the
urban poverty trap, destroys their chances of improving
their living conditions, and increases their frustration
and hostility.

THE PROBLEM AND FORRESTER’S SOLUTION

The really basic problem is this: Given the existence
of feedback processes which tend to counter the effects
of direct improvements, how can a city best improve
the lot of its Underemployed with the limited resources
it has available? Forrester’s approach to this problem is
significantly different from many approaches used in
the past. He does not start by stating what cities
should be like but rather asks the very practical
question: In what ways can the urban system be made
to operate differently? The effects of changing the way
the system works are then investigated with the model,
and the “best” alternative is recommended.

But “‘best” for whom: the rich, the poor, the absentee
landlords, the stock brokers? What values are to be
used in judging the possibilities? Forrester doesn’t
explicitly discuss the values he uses, but implicit in his
discussions of the alternatives are two values: the
solution must be lasting (decades at least) as opposed
to temporary (a few months to a few years), and the
solution must lead to increased upward economic
mobility for the Underemployed. Others (slumlords,
for example) might have different objectives and values
to use in evaluating the results of the computer runs,

but the values behind Forrester’s discussions deserve
careful consideration. Temporary solutions have pro-
duced much disillusionment, frustration, and resent-
ment among the urban poor, and while the poor may
not be able to agree on which particular urban condi-
tions are most in need of improvement, increased
upward economic mobility provides them with both
hope and freedom of choice.

Forrester’s choice for the best way to revive a
decayed urban area is to demolish five percent of the
slum housing stock (some of which would have been
destroyed anyway and much of which is already
vacant) each year and to provide business encourage-
ments that increase new enterprise construction 40
percent over what would have occurred under the
same conditions without the added incentives. The
demolition need not involve active intervention by the
city; it is probably best accomplished through changes
in tax laws and zoning. The increased availability of
land improves the attractiveness of the area to business,
Labor, and Management-Professionals. This in turn
results in an upsurge in the demand for labor, which in
turn increases the opportunities for upward economic
advancement for the Underemployed. As the area
becomes more of a place for the Underemployed to get
ahead, its attractiveness to the Underemployed begins
to increase, and if unchecked, a new Underemployed
inmigration (and a resulting demand for Under-
employed housing) would within a few years increase

. competition for the available land to the point that

business opportunities (and the associated advance-
ment potential for the Underemployed) would again be
decreased. In Forrester’s solution*** attractiveness
and migration are limited by reduced housing stock
available to the Underemployed.

COMMON MISUNDERSTANDINGS

Forrester’s proposed program of slum housing
demolition provides an interesting demonstration of
need for more than intuition in predicting the dynamics
of urban systems. Intuitively it would seem that slum
housing demolition could do nothing but make housing
scarcer and ultimately drive the Underemployed out of
the area. At first glance, the analysis from the model
also seems to support these conclusions, in that the
ratio of Underemployed to Underemployed-housing
increases significantly. But something else is happening.
The net immigration of Underemployed increases by
almost 4,500 persons per year, a factor of approxi-
mately 450. Why? Because even though housing is

*** See Urban Dynamics, Section 5.7.
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tighter, the increased business activity and potential
for economic advancement actually make the area very
attractive to the Underemployed.

It seems paradoxical that reduced housing makes it
possible for more Underemployed to migrate into the
area. In spite of the inereased influx, the Underemployed
population actually decreases by 10 percent because
many more are advancing into the Labor population.
The net annual-advancement-rate from Underemployed
to Labor rises from about 5,500 to just over 9,000
persons per year, 165 percent of the old rate. In con-
trast to the urban renewal programs of the fifties, this
program works slowly and does not completely disrupt
and destroy whole communities. In Figure 3, the
effects of the program on population movements to,
from, and within the urban area are illustrated. In
addition to being economically viable, the area is now
an efficient upgrader of the population. The overall
effects are indicated in Table I.

OMISSIONS?

The Urban Dynamics work has been eriticized for the
omission of a variety of factors that are alleged to be
central to the urban problem. Influences of the suburbs,
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Figure 3—Equilibrium population flows before and after revival.
The dashed lines represent the boundary of the urban area

TABLE I—Changes in the Population Mix and Land Use
Distribution Resulting from Slum-housing Demolition
and Industry Encouragement

Equilibrium! Revival?  Percent
Mode Mode  Difference

Land used for income-~

producing activities

(acres) 5,800 8,600 +509%
Land used for housing

(acres) 75,700 77,900 + 3%
Ratio of housing-land to

income-producing land 12.96 9.05 —-30%
Management-Professional

population 71,000 109,000 +509,
Labor population 393,000 600,000 +509%,
Underemployed population 377,000 336,000 —~109,
Total population 341,000 1,045,000 +2009%,

! This is the starting-point for all runs in chapter five.
2 See chapter five, section 5.7.

transportation systems, discrimination, pollution, and
“external driving forces” are among the factors fre-
quently cited. Although some of these factors are very
important to certain urban phenomena, the urban
dynamics model already contains enough detail to
produce the urban phenomenon about which the book
is written: the concentration of large numbers of
relatively unskilled people in decaying sections of our
cities. Additional details are likely to make an already
complex model more confusing, and unless they can be
shown to be required to produce the problem under
study, extra details are probably best left out. Some
comments on several of the frequently-noted ‘‘omis-
sions’’ are given in the following paragraphs.

First, Urban Dynamics does not assume (as has been
asserted) that the dynamics of urban areas are in-
dependent of depressions, world wars, technological
change, earthquakes, and other “external driving
forces.” What Urban Dynamics does assume is that the
management of a given urban area has little or no
influence on the external forces acting on the area, and
that, come what may, urban areas must be managed as
effectively as possible. Although uncertainties may
dictate a more or less cautious advance, Urban Dynamics
asserts that effective urban management is possible in
spite of uncertainties. The effectiveness of urban
management seems to be limited not so much by an
inability to predict the future course of external driving
forces as by an inadequate understanding of the time-
dependent consequences of the many non-linear feed-
back processes at work.

Concerning suburbs and their effects, it should be
noted that every city is in competition with its environ-
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ment (that is, the remainder of the nation) for people
and industry. A city’s suburbs are a part of its environ-
ment, and this basic competitive influence of the
suburbs on a city is included in the attractiveness and
migration concepts of the model. A city’s suburbs are
different from the remainder of its environment only
in that they are close enough to the city to allow sub-
urbanites to commute to jobs in the ecity without
actually living in the city.

The definitions of the attractiveness indicators and
the system boundary are closely related to the suburbs
question. In defining the term ‘‘urban area” and in
specifying the system boundary, Urban Dynamics
assumes that the population both lives and works in
the “urban area” inside the system boundary. In
determining the migration rates, the attractiveness of
the area as a place to work is not differentiated from
the attractiveness of the area as a place to live. Day-
time and nighttime populations are equal. In this
approximation, some very important effects can and

“have been studied. It is interesting to note, however,
that the conditions resulting from Forrester’s solution
(good business activity, many job opportunities, a
shortage of housing—especially for labor (Labor-to-
Housing Ratio=1.332)) are exactly the conditions that
lead to tremendous highway-expansion programs and
suburban growth. An expanded suburban population
that is allowed to enjoy the attractiveness of the city as
a place to work and to enjoy the attractiveness of the
suburbs as a place to live would probably have a
significant impact on Forrester’s recommended solu-
tion. Without expansion, the model cannot analyze
this impact. The book does, however, suggest ways of
minimizing the effect.

Although racial discrimination has declined during
the last decade, it is still a significant problem for many
Americans—but not their only (and perhaps not even
their most serious) problem. But through preocecupation
with the discrimination issue, there is danger of losing
sight of a basic obstacle to the economic recovery of the
vietims of diserimination. Diserimination in the past

has put many more blacks than whites into the Under-

employed category, and now this imbalance makes the
basic problem of the Underemployed appear to be a
problem of diserimination. But the problems of Watts
and Harlem have common roots with the problems of
Appalachia. The Underemployed—Dblack or white—are
trapped by the same basic mechanism. If today we
could completely eliminate all diserimination (and who
could deny that a significant amount still exists), the
Underemployed black’s problem would not be solved.
As an Underemployed person, the “System’” would
keep him right where he is in the inner city ghetto,

with virtually no hope of escape. Urban Dynamics
describes the basic obstacle to his advancement and
indicates how, and at what cost, the “System’ can be
made to work for the Underemployed, black and white.
Until the feedback processes at work in the System are
better understood by our leaders and by the general
public, many obstacles to the advanecement of Under-
employed blacks will continue to be easily confused
with discrimination.

Although it cannot be called an omission, the
“infinite environment’’ approximation has concerned
many people. The urban area of the model is located in
an ‘“environment’” which acts as an infinite source (or
sink) for people of the three socio-economic classes.
Migration rates depend only on the relative attractive-
ness. The attractiveness of the environment is independ-
ent of the number of people that are drawn from it or
added to it. More specifically, this approximation enters
the model through the assumption that, on an annual
basis, an urban area for periods of at least 50 years can:

(1) draw the equivalent of 1 percent of its Under-
employed population from its ‘“environment,”

(2) deposit into its “‘environment” about 1.5 percent
of its Labor population,

(3) deposit into its “environment” about 6 percent
of its Management-Professional population,

without significantly altering conditions in the “environ-
ment.” One city, critics argue, can probably do this, but
if all cities were doing this (as they might if Forrester’s
solutions were adopted as federal policy) conditions in
the “environment’” would change. It is then argued
that the ensuing changes in relative attractiveness
would lead to different conditions than those suggested
in Forrester’s analysis.

Since the departing Labor and Management-
Professional population could well be used in starting
new communities (which will be needed if our popula-
tion continues to grow as assumed in the model), the
most likely change in the environment would be a
drying up of the source of Underemployed. This seems
unlikely to destroy the usefulness of Forrester’s sug-
gestion.

THE MESSAGE

In spite of its first appearance, much of what Urban
Dynamics says closely resembles what urban experts
have been saying for years. There is nearly complete
agreement, for example, that the fundamental char-
acteristics of a decayed urban area are an inappropriate
population mix and an economically unsatisfactory
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distribution of land use. Without Managers and
Professionals to recognize opportunities and to organize
income producing activities, and without a large Labor
population from which skills ecan be learned, it is not
surprising that the economic advancement of the
Underemployed living in decayed urban areas is rather
limited. Yet relatively inexpensive shelter, welfare
income, televised entertainment, public transportation,
and municipal services attract the Underemployed into
our urban poverty traps. As the number of Under-
employed in an area increases, many small changes
interact to shift land use toward housing and away from
income-producing activities. This is another way of
describing what Forrester calls excess housing. This
mode of operation in which problems feed upon them-
selves and in which the Underemployed are trapped for
generations is widely agreed to be The Urban Problem.

The new and important contributions that Urban
Dynamzics makes are in three areas. First, it describes
the basic characteristics of the urban system which
cause decay to feed on itself. This phenomena is com-
plex and not easily summarized, but a particularly
important aspect of it is the close coupling between
land use and population mix. As is very clearly illus-
trated in the book, neither land-use nor population-mix
can be managed independently. A change in one always
produces a change in the other. Municipal responsi-
bility for land-use management has long been recog-
nized, but the fact that every land-management and
municipal-service decision affects the relative attrac-
tiveness of the area to the various socio-economic
elements of the population (and thus determines the
population mix) has only rarely been openly discussed.
Urban Dynamics discusses this point quite openly and
points out how land-use policies, tax laws, assessment
practices and zoning procedures play a major role in

bringing together the population-mix we find in our
slums.

A second and related contribution is the analysis of
the failure of past urban programs to achieve any
lasting impact on the basic problem. Urban renewal
(as practiced in the fifties) and the relocation of
Underemployed in low-rent suburban housing have
either completely destroyed and replaced a community
or transplanted the Underemployed to a new location
where they are needed and wanted no more than they
were before the relocation. These brute force solutions
do not recognize and deal with the basic causes of the
difficulties and can lead to nothing more productive
than localized temporary improvements.

The final and most significant contribution of Urban
Dynamics is that it provides an approach through which
even a single city, acting alone, can make a lasting and
significant impact on the distribution of land-use and
the population-mix in its blighted urban areas. The
solution does not involve pushing the Underemployed
out but rather gradually attracting Management,
Labor, and business back. This approach requires
patience, tenacity and understanding, but it treats
the problem rather than the symptoms. Lasting solu-
tions will be achieved only when the underlying feed-
back processes are recognized and dealt with. Some
basic changes and new responsibilities for municipal
management are required, but only if we establish as
our goal the rebalancing of both the population-mix
and the distribution of land-use to maximize the upward
economic mobility of the Underemployed, can we hope
to eliminate the frustrations of our inner-city Under-
employed and the explosive atmosphere that ac-
companies their disillusionment. In that cities have
open to them an effective, independent, and imperative
course, they are truly “masters of their own fate.”
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INTRODUCTION

Use of mathematical modeling techniques to assist
bank management in managing the sources and uses
of funds has become the subject of increasing bank re-
search effort. This emphasis on use of modeling tech-
niques stems from a concern that planning and manag-
ing for a sustained inerease in bank profits is becoming
increasingly critical.

A recent study' showed that while bank profits
tripled in the decade 1958-1968, much of this increase
is due to unusual factors such as rising interest rates,
reduction in excess liquidity and the impaect of now dis-
continued accounting practices. The improvements re-
sulting from these factors will not be available to the
industry for future profit growth. In addition, this
study and others®?® forecast that the nature of credit
demand and deposit supply will also change signifi-
cantly. To maintain profitability, bank management
will therefore have to revise their concepts about bal-
ance sheet structure and utilize techniques which
permit banks to assume more risk in their mix of assets
and liabilities. Furthermore, they need to improve the
profit margin on funds managed through more oppor-
tunistic lending and investment policies and more
sophisticated funds management techniques.!

For these reasons, Bank Administration Institute
has undertaken a multi-stage project to develop a
series of balance sheet management models. The initial
prototype, now in the testing and demonstration phase,
is desecribed in this paper. Following an introductory
discussion of decision-making problems in banks, the
paper outlines the approach BAI has taken and de-
seribes the major features of the model, including the
handling of the man-machine interface.

