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DELAY-LINE AND STORAGE-TUBE

1950 L __
MAGNETICS

FERRITE

CORE SEMICONDUCTOR
TRANSISTOR
1955 L
FLAT
FILM

CRYO-

ELECTRIC

CROWE ] APERTURED

CEILL PLATE
1960 CONTINUOUS PLATED TUNNEL
SHEET WIRE DIODE

WAFFLE
IRON

LAMINATED
FERRITE

1965 INTEGRATED

BIPOLAR
IGFET

1970 |

TABLE II—Chronologv of high-speed memory development

ly” interconnected with one another without ob-
structing their basic operations. The intercon-

nected gates must respond to one another accord-

ing to the design and with little delay. These basic
requirements demand that the elementary logic
circuits must have the following characteristics :

(a) Signal Quantization. The provision of
signal quantization ensures that the out-
put signal of the elementary circuit is
more true to the specified “0” or “1”
representation than the input signal, so
that there is no signal deterioration in a
logic network of any size.

(b) Directivity and Isolation. The provision
of directivity and isolation of signal flow
ensures clear designation of “cause and
effect” to prevent spurious interactions
between connected circuits.

(c) Fast Switching. The minimization of the
switching delay time between switching
circuits ensures the operation speed of
the digital system.

Most of these desired characteristics of the ele-
mentary circuit are provided by the switching ele-
ment (s) employed in the circuit. The quantization
requirement demands switching elements having

a sharp and uniform switching threshold, as well
as an operating region of high gain. These prop-
erties ensure reliable switching of the element by
small input voltage and current excursions, under
the realistic constraints of noise, component toler-
ance, and fan-in and fan-out loading. The require-
ment of directivity and isolation of signal flow
calls for switching elements of unilateral isolation
property or the use of unidirectional coupling ele-
ments. The switching delay time of a digital cir-
cuit is essentially determined by the time required
to charge or discharge reactances in the circuit to -
produce the specified signal voltage or current ex-
cursion. Reduction of component size and high
density circuit construction are essential to reduce
the intrinsic and parasitic reactances associated
with the devices and their interconnections. In
summary, the physical implementation of high-
speed logic demands high-grain, highly nonlinear
unilateral switching elements which can be readily
fabricated to very small size and high uniformity,
and interconnected to one another in high density.

In the case of memory, very-high-speed, small-
capacity information storage is usually intimately
connected to the logic circuits, and the same hard-
ware technology serves for both logic and memory.
For memories of storage capacity of thousands of
bits to millions of bits, some efficient, random-ac-
cess address-selection arrangement is indispens-
able. Such memory is usually arranged in the
form of an array, or planes of array, of storage
elements with provision of selective addressing.
The major considerations for high-speed, medium
and large capacity memories are as follows:

(a) The storage elements must provide dis-
crete, static or dynamic remanent states
to retain the stored information, with
little or no standby power.

(b) The storage elements should provide
simple means of selective addressing,
and they must be immune to repeated
disturbs (produced by digit-drive, par-
tial word-drive, and spurious coupling).
A foremost requirement is that the stor-
age cell has a sharp, stable and uniform
switching threshold.

‘(¢) High-speed operation requires that the
storage elements can be made to minimal
physical size (and with high uniformity)
and “wired” into high density arrays.

(d) The large number of storage elements
needed in each memory umit puts the
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emphasis on high-yield, mass fabrication
techniques for the production of storage
elements and memory arrays at reason-
able cost.

This outline of the fundamental device and cir-
cuit requirements for high-speed logic and memory
implementation provides the basis of a systematic
appraisal of the merits and limitations (leading
to the success and failure) of the various hard-
ware technologies, present, past and future.

High-speed logic

What was promised?

The large variety of promised hardware ap-
proaches for the implementation of high-speed
logic are summarized under the following cate-
gories,

Semiconductor diode, transistor and integrated
circuits

From the earliest stage of development, the
semiconductor transistors and diodes, with their
obvious advantages in size and power consumption,
offered good promise of their replacement of the
vacuum-tubes in logic circuits. The advancement
of semiconductor technology soon revealed the
significant advantages in reliability and life,
switching speed, and manufacturing cost of the
semiconductor devices, several orders of magni-
tude over what could be achieved with vacuum-
tubes. A unique property of the semiconductor
junction devices is that the pn junction voltage-
current characteristic provides a switching thresh-
old which is not only very sharp but also “nat-
urally” uniform in the sense that the threshold
value is insensitive to the physical dimensions and
the fabrication processes of the device. Thus
diodes and transistors can be readily fabricated
to extremely small size (where dimensional vari-
ance is unavoidably large) and in large quantity.
while having uniform switching thresholds. The
sharp and uniform threshold permits reliable
switching by voltage excursion of less than a volt.
The minimal device capacitance (from the small
physical size) and the high transconductance of
the device vrovide fast switching. Early promise
of logic subsystems composed of thousands of
transistor logic gates with logic delav of a fraction
of a microsecond and cost below $1.00 per gate
were readily surpassed in the late 1950’s. The

phenomenal success of planar silicon transistor
technology, consisting of the processing steps of
epitaxial growth, oxide passivation, photolitho-
graphically controlled selective impurity-diffusion
and metal-deposition, made practical the batch-
fabrication of large number of components (di-
odes, transistors and resistors) of extremely small
gize and great uniformity at low cost. The same
technology readily makes the interconnections be-
tween components to form logic gates, and the
interconnections between gates to form logic net-
works, all at the surface of a silicon chip. Follow-
ing the undisputed demonstration of the produc-
ibility of integrated-circuits and their advantage
over discrete-element assembly, came speculations
of larger- and-larger scales of integration, all the
way to “computer on a chip,” as well as delay-
time “limited only by the speed of light” and cost
of “practically nothing.”

In the decade 1950-1960, when the need of prac-
tical high-speed logic hardware was urgent and
much of the potentials of transistor logie circuits
were not fully appreciated or realized, a large
number of solid-state devices and circuits were
seriously considered for logic implementation. The
major developments and expectations of these
approaches are outlined in the following sections:

Cryotron logic circuits

The early wire-wound cryotron offered an elec-
tronic analog of the electromechanical relay, with
the potential advantages of higher speed, longer
life and lower power consumption, despite the ob-
vious cryogenic requirement. The advent of thin-
film cryotron structure prompted great expecta-
tion of batch-fabrication of large and complex
logic networks by the simple process of vacuum-
deposition of homogeneous materials. An inher-
ent drawback of eryotron logic circuit is the low
operation speed dictated by the large L/R time
constant (even after the introduction of super-
conductive ground-plane which drastically reduced
the circuit inductance). Efforts to imvrove opera-
tion speed by size miniaturization and the use of
higher-resistance metal-allov encountered diffi-
culties in the uniformity of the switching thresh-
old, which is directly related to line-width and
critically dependent on temperature (thus ohmic
heating in switching), as well as material and
fabrication imverfections. The success of cryo-
electric logic system hinges on the ability to batch-
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fabricate large, complex logic networks economi-
cally, but the present status of cryogenic science
and technology has not warranted such under-
taking. The promise of entire logic and memory
system batch-fabricated at low cost by the cryo-
electric technology is not likely to be fulfilled in
the near future.

Opto-electric logic circuits

The early EL-PC pair, employing polycrystal-
line electro-luminescent phosphor and cadium-
sulfide photoconducting material, promised low-
cost production of logic circuits by the “printing-
press” process. However, the cost of assembling,
interconnecting, and protective packaging of these
circuits for sizable logic systems was not low, and
the operation speed was intolerable. More recent
opto-electric logic, using semiconductor light-
emitting injector-laser and light-sensitive photo-
diode (or transistor) still could not achieve oper-
ation speed comparable to transistors. The major
difficulty is that, for any realistic network inter-
connection, only a small fraction of the emitted
light from a driving element can be effectively
coupled to the active region of a receiving element
to realize the high gain required to achieve effec-
tive quantization and fast switching. There has
been few promises of practical opto-electric logic
except for special purpose applications.

Magnetic logic circuits

Square-loop magnetics provide static storage
and stable switching-threshold, but they are handi-
capped by the lack of gain and unilateral property.
The development of “all-magnetic’” logic was more
a challenge than a practical solution. The use of
sequenced clock-pulse energization and multi-
aperture cores has produced logic circuits operat-
ing at low speed and high power level. The more
recently developed “bipolar” operation overcame
much of the earlier drawbacks, but the cost and
performance advantages of the magnetic circuit
were, by then, lagging far behind transistor cir-
cuits. The promises of magnetic logic were limited
to its high reliability against noise, its immunitv
to radiation damage and its apparently unlimited
life.

Parametric phase-lock oscillator logic circuits

The phase-script, carrier-powered, logic circuits
(beginning with the Parametron) promised im-

munity to noise (but not spurious interaction be-
tween circuits) and the potential of extremely
high frequency operation (using varactor diode
and microwave structure). The majority-logic
operation, however, demands uniform oscillation
amplitude and coupling attenuators, as well as
precision phase-control of the transmission of sig-
nal and carrier power at microwave frequency.
The practical aspects of interconnecting complex
microwave structures make the implementation
difficult and costly even for small logic systems.

Tunnel-diode logic circuit

The two-terminal, negative-resistance, semicon-
ductor device (with its majority-carrier conduc-
tion mechanism) attracted early attention on ac-
count of its subnanosecond switching time. The
problem of uniformity of switching thresholds
among units (their peak-current being directly
rroportional to the tiny junction area) resulted
in low gain, and consequently longer switching
time than promised. The balanced-pair circuit (re-
quiring only matched-pair instead of uniformity of
all units) overcame some of the operation difficul-
ties, but the need of sequenced clock-pulse supply
and precision coupling attenuators makes the real-
izable operation speed no better than modern
transistor logic circuits. The voltage-limiting
property of the high-speed device might still be
useful if it could be conveniently integrated to the
more conventional semiconductor elements.

What we have

Presently the field of high-speed logic is
monopolized by the semiconductor integrated-
circuit technology. Technical developments are
concentrated on smaller component-size and higher
component density. A typical transistor at present
may have emitter strip-width of 0.1 mil and base
width of 0.4,. Such a transistor can be switched
reliably in one nanosecond by a voltage excursion
cf less than one volt. The basic logic gates, com-
posed of transistors, diodes and low-precision re-
gistors have logic delay time of 2-20 ns and power
consumption of 10-15 mW. (The integrated-cir-
cuit technology has all but obsoleted the TRL and
DCTL gates, in favor of the DTL and the TTL
gates for cost-oriented applications, and the ECL
gates for speed-oriented applications.) The pres-
ent scale of integration is 10 to 50 interconnected
gates on a chip (corresponding to density of
10*—10° components per square inch), for the
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cost of about 25 cents per gate.

The Insulated-gate Field-effect Transistor has
been successfuly developed to rival the bipolar
trangistor as practical basic switching element.
In comparison with the bipolar transistor, the
IGFET is handicapped by the lack of a “naturally”
uniform switching threshold and its low trans-
conductance at lower operating voltage. Thus the
basic IGFET inverter requires a larger voltage-
excursion and a larger “load” resistance for re-
liable switching, and consequently has a longer
switching delay time (ten times that of the bipolar
trangistor inverter). The shortcomings of the
basic IGFET circuit are partially overcome by the
pulse-mode circuit (at the expense of sequenced-
pulse power-supply) and the complementary-sym-
metry circuit (at the expense of more complex
device fabrication). The IGFET circuits are not
likely to match the performance of the bipolar-
transistor circuits for general-purpose, high-speed
logic, without some significant advancement in
IGFET technology. The inherent advantage of
the IGFET is its simpler device structure which
lends itself to higher degree of miniaturization
and higher fabrication yield (than the bipola~
transistor), thus more suitable for practical large-
scale integration.

The limiting factor of larger-and-larger scale of
integration on a chip is essentially determined by
the yield of the completed network. Presently
there are two distinct approaches to large-scale
integration. The fixed-pattern wiring (metaliza-
tion) approach requires all the components
covered by the interconnection pattern to be free
of defects. Integrated logic networks of 10-30
bipolar transistor gates and over 100 IGFET gates
have been produced in this manner. Larger inte-
gration by this approach suffers severe yield
shrinkage. The discretionary-wiring approach al-
lows reasonable imperfections among the fabri-
cated components to make larger integration feas-
ible, only at the expense of tedious testing at the
component level, considerable data processing to
formulate interconnection patterns, and the cos*
of preparing individual metalization masks. At
the present time the fixed-pattern technique is
used for the majority of integrated-circuit pro-
duction. and the discretionary-wiring technique is
used for some products.

What is being promised

The present trend of Jogic hardware is larger-

and-larger scale of integration on a chip, since
the interconnection between chips is largely re-
sponsible for the degradation of speed, reliability
and cost of present logic systems. This fact
prompts the promise that by early 1970’s we will
have 1,000 - 10,000 interconnected gates on a chip,
with component density of 10°-10° components
per square inch and switching delay time of 2-5
ns, at the cost of 5 cents per gate. With this many
interconnected gates a single chip would constitute
the entire electronic network of a complete logic
subsystem, thus greatly reducing the number of
terminal leads to the chip. The manufacturing of
“functional-units” of such complexity can be
achieved only by automation to handle the tasks
of logical design, device and circuit layout, and
diffusion (and metalization) mask design, as well
as automatic fabrication and testing. The fulfill-
ment of such promise is largely governed by the
law of demand and supply. The functional-units
which have large-volume demand will be developed
and produced, and the others will be neglected. The
progress in this direction will depend heavily on
the standardization of computer structure and
the consolidation of computer types. Never before
ig there such urgent need for interaction between
software and hardware planning. “What to
make” and “How to test them, when made” de-
serves as much attention as the technology of pro-
ducing the hardware,

It is of interest to note that the sobering experi-
ence of past developments and a better under-
standing of the basic requirements of digital cir-
cuits have refrained speculations of revolutionary
logic-implementation in recent years. Neverthe-
less, there are expectations that new and ‘signifi-
cant progress will be made if and when certain
difficulties associated with a number of hardware
technologies are overcome or bypassed. Ger-
manium transistor operating at low temperature
can provide very high speed logic if the fabrica-
tion techniques of germanium can reach the same
level of silicon technology. The feasibility of all-
optic logic for extremely high speed operation de-
pends on the development of practical means of
efficient light-counling between laser-like elements.
Large-scale cryoelectric logic and memory systems
(at extremely Tow fabrication cost) could become
practical through the discovery of surerconductor
material of higher normal resistance and higher
overating temperature (sav. liouid nitrogen tem-
perature). Practical vse of two-terminal. bulk-
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effect semiconductor devices for high-speed logic
awaits the development of uncomplicated means
of providing directivity and isolation. All-mag-
netic logic based on flux steering of magnetic do-
mains within homogeneous material (thus elim-
inating signal-path interconnections) could be
feasible with the development of practical means
of providing flux quantization and signal direc-
tivity.

High-speed memory

What was promised

A major consideration in the development of
high-speed, large-capacity memory systems is the
cost of producing and assembling the large quanti-
ties of storage cells. The magnetics has been, and
still is, the dominating memory technology.

Ferrite core-memory

The ferrite core memory technology has the
distinction of having promised little (in storage
capacity, cycle time and system cost), and de-
livered much. By 1955 the main memories of all
major computers were being implemented with
this technology. The ferrite core, with its in-
herent static-storage property (without standby-
power) and material stability (polycrystalline ce-
ramic material), weasily obsoleted the electro-
acoustic delay-lines and the storage tubes.” The
switching threshold of the magnetic core is di-
rectly related to its physical dimensions and ma-
terial imperfections, which are difficult to control
in the high-temperature, high-pressure processing
of the polycrystalline material. The cores, there-
fore, are tested individually to meet the actual
operating conditions (including the large number
of disturbs) before wired into the array. This en-
forced device uniformity, and the tremendous de-
mand of random-access memory of adequate speed
and capacity to match the existing logic circuitry,
resulted in the production of million-bit memory
with read-write cycle time around 5 us by 1960.
The cost of the core-memory systems was found to
depend more and more on the driving and sensing
circuitry, which followed closely the advancement
of the semiconductor technology. Three types of
memory organizations, 8D, 2D and the middle-
ground 214D, were adopted to fit the compromise
between storage capacity, cycle time, and system
cost for any particular, random-access memory
application. The feasibility of multi-aperture

core for reliable nondestructive read-out, and two-
core-per-bit partial-switching operation for higher
speed were also demonstrated, but not widely
adopted on account of the added complexity and
cost. The promised batch-fabricated ferrite mem-
ory, such as apertured-plate, laminated ferrite
and waffle-iron, did not achieve the expected cost
advantage, mainly because of yield and the burden
(of switching excess magnetic material) imposed
on the drive-and sense-circuitry.

