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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

200
150

100

150
40
3¢
120
e .
0o} "¢
9o i
8o i)
7o (¥
batr .
50

40 PHYSICAL MODEL (p Jsoe — — — ___
30 "
20 INPUTS (un): ++ + + + 4
lo
; outruts @ ),
31.251 93.757 156,257 218,751 281,257 343,751 406.25T7 468,751

nT

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)



666 Fall Joint Computer Conference, 1971

INPUTS (v ) = 44 4+ + 4+
e o
1 SR e . OUTPUTS unn):

240 fr-

160

120
100

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

PHYSICAL MODEL (p )i — —— —

SUBSTITUTE MODEL (5) 2 « o « = = «
INPUTS (u) < bbb bt

26,167 4-750—

by ;
i
. 1 g
f‘n L
—Ry1,a742-5

1507 2001 2501 3007 3501 4001
o

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 .
FI | ”‘?"“\‘Y‘. 4, h A ()\ "“-. '
ol W T Y g g g

280] *1a8,201™ 0-857 Ko7, 468" 0767 =

bRy, 561 = 0980

R4, 187 0707

501 o071 1501 2007 2501 3007 3507 4007 4507 5007 5501

Figure 7—Adaptive memory, straight line, least squares
tracker when physical model is piecewise linear, Af(E) given by
Figure 6, with F =175

PHYSICAL MODEL (p ): — — —

SUBSTITUTE MODEL s ):= * * * *
T INPUTS (o )2 +4+4+

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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