CLASSIFICATION OF MANAGEMENT
PROBLEMS FACING BANKS

Managing a bank consists largely of continually de-
termining the mix of sources and uses of the bank’s
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funds in order to maximize long term performance
while simultaneously satisfying certain constraints* of
the regulatory agencies. These constraints are designed
primarily to proteet depositors. From the stockholder’s
perspective, future performance is defined in terms of
the expected future return and the uncertainty associ-
ated with that return. Stated another way, manage-
ment must choose the appropriate combination of re-
turn and risk which maximizes performance from the
view of the stockholders. To achieve this optimum
trade-off between risk and return, management must
make a variety of decisions which directly or indirectly
affect the mix of sources and uses of funds.

For purposes of applying modeling techniques, de-
cisions can be classified into three types:

Long term strategic decisions

These relate primarily to the overall level and direc-
tion of the bank’s business. Examples include:

o Introduction of major new services

o Expansion of physical facilities

¢ Implementation of marketing programs

e Recruitment and development of personnel

Major decisions in these areas tend to be made rela-
tively infrequently, have a gradual impact on bank
performance and are usually made only after lengthy,
in-depth studies. It would be desirable to have models
to aid in these decisions as they substantially determine
the ultimate growth and profitability of the bank.
However, the large amount of necessary information
required, the difficulties in quantifying the interrela-
tionships among the many variables, and the uncer-
tainties involved make this task extremely difficult.

Intermediate term balance sheet management decisions

These decisions relate to average levels of sources
and uses of discretionary funds for periods of a month
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or more in length and a planning horizon of perhaps
one to two years into the future. Examples include:

» Balancing anticipated sources and uses of funds to
meet liquidity and captial adequacy constraints
while maximizing profitability.

o Allocating funds between loan and security port-
folios and, within these portfolios, among asset
‘units of various types, maturities and yields.

o Determining appropriate adjustments to make if
actual flows of sources and uses of funds deviate
significantly from the expected.

These decisions are made relatively frequently and
have both an immediate and long term impact on bank
performance. In the long run, the overall yield on assets
held and the cost of funds used are affected. In the short
run, a decision to reallocate assets could result in sell-
ing securities at a substantial gain or loss thereby
drastically affecting earnings for that reporting period.
In contrast to the problems of modeling long term
strategic decisions, these decisions require relatively
less information, which in turn is much less resistant to
quantification.

Short term money management

If balance sheet management is concerned with the
bank’s average position in very short term funds over
a span of time, money management is concerned with
handling of daily fluctuations around this average.
Models for these latter decisions seem to offer limited
opportunity for profit improvement because of the
relatively small percentage of total assets involved in
short term funds.

BANKMOD I: modeling intermediate term, balance
sheet management decisions

Based upon this analysis of bank management de-
cisions, BAT has decided to concentrate on modeling
the balance sheet management problem with particular
emphasis on the management of the security portfolio
-and borrowed or purchased funds. This problem is sus-
ceptible to quantification while at the same time offer-
ing potential for a significant payout. ’

USE OF DISCRETE SIMULATION APPROACH

Much of the earlier work on balance sheet or asset
management models was based on optimization tech-
niques.®® The asset management problem resembled
the resource allocation problem in industry and at-

tempts were made to apply linear programming tech-
niques to its solution. With bank asset management,
however, serious difficulties arose in properly quantify-
ing the many variables and their interrelationships and
in adequately specifying an objective function. Ac-
ceptance was further hindered by difficulties in gaining
management understanding of the optimization ap-
proach, its benefits and its limitations. Additionally,
decision-makers had fears of becoming obsolete and
being replaced by some mechanized decision process.
It is not surprising, therefore, that asset management
optimization models have not been widely accepted.
The effort expended in their development has, how-
ever, been useful in contributing to a better under-
standing of the problem.

The intoduction of time-sharing with conversational
capabilities permits use of interactive simulation to
handle problems not readily amenable to optimization
techniques. This approach eliminates the need to ex-
press a manager’s judgment in the form of a utility
function to drive an optimization model. Rather, with
interactive simulation, the manager is included in the
solution-finding process. He can ask “what if”’ ques-
tions and use his judgment to evaluate the answers.

In bank .balance sheet management, finding the
“best”’ possible policy requires evaluating often con-
flicting components of performance. For example, an
increase in profits may coincide with a deterioration in
the bank’s liquidity and capital positions (i.e., cause
the bank to be considered less ‘“‘safe’” from the de-
positor’s point of view). It is simpler to provide the
banker with information on the effects of various asset
management policies and use his expertise to select the
appropriate solution. The banker’s judgment is brought
to bear upon the problem of selecting the most desirable
trade-off between profit and safety.

This approach greatly simplifies the problem, re-
ducing both development and running costs.-It is also
attractive to management in that the decision making
process in the simulation corresponds to that used in
the real world. This understanding of the decision
process facilitates management acceptance of the simu-
lation results. In contrast, bank managements have
apparently been more reluctant to aceept the preserip-
tions of an optimization model because of failure to
understand how such decisions are developed and an
unwillingness to have a machine appear to take over
the management role.

DESCRIPTION OF BANKMOD

The previous sections have shown need for a decision
aid for managing the balance sheet and outlined the
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approach BAI is taking to it. This section describes the
resulting model. The paper will not discuss the under-
lying mathematical structure which cannot be treated
adequately in the space available here. The interested
reader is referred to special literature on banking,
especially Gray, Kenneth B., Jr., “Managing the Bal-
ance Sheet: A Mathematical Approach to Decision
Making,” Journal of Bank Research, Spring, 1970,
which presents a mathematical structure related to
BANKMOD.

Overview of the model

The model is a “what if . . .”’, or statement projection
model. Basically, it is a financial reporting system
computing future bank statements resulting from the
impact of environmental changes and user decisions on
the initial state of the bank. These financial statements
and various analytical reports provide the banker with
the information he needs to select the most appropriate
decision strategy.

Prior to running the model, the user develops a set
of environmental assumptions consisting primarily of
his forecast of future interest rates and of deposit and
loan levels. He also enters the initial state of the bank
including balance sheet and portfolio data.

With the assumption set and the initial state of the
bank, the simulation can be run without user decision.
The model then computes income, takes maturities,
and adjust loans and deposits to the forecasted levels.
An excess or deficit of funds is handled by sale or pur-
chase of Fed funds.

While the simulation can be run without any user
decisions, normally the banker would interact with the
simulation. This interaction of the user and the model
is illustrated in Figure 1.

His decisions would include reinvestment of funds be-
coming available (rather than simple handling through
Fed funds), portfolio shifts for yield and appreciation,

ENVIRONMENTAL
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Figure 1—Interactive simulation process
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Figure 2—Tterative development of the optimal decision set
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purchasing funds (e.g. issuing CDs), and changing
the bank’s financial leverage. Upon completion of a
simulation run, the user can save the decision set and
use it in a subsequent simulation where modifications
to that decision set can be made. Successive iterations
can be run until the decision set is considered to be
reasonably optimum.

At this point another feature of the model can be
utilized to test the decision set against different assump-
tions about the environment. Figure 2 illustrates how
this feature of the model operates.

The user, after developing a satisfactory set of de-
cisions for the most likely environment, then tests this de-
cision set against assumption sets which represent devia-
tions from the expected (e.g., higher loan demand and
interest rates, lower loan demand and interest rates).
This permits the decision set to be tested for its sensitivity
to deviations of the economic environment from that
which is expected. This sensitivity analysis is performed
simply by calling in an alternative assumption set and
running the saved decision set against it. Should analy-
sis reveal that the decision set is not sufficiently hedged
against adverse changes in the environment, the de-
cision set can be modified appropriately.

Structuring BANKMOD into decision periods and
decision points

To make BANKMOD conform as much as possible
to reality and still be manageable, the planning horizon
with which the banker is concerned is divided into a
specified number of periods of uniform length (e.g.,
month, quarter). Within a period the model considers
the environment to be constant. Balance sheet changes
ocecur only at the points separating the periods (the
“decision point’’).

In reality, however, not only does environment
change continuously, but decisions are also made con-
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Figure 3—Continuous and discrete environment

tinuously rather than at discrete decision points. Thus
the concept of a steady state during the period intro-
duces an element of artificiality with some slight dis-
tortion of income eomputations. However, this distor-
tion is not considered to be of consequence for several
reasons. First of all, forecasts of deposit and loan levels
are assumed to be the averages prevailing during the
period. Second, although security maturities are con-
sidered to occur at the end of the period during which
they actually occur, the income distortion is minor. The
discrepancy in earnings is limited to the difference be-
tween the yield of the maturing security and the rate at
which the proceeds of the matured security would be in-
vested, this difference multiplied by the time between
actual maturity date and the end of the period.

In any event, deviations due to the decision period
convention are small compared to potential errors in
the rate and level forecasts embodied in the assumptions.

Balance sheet updating
When the simulation is run all adjustments to the
balance sheet can be considered as occurring at the

decision points. These adjustments are of two kinds:
automatic and user decisions.

Income

!
T A Yield * t

€< t—>
€——— Period——>

Figure 4—Effect of decisions at discrete points

Several types of automatic adjustments occur:

o Deposits and loans are adjusted to the levels fore-
casted in the assumption set.

o Securities, CDs, and other borrowed funds with a
maturity structure are matured automatically.

o Certain balance sheet categories are adjusted in
relation to others. For example, reserve is set
automatically to the legal minimum required by
deposits.

e Other categories are adjusted to reflect acerual of
income. For example, book value of securities is
adjusted to reflect amortization of premiums and
accretion of discount. Equity is adjusted to reflect
earnings.

These changes occur regardless of any decisions by the
user.

Adjustments also oceur as the result of user decisions.
These include:

Purchase or sale of securities.
Issuance of large, negotiable CDs.
Sales of capital notes or debentures.
¢ Issuance of stock.

These decisions can generate further adjustments of
the automatic type. For example, a decision to issue
CDs will also cause an automatic adjustment in
reserve.

Because the net effect of automatic adjustments and
user decisions are unlikely to be exactly offsetting, any
discrepancy between a change in the source of funds
and a change in the use of funds is handled by the
purchase or sale of Fed funds. Excess funds earn at
the Fed funds rate; a deficit is charged at the Fed
funds rate.

Performance reporting

The major feedback to the user in the interactive
simulation process is the system of reports available
from the model. These reports resemble those which
would normally be furnished by a bank’s accounting
system. They provide information on operating income,
security gains and losses, the composition of the balance
sheet, status of the portfolio and a variety of analytical
ratios. One set of reports provides information regard-
ing performance and status for the period being simu-
lated and highlights the impact of the user’s decisions
for that period. These reports are designed to aid the
user in further decision-making. The second group of
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reports shows results for the entire simulation horizon
to facilitate comparing the results of one simulation
with another.

Uses of the model

The BAI simulation model is especially helpful in
aiding management decision-making because it provides
a consistent, comprehensive technique for examining
sets of decision alternatives under a variety of assump-
tions about the economic environment. Specifically it
aids management in analyzing a set of decisions accord-
ing to the following criteria:

o Change in average yield earned on securities (paid
for purchased funds).

¢ Related effect on liquidity and capital adequacy of
portfolio changes to improve yield.

o Cost of providing funds through sale of securities
if supply of funds is inadequate to meet forecasted
demand.

» Opportunity to improve earnings performance by
aggressively managing the security portfolio for
market appreciation.

o Improvement in earnings resulting from changing
the leverage of the bank (ratio of assets to equity).

The model is therefore designed to quickly summarize
performance and balance sheet status according to
these criteria and to evaluate a decision strategy and
its sensitivity to changes in the economic environment.

SYSTEM DESIGN

Since BAI is an organization supported by a majority
of banks in the U. 8., it was of the highest priority to
develop a model which would help not only a few very
large banks but which would also be of use to medium-
sized and smaller banks as well. This requirement has
been recognized in several ways. A bank using BANK-
MOD can tailor a model to fit his bank by including
only those balance sheet categories, and associated
routines, which are appropriate to his bank. In addi-
tion, the model is designed to run on a nationwide
time-sharing system thereby enabling any bank to ac-
cess the model by simply installing a terminal and
paying for the necessary CPU and connect time.

The interactive simulation process deseribed above
is embedded into a very powerful system with several
large programs working together. The individual pro-
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Figure 5—Formulate mode

grams or modes of the system are:

Formulate
Assumption
Real State
Input-Forms
Query
Simulate

Originally, these modes are programs in the shared
library of the T/S company. When run, they build and
utilize files in the user’s private library. This guarantees
security for the user’s proprietary data, such as the
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initial state of the bank and forecasts of loan and
deposit levels. The major features of the model can be
described in terms of these modes.

Formulate Mode

In the Formulate Mode (FMODE) the user inter-
actively tailors the model to fit his needs. Figure 5
illustrates how the user formulates a specific model for
his bank. The pattern of interaction with the user is
for the program to print the data to the left of the
question mark while the user’s response immediately
follows the question mark.

The user establishes the various parameters of the
model. In addition to the basic balance-sheet structure,
he can add optional asset and liability eategories which
may be appropriate to his bank. He can also provide
further breakdowns of loan and deposit categories as
desired.

In this mode the user also defines the length of a
period ‘to fit his requirements for accuracy, and the
number of periods to be simulated. He also defines the
size and degree of resolution incorporated in the port-
folio array structure. FMODE uses this information to
specially tailor all the other modes. That is, when the
other modes are run, all their arrays, records and files
are custom-built in order to run the program more
efficiently, particularly to minimize response time.

The user normally runs FMODE once to ‘“‘establish”
his model bank, but may set up additional models
with different period lengths and different levels of
balance sheet detail.

Assumption Mode

In the Assumption Mode (AMODE) the user de-
scribes the economic and institutional environment in
which the simulation will take place. Certain assump-
tions, primarily economic, must be forecast for each
period in the simulation. Examples are yield curves,
loan and deposit levels and Regulation Q limits. (See
Figure 6 for an illustration of a completed page of the
named assumption input form.) Other assumptions are
considered to remain constant over the entire planning
horizon. These include assumptions such as bid-ask
spreads and tax rates.

The user can establish several sets of economic as-
sumptions and assign each a name. One set may repre-
sent the environment considered most likely to prevail.
Another may be based upon a more active economy
with greater loan demand and higher interest rates. A
third may forecast a less active economy with all its
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LINE
KEY MARKET DETERMINED RATES (XXeX)
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PRICE OF BANK'S STOCK

Figure 6—Illustration of assumption input

implications. Each set, however, must be internally
consistent. These sets of assumptions are used to check
the sensitivity of one set of decisions against different
economic forecasts.