Magnetic thin-film memory

The anisotropic magnetic thin-film shows the
promise of exceedingly fast coherent-rotation
switching, convenient orthogonal drive operation,
snd planar structure for easy batch-fabrication.
The development of practical flat-film memory,
however, has been slower than expected. The open-
flux path structure imposes a compromise between
dot size and film thickness, and the output signal
voltage, thus prohibiting very high density array
structure. The desired uniformity of switching
and disturb thresholds are difficult to achieve with
present material and batch fabrication techniques.
The more recently developed cylindrical-film
(plated-wire) memory elements provide a closed
flux-path in the easy axis (thus permitting the
use of small-radius wire and thicker film) to over-
come some of the difficulties (particularly disturb
sensitivity) of the planar thin-film. The promise
for these thin-film memories is that, once the ma-
terial and fabrication problems are solved, im-
provement of memory storage capacity, cycle
time, and system cost by one order of magnitude
over the core memory should be readily achievable.
A comfortable thought is that there is no lack of
large demand for multi-million-bit, sub-microsee-
ond memory at present and in the foreseeable fu-
ture, provided the price is not outrageous.

Cryoeleetric persistent eurrent memory

The development of cryoelectric memory, (from
cryotron-cell, to Crowe cell, to continuous-sheet
and cavity-sensing) promised very-large capacity
random-access memory operating at modest speed.
The task of producing high-uniform, 'high-
density array with good yield remains a challenge
to our material and fabrication technology.

What we have
Core memories of 8D or 214D organization,
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with capacity of multi-million-bits and cycle-time
of 1-2,s, dominate the field of internal main
memory in the present generation of computers.
Some flat-film and cylindrical-film memories of
10° bit and 0.5 ;s cycle-time have been installed in
working systems. Memory systems cost is diffi-
cult to assess, but it appears to be in the range
of 1-5¢ per bit: In the area of high-speed, small-
capacity random-access memory, the magnetic
thin-film technology (both flat-film and cylindrical
film) has produced memories of 5 X 10¢ bits with
access-time (for read or write) of 100 - 200 ns.

Semiconductor, integrated-circuit technology is
making an inroad to the field of very high-speed
memory. Development efforts on the fabrication
of large arrays of semiconductor memory cells
and interconnections has shown that IGFET mem-
ory of 10¢ bits with access-time of 100 ns, and bi-
polar-transistor memory of 10¢ bits with access-
time less than 50 ns are technically feasible.

What is being promised

The normal progress of core-memory technology
will see some further reduction of cost so that it
will be economically feasible to have tens of mil-
lions bits of random-access storage (with cycle-
time around 1, s)in the present generation of com-
puters. There is strong expectation that the evolu-
tion of thin-film technology (flat-film and plated-
wire) will finally reach the goal of low-cost batch-
fabrication, thus providing memories of 10¢—107
bits capacity, 200 - 500 ns cycle-time, at the cost of
a fraction of a cent per bit. Integrated IGFET
memory is expected to dominate the area of small-
capacity storage (less than 10¢ bits) with access
time of 100 - 200 ns, at the cost of 1c per bit. The
semiconductor technology also shows good promise
for merging the logic and the memory funections to

make medium-capacity associative-memory eco-
nomically feasible and to allow much more sophis-
ticated computer organizations,

Much attention is currently focused on the de-
velopment of block-oriented random-access mem-
ories. One prospect is the magnetosonic delay-line
memory which employs magnetic storage and
biock-access by semiconductor electronics (to
cause the propagation of a sonic wave in the se-
lected line). Nondestructive read-out is derived
on the digit lines in sequence by the propagation
sonic wave, and write-in is carried out by the
coincidence of digit currents and the propagating
wave. Another prospect is the opto-electric read-
cnly memory, where the stored information on
high resolution photographic plate is block-selected
by optical means, employing light-beam deflection
or an array of light-emitting elements. The optical
readout (of all the bits in the block in parallel) is
converted to electric signal by an array of photo-
sensitive elements. Holographic techniques are
proposed for the implementation of the high-
density photographic processing. The practicality
of these block-oriented systems are too early to be
realistically appraised.

CONCLUDING REMARKS

The present hardware technologies for high-speed
logic and memory have reached a high level of pro-
ficiency, making the central processing unit far
ahead in cost and performance in computer sys:
tems. Evolutionary progress of these technologies,
particularly in batch-fabrication techniques, will
provide more logic and memory at less cost, but
only slight improvement in operation speed. There
is, however, no sign of any revolutionary hardware
implementation of high-speed logic and memory
in the near future.






Real time systems and public information

by C.WEST CHURCHMAN

University of California
Berkeley, California

It is perhaps obvious that computer technology will
open up & new era in public information in the coming
decade. What is not so obvious at all is the proper de-
sign of the future information systems. Nor do I sense
any simple answers. '

The questions that come to mind with regard to pub-
lic information systems are these:

1. Isit feasible to build systems which will more accu-
rately and quickly inform the public on major issues of
social policy?

2. If so, is it desirable to build such systems?

3. Isit feasible to build systems which will more accu-
rately report to the legislative and executive branches of
government the opinions of the public on social policy?

4. If so, is it desirable to build such systems?

As I say, none of these questions seem to me to have
an obvious answer. In the case of the first, it is easy to
point out that there exist “manual” systems, like the
New York Times or the radio-TV, which do a reasonably
good job of informing the public, but which are not
widely used. Are we to expect that merely increasing the
facility of access will lead to wider use? But is a more in-
formed public socially desirable? And if legislators could
react more quickly to changes in public epinion, would
this be desirable? ’

In order to make the point that these questions have
no simple answer, I’d like to contrast two “world views”
of the public and its value system, both world views be-
ing plausible, but each leading to a different answer to
the questions I’ve posed.

In the first world of the public, the citizen is viewed as
a living entity who seeks to attain certain “life goals.”
In a democratic society, these goals may vary consider-
ably and often will come in conflict. The aim of govern-
ment is to resolve such conflicts fairly, and to use the
national resources to come as near aspossible to aiding as
many citizens as possible to attain their respective
goals. Insuch a world, information plays a very impor-
tant role. The citizen needs to know the policies of the

government with respect to matters that are relevant to
him. If it is the case that the government plans to imple-
ment a policy, the citizen should be able to inform his
representatives about the consequences of such a policy
vis-a-vis his goals. The measure of performance of the
information system is the extent to which it removes
ignorance, ignorance on the part of both citizen and
representative. Consequently, the answer to all four of
my questions, according to this world view, is “yes,”
but the critical point is that the information system
needs to be supplemented by a vast educational pro-
gram. The citizen needs to learn the value of informa-
tion. He must come to realize that acquiring and trans-
mitting information is an essential part of his value sys-
tem, so that he will freely seek to be well informed.
Hence the government must see to it that the informa-
tion systems are of the highest quality, and that the
public is made aware of their value.

Admittedly, this first world view is a bit simplistic
but when painted in more complicated detail it becomes
quite attractive to the social planner. It justifies a social
commitment of large resources to the building of better
information systems.

The second world view is also plausible, but by no
means as attractive to the system designer. It says that
there is no such thing as accurate or objective informa-
tion, especially in the context of social policy. Instead,
so-called “information’’ is simply one kind of incentive,
which can be used by one person or group to influence
the behavior of another person or group. It is, in fact, a
commodity with its own price, a commodity that serves
the purpose of shaping social action. When a person
“informs”’ another, he uses up some of his commodity
for the sake of getting the other person to act in ways
desirable to him. Thus one man “informs” the citizens of
the USA that the North Vietnamese massacred 60,000
Catholics, while another “informs” us that the United
States Air Force in its bombings massacred an equiva-
lent number of North Vietnamese civilians. Both are us-
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ing their information commodity to attain a reaction,
either for or against the war. Note that both must be

concerned with timing; the commmodity is in fact ““used.

up’’ when information is transmitted. The repeated use
of the same information has a quite different effect from
the first application. ‘

According to this second world view of public infor-
mation, the answers to my four questions are generally
in the negative. By creating more powerful information
systems, we shall be giving certain power groups a tool
to manipulate public action. Which group benefits de-
pends on who designs the system, but the net effeet will
be one in which political power is enhanced. Inevitably,
therefore, a reaction will set in, either civil war or fas-
cism, if only one public information system is designed.
What needs to be examined at the outset is the legal and
moral aspects of such systems, and this examination will
inevitably lead us to conclude that there should at least
be competing information systems. In other words,
there should be a free market of the commodity.

This world view is also rather simplistic. In order to
enrich it, we might listen some more to the protago-
nist of the first world view. In his rebuttal, he will point
out that of course the designers of the system need to in-
form the public about the reliability of the information.
It is true, he says, that so-called information is often
mere subjective opinion. But well documented and ob-
jective facts are not the inventions of scheming minds;
they are “there” and cannot be changed. A fact is a fact,
after all.

To this rebuttal, the other side points out that there
are two ways to deceive a person even though what you
tell him is the ‘“truth”’. One way is to tell him only a part
of the story, i.e., to select the data. It is not the case
that the New York Times prints all the news that’s fit
to print, because such a task is impossible. Instead it
filters out ““uninteresting” news, using its own value sys-
tem to do so. The second way is to interpret the data.
No fact is “pure’”. Whenever I tell you something, I
must include shades of meaning and inference, either
explicitly or implicitly. This is especially true when the
data are supposed to be relevant to policy making. If I
tell you that the USSR will produce more engineers in
1970 than the USA, this is not a pure fact, especially if
the telling occurs in the environment of alarm about
the arms race. The “datum’ is attached to a world view,
and cannot be detached from it. Hence it is simply im-
possible to warn the citizen about reliability in any
real sense. Furthermore, it is doubtful whether there is
any true scale of reliability of information.

The debate is not apt to have any end, because both

sides argue in the context of ignorance. Neither one has
knowledge of the real social system, though each can tell
a plausible story about his view of it. My sympathies
are with the second side, because I suspect that the first
is somewhat dishonest: by trying to insist on objective
information, it also tries to escape from moral commit-

‘ment. Its proponents want us to believe that a fact

stands there independent of one’s purposes. Hence they
believe that the designer of information systems does
not have to declare what his opponent takes to be the
implicitly assumed moral assumptions. Furthermore, I
believe that all too many legislators and executives aid
and abet this moral deception.

I wouldn’t vote for the second viewpoint if it ended in
relativism, i.e., in the position that information can
mean whatever one wants it to mean. Rather, I take it
to be saying that (1) there is such a thing as morality in
social policy making, (2) the morality dictates in part
which goals are legitimate and which are not, and (3)
that information is valid which directs us towards the
moral goals. That is, the design of an information sys-
tem ought not to be accomplished without an explicit
moral commitment. Finally, no one should claim exper-
tise on morality, which is the voice of all people, past,
present and future. Morality is above all a matter of
experience, or even of experiment, in which all of
us are both subjects and observers.

The unpopular antithesis I’ve been developing in this
paper says in effect that as a culture we are morally im-
mature, and that this immaturity comes to be a serious
threat every time anyone proposes a technological inno-
vation. We don’t understand the moral basis for build-
ing freeways, supersonic transports or public informa-
tion systems. We are not mature enough to deserve the
fruits of technological change. Because we are childish
in our morality, we believe we can keep shifting moral
responsibility. We say that it’s not up to the system
scientist to find the moral basis for an information
system ; this is a matter for managers or the public to de-
cide. No study of morality ever seems to get into the
proposals or RFP’s. We even childishly assert that it’s
meaningless to try to study moral issues because people
have been trying for centuries “‘without success.” Only
a child believes that “success” means satisfaction and
removal of the problem. Every adult knows that serious
problems are never resolved, and must be studied con-
tinuously and deeply.

The antithesis is bound to be unpopular and probably
will go unheeded. No child likes to be told that he’s
behaving like a child, especially when physically he is
quite strong and mature. '
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The 20th Century has been variously called the
atomic age; the age of the second industrial
revolution and the century of the computer. How-
ever the historians choose to label this period, it
is clear that science and technology has had a
central role and a significant impact on our so-
ciety. Research and engineering are no longer
considered esoteric disciplines, for their products
are clearly visible. Although the importance of
science has been recognized and accepted for many
years, only now are we becoming concerned with
the results of these scientific activities. It is not
enough to produce new knowledge; the informa-
tion must be made available so that it can be
tested, evaluated, and applied for the benefit of
the community. v

New knowledge is being produced at an ever
increasing rate by an ever increasing number of
scientists so that the sheer volume of output is
clogging and constricting the information transfer
processes. Scientific literature has increased to
such an extent that the unaided scientist is unable
to keep abreast of, and make use of, the informa-
tion relevant to his own research. The growth
and proliferation of the literature could rapidly
produce chaos and unnecessary duplication of
effort. This could happen and would happen were
it not for the development of information science
centers that control the collection and dissemina-
tion of science information.

A few such centers are already in existence
and many more are needed, as are more efficient
procedures for the storage, retrieval and dis-
semination of scientific information. Conceptually,
the idea of an information center is an old one
since such centers evolved from the research li-
brary. However, the modern computerized infor-
mation center is a relatively new development re-
quiring, in addition to the high speed computer,

a large capacity storage device and specialized
programs for the processing of requests and the
manipulation of files. These capabilities now exist
and are being used in a number of specialized in-
formation centers. Although these centers are
reasonably efficient, they are expensive to op-
erate and there are frequent delays in responding
to the user’s request.

The information transfer problem is world wide
and must be approached at both national and in-
ternational levels. A number of significant steps—
both technical and administrative—have already
been taken toward the creation of information
centers. It is important for us to review these
activities in order to understand their present
status and the implications that an efficient in-
formation exchange can have on the social, eco-
nomic and political milieu in which we live. In
the United States, our leaders have taken cogni-
zance of the new technology and have recognized
the .importance of expediting the exchange of
scientific information. As an illustration of this
fact let me quote from a congressional report of
the U.S. Senate Committee on Government Opera-
tions, June 1965. This paper is usually referred
to as the Humphrey Report. It states:

“Information is an agency resource, a federal,
national, and international resource.

Modern information technology is making it
possible to place much of the accumulated
knowledge of the human race within the reach
of a man’s fingertips, so to speak. The po-
tentialities of this access to power are awesome,
in terms of improving the well-being of our
own and other people, as well as in terms of
improved education for young and old alike.

If man’s collected knowledge is to become truly
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accessible, plans and programs must be made,
priorities assigned and resources allocated.” !

Note Senator Humphrey’s statement that,
“Modern information technology is making it pos-
sible to place much of the accumulated knowledge
of the human race within the reach of a man’s
fingertips. . . .” Clearly, he is talking about com-
puter technology, and the reference to “a man’s
fingertips” alludes to remote access via time-
shared systems. The phrase that priorities need
to be assigned and resources allocated is indica-
tive of a growing sense of urgency. Of course,
after this report had been written, other national
problems have received even higher priorities, but
the need for information transfer has not di-
minished. The problem remains and has been re-
emphasized by Carter’s report on National Docu-
ment-Handling Systems for Science and Tech-
nology. 2 Carter writes:

“The essence of scientific and technical infor-
mation transfer is contained in the process
of communication. The development of sci-
entific knowledge depends on the communica-
tion of new theories and new experimental ob-
servations to others. No new idea is afforded
acceptance in the scientific community until
it has been discussed and evaluated by people
knowledgeable in that area, whose knowledge of
the idea and background for evaluating it is

. derived from formal and informal communica-
tions.”