The amount of data required for each named assump-
tion set are approximately 100 items per period in the
simulation horizon. Additionally, about 75 items are
required to specify certain institutional factors which
remain constant over all periods in the simulation and
all environment forecasts. The actual number of items
will depend on the size of the formulated model.

Because of the amount and importance of the data
entered as assumptions, considerable attention was
given to insure the efficiency and accuracy of the input
procedures. The model will generate forms for the
banker to use in assembling the required data. Once the
data have been prepared, a technical assistant can be
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used to enter the data through the terminal keyboard.
As the data are entered, the program intensively checks
for technical validity and, to some extent, checks for
logical validity as well.

Another feature permits the user to develop a set of
assumptions which are a partial modification of an es-
tablished set. The established set is copied under a new
name and the user then makes the desired modifica-
tions to this newly generated set.

Real State Mode

The Real State Mode (RMODE) is used to enter
the most recent actual ‘“state of the bank” data. This
includes the current balance sheet amounts and a some-
what aggregated description of the portfolios.
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Figure 7—Ilustration of real state input

The model will generate forms for assembling the
necessary data. (See Figure 7 for an illustration of a
completed page of the real state input form.) The data
would then be entered manually through the terminal
keyboard. For those banks which have automated gen-
eral ledger and portfolio files, it would be possible to
use a utility program to transform the data to BANK-
MOD specifications and transmit it directly into the
model.

Input Forms Mode

This mode (IMODE) provides the input forms de-
seribed for the AMODE and RMODE. The user speci-
fies the number of copies and whether they should be
printed in-house on the terminal or on a high speed
printer at the computer center for mailing to the user.

Query Mode

The Query Mode (QMODE) provides for conve-
nient access to certain permanent files that are kept on
the computer. For example, it might be necessary to
get the contents of the portfolio files if this information
has been misplaced since the last run, or it might be of
interest to check the nature of certain decisions for a
certain period while performing a sensitivity analysis.

Simulate M ode

The Simulate Mode (SMODE) is the heart of the
whole BANKMOD system. Here all the work, outlined
above in the description of BANKMOD, is carried out.
The user proceeds period by period from the initial
state of the bank (as entered in RMODE) to the end
of the planning horizon. In doing so, the user requests
specific information, makes decisions regarding the dis-
cretionary assets and liabilities, and ecalls for various
performance and analytical reports.

Within each period, the decision-making process is
an interactive conversation as portrayed in Figure 1
above. The user requests information about the status
of the bank, makes appropriate decisions, and calls for
reports of various levels of detail to evaluate the impact
of his decisions. These reports are called ‘“‘snapshot”
reports and show performance data for only the period
being simulated. When satisfied with the decisions for
a period, the user causes the simulation to proceed to
the next period until the end of the simulation horizon
has been reached.
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Once the user has completed the decision-making
process over the entire horizon, he can obtain so-called
“horizon” reports summarizing performance and status
over each period and in total for all periods. These re-
ports can be used for comparing the results of separate
simulation runs. This can be done to evaluate different
decision sets (representing different strategies) or for
evaluating a decision set against several different

“environments.

The interactive decision process is discussed in more
detail in the following section of the paper where it is
used to illustrate how the model handles the man-
machine interface.

COMMUNICATIONS HANDLING AND THE
MAN-MACHINE INTERFACE

As has been intimated, it was of the highest priority
to develop a model which would help not only a few
giant banks but which would be of use to medium-sized
banks and possibly small banks as well. This directly
implies that the model must be designed to operate in
a way understandable to the bank management—its
use must not depend on a sophisticated management
science department since only the largest banks have
such departments. Further, the user should be able to
run the model and interpret the results with a minimum
of formal instruction. It seems clear, therefore, that
the acceptance and the ultimate value of the model
depended heavily on the quality of its interactive capa-
bilities. That is to say, successful use of the model de-
pends on a satisfactory solution of the man-machine
interface problem.

It has been frequently pointed out that adequate
handling of the man-machine interface is one of the
most difficult and vexing problems in using computer
time-sharing systems (or for that matter, on-line real-
time systems as well).® The difficulty involves achiev-
ing accurate, unambiguous and efficient communication
between the user and the computer. The user must find
it easy and natural to enter input data, to guide the
simulation process, and to extract and interpret simula-
tion outputs. The next sections describe how BANK-
MOD satisfies these requirements and concludes with
an illustrative run of the Simulate Mode.

Input

BANKMOD offers the user format-free input with
extensive error checking. The program prevents the
user from causing a program or system breakdown by

accidentally entering faulty responses. It also prevents
the user from entering information which does not
meet the built-in logic tests.

User-computer interaction

Great effort has been spent to make user-computer
interaction as easy and natural as possible. First, the
user communicates with the model using terms familiar
to him. Second, the communication process is stand-
ardized throughout the model, so that whatever mode
is being used, the user employs the same technique for
entering data, issuing commands, and requesting
output.

In addition, the method of communication with the
model has been reduced to two types: indicated re-
sponse and sequence-free commands. The indicated re-
sponse is used where the input cannot be sequence
free, such as entering certain parameters at the initia-
tion of the run. A simple command structure is used to
enter user decisions, requests for information and re-
ports, and simulation control commands on a com-
pletely sequence-free basis.

Once the user has become familiar with these com-
munications standards, he can run the simulation with
a minimum of distraction for system mechanies and
concentrate on the problem-oriented aspects of the
simulation.

Output

The speed and format of the output are of critical
importance. Speed of response is facilitated by the de-
sign of the system. Most of the output requires only
nominal calculation with very short response time.
Major computations with longer delays (of the order
of 10 to 20 seconds) are made only when moving from
one simulation period to the next. This design provides
the user with quick response in decision-making inter-
action and makes the longer response time when the
user is psychologically better conditioned to endure the
delay.

The proper selection and presentation of output in-
formation is also of eritical importance for a model
such as this. Not only is the total amount of data quite
large, but decisions must be based upon this data. One
of the major research efforts was, therefore, devoted to
structuring the output to maximize the information
conveyed and minimize the total data presented. For
the first evaluation of the effect of a decision, a banker
can ask for a report of a few key indicator variables.
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If necessary or desired he can then request additional
reports providing greater levels of detail. Without
this report structure whereby the user requests a spe-
cific type of information and specifies the level of de-
tail, the overwhelming amount of information would
make the interactive approach totally impractical.

Sample run

To illustrate the design concepts deseribed above,
this section concludes with a sample run. Since the
communications standards are uniform throughout
the model and the Simulation Mode is the most ex-
tensively used, a run of this mode is used for illustra-
tive purposes. (The sample run referred to in the
material following is reproduced in Figure 8.)

After the user has started SMODE, the computer is
in one of two states: either awaiting a pre-defined
indicated response or awaiting a command. Examples
of pre-defined indicated responses are shown in Figure
8 at the start of the SMODE run. The program here
requests information regarding the assumption set and
decision set to be used in the simulation. Any input
other than what is indicated will be rejected resulting
in a repetition of the inquiry. The request and response
are kept as short as possible.

Commands are given in those parts of the run which
are sequence-free. Commands are essentially of four
types—Control, Information, Decision and Report—
and all commands begin with the character ‘“*”.

Control commands steer the flow of the program. An
example in Figure 8 is the command ‘“*N” which
causes the simulation to move from decision point 0
(the starting point) to decision point 1 (the beginning
of the first full calendar quarter). Another example
near the bottom of Figure 8 is “*END” causing the
simulation to proceed to the last period and terminate.
Another control command, not illustrated in the ex-
ample is “*PAUSE”. This command stores the status
of the simulation permitting the user to sign off and
later resume the simulation at the point where he
paused. This has proved to be very convenient in the
use of the model since the user can interrupt the simu-
lation to consider decision strategy or avoid excess
fatigue without elaborate requirements for saving the
status of the simulation.

The information command is a multi-purpose com-
mand of the format “*I cat”. The abbreviation “cat”
signifies that the user specifies the balance sheet cate-
gory for which he desires information. In the sample
run, the command “*I BIL” shows the use of this
command to obtain information about the bank’s

holdings of Treasury Bills. After providing the basic
information, the program asks the user if he wishes
detailed portfolio data. If the user provides the response
“Y”, the portfolio array as shown in the lower portion
of Figure 8 is printed.

The decision command is also a multi-purpose com-
mand taking the format “*D cat’” where “cat” refers
to the balance sheet category to be changed. The use
of this command is shown at the mid-point of Figure 8.
The command “*D MUP” indicates that the user
wants to enter a decision to buy or sell prime munic-
ipals. The computer responds with the format read-
ings prescribing how the data is to be entered. The
command ‘“*D GOV” illustrates a command to buy
or sell U. S. Government bonds.

The run illustrates several uses of the report com-
mand. The command “*FUN" illustrates a request for
the current funds balance (net funds currently available
for investment). This is essentially a one-item report.
A more elaborate report is obtained by the command
“*FLASH” which shows the effect of the decisions on
certain key indicators of performance. The report com-
bines tabular presentation of data with a graphical dis-
play of the direction and magnitude of the changes
resulting from the decisions. Additional “snapshot”
reports are available providing greater levels of detail
of performance and bank status for the period being
simulated. Also, at the completion of the simulation,
the user can request various ‘“‘horizon’ reports which
summarize the simulation over all the periods in the
simulation.

The sample run terminates after asking the user
whether or not the decision set should be named and
saved for future simulations.
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INTRODUCTION

Digital logic simulation is the process whereby the ac-
tion of a logic circuit due to a specified input is pre-
dicted based upon some model of the eircuit. Logic
simulation is becoming increasingly necessary as larger
and more complex computers are built. Because of the
cost of building hardware it is not wise to commit a
circuit design to manufacture without first verifying
the operation of the circuit by simulation. This is true
even for large computers (say 50,000 gates) where
simulation will eliminate many logic errors and may
save construction of a prototype model. Simulation
may be used to predict the output of the circuit due to
specified faults as well as to predict the output of the
good (fault free) ecircuit. A dictionary is generally
compiled of the output of the cireuit in the presence
of known faults. By comparing the actual (perhaps
faulty) circuit output to the correet output, it is pos-
sible to detect and diagnose a fault in the circuit.

Many simulators have been proposed*—® which allow
simulation of the good cireuit and several have been
proposed which allow simulation of the traditional
stuck-at (stuck-at-one and stuck-at-zero) faults.
Among these simulators, the following are more signifi-
cant. Eichelberger! first proposed a simulator for logic
circuits, based on the work of Yoeli and Rinon? which
uses a ternary logic 0, 14 and 1 where logieal 0 and 1
are the Boolean 0 and 1 and the 14 represents a don’t-
know value. However, his simulation and hazard detec-
tion are based on the Huffman Model which is not an
accurate representation of a general asynchronous logic
circuit because the delay in all the gates is lumped into
the delay elements. Seshu’s Sequential Analyzer® for
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logic circuits provides fault simulation and race analy-
sis which is also based on the Huffman Model. How-
ever, only binary simulation logic is used and even
combinational logic is not simulated correctly since
hazards are suppressed due to the use of the leveling
technique. Leveling means the output of a gate is not
calculated until all its inputs are known. In this way
the output of each gate is calculated only once. Later
Chang* extended the simulator to include shorted in-
put diodes on a DTL gate. Szygenda, Rouse and
Thompson® proposed a simulator which uses ternary
simulation logic and provides various gate delays and °
ambiguity regions (regions where the simulation model
cannot predict the output of a gate). However, the
third logic value is only used for circuit initialization.
During simulation a Potential Error Flag is used to
represent the ambiguity region and an additional logic
element is required to manipulate this flag. In addition,
the uncertainty region associated with the turn-on de-
lay is assumed to be the same as that for turn-off delay.
for a gate.

The simulator proposed in this paper is the only
simulator which is able to accurately simulate the ef-
fects of shorted diode and shorted net (gate outputs)
faults in an asynchronous sequential circuit. In addi-

“tion, the gate model used here allows specification of

minimum and maximum turn-on and turn-off delays
where the interval between the minimum and maximum
delay is treated as a third simulation value z (the
ambiguity or don’t-know value). The ambiguity value
allows efficient handling of each gate (no extra elements
are required) and: the use of a new high-frequency
rejection technique. This technique provides easy sup-
pression of transient input conditions of shorter dura-
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Figure 1—Load vs transition time curves for TTL logic

tion than the appropriate minimum transition delay.
The gate model used allows detection of certain con-
strained hazards and produces a worst case timing
analysis of the circuit (based on the transition delays
assigned to each gate) for both the good and the faulty
circuit. This simulator has been implemented for cir-
cuits of up to 50,000 gates, and its speed is comparable
to that of the latest simulator.®

THE GATE MODEL

In order to provide an accurate simulation of a logie
circuit, an accurate model of each logic element is
necessary. Only gates will be simulated here since the
actual logic circuit is ecomposed only of interconnected
gates. Attempts to simulate larger modules such as

flip-flops and registers may introduce logic and timing
errors. The only exception to this rule is that a pure
delay element is allowed to simulate actual delay lines
or long wiring runs.

If the load versus time curve for a typical TTL gate
shown in Figure 1 is examined, it is apparent that the
turn-on and turn-off (transition) delays are different.
It is also known that there is considerable variation in
transition delays among supposedly identical gates. In
addition, such factors as the loading, length of the out-
put net and temperature, affect the speed of a gate.
However, if reasonable design constraints are imposed
and the gates are reliably manufactured, the transition
delays will usually fall within certain bounds. Therefore,
a logic gate may reasonably be characterized by its
minimum and maximum turn-on (0 to 1 transition) and
turn-off (1 to O transition) delays.

The turn-on (turn-off) delay is the time between
application of the input signal and the time the output
signal reaches 90 percent (10 percent) of its final value
(initial value). If the gate is operating in saturation,
the turn-off time includes the storage time as well as
the decay time of the gate (transistor). However, this
characterization of a gate is very general and may be
applied to any gate regardless of its mode of operation
or location in the logic circuit. Another factor which
must be considered is the high-frequency rejection of a
logic gate. That is, a gate will not respond to an input
pulse of shorter duration than the appropriate minimum
transition delay. Therefore, the gate model must per-
form both high-frequency rejection and account for
variations in gate transition delays. In this paper, the
gate model will be referred to as the gate, while the
real gate will be called the real or actual gate.

Assume the gate G may be characterized by the
following four parameters:

minimum turn-on delay
maximum turn-on delay
minimum turn-off delay
= maximum turn-off delay

Qe o e
I

The transition delays for G may be set to any integral
values and are typically selected based on statistical
information about the behavior of the gate being used
for some given load. If a=b and c¢=d, then the gate
model G is said to be unambiguous. If a<b and ¢<d,
then the time (b—a) or (d—c¢) is the ambigurty region
for the gate @, and the model is said to be ambiguous.
" Let * denote the absence of an element, from a vector.
Define the three operators L{G}, C{G} and R{G} on
a 3-element vector G=(X, Y, Z) as L{G}=X,
C{G}=Y and R{G}=Z. Similarly for a 2-element
vector, G= (X, Z), define L{G}=X and R{G}=2Z.
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The objectives of the gate model are: 1) to generate
and propagate an ambiguity region which represents
the uncertainty about the exact behavior of the gate,
and 2) to perform high-frequency rejection which
means the gate output does not respond to transient
input conditions of duration shorter than the appropri-
ate minimum transition delay.

The above objectives are achieved by using Gy, Gi,
Gp and Gp. Gy, called the instantaneous output of the
gate @, is based only on the truth table for G. G;=
(@1, g2), where ¢1=0, 1 or z and ¢,=0, 1 or ¥, is called
the modified instantaneous output vector. Gy is used to
introduce an ambiguity region into the output transi-
tion of the gate G (if necessary) when the input transi-
tion was nonambiguous. Gp= (gs, ¢4, ¢5), where ¢;=0,
lorz,g:=0,1,zor *and ¢gs=0, 1, z or * is called the
filtered output vector. Gp is used to perform the high-
frequency rejection and is caleulated from G; and the
present free output vector Gr of the gate. The next free
output vector Gr= ([g3, t11, [qs, £, [gs, ts]) is obtained
from Gp by associating the transition times &, & and
t; with the appropriate elements of Gp. The transition
times &, & and ¢ are the times when the output of G
assumes the values g, ¢s and ¢; respectively. It is noted
_that no times are associated with the * elements.

For the vector Gr, ¢s is the present value assigned
to the output of G and ¢, is the time G assumed the
output value ¢;. The values ¢, and ¢; are future values,
which may become the output of G at times ¢, and i3
respectively. The values ¢, and g5 will not become the
output of G if they are the result of a transient input
condition such that the high-frequency rejection will
remove ¢ and gs from Gr as explained later.

Each gate G always has a Gr associated with it to
represent its free output values. The remaining vectors
Gr and Gp as well as G5 are used only to calculate the
next Gp which will become the present free output
vector Gr for future calculation. The actual or con-
stratned output of a gate G is the output of @ in the
presence of any fault being simulated. Only one circuit
(i.e., the good circuit or one faulty circuit) is simulated
during any simulation run.

To illustrate the procedure, consider the NAND
gate G with two inputs 7 and j shown in Figure 2. Let
G have a minimum and maximum turn-on delay of 4
and 6 nanoseconds respectively and a minimup and
maximum turn-off delay of 4 and 5 nanoseconds re-
spectively. Assume that the inputs in Figure 2(a) are
2=0 and j=1 and that they have not changed for at
least 6 nanoseconds so that the output of G is 1. Also
assume that the output of G changed to 1 at time %
and that ¢ changes from 0 to 1 at {. As shown in Figure
2(b), G must change from 1 to z at f,4+4 and change
from z to 0 at {5, provided that no subsequent input

0 S A—
e NAND) e

N 7 N
GF""([' ’ T»] )[:*]’[*]) t

(@)

\1!' \".‘1”

l

Ge=([1, £1,0x][x]) Tt ta | for5

G =0 tot4
G: =(x,0)
GD=(|,X,O)

GF=([|,1’-]:[X’fo+4]’[o’1'o+5])

(b) 3 J._
=l K '
' NAND b . |,

i=0 S

> Th totot2 l tot5

6F=([|’fl];[x,fo+4]’[o’1'o+5]) tot4
Gi=1I
Gr =(xs1)
GD=(|;* y ¥ )
GF"‘(“:’&]:[*]:[*])
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Figure 2—Gate response to a transient input condition

transitions occur. The z and O are called future values
since they may become the output of G later. However,
assume j also changes from 1 to 0 at time £, +2. Then
since the future values have not yet been assigned to
the gate, the input conditions which would have caused
the 0 input were not of sufficient duration to allow the
output transition to oceur. Therefore, the gate G cannot
respond to the transient input conditions and the x and
0 are removed from the list of future values on gate G.

To calculate the next free output vector G as the
result of an input transition, the first step is to find the
instantaneous output value Gr according to the truth
table for the gate. Gt is not necessarily the actual out-
put of the gate. For the example shown in Figure 2(b),
Gr=0. The truth tables for a 2-input NAND and a
2-input OR gate are shown in Figure 3.
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o) I X 0 | X

o) I I I 0|0 I X
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X I X1 X X | X I X
NAND OR

Figure 3—Two-input truth tables

The second step is to find the modified instantaneous
output vector Gr from Gy. Let k=1 or 0 and let &’ be
the complement of k. If either G; or R{Gr} is the value
z, then Gr=(Gr, *). If Gr=k, R{Gr} =k and the
gate G is ambiguous, then G;= (z, Gy). This inserts
the ambiguity region on the output of gate G when the
input transition is nonambiguous but the gate is am-
biguous. If Gr=R{Gr} then no further processing
occurs (Gr is left unchanged) since the output of the
gate will not change. Because of this selectivity no two
adjacent elements of Gp or Gr can have the same
value.

The third step performs the high-frequency rejection,
based on the modified instantaneous output vector Gr
and the present free output vector Gz, to produce the
filtered output vector Gp. To calculate Gp the elements
of Gy are considered one at a time (first L{G;} then
R{G:}). Let the value h, where h=0, 1 or z, be the
element of Gy under consideration. The high-frequency
rejection is best explained by considering three cases.

Case I. If Gr= ([, t.], [*], [*]), where ¢=0, 1 or =,
then Gp= (7, h, *). This is obvious since it simply
says that at some time in the future, the output value
of G will change from ¢ to A. There are no restrictions
on this transition.

Case II. If Gr=([4, t.], [j, t2], [*]), where ¢, j=0,
1 or «, then consider the three groups of calculations
listed in Table I. All'the Group 1 calculations are of
the form Gr= ([k, t1], [J, .1, [*]), where jh, and the
result is Gp= (A, ¥, *). This means that previous inputs
to gate G caused an output j to be caleulated. However,
since the value j is not the present value on G (the
present value is L{Gr}), the input which caused the
output j was not of sufficient duration to allow G to
make the transition from % to j. The present inputs to
@ produce the modified instantaneous output element

k which is exactly the present output of G. Therefore,
the effect of the transient input condition is suppressed
(high-frequency rejection) and the output of G re-
mains unchanged.

The Group 2 calculations are similar to the Group 1
calculations in that the output due to a transient input
condition is suppressed. The Group 2 ealculations are
of the form Gr= ([, &1, [J, ], [*]), where =0,
lorz and j=0or 1, ¢#h, and j#h. The result is Gp=
(¢, h, *). The transient input condition which caused
the output j is suppressed, but since ¢5h, A must be
added to Gp.

The Group 3 calculations involve no high-frequency
rejection since they are simply transitions from h to A’
(where h’ is the complement of & and we define 2’ =z,
0'=1 and 1’=0). Therefore, Gr= ([%, t.], [z, t], [*])
produces Gp= (h, z, h’). No output suppression is
performed because x is either a 0 or 1. Then, on the
actual gate only an & to A’ transition will oecur some-
time between the h to x transition time # and the z to
A/ transition time ;.

Case I11. If Gr=([4, t], [z, t], [¢', ts]), for =0
or 1, then consider the following two types of h. The
first type is h=1. Since T=14 or x=4¢', the present Gr
may be reduced to Gr= ([, t1], [¢', &1, [*]). Then,
from Group 1 of Case II above Gp= (7, *, *). The
second type is h=z. Since all of the transitions which
have been considered are to occur at some time in the
future, and since any gate may have any time param-
eters, it is of no consequence how far in the future the
transitions will oceur. Therefore, rather than consider-
ing CF: (D’) tl]’ [x: t2]’ [i,’ t3]): Only a partial él’"

TABLE I—Calculation of G p Based on Gr and

Gr h Gp

Group 1

{0, 6, 1, 6,1} 0  (0,%*

([07 tl]y [x) t2]7 [*]) 0 (0) *; *

L, a,00,8, ) 1 @**

(L, &l =6, ) 1 @,*%*

([SB, tl]s [0: t2]y [*]) X (xy *’ *

([xy tl]y [11 tﬁ]y [*D X (xy *) *)
Group 2

(loy tl]: [ly t2]1 [*D X (O) z, *)

0, 0,6, ) x (1,27

(ot 0,6,) 1 1%

([.’E, tl]; [1) t2]y [*]) 0 (.'l?, Ox *)
Group 3

([05 tl]) [.’l?, tﬁ]) [*]) 1 (0) z, 1)

6,56, 0 (1,20
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needs to be considered; i.e., Gr= ([x, t,], [¢/, t:], [*]).
Then, again from Group 1 of Case II above, we have
the partial Gp= (z, *, *) and the total Gp= (¢, x, *).
In summary Gr= ([%, t.], [z, =], [¢, s]) may produce
Gp=(¢,*,*) or Gp= (7,2, *).

The fourth step simply associates the proper time
with the elements of Gp to produce the next Gp. Let
Gr=([h, t:], [m, tn], [n, t.]), where h=0, 1 or =z,
m and n=0, 1, z or *, and ¢, t,, and ¢, are the transition
times associated with the output values. Similarly, let
Gp= (1, 7, k) where =0, 1, or z, and j, k=0, 1, z or *.
By definition ¢ =h since L{Gr}=the present output of
the gate. If j=m (k=mn), then {,,({,) remains unchanged.
Otherwise, m«j(n—k) and t.<t;(t.<1), where the
left arrowhead means “is replaced by,” and &;(4) is
the transition time associated with the transition to the
value j(k). The transition times ¢; and # are deter-
mined from & and the gate timing parameters as shown
in Table II. The transition times ¢; and # tell when
the output transition will oceur if it is not suppressed
later.

The last step is to rename the next free output vector
Gr to the present free output vector Gy. This is simply
a step in the calculations and does not represent a
change in the output value of the gate G because
L{Gr}=L{Gy}. This step completes the calculation
,of Gr from the selected element of G;. The entire
process is repeated for the next element of G; if G
contains no * element.

The free output vector Gr of an isolated gate G
may be altered by input transitions as explained above.
The only other operation performed on Gr, called the
assignment operation, occurs when a future output
value is actually assigned to become the new output of
G. Let Gy be the next free output vector and G be
the present free output vector of G. Then L{Gp}—
C{Gr}, C{Gr}<—R{Gr} and R{Gr}«*. C{Gr} cannot
be * since this operation cannot oceur unless the time
t, associated with C{Gr} is equal to ) the present time.

It can easily be seen that the described operations
on Gr are closed. Any Gy containing only one non-*
element is allowable. Also from Table I, any Gr of the
form ([, &, [, t], [¥/, ts]) is allowable for =1 or 0.

TABLE II—Transition Times for Various Output Changes

(k) m(n) ()
0 X a+to
X 1 b+tn
1 X c+to
X 0 d+to

Since Gr= ([, 1], [*], [*]) is allowable for any 7=0,
1 or z, then an assignment on any Gr= ([%, 4], [J, &],
[*]) for ¢, =0, 1 or z, would produce an allowable
Gy. Similarly, any assignment on Gr= ([, ], [z, =],
[, t]) for i=1, 0, would result in Gr= ([, %],
[¥, ], [*]) which is an allowable Gr.

For the fault-free circuit, L{Gr} is the present out-
put assigned to the gate. This is also true, with small
modifications, for the case of the single stuck-at faults
since any gate containing a stuck-at fault may be
modeled simply by replacing the good gate with a
faulty gate. The faulty gate will have some input or
the output always set to logical 1 or 0. However, the
situation is more complicated for shorted faults. Be-
cause of the action of the shorted faults, the free output
of a gate which drives a shorted fault is not necessarily
the constrained output of that gate. However, the ac-
tion of the gate model is not affected since it produces
the free output vector Gr which is independent of any
shorted fault.

THE CIRCUIT MODEL

The model used to simulate the action of the inter-
connection of several gates is just as important as the
gate model. Again the accuracy of the simulation de-
pends on a good circuit model. The objective is to
imitate the action of the actual circuit as closely as
possible. This objective precludes the use of the Huff-
man Model or any schemes involving isolating feed-
backs or leveling the circuitry. The model used here is
both accurate and simple.

To simulate a fault-free asynchronous logie cireuit,
let the present time be # and assume that the set of
gates {G;, 1=1, 2, ... m} are all the gates whose out-
puts are changing at time %. Then the circuit can be
modeled as follows:

1. Race analysis is performed for each flip-flop
which is formed by two gates, both of which are
in {G; 1=1,2,...m}.

2. The new outputs are assigned to every gate in
(@, =1, 2, ... m} by performing the assign-
ment operation on the present free output vec-
tor of each (.

3. After all the new outputs of G; have been as-
signed, the output of each gate H;, j=1, 2,
... n, which is driven by any G; whose output
has changed, is caleulated according to the gate
model. If the output of some H;, 1<k<mn,
changed, then H, is put into a list of gates
whose output may change at time #4-¢;, where
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NOR

0 NOR :
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Figure 4(a)—Race conditions for a NAND flip-flop

~ Figure 4(b)—Race conditions for a NOR flip-flop

t; is the transition time for H;. If the output of
H, did not change, no further action is taken on
the gate.

The important feature of this circuit model is that
the gates Hj, j=1, 2, ... n, have their outputs cal-
culated based on all the new values of the gates in
{G,, =1, 2, ... m}. That is, every change which is
going to oceur at # occurs before the output of any
gate driven by any of the G; is calculated. This process
continues until there are no more gates whose outputs
are scheduled to change after {, (and before any further
primary input change). This model may cause the out-
put of a gate to be calculated several times even in
combinational circuitry. However, it can easily be
seen that it provides an excellent simulation of the
actual circuit operation.