As a result of the work of these and other study
groups, federal agencies have given increased at-
tention and support for activities in the field of
scientific and technical communication. Important
improvements have been made and more are under
way as both governmental and non-governmental
agencies move toward the -development of an ef-
fective national program. The goals are threefold:
To increase the effectiveness of R & D manage-
ment in the Federal government; to make readily
available to all U.S. scientists and engineers the
world’s current and past output of significant sci-

entific information ; and to encourage the transfer

of defense generated technology to the civilian
sector in order to induce comparable advances in
the total economy. ‘

Within the federal establishment, the signifi-
cant actions in the scientific and technical infor-
mation program may be summarized as follows:®

« The Department of Defense has redesignated
the Armed Services Technical Information

Agency as the Defense Documentation Center in
order to reflect its broadened mission and the en-
larged scope of its document collection. Under the
supervision of the Director of Defense Research
and Engineering, the Center has two specific new
assignments: the maintenance of an index of cur-
rent “Research Development Tests and Evalua-
tion” programs within the department and the
establishment of a centralized directory and re-
ferral service on available DOD Scientific and
Technical information activities. i

. Within the Department of Health, Education,
and Welfare, committees on scientific information
have been established to survey information needs
and to examine scientific and technical informa-
tion activities in the Public Health Service, in-
cluding the National Institutes of Health, and the
Food and Drug Administration. The National Li-
brary of Medicine, which is a component of the
Public Health Service, is currently operating a
computer-based Medical Literature Analysis and
Retrieval System called MEDLARS, and a Na-
tional Drug Information Clearinghouse.

. The National Bureau of Standards, under the
Department of Commerce, has established a Na-
tienal Standard Reference Data System which
provides scientists and engineers with critically
evaluated numerical tables in the physical and
engineering sciences. _

. The Office of Information Service in the Na-
tional Science Foundation has sponsored numer-
ous research projects in information science so as
to improve the collection and dissemination of in-
formation. In addition this Office has helped sup-
port the establishment of many specialized infor-
mation centers including the Science Information
Exchange which monitors research in progress,
and the National Referral Center. This latter
agency is housed at the Library of Congress and
directs any scientist or research organization to
the most appropriate source of information on
any scientific or technical question. In so doing,
the Referral Center interconnects the immense re-
sources of information services currently avail-
able in the United States.

. One of the largest sources of report literature
is the Office of Technical Services in the Depart-
ment of Commerce. This ageney administers the
Clearinghouse for Federal Scientific and Technical
Information, and provides a central and ready
source of information from which the user can
get copies of government reports, scientific papers
and translations of Russian and other foreign
works in specific fields.
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In the private sector, there are in existence a
large number of specialized information centers
in the fields of agriculture, engineering, physies,
chemistry, etc., and more are being planned.

All of this activity is convincing evidence that
a number of very significant steps have been
taken to disseminate information in a manner
that will make government-sponsored research
available for public use, minimize duplication, and
aid in the development of new products and proc-
esses. But while these efforts are coordinated,
they are not truly integrated. There is a need
for a national document-handling system for sci-
ence and technology, and by this I mean an in-
tegrated system in which all of the individual
centers are interconnected and cooperate with
each other in sharing their resources, and this
includes the responsibility for gathering and
translating foreign language periodicals. No one
organization has sufficient resources—material
and personnel—to collect everything. Only
through an organized cooperative effort can com-

. plete coverage be obtained.

An integrated system also requires the stand-
ardization of procedures, format rules, and ter-
minology. This will be very difficult to achieve
as anyone working with the United States Stand-
ards Institute will testify. And no organization
that has an existing operational system would be
interested in changing their procedures. A na-
tional scientific and technical information center
will also be expensive, and it is only reasonable to
ask whether the effort and the cost will be worth-
while. Unfortunately, there does not seem to be
any way of placing an acceptable value on infor-
mation, and it is even more difficult to determine
the value of that information that has been lost
or not retrieved.

While the problems are numerous, the social
and economic implications of such a network are
also great, and this is particularly true when we
broaden our perspective to include the interna-
tional scene. Whereas within the United States
the main impetus for the establishment of an in-
formation network was to transfer information
from one part of the economy to another—from
military support programs to civilian utilization—
the international problem is a different one. In-
formation is seen as a means by which a develop-
ing nation can increase its gross national product,
raise the standard of living for its citizens and
narrow the gap between the have and the have-
not nations of the world. In short, information
is seen as a very valuable commodity which should

flow freely across national boundaries to the
mutual benefit of all. There are a number of in-
ternational science information activities either
in existence or in the planning stage, but they are
for the most part narrow in scope and reflect the

dominant interest of the sponsoring organization.

One such information exchange agency is
sponsored by the Committee for International Co-
operation in Information Retrieval among Ex-
amining Patent Offices. The committee’s objective
is to facilitate all types of patent searches, and
to cooperatively develop and share procedures for
improving patent retrieval. By working together,
the 21 national offices have developed special in-
dexing systems and have agreed on the stand-
ardization of microforms, of punched-card for-
mats, of specification headings, and of other rele-
vant matters.

EURATOM, the European Atomic Energy
Agency, has successfully operated an internation-
al center on nuclear information. The center col-
lects documents and provides fast and reliable ac-
cess to its files. Additionally, a proposal has been
made by the International Atomic Energy Agency
to create a computerized International Nuclear In-
formation System which would provide for more
efficient storage and transfer of nuclear informa-
tion.

Other agencies, such as the Food and Agricul-
ture Organization, the World Health Organiza-
tion, the International Federal of Library Associa-
tions are also engaged in science information ac-
tivities, but as T indicated, these are all specific,
uncoordinated, and separate.

Recently, in December 1967, the International
Council of Scientific Unions and the United Na-
tions Educational, Scientific and Cultural Organi-
zation convened a joint project to study the fea-
sibility of a World Science Information System.
Such a world system is now possible; although
there are a host of problems that need to be
solved before the system could be implemented.
I do not wish to minimize these problems for they
do exist and they are concerned with such tech-
nical things as communication lines, memory size,
file organization, data elements, compatible ter-
minology, ete.

Because the members at this audience are ex-
perts in computer systems and data base manage-
ment, I will not dwell on these technical matters.
If we thought about it for a few minutes, each of
us could list a dozen or more problems. And then
if we thought about it a little longer, we might
even come up with some solutions. There are no
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insurmountable problems in technology. However,
the management problems are less obvious and
because of the political implications, more difficult
to solve. Namely:

. Who should manage such a world science in-
formation system? Should it be a committee of
interested and involved countries? Should the
Center be organized under the auspices of the
United Nations? Or should the leadership come
from the professional societies such as IFIPS or
the International Federation for Documentation ?

. Should the service be free to all qualified per-
sonnel East and West? Or should there be a
metered charge for each delivered item of infor-
mation?

. Granted that scientific information is a
valuable commodity, should the United States,
share this information without any strings, or
should the government insist upon a quid pro quo
arrangement ?

« Who shall be responsible for gathering and
reviewing the documents that are to be part of
information system? Shall this responsibility be
delegated to the country, the professional societies
ur some international body?

These and similar questions are being debated
by a number of international organizations. The
debates will be long and arduous, but eventually
solutions will be found, for a World Science In-
formation Center is a necessity.

The very concept staggers the imagination.
Such an Information Center will provide a means
for helping to equalize the differences between
the poor and the wealthy nations of the world.
A data bank of scientific and technical informa-
tion will enable a farmer in one country to learn
how to combat a plague of destructive insects by
using a technique developed in another country.
A food processor could learn how to preserve
crops and thus alleviate a famine in a distant

land. Technicians, engineers, and scientists will
be able to pool their knowledge internationally
and all will benefit. Educational opportunities will
be more readily available and resources will be
spread more equitably. Students, wherever they
are, will be able to learn from the best of in-
gtructors and have the most up-to-date material.
Doctors all over the world would be better trained
and more knowledgeable, and health care will im-
prove. Perhaps people will even learn to trust and
respect one another and there will be no need for
war.

As you see, my imagination has been stimulated
and I am blinded by the grandeur of the vision.
In truth, I recognize that information itself will
not change the world; although the utilization of
information may. A World Science Information
Center is a means of making knowledge available
so that it can be utilized. As such it has a small
but necessary role to play in improving our social
and economic status. Furthermore it is a practical
first step, and one that we can and should take.
Here is an application of computing power that
is worthy of data processing technology. Here is
a project that gets us out of the area of tech-
niques and into the arena of real social problems.
Let us allow ourselves to be stimulated by this
concept and let us be challenged to solve the tech-
nical problems so that a World Science Informa-
tion Center can become a reality.
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INTRODUCTION

The development of remote computer access has
resulted in among other things, the employment,
by the data processing industry, of an important
new raw material—telecommunication services. In
the United States the principal source of this raw
material is the communications common carrier
industry. Each member is a “regulated common
carrier”; a firm granted certain monopoly privi-
leges and which, in return, must subject itself to
review and regulation by the Federal Communica-
tions Commission (or appropriate state regula-
tory bodies) acting to safeguard the public in-
terest. All of this might be very interesting but,
until now, has been of relatively little concern to
members of the data processing industry. How-
ever, as the computer becomes more dependent
upon communications services, so too does the data
processing industry become more subject to the
structure and practices of an industry that has
now become a principal supplier of one of its key
inputs of raw material,

In our present discussion, we are concerned
with the nature and, hence, the adequacy of the
services that are made available and furnished by

*This work was supported in part by the Advanced Research
Projects Agency of the Office of the Secretary of Defense (SD-
146) and is maintained by the Air Force Office of Scientific Re-
search. Partial support was also provided by Project MAC, an
M.LT. research program sponsored by the Advanced Research
Projects Agency, Department of Defense, under Office of Naval
Research Contract Number Nonr—4102(01). Reproduction in
whole or in part is permitted for any purpose of the United
States Government,

these common carriers to the computer industry.
Our view is that their services are inadequate for
the requirements of computer systems. They are
designed to the same requirements as that em-
ployed for voice telephony; because they do not
reflect the unique characteristics and requirements
of data communications, they are highly inefficient
services for such purposes. As a result, they cost
too much. This high cost may well result in the
restriction in the most widespread use of remote
access computing. systems, since the communica-
tions costs of the services now available and their
associated tariffs are often prohibitive.

The technology required for significant improve-
ment in the production of data transmission serv-
ices has been developed. Its implementation would
significantly reduce the cost of such services. To
the extent that implementation of this technology
is delayed, the most widespread use of remote-
access computer systems will also be retarded.

Government regulatory agencies have the re-
sponsibility to encourage the use of the most ap-
propriate technology for the production of com-
munications services by the regulated firms. At
the present time, the Federal Communications
Commission is investigating the extent and direc-
tion of their responsibility in this area. It is our
hope that, as a result of this inquiry, regulatory
policies cognizant of the unique requirements of
the data processing industry will be promulgated.
As the custodian of the public interest, it is the re-
sponsibility of government regulation and public
policy to foster the development of such services
that will not impede the growth and development
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of data processing but will permit the latter to de-
velop along its own economic course.

The need for a more data-oriented communica-
tions service exists. The technology for providing
such a service, with its resulting reduction in unit
cost, is available. Our purpose is to suggest that
this technology must be implemented so as to satis-
fy the present and future demands already evi-
dent. Several techniques for providing the indi-
cated services have been suggested. (See, for ex-
ample, Davies, 1967 or Mills, 1965.) We propose,
as an example, one such technique and present the
potential benefits of its implementation.

The development of remote real-time computer
access

The concept of time-sharing a real-time com-
puter is not new-—as such it was proposed as
early as 1959 and had been implemented at various
places on a limited basis as early as 1963. Al-
though there are many advantages to the user of
such systems, the major ones seem to stem from
the ability of a computer user to work at his most
advantageous speed, communicating with the re-
mote computer at a time and place convenient to
the user. From the standpoint of efficient usage
of the computer system, such usage also has its
advantages: the larger computer is not required
to spend valuable time waiting for a human to
make decisions, communicate a line of input, or
even wait for a mechanical device to transmit sig-
nals. While the user, for example, is typing a line
of input to the system, thinking about what he is
going to do next, or seeing a line of output being
typed, the computer can be servicing many other
users.

Of potentially greater advantage, the availabil-
ity of remote access computer systems reduces
the user’s dependence on having close physical ac-
cess to the actual computer system and instead,
allows the user to gain access to the computer sys-
tem through communications channels—independ-
ent of his location. This ability to use a computer
from afar has led to the concept and development
of the “remote service bureau,” or “computer util-
ity,” to provide the user with computing power.
Although many different systems have been de-
veloped under various names, they all have one
thing in common—many remote users are con-
nected simultaneously via communication chan-
nels to a central computer.

The problems with remote real-time computer
access

At the present time, relatively little “remote
use” of these systems from distances of more than
a few miles has occurred. This is a result of the
high cost of using a communications network—de-
signed for voice—for the transmission of data.
The characteristics of data transmission are suf-
ficiently unique and the potential demand suffi-
ciently great, that a system designed for voice
communication cannot be expected to provide the
required services, efficiently and economically,
over the long run,

In order to make effective use of most real-time
computer systems, the user’s remote console must
be connected to the computer facility for the en-
tire time he is working. This is expensive. For
other than “local” service, where the cost is nomi-
nal, the cost of remote usage creates an effective
barrier against geographically extended use of
computers.

To provide a more concrete example of these
costs, we have presented the approximate charges
per hour for non-permanent telephcne and tele-
type grade lines between Boston and several cities
in Table 1.

TABLE I—Typical hourly costs of dial-up
communication channels

Telephone Teletype
Between Boston and: Message Toll TWX
New York $12 $21
Washington, D.C. $18 $24
Chicago $24 $30
Dallas $27 $33
Los Angeles $30 $36

These fixed hourly charges are incurred as a
result of being connected to the interactive com-
puter system by ‘“long-distance” telephone or tele-
type lines, irrespective of the actual amount of
work done or the number of messages transmitted
between the user and the computer. During an
average hour of console hookup, a user might be
billed for $10 to $20 of actual computer (main
frame) usage. A local user (within the local tele-
phone service area) of a Boston-based system
would be billed $0.60 per hour for communication
channel usage; a user in Washington, D. C., $18,
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and one in Los Angeles, $30. The tariff structure
under which this communication service falls is
based upon the assumption that most of the time
the communication channel is actively connected,
it will be used to transmit information and, thus,
one full-time circuit would be required for each
connection. Although this assumption of relative-
ly full utilization of the communication channel is
satisfactory when voice communication is being
transmitted, it is not when these channels are em-
ployed for remote, interactive use of a multi-access
computer system. With such systems, only a small
percentage of the facilities of the communication
channels are utilized—the primary characteristic
of this type of usage is the transmission of a num-
ber of small data-content messages with relatively
large delays between successive messages. The
communication channels used for data transmis-
sion have the capacity to transmit over 12,000
characters per minute. Currently used remote
console devices have a maximum data rate of 900
characters per minute or less than 7.5% of the
channel capacity. Measurement of users inter-
acting with existing time-sharing systems indicate
maximum use of less than 10% of the capacity of
the console—and, thus, less than 1% of the capaci-
ty of the communications channel (Gold, 1968).
The high “overhead” charge to communicate
with the system will have a detrimental effect upon
the remote computer user. In addition to the
rather obvious one of having to pay the “phone
bill,” the user may be pressured into working fast,
thinking fast, editing fast, and making mistakes
fast. This, of course, tends to negate a basic fea-
ture of interactive real-time systems—the ability
of the user to work at his own pace, unhurried by
external pressures. Research comparing on-line
computing and the more traditional batch-process-
ing computing indicates this real-time or time-
sharing access can result in higher performance
(a higher quality product) if the computer is
available to the user upon demand and the output
is generated within a reasonably short amount of
time (Gold, 1967). Tt would appear, then, that
the existing communications service offerings and
the resulting tariff rates—which discourage re-
mote users from having a computer available upon
demand—will be a real and serious barrier to the
effective development of remote use of such sys-
tems. In view of the unique communication re-
quirements of such systems, a reassessment of the
means of effecting this service appears warranted.

Requirements for remote real-time computer
access

What appears to be needed is a communication
system which will allow the user to communicate
with the remote computer as the need arises—
with a minimum of effort and delay to the user
and at a price not significantly greater than that
incurred by a user located at the remote computer
site. Under the existing service and rate struec-
ture, the user of a remote computer utility is faced
with several alternative methods of using the com-
munication channels. First, he may maintain the
connection between his console and the computer
for the duration of his computing session, even if,
for the majority of the time, the communications
facility is lying idle. This, of course, is most ex-
pensive but provides minimum bother to the user.
Or second, if he wants to economize, he (or the
computer) may break and subsequently re-estab-
lish the connection, by dialing, for only as long as
it will actually be needed.. This second alternative
has immediate economic advantages to the user,
but would certainly prove extremely cumbersome
in practice or, for real-time operations where im-
mediate access is normally a requirement, would
prove impossible. In either case, such a scheme
would negate many important aspects of real-time
systems—especially the ability of a user to com-
municate with a remote real-time computer at a
time and place convenient to him.

It is clear that any attempt to minimize the rela-
tively high cost of the communication channels for
remote computer access through somewhat devious
means would result in a substantial downgrading
of the services provided by a time-sharing system
—as compared with those received by a user at
the facility. Simply a cheaper system for com-
municating with the computer utility is not suf-
ficient—an adequate system must provide service
similar to that available to a user located at the
computer facility, and must do so at a cost which:
(1) does not act as a barrier to remote use of the
computer system; and (2) is somehow proportion-
al to the actual usage of the communication chan-
nel and not simply to the time the user is actively
connected to these channels. This objective of
eliminating the effective barrier to remote com-
puter usage may be achieved by adapting exigting
communication plant to the specific requirements
of such systems. The result will necessarily be:
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(1) a change in the basis of communication
charges—from elapsed time to the amount of in-
formation transmitted; and (2) a substantial re-
duction in the cost of the communication service.
This would attempt to change the cost structure
by eliminating the full time devotion of one circuit
to each user—a major factor in present remote
computer usage costs,

Proposed data-transmission service

Computer time-sharing is founded, in part, on
the idea that of the many users actively connected
to the computer at any time, the computer pays
attention only to those requesting service and does
not waste its time by trying to provide service to
the others. Thus, the system as a whole can oper-
ate efficiently—charging the users only for the
time the computer works for them. It should be
possible to extend this concept to the communica-
tions facilities that are associated with such re-
mote access computer system—that is, provide
a pool of communication resources for a number
of active users of the system such that, at any in-
stant of time, when one user is not using the fa-
cility it is available fo another user for transmis-
sion of his data. As an example, a computer utility
in, say, Boston might have fifty active users in the
New York area. Rather than establish fifty inde-
pendent connections between New York and Bos-
ton as must be done presently, it should be possible
to connect each New York user to some collection
point in the New York area; either through a per-
manent connection or by dialing, and then have
some smaller number of pooled circuits between
this collection point and the computer in Boston.
Equipment at the collection point would take care
of assembling complete messages from the user
(and the computer) and assigning an open line to
transmit the entire message at full line transmis-
sion speed. Once the message was sent, the line
could be made available for the next message to
be sent—in much the same way as the main con-
trol unit at the central computer assigns the vari-
ous components of the computer system among
the various users. Although this would reduce the
“rent” on the communication circuit to a small
percentage of its previous cost and, thus, provide
more efficient usage, there would be a cost for the
switching hardware which could be substantial if
ghared only by a small number of users.

In the more general case, however, it would per-

haps be unwise for each computer utility to estab-
lish such collection points. The economies of a
larger scale operation would be significant, while
the cost of any one collection point operated inde-
pendently might well exceed the savings derived
from it—such a system would only function effi-
ciently when a sufficiently large group of users
made it economically practical,

However, this problem can easily be eliminated
by pooling the entire system of remote computer
users and providing one communication system
which they could all share—possibly within the
structure of present or proposed communication
systems. Such a system could operate more effi-
ciently because the requirements of one large
group of users could more accurately be predicted
than those of several smaller individual groups.
In addition, the entire system could afford to
maintain (in the short-run) a portion of the net-
work which does not have a sufficiently large num-
ber of users—something not possible with a num-
ber of independent collection points.

There appears to be ample technical and eco-
nomic justification for such a system. First, it is
technologically possible for a common carrier to
operate public “collection points” of the type men-
tioned above—in fact, this has been done for over-
seas telephone calls. In the case of overseas tele-
phone conversations, the pool of two-way circuits
is shared among a larger number of individual
calls. The callers have access to the pool only when
they are actually talking, and in only the direction
that the talk is traveling. Second, as the demand
for this type of service increases, the number of
users of different computer utilities. Thus, Bos-
sible to share communication facilities among
users of different computer utilities. Thus, Bos-
ton users of a New York computer utility might
share a pool of circuits with New York users of,
gay, three different Boston computer systems.

To provide a concrete example of the savings
which could result from implementation of the
proposed system, we have presented hourly com-
munication channel costs under both the present
system and the proposed system based on per-
manent service between Boston and several cities
in Table II. The calculations include the costs in-
volved in sharing the lines and transmitting data.
Local termination charges (as much as $0.60 per
hour for a local dialed connection) are not in-
cluded.
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TABLE II—Comparison of hourly charges under present and
proposed communication systems

Proposed System’s Cost

Between Boston and: Dial-up Cost 50 User* 100 User*
New York $12 $0.44 $0.42
Washington, D.C. 18 0.47 0.43
Chicago 24 0.52 0.46
Dallas 27 0.59 0.49
Los Angeles 30 0.70 0.54

*These figures are based on the use of the system 40 hours a
week. Substantial reductions in these costs could be effected
through the use of this equipment more than 40 hours per week.
See the Appendix for the derivation of these costs,

CONCLUSION

It is essential to the public interest that both the
common carriers, who provide communications
services, and the public agencies who regulate
them recognize the potential importance to the
public of modern computer technology and offer
communications services that will serve and en-
courage its development. Rates for such service
should not be out of line with the value it may add
to the total system; they should be based not upon
the elapsed time or duration of the connection but
- instead upon the amount of data transmitted by
the carrier. Changes from the present technique of
full-time use of a circuit to a method enabling a
large number of active computer users to share
a small number of these circuits can meet this
goal. Although such techniques might be imple-
mented on a limited scale by small groups of com-
puter users and computer service suppliers, the
full development of a widespread network of such
data-oriented communications facilities is right-
fully the responsibility of the communications
common carrier. It is essential that the communi-
cations companies and the regulatory agencies
take appropriate action now to bring about -the
economically viable shared-facility data communi-
cations services.
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APPENDIX
Typical Hardware Costs

PDP-8 (one end)

Extra 4K memory

CAB-8B

681 Interface

685 Multiplexor

W750 Modules (64)

DF32 Disc file and controller

CAB-B-S

637B Dataphone interface $ 49,350
PDP-8 (second end) 49,350
PDP-8 (2 - one each for redundancy)98,700

Total hardware cost for 64 lines $197,400
Equivalent monthly rental $ 4,400
Equivalent hourly rental (40) hrs./wk) 25
Equivalent hourly rental per full-time line 0.39

Full duplex leased line monthly cost with channel
terminators
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Hourly Line

Monthly Hourly Cost Cost per User
Cost (40 hrs./wk.) (50 Users)

Boston to New York $ 445 $ 2.53 $0.05
Boston to

Washington, D.C. 721 4.10 0.08
Boston to Chicago 1144 6.55 0.13

” ” Dallas 1750 10.00 0.20

” # Los Angeles 2656 15.20 0.31

If we further assume only 50% system utiliza-
tion, we should double the above costs, e.g., for
Boston to Los Angeles, the hourly hardware cost
would be $0.39 and the line charges (with 50
users), $0.31—for a total of $0.70. With only 50%
utilization the cost would be $1.40.

With more than one shift operation, the costs
would be reduced, e.g., Boston to Los Angeles for

80 hours a week (with 50% utilization) would
cost $0.70 per hour.

It should be emphasized that these figures are
used for demonstration purposes only.

The two extra computers are for redundancy
only; more economical methods of providing this
redundancy would probably be available.

These costs are based on the research investi-
gating the amount of data transmited by users of
time-sharing systems (Gold, 1968). In all cases
studied, the circuit utilization was significantly
less than 1% of the advertised half-duplex capaci-
ty. It would thus appear that up to 100 simul-
taneous users could be handled by such a circuit;
the cost data, however, is for full-duplex circuits.
Use of inexpensive scope displays indicates data
transmission requirements of these devices may
be double those of existing consoles—or a maxi-
mum of 50 users per circuit.



Toward education in real time

by PERRY E. ROSOVE

System Development Corporation
Santa Monica, California

INTRODUCTION

The Bureau of Research of the U.S. Office of
Education, in January 1967, expressed its con-
cern with the potential impact of social and
technological changes on the formulation of edu-
cational policy. This concern was manifested in
the creation of five, nine-months pilot centers
for educational policy research with funds made
available by the Bureau of Research under Title
IV of the Elementary and Secondary Education
Act (PL 89-10). The primary task of the centers,
according to the Bureau, was “to analyze future
educational needs and resources and, in light of
these analyses, provide educational policy makers
at all levels with relevant information and tech~
niques for decision making.””*

The Request for Proposal (RFP) distributed
by the Bureau of Research reflected a concern
with what may be referred to here as a temporal
lag between the future needs of education and
current educational policies, objectives, and pro-
grams. The RFP called attention to alleged “revo-
lutions” in population growth, civil rights, urbani-
zation, automation, etc.,, and asked the centers
to address themselves to the implications of these
revolutions for current and future educational
policies. In the wording of the RFP, the U.S.
Office of Education explicitly recognized that the
response of the educational community to large-
scale social and technological changes was exces-
sively slow and that it was necessary, therefore,
for educators and other responsible authorities to
attempt to “invent alternative futures.”?

The problem of anticipating the future is espe-
cially difficult for educators. Policy makers in
noneducational areas may be required to plan
for a future that extends five years, or perhaps
ten years, ahead. But in education, decisions must
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be made today for a future that is a generation
away. A child starting school this year (1968)
will be in the prime of his adult life in twenty
years. Will the education he will receive during
this period of time prepare him adequately for a
lifetime of work and self-fulfillment? How rele-
vant is today’s education for life in the 1980°s
and beyond? Do today’s educators carry out their
tasks with that future in mind or is it the past
and the present which provide them with guide-
lineg?

These, then, were the general issues which the
five pilot centers were requested to probe. To
carry out the Bureau of Research’s objectives,
approximately $110,000 was awarded to each of
the centers. They included the Stanford Research
Institute, a consortium of Syracuse University
and the General Learning Corporation, Western
Behavioral Sciences Institute, the National Plan-
ning Association, and the System Development
Corporation.

Each of the pilot centers was required by the
Bureau of Research to design “a model opera-
tional center.” It was the intention of the Bureau,
based upon the performances of the pilot centers,
to select two or more of them to become opera-
tional centers with long-term contracts and with
expanded staffs. Selection of the pilot centers
would depend heavily upon their designs for oper-
ational centers. In addition to this requirement
which was levied on each pilot center, the System
Development Corporation’s pilot center, named
the Educational Policy Research and Support
Center  (EPRSC), elected to focus its attention
on two areas:* (1) the applicability of available
forecasting methods to the study of the future

*The EPRSC subsequently developed studies in other areas
but they are not discussed in this paper.
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of education and its social and technological en-
vironment; and (2) the possible roles of educa-
tors in the late 1980’s. This paper describes some
of the results of the work done in these areas,
specifically with respect to the concept “real time.”

The first objective was selected for fairly obvi-
ous reasons. The field of forecasting, if it may be
referred to as a “field,” is relatively new. It
seemed necessary, as a preliminary step, to in-
vestigate what forecasting methods were avail-
able and to determine which, if any, might be
appropriate to employ in a study of the future of
education. ‘

The second objective, the possible roles of edu-
cators in the late 1980’s, was selected since such
roles are central both to the educational process
and to education as an institution. Educational
policy making at all levels is concerned with them.
If the roles of educators were to change dras-
tically during the next twenty years, as many
experts predict, this change would require im-
portant policy decisions affecting broad areas of

education.

Contextual mapping

Early in the life of the SDC pilot center, the
writer conducted a survey of forecasting methods

. to determine which method or methods might be

relevant to the substantive issues-referred to
above. As a result of this survey, it was decided
to concentrate upon and experiment with an
extrapolative method known as “contextual map-
ping,” which may be briefly defined as a graphic
display of the logical and causal depedencies of
functionally related phenomena.® The selection of
this method by the EPRSC staff was based on
the philosophy that the formulation of educational
policy would be facilitated by the development of
a forecasting method which would lend itself to
public scrutiny and debate,

Over a period of approximately three months,
a contextual map was constructed. The map was
composed of a two-dimensional matrix containing
36 cells (see Figure 1). The vertical axis of the

Social and Techni.

Basic, Long-term Trends cal Implications

Major Sub-Trends

Implications for
Education

Educational Possible Future

Functions Roles ¥ajor Issues

(Cultural Sector)

Increasingly sensate,
empirical, humanistic,
pragmatic, utilitarian
culture.

b e -

(8ocio-cultural Sector)

Increasingly sensate,
empirical, humanistic,
pragmatic, utilitariaen
culture.

(Economic Sector-National)

Transitional, mass-consump-
tion society characterized
by higher GNP and personal
{ incomes, affluence (among
better educated).

1c -

(Economic Sector-
International)

World-wide industrialization
and modernization.

(8cience & Technology Sector)
(I Organization)
Institutionalization of 1E 2B

change, especially through
research, development, inno-
vation & organized diffusion.

(Science & Technology Sector)
(II Information)

Accumilation of scientific 1F 2F
and technological
knowledge.

FIGURE 1—An EPRSC contextual map (roles)
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matrix was divided into rows, each of which
represented “basic, long-term trends” of Western
civilization. These trends were adapted from the
work of the Hudson Institute.* To facilitate the
mapping process, the basic, long-term trends were
grouped, as indicated by the double lines in Figure
1, into three major “sectors” and a total of six
subsectors were identified as rows of the matrix:
cultural, socio-cultural, economic-national, eco-
nomic-international, science and technology-or-
ganization, and science and technology-informa-
tion. Since the basic, long-term trends were too
broadly conceived to lend themselves readily to
the derivation of logical and causal dependencies,
each of the six sectors was further divided into
three functionally distinctive areas providing a
total of 18 rows in the matrix, each row identified
as shown in Table 1.

TABLE 1—Eighteen rows of the contextual map matrix

Basic, Long-Term Trends Rows of Contextual Map

1. Pragmatism
Cultural Sector 2. Values in Art, Religion,
Philosophy
3. Permissiveness re: Mores

4. Rising Aspirations of
Disadvantaged
Socio-Cultural Sector 5. Urbanization
6. Changing Aspirations of
Middle Class

7. Occupational Changes
Economic Sector-National 8. Controlled Economy
9. Social Growth

10. Industrialization-World
wide
Economic Sector-International  11. Internationalism
12. Transportation and Com-
muniecation

13. Technological Replace-
Science and Technology ment
Sector-Organization 14. Tempo of Change
15. Technological Complexity

Science and Technology 16. Information as Wealth
Sector-Information 17. Growth of Knowledge
18. Information Technology

The horizontal axis of the map matrix was
divided into six columns which were designed to

show the logical and causal sequences of events,
trends, conditions, and processes associated with
each of the 18 functionally distinctive areas or
rows. As shown in Figure 1, the six columns
included:

. Major Subtrends

« Social and Technical Implications

+ Implications for Education

« Educational Functions

+ Possible Future Roles (for educators)
+ Major Issues (in education)

The selection of these column headings reflected
both a logical sequence and the substantive con-
cerns of the SDC pilot center, e.g., the implica-
tions of social and technological trends for educa-
tion and the roles of educators.

Trends, events, conditions, and processes were
represented in each cell of the matrix by “entries”
(see Figure 2). Each entry was enclosed in a
rectangular box and numbered to facilitate identi-
fication. Entries which were regarded as espe-
cially important were set off from other entries
by heavier lines. Lines joining the entries indi-
cated hypothesized logical and causal sequences.
Dependency relationships flow from left to right.
The content of initial entries for the first column
of the map in Figure 1 was obtained from an
extensive review of the published literature deal-
ing with social and technological trends in addi-
tion to the work of the Hudson Institute referred
to above.