The race analysis mentioned above is unrelated to
the Huffman Model and is concerned with only the
basic NAND and NOR flip-flops shown in Figure 4.
If either flip-flop enters the state shown, then the next
output of either flip-flop is unpredictable. An actual
flip-flop will always settle and have one of its output
terminals at logical 1 and the other at logical 0. How-
ever, which output terminal will be 0 is unpredictable.
Therefore, if the race state is ever entered, both output
terminals of the flip-flop are assigned the actual output
value z to indicate the unpredictable output. This as-
signment is automatic if the flip-flop gates are ambigu-
ous, but is performed by the race analysis if the gates
are unambiguous.

If some arbitrary amount of simulated time has
elapsed and the circuit still has not settled, then an
oscillation is declared. When an oscillation is declared
at time %, every gate whose output is scheduled to
change at some time greater than f#, is assigned the
output value z rather than its calculated output, and
no other part of the simulation model is changed. The
injection of the value z will eventually stabilize the
circuit with some gates having the output x. This in-
jection will be performed automatically if the oscillat-
ing gates are ambiguous, but will be performed by
independent oscillation analysis if necessary.

The initial state of the circuit is an important feature
of the circuit model. While the simulation may be
started from some initial state other than the com-
pletely unknown state, where the output of every gate
is the value x, this will probably not yield an accurate
simulation. This is true because setting the state as-
sumes that in the actual (perhaps faulty) circuit it is
possible to set the state, and discards all information
about the faults which would prevent the state from
being set. Furthermore, even if the actual circuit has
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been operating and should be in some known state,
there is no guarantee that it will be in that state be-
cause of possible faults in the circuit. Therefore, the
only way of guaranteeing an accurate simulation is to
start with the output value of every gate set to the
unknown value z and apply a homing sequence to set
the state. The homing sequence will produce informa-
tion about which faults will prevent the circuit from
reaching the desired state. Then, in the actual circuit
if the homing sequence fails to set the state of the
circuit, one of the faults discovered above must exist
in the circuit. This means that the homing sequence
should be an integral part of the diagnostic tests for a
logic circuit.

SIMULATION OF THE GOOD CIRCUIT

Sufficient information is now available to allow a
simulation of the good machine to be performed. Each
gate in the circuit may be assigned minimum and
maximum transition delays. Based on the transition
delays assigned to the gates, certain constrained haz-
ards can be detected and a worst case timing analysis
of the circuit ean be produced.

The coneept of the M-hazard! may be applied to a
non-Huffman Model sequential circuit by simply ob-
serving that a constrained hazard is the possibility of a
spurious pulse on the output of the circuit based on the
specified gate time parameters. This general definition
of a hazard is acceptable since the circuit output may
be observed as the circuit settles allowing detection of
static hazards (whether due to one input change or
more is insignificant) and dynamie hazards. Since only
detection of hazards is proposed, no distinction need
be made between logic and funetion hazards. However,
the constrained hazard is limited in that the possibility
of the spurious pulse does not allow for any delay on
any gate. The spurious pulse must be a real possibility
in that the only delays which a gate may assume to
allow the constrained hazard are those previously set
by the timing parameters of a gate. For example, if a
spurious pulse will occur if gate A has a delay of 10
nanoseconds, but the maximum transition delay allowed
for gate A is 6 nanoseconds, then no spurious pulse
will occur and no constrained hazard exists.

The constrained hazard detection can be achieved
as follows. Consider a 2-input NAND gate G with inputs
¢ and j, and let k=1 or 0. If simulation produces a
k—az—k’ (k to z to k') transition on the gate G, where
k—z occurs at time £ and x—k' occurs at f,, then this
means, because of the definition of z, that the output
of the real gate G is changing from % to &’ and the

change will occur between times 4 and #. The use of
the x provides information on when k—¥k’ may occur,
and in fact provides worst case timing information
based on the specified gate time parameters. ~

It can easily be seen from the NAND truth table
shown in Figure 3 that if input =1, then the gate G is
sensitive to input changes on j, while if either input is
logical 0, the output of G is always 1. Assume that in
the actual circuit ¢ makes a k—k’ transition and j=1
when the gate G is in a steady state (the two inputs
have not changed for at least the maximum transition
delay time). Then, in the simulated circuit the present
free output vector Gr of G contains two * elements
and (assuming there is ambiguity associated with the
1 transition) ¢ is making a k—xz—k’ transition, where
k—zx occurs at the earliest time # when the actual
7 may change, and x—¥k’ oceurs at the latest time £,
when the actual 7 may change. Assume that £, and #3
represent the minimum and maximum k—%’ transition
delays of @, respectively. The effect of G will be to
delay the k—%’ transition and to either not change the
time (fa—1%) or to increase it because of ambiguity on
@. That is, the output transition of G will be k'—z—k,
where the k'—x occurs at t,-+if. and x—k occurs at
ta-+15. Since #g>1, by definition, the ambiguity region
cannot decrease, and hence (f2+1t5) — (li+1e) > (f—1).
Therefore, the actual output transition of G will occur
between &,4-t, and 5.

Also because of the definition of the z, any k—z—k
transition represents the possibility in the actual cir-
cuit of a k—k'—k transition. Therefore, the k—z—k
transition represents a constrained hazard. The output
of the simulated circuit may simply be observed, and
any k—z—k transition noted since this means, based
on the specified timing parameters, the output of the
actual circuit may experience a k—¥%k'—k transition.

Since each gate contains the worst case timing in-
formation, the simulation of the circuit produces the
worst case timing analysis for the circuit based on the
specified gate timing parameters. This means that if it
is possible for a spurious pulse to occur in the actual
cireuit, then a k—z—¥k pulse will oceur in the simulated
circuit. Since the simulation proceeds until the circuit
has settled down, the effects of the k—z—% pulse must
be propagated forward. Then, if it is possible for the
k—xz—k pulse to throw the sequential circuit into an
unknown state, it will oceur. Therefore, the effects of
any hazard on the cireuit being simulated are obvious
since the state may become unknown. This worst case
timing analysis can be extremely useful for investigat-
ing asynchronous circuits.

It is apparent that even a simulation of the good
circuit using the models presented here can yield sig-
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nificant information about the effects of gate delays
which deviate from the normal. In general, a simula-
tion of the good circuit should be performed before
any fault simulation is attempted.

SIMULATION OF SHORTED FAULTS

If only the traditional single stuck-at-one and stuck-
at-zero faults are considered, the effect of these faults
on the model is minimal. A gate is simply treated as if
it had one less input (for example; a NAND gate-input
stuck-at-one) or as if its output were always logical
1 or O (for example, a NAND gate-input stuck-at-zero
or gate-output stuck-at-one or -zero). For these faults
only the gate model is affected, not the circuit model.

The simulation of single shorted faults (shorted input
diodes or shorted gate-output nets) is more complex
since both the gate model and circuit model are differ-
ent in the presence of shorted faults. A new circuit
model is required because of the bilateral effects of a
shorted fault.

To allow discussion of the shorted faults, several
definitions are helpful. A node is a point, where the
possibility of a shorted input diode or shorted gate-
output fault exists. No physical or electrical connection
is necessary. For example, a node may be a gate or an
integrated circuit crossover.

A gate A is said to drive a node B if the output of 4
is a part of node B. Similarly, a gate A is driven by a
node B if some input of A is a part of node B. The
effect of a shorted fault is to cause the output of some
gate G to assume a value other than its free output.

Assume that the logic circuit under consideration
has a more potent logical 0 than logical 1 so that if
two gate-outputs are shorted together, any gate-output
at 0 will force the shorted output to 0. Thus, if several
terminals are shorted together, the resulting value on
each terminal will be 1 if and only if all the terminals
have the value 1 in the absence of the shorted fault
(the free outputs are all 1). Similarly, the resulting
value on each terminal will be 0 if one of the terminals
would have the value 0 in the absence of the shorted
fault. Therefore, the shorted fault performs the logic
function AND on all the terminals driving the shorted
node and forces each terminal to assume the resulting
value. (A logic circuit with a more potent logical 1 will
perform the logic function OR in the presence of a
shorted fault.) v

There are three cases of shorted faults which will be
considered in detail. The most important case is the
shorted gate-output fault. (Information about the
physical layout of the circuit is necessary to obtain in-

formation about which gate-outputs might reasonably
short together.) The other cases are the shorted diode
faults on the logic gates performing the AND and OR
functions. Define the extended output net of a gate G for
a shorted fault f to be all the terminals in the circuit
which ean force the output of G to change from 1 to 0.
Three cases of the extended output net will be con-
sidered here. The first case is for the shorted gate-
outputs, the second is for the shorted input diode in an
AND gate and the third is for the shorted input diode
in an OR gate.

Consider the gates G;, 1=1, 2, ..., m, such that all
@ drive the shorted fault node s as shown in Figure 5.
Each G; may drive several shorted fault nodes. If the
fault corresponding to node s exists, then the output
terminals of all the G; will be connected together.
Therefore, the extended output net of some gate Gi,
1<k<m, for the shorted fault s contains all the output
terminals of the gates G, =1, 2, ..., m. Then, the
actual output gi of Gy is

gr=]1g:fork=1,2,..., m, (1)
. =1

where the ][] means the logical AND operation. If

the output of some gate Gy, 1 <k <m, changes from 1 to

0 because of the shorted fault, then every gate which

is driven by G must be reevaluated except the shorted

node s. It is not necessary to reevaluate node s since

Gi

Figure 5—Shorted gate output terminals



Simulation of Large Asynchronous Logic Circuits 659

the logic value on s will not change as a result of the
change of g;. This can easily be seen as follows. In order
for the output g of G to change, s must have changed
to logical 0 or z because (1) produced a 0 or x output.
Since (1) can produce a 0 output only if some ¢,=0
for 1<h<m already, adding another 0 input g, cannot
affect (1). Similarly, (1) can produce an z output
only if there are no O inputs and at least one x input.
Then adding another z input will not affect (1).

A"

AND

P

(b)

Figure 6(a)—Diodes performing AND function

Figure 6(b)—Shorted diode for an AND gate
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Figure 7(a)—Diodes performing OR function

Figure 7(b)—Shorted diode for an OR gate

The problem of a shorted input diode in the AND
(or NAND) gate as shown in Figure 6(a) is similar.
For the circuit shown in Figure 6(b), assume the AND
gate H has a shorted input diode which is driven by
the gate G, 1<k<m. If any input ¢, 1<h<m, is a
logical O, then g; will force the output gi of Gi to O,
but will not affect the output of any other G) -for
h#Ek. The extended output net of Gy for the shorted
input diode of H includes the output terminal of every
G;, i=1, 2, .. ., m. Therefore, the output of gate G is
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given by
Je= H gi (2)
=1

Notice that the output of gate H is unaffected by the
shorted diode. The only gates which may be affected
are the gates other than H driven by G,.

For the previous two cases, the gates which drive
the shorted fault have been affected by the fault. How-
ever, this is not the case for the shorted diode in the
OR gate as shown in Figure 7(a) and 7(b). In this
case if ¢g,=0, 1<k<m, then the gate H assumes the
output value 0 and all g;, 1=1, 2, .. ., m, are forced to
0. Therefore, the extended output net of each G; for
the shorted input diode on H from G contains the
output terminal of G; and the output terminal of Gy.
Consequently the output g; of the @, is given by

gi=gigr  foralli=1,2,...,m @)

Here the output of H may change if some g,=1 for
1<h<m and h#k. In addition, the inputs with logical
1 will be forced to 0 when g, =0. Therefore, any gate
driven by H or G;, 1<i<m, is affected if H or G,
changes its value.

Next, the circuit model necessary to simulate the
shorted faults must be presented. It is assumed that if
the actual output of a gate G is forced to some value
other than the fault-free output of G, the transition
occurs instantaneously and does not affect the free out-
put vector of the gate model @. Similarly, it is assumed
that if the effect of the fault is removed, the actual
gate G will recover instantaneously to its fault-free
output value.

Assume that some set of gates {F;, i=1, 2, ..., m}
drive a shorted fault node s. Furthermore, assume that
some set of gates {G;, =1, 2, ..., n} have outputs
which are to change at the present time #. Suppose
that the output of gate G; 1<j<n, is identical to the
output of the gate F;, 1<¢<m. Then the model used
for simulating shorted faults is as follows:

1. For every gate G; assign the new output to G;
without regard to any shorted faults.

2. Perform race analysis for each flip-flop which is
formed by two gates, both of which are in
{Gi,j=1,2,...,n}.

3. If any gate G, 1<j<n, drives the shorted fault
node s, form the new output for all the F/'s as
described before based on the free outputs of
the F/s. Then assign the new outputs to the
F i,S.

4. For each gate Gj, 1<j<n, and F;, 1<i<m, if
the output of G; or F; changed, then calculate
the new output of each gate driven by G; or F,.

The model presented yields the correct timing for
the circuit since the effect of a shorted fault is generated
and propagated as soon as it occurs. That is, the reverse
effect is immediately accounted for as it should be.
Also, since the free and constrained outputs are iso-
lated, the insertion of the shorted faults still allows the
worst case timing analysis, even of the faulty circuit.

It is possible for the output of some gate G to be k,
where k=1 or 0 for the good circuit, but to be z under
some fault condition f. This means that G may or may
not detect the presence of fault f. It is also possible for
the output of G to be the value = for some fault f but
to have G =F for the good circuit.

DISCUSSION

The simulator proposed here provides an extremely
accurate simulation of any large asynehronous sequen-
tial logic circuit. Both the good circuit and the faulty
circuit containing shorted gate-outputs and shorted
input diodes can be simulated. Although only the simu-
lation of shorted faults has been discussed, it is obvious
that the traditional stuck-at-one and stuck-at-zero
faults can easily be simulated. The gate model used
allows the detection of constrained hazards as well as
the worst case timing analysis of the circuit.

This simulator has been implemented, on the IBM/
360 TSS system which is a virtual memory, conver-
sational access system operating on Model 67 com-
puters. The simulator is written in 360 Assembler
Language and uses approximately 25K bytes of core
for program storage. Additional storage is necessary
for the various tables used.

During evaluation tests, circuits of up to 48,000
gates have been simulated. Speeds of up to 100 micro-
seconds/vector-fault-gate have been achieved for
highly sequential circuits, where each gate is ambigu-
ous. It is difficult to compare the simulation time to
that of any existing simulator because no existing sys-
tems have the same power as the one presented here.
In order to make some comparison, let us consider the
latest simulator® which required about the same simula-
tion time, but used nonambiguous gates, no high-
frequency rejection and no flip-flop race analysis. How-
ever, the simulation time of this latest simulator will
be much longer even if only the consideration of am-
biguous gates is added.
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Adaptive memory trackers

by G. EPSTEIN

ITT Gilfillan Incorporated
Van Nuys, California

INTRODUCTION

This introduces a mathematical model for a control
process called an adaptive memory tracker. The control
or adaptive variable is the memory length (i.e., reten-
tion time) of a filter model, rather than other param-
eters within the filter model. The adaptation in memory
length is achieved through the use of two different
types of filters which are based on this filter model.
These filters are called shrinking memory and pene-
trating memory recursive filters, and their application
as a function of an error signal decreases or increases,
respectively, the memory length of the filter model. An
example of this is shown diagrammatically in Figure 1.

Such an approach is of interest from the standpoint of
implementation in a mechanico-electrical system be-
cause it allows the tracker to base its performance only
on relevant input data—that is, the memory length of
the filter model adapts so as to ignore input data before
an adjusted point in time. This contrasts with other
trackers!? in which all past input data are incorporated,
through adjustment of exponential damping on this
data as a function of adaptive parameters within the
filter model. '

The mathematical model is of interest from a cyber-
neties standpoint beeause it isolates the operation of
memory and allows the effect of adaptive changes in
memory length to be an object of study.

Elementary examples and simulations are given.
These display not only properties of the model, but
show, in a functional sense, that the model pertains to
other kinds of systems, such as biological or societal
systems.’* The model pertains to these other systems to
the extent that the responses of the trackers for the
given examples and simulations are similar to the
responses of these other systems. It is indicated that
more sophisticated examples may be required to realize
the full value of the model.

It is required that the above systems be conceived as
sensing input data and having memory.® It is further
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required that the input data be arranged in a time
sequence, and that these input data be stored in
memory in a way which preserves this time sequence.
An example of a mechanico-electrical system is a
radar and computer complex, or group of such com-
plexes. An example of a biological system is an organism,
and an example of a societal system is a group of such

organisms.
The inputs are conceived as units, denoted by u.,
n=1, 2, .... For simplicity, it will be assumed that the

time interval, T, between these units is constant. The
units are obtained from a physical model, whose values
are denoted by p,, subject to disturbances, whose values
are denoted by d,. Thus, u,=p,+d., n=1,2, ..., as
shown in Figure 1.

Each unit u, is stored in memory in the form of m(n)
components. In the mechanico-electrical system, there
are m(n) addresses in computer memory, each address
consisting of a certain number of bits (the word length),
and each u, is a linear combination of its m(n) com-
ponents (obtained from m(n) measurements) stored
in these addresses. In the biological system, the com-
ponents involve the synapses in a neuronal pattern, and
possibly elements of hormonal, glial, or other nature. In
the societal system, the latter m(n) components are
extended over a number of organisms.

Thus, the memory of the system may be of an
aggregate nature, in the sense that the system may
consist of a group of radar and computer complexes, or
a group of organisms, each with its own memory. It is
required, however, as mentioned above, that the time
sequence of the input data conceived as units, 4., be
preserved through the storage of their m (n) components
in memory. In the biological and societal systems,
therefore, memory is construed as being short or
medium term® and temporal,” for these types of memory
seem to be time dependent in character, whereas long
term memory® and categorical memory’ seem to be
more of an attention focusing character. Furthermore,
in these latter systems, memory is construed as being
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Figure 1—Adaptive memory tracker for case B = (@, —u,)

internal, within the organism(s), rather than external,
in the form of artifacts, such as records, structures, ete.

The filter model is of order N+41 with outputs
@, d=0,1,2, ..., N. The superseript (f) is the
adaptive variable, the memory length being (f—1)T;
i.e., the outputs may be written in the form:

?zdn(,)= Z Wd(i_%f)ui, d=0, 1, ceey N,f_>_2 (1)
t=n—f+1
The subseript d denotes the N+41 outputs and the
subseript n is the recursive parameter. The case d=0
is designated as the position output, @, =,".
The error signal in position at the nth step is:

E= Z € (Tn—ipa VD) —,_i19). (2)
=1
The change in the adaptive variable f at the nth step is
denoted by Af, and is given as an integral valued func-
tion of the error signal, Af(E).

. The tracker employs a shrinking memory recursive
filter when Af=—s<0, and a penetrating memory
recursive filter when Af=p4-1>1.

If the output at the (n—1)st step is @iw—1y?,
t=0,1, ..., N, then the shrinking memory filter is:

N 8
G = 3 Mailiiny®+Natn+ 2 Sajten_sris
=0 =0

d=0,1,...,N, (3)

and the penetrating memory filter is:

N p
Ugn P = Z J a1y +Kgun+ E Pin_s_j,

=0 7=1

d=0,1,...,N. (4

The matrix coefficients M4, Ng, Sy;, depend on the
filter model, » and s. The matrix coefficients J:, Kq, Paj,
depend on the filter model, » and p. These matrix
coefficients are chosen, of course, so that (1) is satisfied.

It should be noted that when s=0, the shrinking
memory filter becomes the well known finite memory
filter® and when p=0, the penetrating memory filter
becomes the well known growing memory filter,® of
which the Kalman filter' is an example.

If there is an F such that f<F for all f, the adaptive
memory tracker is bounded; i.e., the memory length
does not exceed (F—1)7. Otherwise, the adaptive
memory tracker is unbounded.

To illustrate in a simple way, let e=e =1, so that the
error signal is just:

E=q,"—u,. (5)

This case is shown in Figure 1.

To further simplify, let the filter model be a straight
line, least squares model; that is, N=1, and %,Y is the
endpoint of a straight line such that the square of the
differences between this line and the last f inputs is a
minimum. The disturbances d, are chosen to be in-
dependent samples of normally distributed noise of
mean 0 and constant standard of deviation ¢.

The effect of adaptive changes in memory length is
perhaps best shown by choosing Af(E) to be two
valued. This is also the easiest to implement in a com-
puter. Specifically,

Af=+1(p=0) when |E| <Ko (6)
and

Af=—1(s=1) when |E| >Ko, (7)

where K is a constant. This is shown in Figure 2.
The penetrating memory filter for this case is the
well-known growing memory least squares filter:!!

un(v+l) = a0n(v+l)

__._v.(.v_TLao (v)
(+1) (v+2) "
v(v—1) o 2(20+1) "
0+1) (0+2) PTG D) r2)
U @D o T =y, D
=—_£"_110( @
(+1) (v+2) 7
(v—1) (v+4) _ » 6
0+ 012 Bt G D o)

(8)

The shrinking memory filter for this case may be
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derived from (8) and the equations for the finite
memory least squares filter.! The result is:

UV = do,,(”_l)

_ (=9)

2(20—3)
~ (v—1)

Bon—1) P+ 51y + 2(o—1) Un

2 2(v+3)
+ (1)—1) un—v+1+ v(v—l) Up—»

G D o T = 7, =D

18 10
== ——— 1)V + %—Z I

- ®
(v=1) (v—=2)

Ur(n—1)"°
)

6 6
To6-0 T oD 6y

6{(v+2)

t =1 (=2 4

9)

In these equations, 4, =1,/ T denotes the velocity
output.

The figures which follow show the results of simula-
tions for this adaptive memory tracker on an IBM 1130
computer, using disturbances d, which are independent
samples from a pseudo normal distribution generated
by a subroutine within this computer. In these figures,
the values p, which constitute the physiecal model are
shown by a dashed line, the inputs w,=p,+d, are
shown by crosses, and the tracker outputs %, are
shown by the solid line. At the top of each figure is a
plot of the values that the adaptive variable f assumes
for each value of n.

A convenient measure of the tracker response as a
function of f when the physical model is strietly linear
is the noise-reduction-ratio.! This may be used, there-
fore, in Figure 3, which follows, but only rarely in the
remaining figures.

A simple measurement of the tracker response over

Af

AF(E)
+

Figure 2—Change in memory length (Af) as a functon of error
signal (E) for trackers shown in Figures 3, 4, and 5
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Figure 3—Adaptive memory, straight line, least squares tracker
when physical model is constant, Af(E) given by Figure 2, with
K=08

the interval 1=j to 1 =n is given by the response:

Rin= }=J—
” n—j+1

The response is viewed visually in an easy way in these
figures as Run.= | @’ —p.|, the magnitude of the
difference between the solid line representing the
tracker output %,Y, and the dashed line representing
the physical model p, at each value of n. Values of the
response R; , over particular intervals will be displayed
in these figures where necessary in order to lend precise-
ness to the description of the tracker response.

Figure 3 shows the case where the physical model is
constant and K=0.8. This may be called a regulator,
homeostat,? or, even, sociestat,’® where the control
variable is memory length. The slow increase in f and
resulting slow improvement in the tracker response are
due to the low value of K=0.8.

In Figures 4 and 5, the value of K is K=1.0, and the
physical model is piecewise linear, over the path A, B,
C,D, E, F, Q. It is assumed that BA is extended before
A linearly, and the tracker is started at A with the value
of f as shown. The operation of the tracker before 4 is
similar to that shown in Figure 3. This physical model
corresponds to the case where there are repeated
changes in environmental constraints. It may be
produced in an approximate sense by an aircraft making
repeated changes in bearing of 90° through high ¢
maneuvers, or through repeated changes in laws, either
in a society or, as in learning reversal experiments,
on organisms.,

In Figure 5, the tracker does not track BC, CD, DE,
EF, and FG, until By, Cy, Dy, E;, and F, respectively,

(10)
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Figure 4—Adaptive memory, straight line, least squares tracker
when physical model is piecewise linear, Af(E) given by Figure 2,
with K=1.0

for one of two reasons:

Either

(i) The tracker does not sense data from the physical
model BB,, CC,, DD,, EE,, and FF,, and in the absence
of data simulates data from the substitute model BBy,
CCy, DDy, EEy, and FF,; or

(ii) The tracker is being deceived and receives false
data from the substitute model BB,, CCy, DD,, EE,,
a.nd F F 0.

In either case, the tracker senses data from the
physical model starting at By, Cy, Dy, E;, and F;. The
values s, of the substitute model are shown in Figure 5
as a dotted line, so that the values of the input data u,
along the paths BB,, CCy, DDy, EE,, FF,, are given
by un=8z+d..

It can be seen that this tracker shows very good
learning characteristics. Not only does the tracker show
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Figure 5—Adaptive memory, straight line, least squares tracker
when physical model is piecewise linear with substitute, Af(E)
given by Figure 2, with K =1.0

improved response to each change in path of the
physical model, but the tracker also distinguishes
between the conditions of Figures 4 and 5, in the former
case stabilizing to values of f in the range 52<f<76,
and in the latter case stabilizing to values of f in the
range of 40<f<65. It can be seen that in Figure 4 the
response improves from R 15=2.17¢ t0 Ry5.468=0.690
and Rye,56=1.02¢. In Figure 5 the response improves
from R126,187=4.950‘ to R407,453= 1.70¢ and Rmo,mn:
1.92¢. The improvement in response shown by this
simple tracker is similar to that shown by the higher
vertebrates.!* Such performance, obtained with the
filter model, K=1, e=¢=1, s=1, p=0, all being fixed,
suggests that more sophisticated examples, where some
of these are allowed to vary, either in a preset way or
adaptively, may be of more value for future work and
research.

In the above examples, the adaptive memory tracker
is unbounded. Practical implementation within a
computer (whose physical memory is finite) requires a
value, F, so that f<F for all f.* This is easily accom-
plished with the above tracker by adding the following
proviso to (6) and (7).

If vy=F then Af=—1(s=1)
regardless of | E |;i.e., in this case, the value
of | E | is ignored and (9) is used. (11)

To give a more sophisticated example, consider the
same filter model (straight line, least squares), the same
e=¢ =1, but Af(E), the change in memory length as a
function of error signal, given as shown in Figure 6.
Here, Af(E) is again a fixed function, but now Af lies in
the range —50<Af<+50, as shown. This implies

Af

8

AtE

Figure 6—Change in memory length (Af) as a function of error
signal (E) for tracker shown in Figures 7 and 8

*Of course there is no need from the standpoint of per-
formance to exceed the required specifications for the problem at
hand.
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values of $=0, 1, ..., 50 and values of p=0, 1, ..., 49.
This is of little interest from an implementation stand-
point, and the corresponding equations for the shrinking
memory and penetrating memory filters need not be
given. This may be of interest, however, for biological
systems. It is reasonable to suppose that there is more
flexibility in such systems than implied by the binary
alternative shown in Figure 2. One purpose of this
example is to show that large variations in memory
length as a function of error signal have unfortunate
consequences in terms of tracker response. In particular,
such variability in short or medium term temporal
memory oceurs in some cases of hysteria, or amnesia in
senile dementia. At certain times of day, a patient’s
temporal memory extends over a period of hours; at
other times of day, the patient’s temporal memory
extends only over a period of minutes.

Figures 7 and 8 demonstrate the operation of this
tracker for the same cases as presented in Figures 4
and 5. Here the tracker is bounded with F =175 (corre-
sponding to a form of permanent amnesia). The values
of Af(E) given by Figure 6 are limited by the proviso
that f lie in the range 2<f<175.

As in these earlier figures, the line BA is extended
linearly before A, in order to provide previous input
data. In Figures 7 and 8, however, the tracker is started
normally at f=2.

The tracker response over the path AB indicates
that such a tracker is a satisfactory homeostat as long
as F is sufficiently high. There are sudden sharp drops in
f, which would seriously degrade the tracker response
were the value of F too low. The chosen value of F=175
is sufficiently high to prevent this degradation.