It should be emphasized that each entry was
regarded as an hypothesis which was and is sub-
ject to debate and revision as relevant data be-
come available. While the construction of the map
in the EPRSC was the work of one individual, it
was anticipated that it would be the responsi-
bility of an interdisciplinary team to review and
develop it further in the operational center,

It is not necessary for our purposes here to
reproduce the contents of the entire map. A docu-
ment describing the contextual mapping method
and containing all the map entries may be ob-
tained from SDC or the writer upon request.’
However, to illustrate the content of entries and
how entry relationships are graphically portrayed,
Figure 2 reproduces a segment of the map, cell 1B.
The extrapolation of current social and techno-
logical trends into the future resulted in the con-
clusion that existing educational organization and
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BASIC, LONG-TERM
TRENDS

MAJOR SUB-TRENDS

40
RISING ASPIRATIONS

4.1

TREND TOWARD HIGHER ASPIRATIONS
AMONG THE DISADVANTAGED PORTIONS

4.2

" | THERE WILL BE A MAJOR SHIFT IN CLASS~

RELATED VALUES IN WHICH THE LOWER-

OF DISADVANTAGED ‘OF THE POPULATION.

CLASS WILL BECOME “STRIVERS".

5.5

5.9

RAPID INCREASE IN NEGRO PARTICIPATION
IN POLITICAL ACTIVITIES; BLACK POWER
MOVEMENTS; BLACK NATIONALIST GROUPS.

NEGROES GAIN POLITICAL CONTROL OF SEVERAL
OF THE LARGEST CITIES IN THE NATION.

5.1 4

5.7

TREND TOWARD URBANIZATION
CONTINUES WITH THE GROWTH
OF MEGALOPOLISES.

5.0 URBANIZATION

NEGROES WILL COMPRISE AN INCREASING
PROPORTION OF THE POPULATION IN
URBAN CORE AREAS {(GHETTOS)

TREND TOWARD INCREASING VIOLENCE
IN URBAN GHETTOS.

5.2

URBAN LIFE BECOMES INCREASINGLY UGLY, NOISY,
DISORGANIZED, UNSAFE FROM TRAFFIC, CRIME, AND

(SOCIO-CULTURAL POLLUTANTS.

SECTOR)

INCREASINGLY

SENSATE,

EMPIRICAL, 3

HUMANISTIC, =

mﬁ:&:nﬁ" THE MIDDLE-CLASS CONTINUES THE FLIGHT

TO THE SUBURBS AND JOINED BY UPPER-

CULTURE. LOWER CLASS WITH INCREASING AFFLUENCE.

6.1 6.2

5.8

WHITE BACKLASH AGAINST NEGRO POLITICAL ACTIONS,
BLACK POWER ADVOCATES, ETC., RESULTS IN MUCH
POLITICAL CONTROVERSY IN BIG CITIES.

.6

MAJOR EFFORTS ARE UNDERTAKEN TO SALVAGE
AND REBUILD URBAN CENTERS.

6.4

6.0
CHANGING ASPIRA- i INCREASING AFFLUENCE IN THE MIDDLE-CLASS
TIONS OF MIDDLE UNDERMINES TRADITIONAL CONCERNS FOR
CLASS ACHIEVEMENT/ADVANCEMENT/CAREERS.

THE CHILDREN OF THE MIDDLE-CLASS WILL
EXPERIENCE AN EROSION OF WORK-ORIENTED,
ACHIEVEMENT-ORIENTED VALUES.

TREND TOWARD AN INCREASING DECLINE IN
THE NUMBER OF YOUNG PEOPLE INTERESTED
IN CAREERS IN BUSINESS AND INDUSTRY.

6.3

| ALIENATION(?) I

FIGURE 2—Segment of the contextual map: Cell 1B

the generic concept of the role of the “teacher”
would be incompatible with future conditions and
requirements.

Our review of the published literature dealing
with educational reforms, which was conducted
over a period of three to four months following
the construction of the contextual map, revealed
that while current reform efforts are highly sig-
nificant and major undertakings, they can only
be characterized as piecemeal and inadequate
efforts. They represent a form of tinkering with
existing educational roles, curricula, and organi-
zation which leaves the contemporary educational
system essentially unchanged.

The remedy proposed most frequently by edu-
cators to accelerate adaptive changes in education

is the improvement of the educators’ education.
But this does not appear to be an adequate re-
sponse to the problem. The extrapolation of cur-
rent trends, particularly in the six rows of the
map comprising the science and technology sector
(see Table 1), highlighted the exponential growth
of knowledge, the obsolescence of existing knowl-
edge, and the proliferation of new specialties.
How can the pre-service training of educators be
altered to conform with such changes on a con-
tinuing basis?

The fact is that schools at all levels of the
educational system below the university level,
including the schools that prepare educators, are
autonomous institutions and relatively isolated
from developments, new knowledge, and changes
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occurring in other areas of society. Although re-
search is a major function of universities, it is
not conducted at lower levels of the system. The
new Research and Development Centers estab-
lished by the U.S. Office of Education do not alter
this basic pattern in which the generation of new
knowledge, even new knowledge concerned with
learning processes, is the responsibility, not of
teachers, but of other professionals such as ex-
perimental psychologists. Thus there remains the
fundamental question of how new knowledge,
either in subject fields or in the learning process,
is injected into the elementary and, secondary
schools. As academic critics of contemporary edu-
cation have too often noted, what is taught in
the schools may be as much as thirty years behind
new developments;” and the isolation of the
teachers from sources of new knowledge too fre-
quently results in the dissemination of either
“trivia” or “untruth,”s

Three basic organizational concepts for the

Functional Areas From The

education of the future evolved out of our con-
struction of the contextual map and the review
of the literature on educational reform. The se-
quence of logical steps and tasks which were fol-
lowed to derive the organizational concepts and a
new generic role concept of the teacher (“learn-
ing facilitator”) is shown in Figure 3. In the
balance of this paper, we shall limit our remarks
to the conception of the learning environment as
a real time facility.

Education in real time

In the language of the information sciences,*
education currently occurs in a non-real time
mode but it may increasingly have both a need
and a capability for operating in real time, The

*The term “information sciences” is used here to apply, in the
broadest sense, to those fields concerned with information—ecyber-
netics, computer science, data processing, system analysis, in-
formation storage and retrieval, ete.

!
Contextual Map : Basic Organizational Concepts : Generic Role Concept
1 | ‘
| 1
1. Industrialization - Worldwide J |
2. Internationalism 2., TASK OF
ORGANIZATION DESIGN
3. Transportation and Communication
4. Rising Aspirations of Disadvantaged v
5. Urbanization
1. The Learning Enviromment as a 3. TASK OF
6. Changing Aspirations of the Real Time Facility ROLE DESIGN
Middle-Class
7. Occupational Changes
8. Controlled Economy
2. The Comtinuous, Vertical, Learning — 1 The Generic Role of
. Social Growth I to ’ : ng —ri- 1.
9 cial Growth Indicators - Organization Serving All,Educationa.l the Learning Facilitator
Levels as a Counselor, Engineer,
10, Pragmatism Instructor, and Researcher
11. Values in Art, Religion, Philosophy
12, Permissiveness re: Mores
13, Technological Replacement 3. The Learning Enviromment as a
Multi-Purpose Facility
14, Tempo of Change
15. Technological Complexity
16. Information as Wealth
1. TASK OF TREND AMALYSD®
17. Growth of Knowledge - AND CONTEXTUAL MAPPING )/
18. Information Technology !

FIGURE 3—Sequence of logical steps and tasks to derive the generic role concent
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changes displayed on the contextual map—
changes in society, in the economy, and in sci-
ence and technology—imply a reduction in the
amount of time available for institutional adapta-
tion. Education, from the point of view of its
timelinéss, can operate effectively in isolation
from other institutions when change is relatively
slow; it cannot be equally effective in isolation
when change is relatively rapid, as is now the
case. Hence we are led inexorably to the idea
that within the next twenty years learning en-
vironments ought to be designed more like real-
time information processing systems.

In the United States since the turn of the cen-
tury, with the advent of the free public .school
system, formal schooling has become increasingly
isolated from the “real” world both in time and
space. In primitive and peasant societies, as well
as in apprenticeship programs within our own
society, learning is closely geared to the world of
reality. The child in a nonliterate society may
be taught his cultural traditions by his kinsmen
as he participates with them in hunting or food-
gathering expeditions. In peasant societies skilled
craftsmen, artists, and priests transmit their
stores of knowledge to their designated succes-
sors most typically as an on-the-job experience.
In agricultural communities, children acquire the
cultural heritage and necessary technical skills
as they labor beside their elders in the fields or
rice paddies. In all of these situations, one learns
by doing in the real life environment. Formal
schooling, if it exists at all, represents only a
fraction of the learner’s time. But, increasingly,
as our institutions have evolved, as specialization
has increased, and as the amount of knowledge
required to perform occupational tasks has accu-
mulated, the amount of time required of the
individual to devote to formal schooling in institu-
tions physically separated from the nonschool
world has increased. Since the end of World
War I, welfare legislation has required the child
to spend more time in formal school environments
while apprenticeship opportunities have declined
in number. Indeed, if contemporary trends con-
tinue, it may soon be mandatory for all citizens
to remain in school through the associate of arts
or the baccalaureate degree level. Thus, unless
there is a reversal of this trend, the “school” as
an institution, very much like the penitentiary,
will prolong and exacerbate the isolation of the

young from the real world.

In the traditional notion of the “school” as the
basic learning environment, its isolation from the
world of reality or “real life” has taken three
forms: (a) education is separated from the
world of work; (b) learning is separated from
research on the learning process; and (c) educa-
tion as a discipline is separated from the other
academic disciplines. We propose here a concept
of the learning environment in which these sepa-
rations are drastically reduced. ’

A real time approach to education and work

Formal schooling as a prelude to entering spe-
cialized occupations and professions is based
upon an assumption that the fund of knowledge
needed by the student in preparation for life is
relatively static. It is also based on the assump-
tion that the number and variety of occupations
and professions are unchanging and that each
individual will be prepared during his formal
school years to enter and remain in one occupa-
tion or profession throughout his lifetime. In-
deed, in the past if an individual changed his
specialty too often it was not uncommon to inter-
pret this as a sign of personal instability or, worse
still, as opportunism. The “jack-of-all-trades’” has
never been regarded as a social success. “Finding
one’s self” for a male was synonymous with iden-
tification with one’s specialized field.

These assumptions contributed to the concep-
tion of formal education as something separate
in time and space from the world of work. One
went to school for a fixed period of time. One then
graduated and went to work, presumably, until
retirement or death, in the field of one’s choice.
The readers of this paper, perhaps more than
other audiences, can appreciate how archaic such
notions are. Who among us is in the occupation
or profession for which he prepared himself so
assiduously in college or graduate school? Today
it has become almost a cliché to comment, since
Margaret Mead first made the remark, that young
people will have four or five different and succes-
sive jobs or careers in their lifetimes. Thus the
references to education becoming a ‘“continuous,
lifelong” process have become commonplace in the
educational literature.

If one accepts the idea of continuous, lifelong
education seriously, then we should no longer re-
tain the notion that the lives of future students
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should be divided into two distinet phases—an
educational phase and a working phase—dichot-
omized by an ancient ritual called “graduation.”
If we take seriously the idea that each individual
will have several different jobs, occupations, or
careers in a lifetime, then education has no termi-
nation; there is, rather, interspersed periods of
education, work, reeducation, work, ad infinitum.
From this perspective the concept of the “school”
as the place where education occurs is obsolete.

Professional educators are attempting to cope
with the impact of an accelerating rate of change
in science and technology on educational institu-
tions or, rather, the lack of impact. However, it
does not appear to this writer that their recom-
mendations are adequate for the future conditions
which they themselves anticipate. Grant Venn,?
for example, maintains, in his study of post-
secondary vocational and technical education,
that the problems of an excessive student dropout
rate and the unemployment and underemployment
of dropouts can be attributed to the liberal, aca-
demic orientation of the educational community
which is of no ‘interest to 80 percent of the stu-
dent population. The time has come, he asserts,
for schools and colleges to recognize that the new
occupations spawned by science and technology
“must be taught where they are best able to be
learned.” Venn believes existing educational in-
stitutions are the best places to achieve this,
although, as he points out, they have failed to
perform this task successfully in the past. He
hopes that they can be reformed. But are they
failing, as Venn maintains, merely because of a
liberal, academic orientation, or is it not also
beczuse today’s educational system operates in a
temporal mode which is out of gear with the rate
of change in science and technology? It is our
contention here that the institutional isolation of
the typical school, at elementary, secondary, and
college levels, makes it impossible for it, with con-
temporary methods of pedagogy, to cope with the
rapidity of change characteristic of what Venn
calls the “new technology.”

Whether the objective of education is “liberal,”
“academic,” ‘“humanistic,” etc., designed to pre-
pare the student for citizenship and self-fulfill-
ment, or whether its objective is to provide the
trained technical and professional manpower for a
highly industrialized society, the isolation of the
formal school system from the real world remains
a fundamental problem.

In addition, the individual while on the job

should, in the future, remain closely tied to edu-
cational processes. He may have as much need
for information and new knowledge, if he is a
technician, scientist, or professional, as the formal
student in today’s school environment. The accel-
eration of production of new knowledge, the
obsolescence of existing knowledge, and the nro-
liferation of new specialties which we can expect
to follow in the wake of scientific developments,
suggest that the learning process must become
a real time process in which it will become increas-
ingly difficult to differentiate between work and
education. This is the essence of a “learning so-
ciety.” To the extent that knowledge generation
becomes a basic process of our society and knowl- .
edge the major product, developments which have
already been predicted by Machlup,’® then the
knowledge bearers in society must become life-
long learners and education must become a real
time, continuous process.

A real time approach to research on learning
processes

Traditionally the function of teaching and the
task of conducting research on learning processes
and educational technology have been separated.
The isolation of the elementary and secondary
teacher from the sources of new knowledge in
these areas, while on the job, has been accepted
as inevitable. But, less excusably, the education
of the educators in teachers’ colleges has also
Leen isolated from the research on learning con-
ducted by university scholars and other types of
professional researchers.

A real time approach to research on learning
processes becomes technically feasible as soon as
one introduces the computer into that process
and begins to conceive the learning environment
as a man-machine system. In man-machine sys-
tem theory, the system need not be regarded as a
static entity but as evolutionary in character. The
system may be perceived in the spirit of experi-
mental inquiry. Every employment of computer-
assisted instruction may be regarded as an experi-
ment, the object of which is to evolve a more ef-
fective man-machine learning process. The com-
ponents of the experimental situation include such
items as: the computer programs, the displays,
the data formats, the mechanisms provided for
student-computer interaction (input and output
devices), the sequencing and branching of subject
matter, the measurement, recording, and evalua-
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tion of the learner’s performance, and his asso-
ciated behavior. The results of the learner’s per-
formance can be recorded and stored in the
computer’s memory for later review and analysis,
or the results may be presented immediately for
review and study by the learning facilitator
(“teacher”). Computer languages written in nat-
ural English may make it possible within twenty
years to modify subject matter or its sequencing
or branching on the spot or to make revisions
immediately following a man-computer run. Sack-
man, for example, foresees a time in the near
future when the computer facilities of man-ma-
chine educational systems would make possible a
continuous series of experiments ‘“directed to their
own operations and aimed at the improvement of
their own design and performance.”* Such edu-
cational systems would undergo an evolutionary
development as each experiment is carried out.

Computer-assisted instruction makes it possible
for the learning facilitator to obtain almost imme-
diately upon the completion of a lesson an analysis
of that lesson to determine which parts of it
caused difficulties and for which students. The
learning facilitator’s function is to modify the in-
structional programs where the difficulties are
found and then evaluate the changes after another
computer-run with the same students or another,
comparable, group. With this sort of an experi-
mental attitude toward the learning process, the
approach to the design of educational systems is
altered so that if the student fails to learn, it is
considered to be the fault of the system rather
than of the student, and the system is modified
as many times as necessary until a pre-established
criterion of learning success is achieved.?

This point of view has profound implications
for educational policy. It places the “teacher” in
the nerve center of the man-machine learning
system. It makes possible a transformation in the
traditional role of the teacher. While the machine
takes over the function of dispensing facts or
data, or the explanation of a concept or theory,
the teacher (1) serves to facilitate the learning
process by providing assistance, guidance, and
counseling as needed by the student; (2) designs
and conducts experiments on the learning process
using the actual learning situation as his labora-
tory; and (8) contributes to the development of
improved man-machine learning systems and
procedures. '

The transformation of the role of the teacher

into that of a learning facilitator as a component
of a man-machine learning system and as a sys-
tem designer is fraught with obstacles. The edu-
cation of today’s teachers at the elementary and
secondary levels does not contribute to respect for
either machines or experimental inquiry,® par-
ticularly if the subject of the experiment is the
learning process involving the teacher as one ele-
ment. Insecure teachers do not appreciate or
welcome having administrators or supervisors
monitor their performances in the classroom. A
revolutionary change in attitude by both teachers
and administrators toward the learning process
as a phenomenon to be investigated while it takes
place—in real time—will be required. It is ques-
tionable if such an attitude can be taught in the
colleges which produce our teachers. Who will
provide the necessary instruction? More likely,
an attitude which regards research into the learn-
ing process as a proper function of the teacher
while on the job will occur as computers are
gradually installed in school systems and as indi-
vidual teachers learn, by trial and error, how to
maximize the machine’s capabilities.

A real time approach to subject matter trans-
mission

The institutional isolation of professional edu-
cators from their colleagues in the academic dis-
ciplines and research organizations should be con-
siderably reduced within the next twenty years.
A number of trends suggest this. To reduce the
widely recognized lag between the creation of new
knowledge in the sciences and the introduction of
this material into the curricula of the elementary
and secondary schools, a large number of multi-
disciplinary committees, composed of professional
educators and academic specialists, have been con-
ducting extensive curriculum revisions in the
major disciplines during the past decade.* Such
committees have been active in biology, physics,
chemistry, mathematics, English, social studies,
anthropology, and other fields. The inherent weak-
ness of these efforts is that, for the most part,
they represent relatively infrequent modifications
to the existing curricula. The participating acad-
emicians come and go, while the summer insti-
tute is the most common institutional device for
preparing the professional educators to teach the .
new curricula. New knowledge, however, is con-
tinuously being generated in all fields. There are,



Toward Education in Real Time 1487

as yet, no procedures for up-dating the curricula
in a given field as new concepts and data are
generated.

In recognition of the need to reduce the time
lag between the generation of knowledge and its
dissemination to school children, some communi-
ties have instituted arrangements with corpora-
tions engaged in research to have their top engi-
neers and scientists present lectures. In New
York City, for example, nine corporations have
agreed to pool their scientific manpower resources
to provide lecturers each week on such subjects
as nuclear physics, jet propulsion, and space tech-
nology as part of the City’s high school program
on contemporary science.’® Unfortunately, few
communities throughout the United States have
this sort of skilled  manpower available locally.
From a national point of view, this is hardly a
very satisfactory solution.

An associated dilemma is that elementary and
secondary teachers are ill-prepared to present
the basic language and concepts of a particular
discipline, As an anthropologist who served on a
curriculum revision committee for his field at the
elementary school level states, “relatively few
teachers have taken formal courses in anthro-
pology.”’¢ They are prepared as generalists not
as subject specialists. This accounts, unfortu-
nately, for the frequency with which elementary
teachers, and secondary school teachers as well,
tend to teach facts without the conceptual frame-
work which makes the facts meaningful. Yet it is
increasingly recognized by professional educators,
not only the academic scholars, that it is more
important to convey concepts to the student rather
than mere factual data out of context. Does the
long-range solution to this problem lie in better
education for educators or in bringing what the
academic scholars and professional researchers
have to say directly to the student in a form he
can understand?

Educational technology already exists which
can bring real events into the classroom as they
occur. The significance of such a capability can-
not be exaggerated. It is not too far fetched to
 hypothesize that today’s student rebellions at the
secondary and postsecondary levels might not
have occurred if educators had attempted to bring
the real world into the classroom as a proper
subject for discussion, as a source of raw data.
and for scientific analyses. As Carpenter has
pointed out in Congressional hearings on educa-

tional technology before the Subcommittee on
Economic Progress, “what is taught (in the class-
room) is so often perceived by students to be
remote from reality, abstract and sterile.”:”

Computer-assisted instruction and other types
of innovative educational technology, such as
closed-circuit television, video tape recordings,
film cartridges, microfiche, etc., should make un-
necessary during the next two decades the exist-
ing intellectual isolation of teachers in the lower
educational levéls from the univergities and the
research community. With appropriately designed
information storage, dissemination, and display
systems, the prototype or experimental forms of
which already exist,® it should be possible for
new knowledge in specialized fields, generated at
the university level or in research laboratories, to
be made available to learning facilitators at all
educational institutions or in private homes as
soon as it is in transmittable form. In terms of
technical feasibility, there would be no need for
elementary and secondary teachers to transmit
trivia and untruth to their students if they and
their students were linked via appropriate com-
munication networks to the sources of new knowl-
edge. The teaching of a subject such as biology
need not suffer from a lag of thirty years in the
elementary schools if both the learning facilitator
and his students could view together the lectures
of the most prominent researchers in biology via
television, or could operate a computer-driven pro-
gram dealing with the most recently developed
biological findings and theory. Such programs, of
course, would have to be written and maintained
by the specialists in biology and other sciences.
The qualifying expression here is “with appro-
priately designed information . . . systems.” Our
assumption is that within twenty years the “book”
will be replaced, at least in part, by more efficient
types of data transmitters.” For example, we
assume that the research papers of investigators
in biology will be available for worldwide trans-
mission via electronic reproducing and transmit-
ting equipment as soon as they are written. We
also assume that important experiments in bi-
ology and other fields will be observed via TV
networks as they occur.

One of the most important functions of the learn-
ing facilitator in the types of learning situations
suggested above would be acting as an inter-
mediary between the scholar or researcher and
the students. His task would be to translate the
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concepts and findings of the knowledge generators
into a language appropriate to the educational
level of his students, and to serve, where the learn-
ing situation permits, as a discussion leader, guid-
ing and directing the real time interactions be-
tween the scholars or researchers and the students

" so that a genuine intellectual exchange can occur.:

It should be noted that the installation of
carrels. in the rooms and dormitories of students
at the college and university levels, whereby they
can switch themselves at any time into instruc-
tional systems, by-passes the teacher (as a data
dispenser) and makes his basic, contemporary
function obsolete. If, in addition, two-way com-
munication between academic scholars and stu-
dents is provided while the learning process is
taking place, the intelligent or gifted student may
become a participant in the generation of new
knowledge. With such capabilities, which are al-
ready within the technical state of the art, the
temporal lag between knowledge generation and
its dissemination would be greatly reduced. We
can reasonably anticipate that the transmission
of new subject matter will thus gradually evolve
in the direction of real time.

CONCLUSION

Even a relatively unsophisticated form of con-
jecturing about the future of our society, particu-
larly in the area of its knowledge generating
power, leads to the conclusion.that education in
real time should replace, eventually, the contem-
porary mode of education. The prototype and
experimental systems for real time education
already exist, but their impact on our educational
institutions has, as yet, been insignificant.
Before this impact can become significant, the
designers and builders of real-time information
processing systems will have to join with profes-
sional educators in a concerted effort to define
educational objectives more precisely than hereto-
fore, and then proceed to specify the system re-
quirements to meet those objectives. This may
prove to be a difficult task, but ultimately a more
rewarding one, in terms of its social consequences,
than the introduction of real time systems in the
industrial, commercial, and military spheres.
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A public philosophy for real time

information systems

by H. SACKMAN

System Development Corporation
Santa Monica, California

INTRODUCTION

The electronic digital computer has been with us for
only a single human generation. When spawned in
World War II, the human motivation behind its birth
and development was in the tradition stemming from
the ancient abacus up to the digital machines used by
Pascal, Leibnitz, and Babbage—to relieve the tedium of
laborious computation through machine assistance.
Babbage was attracted to computers because of the end-
less, repetitive work necessary to produce logarithmic
tables; von Neumann’s early interest in computers grew
from its potential as a shortcut computational aid in
such problems as the analysis of atomic reactions.

The social implications of computers caught the pub-
lic eye in the 1950’s when the first real time information
systems were applied to military command and control,
to manned spaceflight, and at the end of that decade, to
initial applications of online systems in business and in-
dustry. The time-sharing developments of the 1960’s
have extended the twin concepts of online man-comput-
er communication and real time control in the form of
the impending information utility. The speed of tech-
nological change in the computer world, coupled with
the lack of an experimental and humanistic tradition in
the application of computers, has contributed to a philo-
sophical void in the social ramifications of real time
information systems.

The computer scientist was initially able to take
refuge in the once-respectable but now largely dis-
credited notion that philosophy and human values lie
in a transcendental subjective domain far removed from
the objective operations of science. On the social side,
the experience of the atomic scientists in World War II
has underscored the social accountability of all
scientists in radioactive human debris. On the psycho-
logical side, the analysis of scientific problem-solving—
in the real world, not the paper world—has shown the

all-too-human behavior of scientists, Human values and
scientific method are passengers in the same boat,
traversing the same stormy sea, sharing a common
destiny.

The public has been insulated from philosophical con-
frontation with computers because they rarely had
direct interactions with computers. However, the in-
quiry of the Federal Communications Commission into
the computer/communications industry and the im-
minence of public computer utilities irrevocably
changes the role of the public from spectator to partici-
pant. ‘ :

The refusal to think problems through and to take a
stand is itself a philosophical position—a position of
passivity, drift, solipsism, nihilism, or agnosticism—
depending upon one’s temperament. The admission of
the need to start thinking problems through and basing
action on rational, tested belief is the admission of a
need for a philosophical quest, for a public philosophy of
real time information systems.

The nweed for a public philosophy

The diverse needs for a public philosophy on the use
of computers for the regulation and control of social
affairs stem from many cultural roots. Perhaps the
most fundamental source is the accelerating tempo of
contemporary change spurred by the advance of science
and technology. Situations and events seem to be mov-
ing faster than we can recognize and cope with them.
Social solutions which onee had a useful half-life span-
ning decades now have useful total lives over much
shorter periods and have to be constantly revised and up-
dated along the way to keep pace with changing condi-
tions. :

The concept of the real time information system—a
system that monitors events in a specified environment
and controls the outcome of such events in a desired
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direction—is a leading technical concept that is being
increasingly applied to cope with fast-moving changes
in many walks of life. The power of computerized real
time information systems to meet rapidly changing
problems and situations has been garnered from over a
decade of experience in computer-assisted command
and control. The technique is well-known: continual
surveillance over the object environment to permit
early warning of critical situations; identification of
problems; corrective regulation and control in accord-
ance with established standards of system performance;
and evolutionary adaptation of system design and
operations to meet changing conditions.

The real time information system is a new class of
social institution, a more radically powerful and rapidly
responsive social form to recognize, meet and deal with
specified problems at the time they occur and in time to
modify their outcome. If we neglect to formulate desir-
able social consequences for these new systems, we ne-
glect them at our own peril, and at public peril.

Information power is a new dilemma in modern
society. Social control of information power is a focal
problem for a public philosophy of real time information
systems. Prior to the advent of real time computing
systems, information was collected and stored in a man-
ner that tended to separate knowledge from action, as
in books and films. Radio and television allowed more
timely collection and dissemination of information, but
these mass media of communication were still not
linked to direct social action. In real time computing
systems, however, the collection, organization and stor-
age of information leads directly to action, to inte-
grated surveillance and control over the object environ-
ment. This dynamic marriage of information and con-
trol in real time systems is a fusion of knowledge and
action, and, through directed action in real time, infor-
mation is expressed as power.

As more and more social knowledge becomes com-
puter-accessible, so will more extensive, interlocking,
and more powerful real time systems come into being.
As surely as the night follows the day—or the day fol-
lows the night, depending on your outlook—so will com-
puter-accessible information be followed by real time
control.  In a democracy, the public is the ultimate
source of social power, and information power, accord-
ingly, is ultimately a public trust. A public philosophy
on information power needs to account for new demo-
cratic forms and procedures bearing on the organization
and equitable distribution of social information.

Philosophical challenges are encountered not only in
general areas such as meeting the tempo of contempo-
rary change and coping with the institutionalization of
information power, but also and perhaps most critically
in the problems of social implementation. A workable

philosophical position should provide guide-lines for
social method, for putting principles into practice.
While many agree on broad principles, consensus often
vanishes when details of implementation are hammered
out. .

There are many knotty questions facing the imple-
mentation of real time information systems in the public
interest. Where does the domain of public information
end and where does the domain of private information
begin? Is the information utility a genuine public
utility and, if it is, what kind of commodity is public
information? Should information be distributed to the
public on a metered basis, as we do with gas, water and
electricity, or should it be freely available as in radio
and television? Should the cultural store of computer-
accessible public information be available to all as a
basic human right, supported by the government and
the taxpayer, or should such public information ser-
vices be supported by private enterprise, or do we need
a judicious mix of public and private support? Who
tests and evaluates real time information systems for
social effectiveness and who evaluates the evaluators?
What legal changes and what new social agencies are
required to safeguard the public interest and to protect
the private interest in the field of information services?

It should be apparent from the foregoing that the
challenge of a public philosophy for real time informa-
tion systems is, in many respects, unprecedented and
extremely complex, at general levels, in details, and in
implementation. At the same time, the need for such a
philosophy is vital and long overdue. The next section
is devoted to an inquiry into key elements of a public
philosophy of real time information systems; this in-
quiry then leads to a synthesis of these elements into an
initial philosophical framework.

Elements of a public philosophy

The desiderata of a public philosophy are developed in
three stages, starting from definitions of the area of in-
quiry, proceeding to scientific and technical aspects,
and culminating with social considerations. Each stage
builds upon and incorporates the preceding stage.
While the social stage represents the broadest set of ele-
ments and requirements, it does not attempt to describe
a substantive public philosophy of real time information
systems, per se, which is the main business of the last
part of this paper.

A philosophy on real time information systems pre-
supposes some definition of the concept of “‘real time”.
Historical interpretations of time, and by extension,
“real time,” have assumed the varied forms of the con-
ceptual containers into which notions of time, like a
liquid, have been poured. These interpretations range
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from the ceaseless flux of Heraclitus, to the flickering
unreality of Platonic change, to Newton’s geometriza-
tion of time, to Einstein’s space-time, to probabilistic
and indeterminate temporal constructions in quan-
tum physics, to ecological statistical trends in evolution-
ary time. While probabilistic and contingent inter-
pretations of real time seem to be gaining increasing
ground in the physical, biological and social sciences,
controversy has been and still is the rule.

For present purposes, three aspects of real time are
distinguished: real time events, real time information
systems, and real time science. Each is defined and dis-
cussed in turn.

Real time essentially refers to events—their appear-
ance and duration, their passage and succession, and the
hypothesized interrelations of events as empirically
tested and demonstrated in any referent system and its
environment. Real time is thus the way events happen,
our description of how they happen, and our best inter-
pretations of why they happen as they do. The defini-
tion also implies that warranted interpretations are
those empirically certified by experimental method in a
system context.

Real time information systems refer to systems that
1) continually senseand respond to selected changesinan
object environment 2) in a manner and in time to enable
regulation and control over some ongoing events in the
system and its environment while they oceur, 3) within
the bounds of minimal or acceptable levels of system
performance as determined by continual test and evalu-
ation of feedback from system events.

As mentioned earlier, the central feature of real time
information systems is direction and control over se-
lected system events while they take place; and in
order to exert such cognizance it is necessary to main-
tain constant surveillance, identification (decision mak-
ing), and control to modify the environment as required.
Note that the definition does not mention computers.
It essentially states that any system that is organized
to sense and respond to an object environment accord-
ing to some criterion of effectiveness is, in principle, a
real time information system. The crux of this defini-
tion is that real time systems are not merely passive
spectators of their own events, but are creators of desir-
able outcomes, that they are active agencies that mold a
partially plastic environment in accordance with a pre-
conceived image.

The next definition—real time science—movesinto the
second stage toward a public philosophy: the technical
and scientific stage.

Real time science deals with temporally and situ-
ationally contingent events amenable to experimental
method, and it results in an extension of human mastery
over such events; it is broadly eclectic, borrowing freely

from the methods and findings of the pure and applied
sciences, and from any mix of interscience and new
science as required and needed to understand and con-
trol real world events.

As we enter into the era of computer-catalyzed real
time information systems, we need a scientific discipline
to develop the theory and practice of real time sys-
tems, and the suggested discipline is real time science as
defined above. This definition is different from con-
ventional concepts of science in several leading respects.
First, it explicitly fuses knowledge and action together
as a single entity; no pretense is made for the pursuit of
antecedent, abstract knowledge for its own sake. *Sec-
ond, the pursuit of knowledge is for human purposes,
for improving human effectiveness. Third, the proper
object of real time science is real world events—real time
science belongs where the action is. Laboratory events
and abstract constructions are not excluded, but they
are preparatory rather than consummatory in the sense
that they contribute toward the ultimate objective of
understanding, shaping and controlling real world
events for human ends.