However, the response of the tracker to repeated
changes in environmental constraints is poor. In Figure
7 the response values over the indicated intervals vary

PHYSICAL MODEL (p, )i — — — —

w0 | INPUTS (u) s 44+
150 ; PR N ) M‘ outms .0
Froo bt iy ki it Wi -y n .
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Figure 7—Adaptive memory, straight line, least squares
tracker when physical model is piecewise linear, Af(E) given by
Figure 6, with F =175
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Figure 8—Adaptive memory, straight line, least squares
tracker when physical model is piecewise linear with substitute
Af(E) given by Figure 6, with F =175

beween 0.70 o and 0.98 ¢; in Figure 8 the response values
over the indicated intervals vary between 1.50¢ and
1.74¢. There is no improvement in the response, such
as shown by the decrease in response values of Figures
4 or 5. The response values of Figures 7 and 8 are of the
same order as the final response values of Figures 4 and
5, respectively, but here the response is very erratic,
with many sharp increases in R, over all values of n
after B in Figure 7 and By in Figure 8.

Thus the response of the tracker to repeated changes
in environmental constraints is poor in Figure 7, and
worse in Figure 8. This erratic response with no learning
is similar to the response of the above mentioned
patients in such a situation as, for example, repeated
transfers from one hospital to another. The response of
these patients in this case may, in fact, become so poor
as to result in death.

In all of the above, including the simulations, the
model or plant error®® is zero. It follows from®® that
the implementation of an adaptive memory tracker
which uses a least squares recursive filter model would
result in non-zero model or plant errors accumulating
without bound as the number of recursions increases.
This may be avoided either by considering other filter
models, such as the stable filter models indicated in
References 8 and 17, for example, or by restarting the
adaptive memory tracker at regular intervals before
these errors become too great. Note in particular that
this tracker does not distinguish between the ac-
cumulation of errors in 4,/ and the variation in u; caused
by the disturbances d;, j=n, n—1,...,n—e+1, as
shown by the equation for the error signal (2). Thus, as
n increases, an accumulation of such errors in %,” which
exceeds the variations in u, caused by the disturbances
will result in increases in E. Since adaptive memory
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trackers in normal operation have Af(E) as a mono-
tonically decreasing function*, it follows that the value
of the adaptive variable f will eventually reduce to
f=2, its minimum value, at which point the tracker
can be restarted.

The restart equations for the above examples at
n=mn, are just

dnc(z) = donc@) = Uy,
ﬁnca) 'T=a1nc(2) =unc_unc—l (12)

In the above discussion, only simple examples have
been considered, in order to display basie values of the
mathematical model in an easy way and, in particular,
to highlight the effect of adaptive changes in memory
length, all other parameters being fixed. It seems clear
that the mathematical model will have more value
when other parameters, such as Af(E), or e¢ and e;,

are allowed to vary, and especially when the physical

models or the statistics of the disturbances are more
complicated. It is recommended that these ideas be
extended and applied.
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A panel session—Planinng community information utilities

Conference Results

by BARRY W. BOEHM

The RAND Corporation
Santa Monica, California

Although diversity of opinion characterized many of
the individual discussions, the conference yielded a
surprisingly strong degree of consensus on a series of
four major related points.

1. Mass information utilities of some sort will be with
us by the 1980s. They will probably be based on cable-
TV to the home and a low data-rate return line, al-
though some participants felt that two-way video, and
particularly Picturephone, offered a strong alternative.
Some precursors exist now in airline and ticket reser-
vation systems, IBM’s Advanced Administrative Sys-
tem, and Mitre’s TICCET system for elementary edu-
cation in Reston, Va. Some commercial planning is
going on, including efforts at Hughes and RCA, and a
multi-client study by A. D. Little. Paul Baran cited a
market analysis by the Institute for the Future, indi-
cating very little large-scale penetration before the
1980s and about a $15-20 billion market by the end
of the 1980s.

2. M ass information utilities carry o great deal of social
risk. Especially within the tight contraints of main-
taining economic self-sufficiency, it will be difficult to
avoid effectively discriminatory service policies between
rich and poor users, urban and rural users, English-
speaking and non-English-speaking users. Thus, any
explicit or implicit publie support of such utilities will
have to be carefully thought through. An information
utility will probably widen the gap between the infor-
mation-rich and the information-poor, although prob-
ably not in the long run. Telepurchasing and continuous
credit would increase the temptations and hazards of
overspending, but could on the other hand eliminate
the overcharging for goods in ghetto stores.

Information privacy aspects will certainly be touchy,
even though economics will probably dictate a decen-
tralized file structure. The polling and voting area is
particularly sensitive to the quality of safeguards. Pro-
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vision for an “Information Bill of Rights” is certainly
necessary, and perhaps also for such things as anony-
mous coin-operated terminals and a “Fifth Amend-
ment”’ switch (to insure user anonymity) on the console.
Management aspects of the utility will be just as touchy.
Even if the utility were just a distributor, the manage-
ment would have considerable power over priorities.
And, if users strongly adjust their lives around the
utility, they won’t have much choice but to go along
with the management.

3. A well-designed, scientifically-evaluated Prototype
Communaty Information Utility (PCIU) would greatly
reduce the long-term social risk. It would provide an
opportunity to sense the resulting social strains and
experiment with ways to reduce or eliminate them. It
would also reduce the economic risk to business in
interfacing with an information utility. As Bruce Gil-
christ expressed it, a PCIU could provide the kind of
future socioeconomic insights we might have gained by
equipping a representative community in 1920 with two
cars per family and the associated services.

However, developing a PCIU wouldn’t be easy or
cheap. Very rough estimates for providing a full range
of services to a representative city of 90,000 people
were: approximately 80 million computer instructions
per second, 15,000 file accesses per second, 10 million
statements of computer program, 7-10 years of develop-
ment time and a development cost of $500 million-
$1 billion. This puts the full-scale PCIU into the cate-
gory of a major national effort; however, some perspec-
tive is restored when one considers that the nation’s
computing bill for the manned spaceflight effort during
the 1960s has been estimated at $2 billion. In any
case, the PCIU certainly would need a great deal of
careful preliminary planning before proceeding into
development.

4. The next steps toward a PCIU would be valuable
whether or not they resulted in a PCIU. These steps
include:

a. Development of a thorough, detailed PCIU plan
including analysis of management, services, and
technieal alternatives, and delineation of prin-
ciples and pitfalls common to any information
utility implementation.

b. Evaluation of related experiences to date, and
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their implications with respect to PCIU develop-
ment and operation.

¢. Development and evaluation of some low-cost
pre-prototypes, involving groups of 100-1000
users and based on existing resources; e.g., an
existing CATV system, an existing educational
network, or a just-developing planned com-
munity.

Even if such studies were not followed by actual
development of a PCIU, the insights they would pro-
vide on the social and economic implications of any
sort of information utility would be invaluable in guid-
ing the development of alternative systems, in order to
make sure that the utility would serve the people and
not vice versa.

Software Design for the Community
Information Utility

by DONALD COHEN

The RAND Corporation
Santa Monica, California

The aim of our current efforts is to present a frame-
work that will support further consideration, and hope-
fully development, of a Prototype Community Infor-
mation Utility (PCIU). There is a continuing explosive
growth in the number and size of data bases and infor-
mation services that are potentially useful to various
segments of the community. If a common point of
contact can be developed among these data bases and
services (no mean problem in itself), then the economic
"~ and social value of a properly integrated data bank
could greatly exceed the value of the individual data
bases. To exploit such a data bank in any effective
manner requires a number of things:

e Data bases, individually and collectively, must be
organized in a consistent manner, their utility and
scope of application carefully defined, and their
validity certified.

e A continuing process must be established for the
collection, organization, evaluation, and -certifi-
cation of new data.

¢ The set of services that utilize the data bank must
be carefully selected, defined, and implemented so
that the system is not burdened with applications

that are individually of limited scope and difficult
to interface with one another.

e The system that supports these services must be
virtually failsafe, guarantee a very high degree of
data security and privacy, and provide the basis
for management mechanisms that insure its con-
tinued operation within accepted guidelines.

Preliminary estimates of the PCIU workload gener-
ated by a moderate sized city (75,000-100,000 people)
indicate that an instruction execution rate of 80-85
million instructions per second and some 15-20 thousand
file accesses per second will be required. Some 40-50
thousand on-line consoles will have to be supported
with possibly 20-50 percent of these active at any one
time. Extending the system to a large metropolitan
area of several million potential users will require an
exponential increase in system capacity and complexity.

No single processor exists currently, or is likely to
exist in the foreseeable future, that can handle a work-
load of even the prototype system. A very large multi-
processor system will be required in which groups of
processors are devoted to one of the three major tasks
of message concentration (front-end communications
processors), message processing, and data management.
Within each group processors may be either partially
or completely interchangeable. In addition, redundant
equipment will be required in case of severe hardware
failures or system overloads. As the PCIU would be a
large-scale social experiment, strong emphasis on system
measurability is required.

The PCIU will be predominantly a closed system
with its emphasis on well-defined applications that
manipulate medium- to large-scale data bases. Develop-
ment of new applications, on-line programming by
users, and updates to various data bases will have to be
rigidly controlled to insure that bread-and-butter appli-
cations receive sufficient support, to minimize the effects
of system failures, and to maintain the integrity of the
data bank. ‘

The detailed design of the PCIU must be preceded
by an in-depth analysis in several areas. First, potential
applications must be examined to determine workload

" and file requirements, the needs of these applications

in terms of system resources, and the interfaces among
an application, the system, and other applications. This
will provide the first realistic estimate of system size
and complexity. Once this data is available, alternative
software designs can be proposed and examined for the
degree of difficulty inherent in each to provide the
necessarily high level of overall system control.

A third stage of the pre-design process should be a
simulation of feasible alternative designs including the
mechanisms that are proposed to handle the high vol-
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ume of processor and file activity that is anticipated.
At the same time, those portions of the system design
that are responsible for insuring that data can be kept
secure and that the effects of system failure can be
minimized should be subjected to a detailed evaluation.
Only when there is sufficient confidence in the prelimi-
nary system design, along with quantitative justifi-
cation for that confidence, should the detailed develop-
ment of a PCIU be attempted.

Management Prospects and Problems

by BURT NANTUS

University of Southern California
Los Angeles, California

There is no doubt that if a community information
utility (CIU) is to be a reality, it will have to integrate
smoothly with all other aspects of urban life. This
represents an enormous challenge because it is clear
that the CIU will produce fundamental and far reaching
changes in the major subsystems of urban life—i.e.,
the economic, political, educational and life support
subsystems—and it is by no means certain that all the
changes will be beneficial. :

The only way to realize the many benefits of the
CIU is by the most scrupulous and careful management
of its design, implementation and operation. The CIU
must be managed so that resources are allocated for the
effective achievement of social ends, and these ends
must represent a balancing of the interests of at least
three constituencies; as follows:

1. Society’s Objectives—the CIU must be designed
in such a way as to assure equal and fair treat-
ment to all users, to contribute to individual
self-fulfillment and to enhance the awareness
and general welfare of the citizenry. To do this,
it should place a higher priority on public than
private services, should be self supporting in the
long run, and should be operated so as to protect
the privacy and dignity of individuals.

2. User Objectives—the users of the CIU should
be able to expect reasonable and fair prices, high
quality of service, protection for proprietary data
and programs, and a voice in the setting of
standards and priorities.

3. Supplier Objectives—suppliers of CIU equip-
ment and services should receive fair profits,
rewards for technical excellence and social con-
cern, and protection from losses due to the
actions of other suppliers, users or regulatory
agencies.

Given an appropriate set of ends, of which the above
is merely suggestive, it should be possible to explore the
appropriateness of alternative organizational configur~
ations. Many models are worth considering, and they
cover the entire spectrum from a purely public agency
to a privately held corporation. Along this spectrum are
such models as urban entrepreneurship, the non-profit
corporation, the heavily regulated but privately owned
utility, the COMSAT-like consortium of private com-
panies and the government regulatory agency model,
to name a few. One model that appears particularly
attractive at this time is the public authority form
(e.g., the Port of New York Authority) which would
permit the CIU to operate outside the regular structure .
of government with relative administrative autonomy,
but within carefully defined limits and a mandate to
act in the public interest.

The legal organization form of the CIU and the
definition of the locus of power for policy making are
only the first of a series of management problems that
will have to be resolved in establishing the CIU. Other
difficult problems are related to determination of ac-
ceptable levels of service, pricing structure, competitive
structure, funding methods, government relationships,
research and development policy, regulatory issues,
consumer safeguards and public relations policies. Some
aspects of these problems have been solved successfully
in other contexts, but many are unique to the CIU and
will require extensive experimentation and management
research.

Planning Community Information Utilities

by NORMAN R. NIELSEN

Stanford University
Stanford, California

Other members of the panel have discussed the
various services which a Community Information
Utility (CIU) might provide as well as the various
hardware, software, and communication facilities which
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it might employ. The CIU’s actual configuration and
mix of services will be determined by a number of inter-
related factors stemming from areas such as sociology,
psychology, computer science, economics, political sci-
ence, communications, and electrical engineering.
Nevertheless, a study of the economic considerations
which underlie the CIU concept can indicate the more
likely paths for development.

What a CIU might “look like” is of major interest.
Economic considerations point toward a CIU built
around a cable system which would link terminal and
computer for both input and output purposes. The
home TV set would be the primary output device, with
some slow speed (pointer, touch tone pad, keyboard,
ete.) mechanism for user input. The “central’’ computer
system of the CIU would likely be merely a message
switching computer. It would pass inputs and outputs
among and between the users on the cable and the
various application or service computing systems as
well as control the output video generation for cable
users. The application systems would be developed and
operated independently, although each would communi-
cate with the central computer via a standard interface.

Although inter-CIU communication could be handled
indirectly through each of the application services as
appropriate, there are economic advantages to the direct
connection of CIUs. The use of a network interface
processor in conjunction with the central CIU computer
would not only minimize communication resource usage
but would also permit efficient use of services available
on other CIUs. This latter situation has positive impli-
cations for development costs, start-up costs, and the
required critical mass of a CIU (see below).

Despite the desirability, it is quite unlikely that the
CIU will offer the full range of services that are fre-
quently talked about. The provision of dynamic video
output (e.g. film clips) to individual users is virtually
prohibited by economic considerations. Voting services
face very tough cost-benefit questions. On the other
hand, some services such as education appear in a much
more favorable light. Despite the independence of the
various applications services, it would appear that the
whole will be greater than the sum of the parts; that is,
the individual applications will tend to become more
valuable as additional applications are added to the
CIU. The CIU will also face a critical mass effect in
that a certain level and variety of service must be
provided and used before the CIU can develop in a
viable fashion.

The decentralized organization of the CIU is likely
to imply a decentralized file structure, even though
each service could talk to any other service. Such a
development favorably affects the privacy and file

integrity issues, since it lessens protection problems
and renders file integration more difficult. By the same
token, however, it hinders the applications, efficiencies,
and other benefits that would be realizable with inte-
grated files.

Another major concern is the likely cost of a CIU.
It would appear that the communication and terminal
systems might run on the order of $25 per user per
month. Estimated usage costs (admittedly very gross)
could easily run to another $25 per terminal per month.
Thus, the widespread use of CIUs could have a big
impact upon consumption patterns as well as upon the
manner in which many businesses are conducted.

This raises the question of how to pay for a CIU.
It is most likely that there would be some combination
of fixed charges and variable charges based upon actual
usage. Many services would likely be subsidized or
otherwise supported by the provider (rather than by
the user). The computer base for the system opens up
a number of possibilities for splitting payments between
users, service operators, program developers, and other
support organizations. The basic economics permit a
wide range of alternatives, so it is likely that non-
economic considerations will have a large impact upon
the final charge structure.

Two economic problems face the development of a
prototype CIU system. First, and most obvious, is the
need for massive funding for software development and
start-up costs. The second problem relates to the impact
of the provision of these funds. Clearly one can’t have
users without services nor services without users. Hence,
some type of subsidization or guarantee will likely be
needed to get the prototype started. However, such
support will alter participant behavior, partially ob-
scuring the desired marketing and behaviorial data. A
number of other economic factors combine to indicate
that the development and operation of a prototype
CIU will be a valuable but non-straightforward en-
deavor.

Information Services

by EDWIN B. PARKER

Stanford University
Stanford, California

Two general classes of services will be required in a
community information utility developed as an exten-
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sion of cable television. One class is that provided by
the private sector of the economy and the other is
public sector services. With respect to all services avail-
able through the private sector, such as banking, shop-
ping, entertainment, and all business and commercial
services, the information utility should provide s stand-
ard information transmission service such that all po-
tential suppliers of service can reach their potential
customers, In other words, the utility should provide
non-discriminatory competitive access to all computer
and other information services without putting itself
in the position of being a monopoly supplier of services.
This implies that the utility specify technical interface,
access and communication standards, but avoid re-
sponsibility for the contents of information transmitted
through the utility. Detailed discussion with potential

suppliers of services will be required to establish ade-
quate interface standards.

Special arrangements may have to be made to develop
public sector services, the most important of which are
education and information retrieval services. In the
initial stages of development of education services,
highest priority should be given to the delivery to
homes of pre-school, supplementary and continuing
education services. The greatest potential of the infor-
mation utility may lie in its promise to provide eco-
nomical and effective life-long learning. Also important
will be the provision of public access via the utility to
“public” government information that’s otherwise diffi-
cult to obtain. Online voting and polling services
should be given low priority or deferred because of a
variety of political dangers.






A panel session—Computers and the problems of society

Computers and Urban Problems

by PETER KAMNITZER

Unaversity of California
Los Angeles, California

The recent focus of interest on urban problem solu-
tions has progressed from early enthusiasm to the
realization of the enormous difficulties awaiting the
problem solver. The social and political problems at-
tending problem perception and definition, priority es-
tablishment, cost and benefit distribution, information
and program control seem to overwhelm the potentially
available technological solutions to the manifestations
of present urban ills,

Utilization of computer technology in the area of
urban problems has grown from extensive data storage
and retrieval and data analysis to simulation and
modelling on a useful but as yet limited operational
scale. Large scale simulation models have been at-
tempted particularly with regard to urban transpor-
tation and its impact on land use. Computer graphics
and on-line interactive man-machine systems are show-
ing promise as useful aids to planning and decision
making. Continuing progress will depend on further
urban research; on development of uniform data for-
mats; on faster, cheaper, more reliable and more power-
ful computers; and on financial and institutional en-
couragement.

Urban problem patterns on a short range scale will
basically follow present physical and social trends re-
sulting in further congestion, pollution, slums, sprawl,
etc. On a long range scale they will increasingly be
associated with the impact of technological and social
forces on changing urban patterns within established
as well as totally new concepts of urban life.

Computers can contribute to the amelioration of
urban problems predominantly in two major categories:
through their effect on a changing urban fabric and
through their effect on the process of planning and
decision making. They can be used in city building and
rebuilding through the utilization of automation, com-
munication and systems control (automated transpor-
tation, construction methods, controlled environments,
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interactive communication, ete.). Planning and decision
making can be greatly enhanced by on-line interactive
computer methods. The complex, open-ended urban
system with its absence of clear goal definitions tends
to defy total optimization. In contrast, the man-ma-
chine mode permits man’s value judgments to become
part of the problem solving process itself. An Urban
Simulation Laboratory is proposed which would bring
together all means of simulation (mathematical model-
ling, man gaming and perceptual environment simu-
lation) for purposes of research and experimentation
with hypothetical solutions to urban problems. Inter-
active information display would permit queries by
researchers and community representatives in an “if-
then”” mode, and thus would significantly contribute to
urban decision making within the context of an in-
formed and participatory society.

Successful implementation of innovation depends on
a general climate of positivism, government subsidy of
innovation, retraining programs, continuing education,
as well as on user participation in the planning and
implementation processes. New institutional arrange-
ments between universities, research institutions, gov-
ernment and private industry are suggested to maxi-
mize learning, research and problem solving oppor-
tunities. The author cautions not to forget the ‘‘art”
of problem solving in the commendable attempt of
creating a rigorously applied ‘“‘science” for ‘“‘Computers
and the Problems of Society.”

The Current Crisis in American Education

by NORTON F. KRISTY

Refocus
Los Angeles, California

Public education in America is in crisis. Its critics
point out that it is not doing its job at all effectively—at
least according to the current expectations of upgrading
the economically and culturally handicapped. The costs
of public education have risen alarmingly in the past
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20 years, and are currently out-running the tax base at
all levels of education from primary school to graduate
school. In the early sixties, many educators joined
forces with systems specialists and computer develop-
ment people in what has turned out to be a romantic
dream. The dream was to some way, some how, combine
concepts of system analysis and computer technology
with principles of programmed learning in a way that
would “revolutionize learning”. Those high hopes have
proved to be remarkably short-lived.

Now, in 1971, the conservatives appear to be in
ascendence. There is widespread disillusionment with
the “failure” of educational technology and innovation.
However, the failure of educational technology and
computer applications has largely been the result of

1. Poor administration of research and develop-
ment monies by a tangled skein of governmental
agencies competitively involved in educational
research.

2. A grossly inadequate funding program for edu-
cational research. Those monies which were avail-
able tended to be spent on short~term, frag-
mented research programs. In other words, there
is an almost desperate need to coordinate re-
search, particularly at the Federal level, into one
reasonably well-orchestrated program that will
support risk-taking, and will give a financial
base to promising ideas for an extended period
of time.

3. Premature implementation of educational tech-
nology. Implementation of computer applications
to education must be at least as well planned as
the implementation of a major new military
system.

Since we in the educational community are now at a
point of considerable disillusionment concerning the
value of computer technology, the role of the Federal
Government in the past five years needs to be re-
counted. The Bureau of Research of the U.S. Office of
Education in 1966/67, planned for an accelerating pro-
gram of investment in computer applications ranging
from administrative applications to computer assisted
instruction. Over the time period 1967-69, less than 20
percent of these planned-for funds were ever in fact
expended. Many programs were initiated and then not
funded. Those that were funded were given much shorter
periods of time than had been initially planned to cover
the proposed work.

In spite of this, considerable technical progress has
been made on the effective application of computers in
education. However, it is the political situation which

will control the future of wide-scale research, develop-
ment and installation of such applications. The edu-
cational enterprise in America is a fragmented instru-
mentality composed of more than twenty thousand
school districts and almost three thousand institutions
of higher learning. This educational enterprise has no
centralized authority that can promote, support and
press for change. At the same time, it has most of the
limitations of small-scale organizations without much
compensating freedom of action or flexibility of response
to user requirements. Finally, education in America
has now run out of money. It cannot mount a sustained
program of experimentation, development, and imple-
mentation dealing with the very technologies and in-
structional practices that could redeem it.

A highly feasible method of bringing computer tech-
nology to important use in public education in the next
decade is a reorganized state/federal program of major
proportion. This program, if it were to be created,
should concentrate first on higher education, for the
cost/effectiveness is greater there.

International Implications: Need for
World Simulation

by JOHN Mc¢LEOD
8Ci World Simulation

Technological trends are causing profound changes
at all levels and in all sectors of society. Some of these
changes are considered desirable by those affected, some
are not.

Computers are so inseparably intertwined with tech-
nology that many of the undesirable, even alarming,
trends are being blamed on computers. Whether or not
this is justified, it seems that if the undesirable trends
are to be checked and the desirable ones reinforced, we
will have to call on computers for help.

The reason computers will be necessary is that prob-
lems of society today, stemming from or aggravated
by the “population explosion” and its multiple side-
effects, are much too complicated for comprehension
by the unaided human intellect.

In the last analysis, if humanity is to survive, people
must solve the problems of society. But first there must
be understanding. And to acquire understanding, people
must have a tool for keeping track of the myriad pieces
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of information, and the dynamic interactions among
them, that contribute to the problems and which must
be taken into account in any proposed solution. If the
interrelationships as well as the facts are properly fed
into a computer, the result will be a computer model of
the system of interest. Experiments can then be de-
signed and run on the model which will impart an
understanding of the real-world situation.

However, all sub-systems of our society are so inter-
related, even up to and including nations, that only a
model including all the nations of the world can give us
insight into social problems which transcend national
boundaries—as so many important ones do.

For the foregoing reasons it is urged that work on the
development of a world simulation be officially en-
couraged and adequately funded by our government.

Computers and National Security

by E. W. PAXSON

The RAND Corporation
Santa Monica, California

The digital computer was spawned by World War II.
Military requirements have continued to pace com-
puter development. Computer technology and weapon
system sophistication have marched in tandem. Neither
has dominated, but current weapon systems, operations,
and management are impossible without the computer.
Almost 90 percent of the Government’s current stock
of 5000 plus computers are devoted to defense and
space activities, reversing the civilian use pattern of at
least ten times that number of machines.

Weapons have been developed and fielded in response
to a real external threat. But there has been no true
arms race and one is unlikely. We have relied largely
on advanced technology to generate a posture deterring
the catastrophe of nuclear war. Our lead in computer
science is a major contributing factor in giving us the
technological edge and in contributing to deterrence.

Will we continue to have this edge? Pressures from
the domestic sector, the flyback effect after termination
of our involvement in South East Asia, our hopes for
favorable Strategic Arms Limitations Talks will un-
doubtedly lead to a decrease in defense funding. Since
our Research and Development system, unlike that of
Russia, is closely coupled to weapon system develop-

ment, there will be a cutback in R&D, including com-
puter sciences, as new systems are cancelled or stretched
out.

Scientific research has relied heavily on Government
funding. Current Congressional attitudes toward basic
research are that it must be directly ‘relevant’ to mili-
tary matters. In the USSR, the State has opposite
attitudes.

Are industrial motivations strong enough to fill these
gaps?

Under the concept of strategic sufficiency, President
Nixon has asked for options of greater flexibility in
deterrence and nuclear war management than the imple-
mentation of Assured Destruction which can imply the
death of half of our people in retaliation.

The computer implications are heavy. Surveillance
and all operating weapon systems must be tightly linked
to produce the required data base update to permit
finger-tip command and control of a major crisis. Not
only are the data processing requirements immense, but
there is imperative need for adaptive, on-line, man-
machine intelligence—not artificial intelligence, to ex-
plore the ‘what if?’ ‘what then?’ of combat situations
in much less than all too short real time. We still talk
to computers and not with them. Machine technology
on the LSI and memory levels is well out of balance
with required and expensive software.

As military budgets are decreased, basic research and
development should obviously increase in proportion.
But, as usual, I think it will take its share of a slash.
I hope I am wrong.

Ecological Problems

by ROGER WEINBERG

Kansas State University
Manhattan, Kansas

Man has exploited nature during the 19th and 20th
centuries. Therefore, in America he has changed many
productive Indian systems of life: the Oklahoma plains
of the Kiow, rich in grass and buffalo, into a dust bowl;
the Washington salmon streams of the Haida into a
sequence of DDT-poisoned reservoirs; the British Co-
lumbian Kootenay Lake of the Tlinglit, filled with fish,
into a recipient for fertilizers.

By 1971 he had gone further, filling the atmosphere
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with carbon monoxide and other noxious gases so that
breathing in New York City was equivalent to smoking
a pack and a half of cigarettes a day. He has even
polluted the vast life-giving ocean with death-dealing
poisons. Mercury contaminated the swordfish which
became dangerous for humans to eat. DDT slowed the
ocean plants’ ability to capture the energy of the sun
in the vital first step of a long food chain leading to man.

As man was developing a technology which created
these problems, he was with the same technology, de-
veloping means for solving them. By 1946 he had built
thinking machines—electronic computers, and by 1971
he had used them to model eco-systems, to optimize
the results of resource management, and to coordinate
research efforts by teams of individual research workers
who were scattered by distance.

Future developments such as small, cheap minicom-
puters can provide computers for gathering weather
data at remote Pacific island stations, while powerful
parallel processing computers will be capable of running
models of large complex weather systems.

Along with new computers, a new technique such as
microprogramming will enable a programmer to set up
computer circuits tailored for his particular program,
and a new concept such as the computer utility will

enable groups of programmers to communicate with
each other, and to utilize the power of a large central
computer.

These new computers, techniques, and concepts are
man’s genie. And man, become Aladdin, will be able to:

a. Improve weather forecasting, and be forewarned
against natural disasters.

b. Plan the optimal use of scarce natural resources.

c. Simulate to improve decision making, testing
alternate ecological policies in order to choose
the best one before it is implemented, thereby
avoiding dangerous mistakes.

d. Plan and coordinate measures in pollution con-
trol.

e. Build information retrieval systems which make
scientific and technical data accessible to inter-
disciplinary teams studying world-wide environ-
mental systems.

Computers provide man with the power of vision into
alternate future worlds, and the option of choice among
these worlds. What choice he makes is his decision.
Whatever his choice, he will live in the heaven he
creates, or in the hell,
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