The eclecticism of real time science is a restless, fast-
moving, aggressive eclecticism, itself changing in real
time with new methods and findings. Real time science-
borrows freely from any established or new experimen-
tal discipline that contributes to improved real time sys-
tem performance. Anyone who has worked in the design
and development of real time information systems is
acutely aware of the eclectic and pluralistic nature of
such systems, of the requirement to optimize interdis-
ciplinary teamwork, of the necessity to adopt new
science and technology into system design and opera-
tions, of the open-ended, jazz-like need to improvise
against residual uncertainty, of the need to continually
test and modify system configuration throughout the
entire life cycle of the system.

The relation of real time science to traditional forms
of science is that real time science borrows experimental
method and findings wherever and whenever they are
useful for understanding and directing real world
events. The common denominator is experimental
method. With the advent of computer-serviced so-
cieties we may expect & flowering of new species of com-
puter-catalyzed experimental method, particularly in
real time information systems embedded in real world
happenings.

A criticism that may be levelled against the fore-
going definitions of real time events, real time informa-
tion systems and real time science is that they seem to
be so broad and all-encompassing as to become mean-
ingless; little is left out. The antidote to indiscriminate
extension of real time concepts lies in the distinction
from non-real time concepts. There are two basic senses
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in which non-real time may be construed—as an entity
in its own right, and as failure in real time systems.

In the first sense, a non-real time information system
is one that does not continually sense and respond to
selected changes in the object environment in a manner
permitting control over events at the time they occur.
Analyses of past events and planning for future events
fall into the non-real time category. In computer sys-
tems, batch processing is generally conducted in non-
real time, and abstract simulations are typically non-
real time operations. '

The results of analyses of the past, of planning for
possible futures, of batch information processing and of
non-real time simulations may eventually be applied to
a real time systems context, and as such, non-real time
behavior may be interpreted as preparatory to real time
behavior. Non-real time behavior may even have its
own characteristic real time pace (as in accelerated real
time simulation), but, insofar as immediate control is
not exerted over ongoing events, such behavior is inter-
preted as non-real time for concurrent events. From a
practical point of view, the heart of the distinetion be-
tween non-real time and real time is the distinction be-
tween knowledge disembodied from immediate and con-
current action versus knowledge expressed in action.

The second sense of non-real time is failure of a real
time system to meet some specified standard of perfor-
mance in controlling the system environment. Thus, in
computerized real time systems, if SAGE does not
destroy a hostile bomber before it reaches its target, if
the Apollo spacecraft is not being picked up by the
ground tracking system, if SABRE airline reservations
are swamped with erroneous manual inputs, if the exec-
utive program of a time-sharing system has to handle
too many users at one time, to that extent the real time
information system deteriorates in performance and re-
gresses to a non-responsive or non-real time mode of
operations.

Turning now to the last stage, the social elements of a
public philosophy of real timeinformationsystems, we are
primarily concerned with social effectiveness. If the ob-
ject of real time systems is to regulate selected ongoing
events in the system environment, and if the object of
real time science is to extend human mastery over real
world events, then the aggregated effectiveness of such
efforts is real time social effectiveness. '

But just what does social effectiveness mean when
applied to real time information systems? It was men-
tioned earlier that real time systems probably represent
the most advaneced technical means available for regula-
tion and control of social change, and that informa-
tion power, in a democracy, ultimately resides in the
public. Social change via real time information systems
is thus self-change. The public, ideally, authorizes and

warrants social change. Each individual is thus both
experimenter and subject in the development of real
time public systems; a new level of participant democ-
racy is needed- well beyond anything that has been
attempted so far. A socially effective public philosophy
correspondingly requires educational changes in the
general population that can lead to enhanced participant
democracy. The alternative is the eclipse of the public
by a new technological meritocracy.

The way out of the dilemma of overconcentration of
information power in some new elite is modification of

. existing democratic procedures with the aid of new

technological capability. Pluralistic checks and bal-
ances between competing groups and interests, con-
ducted in the open forum, is a time-honored method for
preserving a dynamic democratic equilibrium. The de-
sign of pluralistic checks and balances for diverse real
time information systems and public information ser-
vices would be pouring new real time wine into old dem-
ocratic bottles. The new real time information ser-
vices can be applied to enable the public to exert closer
serutiny over elected officials by more frequent voting,
and more frequent expression of public opinion by
electronic polling on key issues as they arise. The elec-
tronic potential for public control is so great that we
should also be concerned with overcontrol of public
officials by a fickle and changeable public, overcontrol
that could lead to a more virulent form of the tyranny of
the majority (as Alexis de Tocqueville! described it
more than a century ago). The knife cuts both ways—
more power means more work and greater responsibility
for the public and its representatives to maintain equi-
table equilibrium between shifting majorities and diverse
minorities.

The foregoing should make it obvious that the de-
termination of suitable checks and balances between
competing groups, competing real time information sys-
tems, between the public and various elites, between
majorities and minorities, will require a long and con-
tinuing course of social experimentation. Doctrinaire
solutions are no match for systematic social experiment
and verified empirical demonstration. An essential
requirement of a public philosophy, then, is the in-
stitutionalization of social experiment in public affairs.
with a corresponding internalization of experimental
values in thought and outlook.

Summing up, what are the key elements of a public
philosophy for real time information systems? The
philosophy requires an outlook that links knowledge
with action; it needs the support of eclectic real time
sciences concerned with the extension of human mas-
tery over real world events; it is characterized by di-
verse democratic means to achieve pluralistic social
ends; and it requires an extension of experimental
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method and experimental ethos to social affairs. Do we
have a philosophy that brings these elements together,
or do we have to invent a new philosophy for the era of
real time systems in computer-serviced societies?

The promise of American pragmatism

The thesis put forth in this final section is that we do
have the fundamental elements for a public philosophy
of real time information systems in the legacy of Ameri-
can pragmatism. The following discussion develops the
grounds for this position in four steps: a brief descrip-
tion of the historical development of American prag-
matism; pragmatism as a philosophical system founded
upon and profoundly influenced by real time concepts
and a real time outlook; pragmatism as a coherent ex-
perimental approach to the democratization of real time
social control; and the extension of pragmatism into sys-
tems science and the era of computer-serviced societies.

The recurrent theme throughout the rest of this paper
is that we already have the basic elements of a philos-
ophy of real time in American pragmatism, con-
structed over almost a century of hotly contested philo-
sophical labor, as represented by its principal origi-
nators, Charles Peirce,? William James?4 and John
Dewey,® and their successors. These three founders
portray the three faces of pragmatism—Peirce the
mathematical and scientific side, James the psychologi-
cal side, and Dewey the social side.

‘“Pragmatism” is derived from a Greek root signifying
action. According to James (1907),® pragmatism was
first introduced into philosophy by Peirce in 1878. For
Peirce, the meaning and value of a statement consisted
of its conceivable consequences in practice, of its bear-
ing on deliberate human control over future events.
Peirce clearly envisaged the union of knowledge with
action.

At the heart of Peirce’s belief was his conviction of
the superiority  of experimental method over other
methods for gaining and implementing useful human
knowledge. The ‘““truth’” of statements is operationally
determined by empirical verification of testable conse-
quences achieved by iterative experimental inquiry, as
it occurs in scientific progress. Peirce was the first to
use the concept of inquiry in this context, a term later
adopted and elaborated by Dewey. With Peirce, mean-
ing, truth, and experimental inquiry were cast in a tem-
poral frame, contingent upon and responsive to the
cumulative consequences of ongoing human action. The
long-range, evolutionary advance of science served as
the idealized model for Peirce’s vision of pragmatism
wl.1ich contained the seeds for a philosophy of real time
science.

James was the popularizer of pragmatism and its
most eloquent, almost poetic, spokesman. While

agreeing with Peirce that the validity of statements is
to be continually tested by their consequences, James
broadened the domain of pragmatic meaning over the
whole of human experience. His earlier preoccupation
with the shifting stream of consciousness was expanded
into an all-encompassing concept of experience(which
he described as radical empiricism) that incorporated
subject and object as an undifferentiated unity, a unity
consonant with -that described by Bertrand Russell
(1945)8 as “neutral monism.” For James, the tempo-
rally conditioned stream of experience, flowingin a ‘“plu-
riverse,” displayed the same strung-along, partially
connected, mosaic character as his stream of con-
sciousness. This strung-along pluriverse was contrasted
by James against the ‘“block universe’” espoused by
idealists of all callings who believed in the Platonic tra-
dition of a fixed, antecedent structure of the universe
laid out in some grand, sweeping design. James’ philo-
sophical pluralism, more than that of other pragma-
tists, lays the groundwork for a virtually unlimited
multiplicity of real time sciences and intersciences
modeled after the kaleidoscopic configurations of real
time systems.

Dewey was deeply concerned with the accelerating
tempo of scientific and technological advance and the
need for continual social reconstruction to keep pacewith
such changes. He seized upon the element of human
control in experimental method, developed previously
by Peirce, as the method of choice to implement and
guide social reconstruction.

In a remarkable anticipation of systems science,
Dewey attacked the efficacy of conventianal notions of
true and false and urged, in their place, the adoption
of operational measures of effectiveness for human, or-
ganizational, and social performance. Social behavior
isnot true or false—it exists, for betteror worse—andour
concern, according to Dewey, is to find out how effec-
tive it is, and to do it in a manner that will permit us to
improve upon it to meet new conditions.

For Dewey, every existence is an event, and all
events are potential experiments. Contrary to the pre-
vailing laboratory view of science, Dewey saw the uni-
versal prospects of real world experimentation with real
time events in his doctrine of experimentalism—the
extension of experimental method to human affairs.
Dewey effectively anticipated a philosophy of real time
science by urging increased human control over social
events through scientific method.

Dewey’s concept of increasing experimental control
over social affairs was. consistently qualified as demo-
cratic control by an enlightened public. In The Public
and Its Problems (1927)" Dewey put forth his prophe-
tic vision of free social communication and democra-
tized public control in a new machine age:
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“We have but touched lightly and in passing upon
the conditions that must be fulfilled if the Great
Society is to become a Great Community; a society in
which the ever-expanding and intricately ramifying
consequences of associated activities shall be known in
the full sense of that word, so that an organized, artic-
ulate Public comes into being. The highest and most
difficult kind of inquiry and a subtle, delicate, vivid and
responsive art of communication must take possession
of the physical machinery of transmission and circula~
tion and breathe life into it. When the machine age has
thus perfected its machinery it will be a means of life
and not its despotic master. Democracy will come into
its own, for democracy is a name of free and enriching
communion. It had its seer in Walt Whitman. It will
have its consummation when free social inquiry is in-

dissolubly wedded to the art of full and moving com-

munication.”

The above sketch is only crudely indicative of the
philosophies of Peirce, James, and Dewey. It is beyond
the scope of this paper to set out the distinguishing
characteristics and the current diversity of American
pragmatism in any detail. But these brief remarks
should suffice to point up the pronounced temporal
thrust of American pragmatism, the continual recon-
struction of present belief toward future behavior, with
vigilant appraisal of fresh consequences leading to new
guidelines for further action. Peirce stressed the self-
corrective aspect of the inquiring process; James fo-
cused on the human implications of the pluralistic
stream of experience; Dewey emphasized instrumental
means and experimental control over growingsocial prob-
lems in & precarious world. The flux and pressure of
real time events is written large in these philosophies,
and social mastery over this flux is most apparent and
most comprehensively expounded in Dewey’s work.

Social control has become a terrifying notion when
coupled with computers. It conjures up visions of
Orwell’s® Big Brother and Wiener’s? Golem. Dewey was
always a great believer in democracy even though he
was acutely aware of its many limitations as he saw them
in his time. He also had an abiding faith in the public.
He felt that if, in some manner, available social knowl-
edge could be made freely accessible to the public, that
the effective intelligence of the public would be re-
leased, and the excellence of democracy would be
enhanced. Is the imminent emergence of the public in-
formation utility the instrumentality through which
Dewey’s dream can be realized? If we design the com-
puter utility to gather and distribute public information
on an equitable basis to all, and if we integrate this
utility with new, experimentally evolved democratic
procedures that will enable the public to use this infor-
mation wisely, then, to that extent, democracy stands

to be the beneficiary of the new concentration of infor-
mation power, not its victim.

The development of such new democratic procedures
would involve experimentation with prototype comput-
er utilities to test alternative methods of man-com-
puter communication in the management of social infor-
mation. Results of such tests could be made widely
available, openly discussed and debated, and incorpo-
rated into improved versions by public approval or
through authorized agencies appointed and monitored
by the public.

The concept of deliberate, institutionalized, continu-
ing public experiment for public affairs is a new evolu-
tionary force in democratic advance, a challenge that
requires new attitudes and revised values. Each indi-
vidual will have to learn to think of himself as both sub-
ject and experimenter, with lifelong responsibility for
selecting and implementing new experiments, evalu-
ating social effectiveness, and applying the results. The
realization of this new experimental ethos will require
far greater participation and public evaluation of social
feedback than has ever occurred before in any democ-
racy, including the personalized democracy of the city-
states of ancient Greece. The information utility,
linked to the public real time information base, could
conceivably provide the leading instrumentality for the
public to scan the social scene, identify problems, con-
tribute to social control, and provide continuing cor-
rective feedback on the interplay of pluralistic social
experimentation. -

The new experimental ethos will also require an in-
frastructure of continuing, lifelong education in real
time, the acquisition of new knowledge when it is
needed, in time to meet problems as they arise. When
education occurs in real time, it is responsively adaptive
and education becomes indistinguishable from on-the-
spot human problem-solving. Real time education will
then articulate with the tumultuous flow of social ex-
perience, and education will become an integral part of
such experience. The dusty dogma of the academic
creed may become a relic of the past.

There are those who argue that experimental method
is good, true and beautiful, but only as long as it remains
in the domain of natural science where it originated,
and where, they claim, it belongs. As soon as experi-
mental method is taken out of conventional scientific
pursuits and is indiscriminately placed into such fields
as democracy and education, into social affairs, then,
these critics claim, you enter the never-never land of
human values and transcendental metaphysics where
statements become meaningless from a scientific point
of view. Such is the position, for example, of the logical
positivist and most behaviorists.

The pragmatist rejects this view since it would keep
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scientific method confined within the scientific priest-
hood and deny it to the public. Experimental method is
the most precious legacy of scientific endeavor, and it
is too important and too valuable to entrust it to any
aristocracy, scientific or otherwise. The crux of the prag-
matic position is that values may be formulated as
hypotheses, operationally defined, quantitatively mea-
sured, and empirically tested with results subject to
further test and evaluation as in any other scientific
activity. If values are treated as hypotheses, then
democracy and education, social attitudes and social
change, when they are operationally defined under em-
pirically verifiable conditions, are correspondingly
amenablé to social experiment.

The early pragmatists were in a difficult position in
defending their stand on the possibility and validity of
social experimentation because. the means for the uni-
versalization of experimental method were not at hand
and they could not point to concrete, real-world social
experiments. They could defend their position in prin-
ciple but not in practice—a vulnerable position for one
who calls himself a pragmatist. But now conditions have
changed dramatically, particularly with the advent of
systems science and the proliferation of the high-speed
electronic computer. Social experiment is now possible
on a scale undreamed of by the early pragmatists.

Tt is commonplace to point out that computers make
it possible to collect, organize, and process vast amounts
of data quickly and reliably in real time experiments
that were beyond the ken of the precomputer era. The
computeris, in fact, revolutionizing experimental method
in the physical, biological and social sciences, and the end
is nowhere in sight. Systematic experimental method
is comparatively recent in human history, dating back
only to the Western Renaissance (Sarton, 1948).10 It
has changed rapidly since its inception and has re-
ceived an electronic jolt with the emergence of the
general-purpose digital computer since World War II.
Social experiments are now possible in a bewildering
variety of forms, for a growing number of variables,
with real time collection, reduction and analysis of
social data. For many, perhaps most, the question is no
longer whether to experiment on a social scale, but how
to experiment in the best interests of the public.

The power of systems science in catalyzing and ac-
celerating the extension of experimental method is prob-
ably not as well understood as the more obvious im-
pact of computers. The concrete, tangible system, with
its specified stages of definition, design, production, in-
stallation and operation, with test and evaluation occur-
ring at all stages, is the organizational vehicle for the
breakthrough into real-world experimentation. If a
coherent social activity is organized into a formal sys-
tems framework, then the system serves both as sub-

ject and object of its own evolutionary series of system
experiments, for continuing system test and evaluation.
The integrated system is the crucible in which the real-
world experiment is forged.

The combination of computers and system science, in
a concrete system context, makes possible the univer-
salization of experimental method in an unprecedented
manner. The computer complex can and has served as a
built-in laboratory for test and evaluation of system
performance. This has occurred most notably and dra-
matically in the earliest large-scale real time systems, in
SAGE air defense and in Mercury-Gemini-Apollo
manned spaceflight. In each case there was an attempt
to make a great leap forward into new knowledge and
new control over uncharted domains. The only way to
achieve system goals within planned timetables was to
experiment rapidly and boldly with new techniques and
new findings.

The system configuration served as its own test bed in
measuring and assessing system performance. Simula-
tion, training, testing and evaluation were indistin-
guishably intermixed in system development in a new
experimental style—in computer-aided, interdiseipli-
nary, mission-oriented, self-experimentation in real
time, under common schedules and common system
goals. With the advent of other and newer real time in-
formation systems in industry, science, education, medi-
cine, and now, on the threshold of computer utilities,
the experimental dance is improvised on new real time
tempos.

To the extent that a systems approach is deliberately
integrated into social organization, and to the extent
that such systems are computerized, to that extent will
potential experimental power grow for real-world social
experiment. Saying that experimentation is good and
noble is not enough, there must be the means and the
explicit social configuration—the real time systems con-
figuration—to make such experimentation feasible. The
first step, then, in the evolution of real-world social
experiment is the evolution from non-real time to real
time systems. And the more advanced the computeriza-
tion of such real time systems, the more potent are the
possibilities for ongoing systems experimentation.
Social experiment will spread as real time information
systems spread and proliferate into interlocking net-
works, ultimately into ecological complexes of openly
cooperative and competitive real time information
systems.

The form that real time social control will take will de-
pend on how real time information systems are imple-
mented. If competitive social experiments are freely con-
ducted in open forum, if many alternatives are explored,
if real, not rigged choices are open to the public, if grass-
roots participation and feedback is built into the genes
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and chromosomes of object systems at the system de-
sign stage, if adequate checks and balances are devised

between the public, the managers, the operators, and

users of such systems, if these and related conditions
are met, then real time social control may effectively
turn out to be of the people, by the people, and for the
people, rather than for the old plutocracy or a new tech-
nological elite. '

When pragmatism was thrust with a “barbaric
yawp”’ into the world of philosophy, mainly through the
efforts of William James, a hue and cry arose from many
quarters on the crassness and narrowness of this new
outgrowth of American materialism. Pragmatism was
maligned as opportunistic, self-indulgent, unscientific,
anarchistic, and as an ideal comedian’s philosophy. The
semantic storm over the pragmatic as the narrowly prac-
tical was overwhelming; repeated onslaughts from the
ideal, the good, true, and beautiful, from the pure and
theoretical were launched against this newborn philos-
ophy from all sides. -

Peirce, disagreeing with James’ exposition of pragma-
tism, insisted that his theory be called pragmaticism.
James turned to the moretechnical concept of radical
empiricism to ward off the semantic pitfalls of pragma-
tism. Dewey lingered longest over pragmatism, and
somewhat reluctantly turned to instrumentalism and
experimentalism to defuse the relentless onslaught from
critics.

But the temper of the times has changed and the
horrendous connotations of pragmatism have become
more respectable in a world that desperately needs intel-
ligent, practical solutions to mounting problems.
While pragmaticism, radical empiricism, and instru-
mentalism remain as distinctive historical hallmarks of
their creators, American pragmatism persists as the des-
ignation of their common origin, continued growth,
and diversification in contemporary affairs. After being
drummed out of court for challenging the established,
absolutistic order, American pragmatism is experienc-
ing a renaissance.

With the emergence of real time information systems,
the pragmatic temper of American science and technol-
ogy has received a fresh impetus and powerful new
thrust. Peirce’s “knowledge of consequences” has be-
come transmuted into the principle of real time feed-
back; James’ “cash-value” has become mission payload
and system payoff; Dewey’s social inquiry and behav-
ioral effectiveness has evolved into system and cost-
benefit analyses; the early pragmatic focus on the regu-
lation of future consequences has been transformed into
human real time contrel. The philosophy of pragma-

tism has evolved into the philosophy of real time.

" The intent of this essay has been suggestive and
exploratory. It has suggested the power of the real time
concept in contemporary social change and it has ex-
plored itslinks with the tradition of American pragma-
tism. The meaning and import of real time information
systems has not yet been pursued and systematized by
philosophers. The scope and diversity of pragmatism
and competing philosophies has only been hinted at in
these pages. Controversies and logical problems in the
construction of a public philosophy of real time informa-
tion systems have been bypassed orhavebeen mentioned
only in passing, and those that have been addressed
have not been dealt with in detail. Some of these prob-
lems are treated elsewhere at greater length by the
author (1967).!! If this discussion has served to point up
the vital need for a public philosophy of real time infor-
mation systems, and if it has shed some light on the for-
mulation of the problem and on key issues, then its pur-
pose has been met. ‘
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A special interest session on computer design

automation

Computer design automation: What now and what next?

by JEROME M. KURTZBERG, Chairman

IBM Watson Research Center
Yorktown Heights, New York

This special interest session of computer design auto-
mation explores the current problems that face us, what
we can do and are accomplishing, and what appears to
be our objectives and possibilities in the future.

Historically, the design tasks that were first auto-
mated were those with the largest savings, in terms of
cost and time, and ease of mechanization. Thus, manu-
facturers initially automated the clerical checking and
documentation functions involved in computer design.
When done manually these tasks consume a major por-
tion of design time and are particularly onerous for hu-
mans. Concurrently, the task of establishing pin-to-pin
interconnection chains for backplane wire routing was
mechanized, at first for manual wiring, and later for in-
put to automatic wire-wrap machines.

Success in these areas encouraged manufacturers to
try to automate more of the tasks involved in the physi-
cal design area using as input the logic equations or dia-
grams. This called for development of algorithms to
handle the interrelated problems of partitioning and
assignment of logic equations to circuits on modules
(card-packaging), placement of the modules in a back-
plane, and determination of pin interconnection and
wire routing patterns. Although these tasks are inter-
related, it was considered necessary, because of their
complexity, to treat them separately. Furthermore, the
exact definitions of these physical design tasks are
strongly dependent upon the particular circuitry em-
ployed, so as to encompass an entire class of problems.
Today, a number of the major manufacturers have
developed a set of techniques to handle these problems.

Attention also turned to the automatic generation of
logic equations from the register information flow for
the various computer operations. Gorman and Ander-
son' in a paper given at the 1962 FJCC demonstrated
that the production of logic equations can be treated as
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g formal translation process in the manner of compiler
construction.

The problem of logic equation simplification has been
addressed and extensively treated from the theoretical
viewpoint.? The same has been true for techniques for
detection of single faults in combinational logic.? Also,
there are many production problems in the manufactur-
ing interface area that have received considerable atten-
tion such as automatic testing of hardware.

Today, the problems in design automation are more
difficult than in the past because of the increasingly
complex demands imposed on the computer design pro-
cess. These demands arise from the trend toward more
sophisticated computer organizations and the numerous
and interrelated constraints occurring in the new tech-
nologies. These problems are discussed by the panelists
with audience participation after the speakers explore
specific areas of interest.

Gorman deals with the areas of functional computer
design and evaluation of the design. He treats the prob-
lems of securing an adequate language for expressing
the system specification, the praoblems of “design trans-
lation” and subsequent evaluation of the resulting de-
tailed design. Next, Russo discusses the interface
between logic and hardware. The problems posed by
the LSIt echnology are examined. Donath then elab-
orates on some of the problems in the physical design
area. He stresses the need for certain analytic studies in
order to gain a better understanding of the algorithms
necessary to handle the network design tasks. Breuer

‘speaks last on the problems in the automatic generation

of component failure detection and diagnostic test se-
quences. The various approaches that have been used
and their limitations are discussed along with the effect
of hardware fault detection in the actual design of
equipment. '
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The interested reader is referred to a survey paper by
Breuer? for a comprehensive bibliography of previous
work in computer design automation.
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Functional design and evaluation

by DONALD F. GORMAN

Radio Corporation of America
Cherry Hill, New Jersey

The design of information processing systems con-
sists of the development of (1) the initial marketing
specifications, (2) a functional design to meet these
specifications including a detailed logic design to
achieve these functions, and (8) an implementation of
this logic design, in either hardware or stored micro-
program, using the latest technology.

Functional design encompasses all activities involved
in producing the functional design from the behavioral
specifications and the conversion of this design into a
logic design.

Evaluation of a design is the process of determining if
the functional design, the logic design, and the imple-
mentation satisfy the initial behavioral specifications.

What now?

What techniques are currently available for aiding in
the design and evaluation tasks? To assist in the design
of systems, a technique called ‘“design translation” is

used to convert from one level of design to another. It
treats design as the translation of a description of a
product from one language to another.

The conversion from a marketing specification to a
functional design is, at the present time, not a well-de-
fined process and, therefore, not amenable to automa-
tion. Although translation from a functional design to a
logic design has been shown to be feasible (1962) the
development of these techniques has not progressed
very rapidly, due to an apparent lack of interest. Never-
theless, several such systems are currently being imple-
mented ; emphasis is on achieving a practical automa-
tion system that will produce practical designs.

The evaluation of information processing systems,
including both hardware and software, has proven to be
quite intractable. The method of evaluation most wide-
ly used today is simulation; however, its use is limited
and hardly qualifies as automation. Current work
on simulation centers on the development of the con-
cepts required to model such a complex product as
an information processing system and the development
of simulation languages to embody these concepts and
make them easy to use.

W hat next?

Some areas in which progress must be made in order
to bring the present efforts to fruition will now be
considered.

Provided that a fixed control philosophy is assumed,
design translation techniques can be applied to a func-
tional design to produce a logic design. However, in
order to optimize a design, it must be possible to merge
several control methods, such as synchronous, asyn-
chronous, a centralized clock, distributed control, ete.,
into a single design. Techniques must be developed to
determine the control method best suited for each por-
tion of the design, and translation techniques are needed
to produce a single coordinated design utilizing several
different control philosophies.

Design translation techniques will provide, for the
first time, sufficient detailed information about alter-
nate designs that tradeoff studies may be effectively
undertaken with respect to hardware vs. software, syn-
chronous vs. asynchronous, etc. When criteria to be
used in these tradeoffs have been established, the trade-
offs themselves may be incorporated into the transla-
tion procedure and designs may then be optimized over
a wider range of criteria.

Translation from a behavioral specification to a
functional design is the truly creative part of the design
activity and is currently considered to be an art rather
than a science. Design experience using translation tech-
niques and the ability, via automation, to analyze
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numerous designs will eventually lead to a methodology
for automating aspects of this phase of design.

Evaluation of information processing systems en-
counters even more problems than design. One of the
fundamental problems today is that there is general
disagreement over what constitutes a “good” design.
Assuming that satisfactory criteria can be found, tech-
niques for rapidly evaluating systems with respect to
these criteria are needed.

Analytic procedures are currently being developed,
but are, as yet, far from being general enough for adap-
tation to automation.

Simulation, which is the only evaluation technique
available today, suffers from a severe handicap—ineffi-
ciency—in both the writing and running of simulation
programs. Efficiency will be achieved and simulation
will become s practical design aid through the following
steps: (1) the use of simulation program generators that
will facilitate the creation of customized simulation pro-
grams, (2) the generation of simulation models that
allow a detailed view of the area of immediate interest
to be combined with a very general view of other por-
tions of the system, and (3) the generation of integrated
simulation programs based on such models.

Summary

Design automation, which was first used in the manu-
facturing and physical engineering areas, has made
considerable progress in logical design and is now mak-
ing inroads into functional design, previously considered
to be an entirely creative process. The use of simulation
and design translation is the first step in transforming
the functional design of both the hardware and the
software of information processing systems from an art
to a science.

The logic-to-hardware interface area of design
automation

by ROY L. RUSSO

IBM Watson Research Center
Yorktown Heights, New York

The logic-to-hardware interface area is concerned
with the problems of translating a logic description into &
high level physical deseription. The logic description is
an interconnection of the primitive circuits, such as
And’s, Or’s, Nor’s, IFlip-Flops, ete., that are to be used
in the physical packages. A high level physical deserip-

tion takes into account, for example, partitioning of
the logic into physical packages, but does not include
relative placement of the primitive circuits within a
package, or pin assignment, wire routing, etec.

This interface area is extremely important at the pres-
ent time for two basic reasons. First, the present inte-
grated circuit technology imposes ecritical and inter-
related constraints which must be satisfied during this
phase of the design process if the technology is tobeused
effectively. These constraints include minimizing the
number of integrated circuit chips or chip types to re-
duce cost and specifying chips that can be tested ade-
quately and economically. Second, decisions made in
specifying the high level physical description determine
to a great extent, whether or not severe machine design
goals, such as fast cycle times, will be met.

The problems that design automation programs must
help solve for the logic-to hardware interface area are
best categorized by the class of machine being designed:
either a small low-performance one or a large, high-per-
formance machine.

In the small machine category, chip type minimi-
zation and machine cycle time constraints can be set
aside to make the problem more amenable to attack and
the cost of the computer programs more reasonable.
Since manufacturing costs will depend almost directly
upon the number of unique chips in the machine, the
major problem in this case will be to partition so as to
reduce that number. The relatively small number of
terminals on a chip compared to the large number of
circuits on the chip makes this partitioning extremely
difficult. It also increases the number of tests which
must be applied to the chip and this raises the cost of
testing. Hence, the effect of the implementation on
testing must also be considered at this level. If the
packaging hierarchy consists of logic on chips, chips on
carriers, etc., then the problems become more difficult
and the techniques must be extended.

The problems increase enormously for large, high-per-
formance machines because the number of constraints
and their complexity increase sharply. In particular,
chip type minimization and proposed machine cycle
time constraints must be considered. (The low volume
of machines implies that the same chip type will have to
be used repeatedly in the machine to reduce costs.)
Whereas in the small machine case, the specific pla:ce-
ment of chips in the packaging hierarchy was not im-
portant, it must now be.considered because of its effect
on the cycle time. Hence, for this class of machines,
there are problems of partitioning logic to chips in su.oh
away as to minimize chip types, and of placing the in-
dividual chips in the packaging hierachy in such a way
as to satisfy a proposed short cycle time with its implied
constraints.
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At the present time, it is only by examining hardware
packaging alternatives that designers will be able to ob-
tain a high level physical description that best satisfies
or compromises among the many constraints. Trying
alternatives depends upon three elements. First, the de-
signer must decide on the alternative he wants to try.
Second, a means must be available to implement the
alternative rapidly and economically. Third, the designer
must examine the effect of the implementation and de-
cide what he wants to do next. Design automation pro-
grams provide a rapid and economical means for trying
a sufficient number of alternatives with appropriate
output information to the designer.

We in design automation have been for a long time
using the computer as a sort of ““passive” partner in the.
design process. We've been using it to keep files, to do
checking and to interface with manufacturing. In so
doing we have lost sight of the real problem of design,
that of evaluating alternatives, and of the real potential
of the computer, to be an “active” partner in the design
process by helping the designer to make his design
decisions. The logic-to-hardware interface area offers
the potential of allowing the art of design automation to
advance to this new level.

Hardware implementation

by W.E. DONATH

IBM Watson Research Center
Yorktown Heights, New. York.

The area of hardware implementation shall be (some-
what arbitrarily) defined to include placement, wire
routing, terminal assignment, and the interface to
hardware fabrication devices. At this stage, many com-
panies have automated at least some of these steps. In
the first three areas, we encounter problems which must
be solved by analysis into sub-problems and by develop-
ment of algorithms;inthe last area, we are faced with the
problem of developing a convenient means of man-
machine communication. LSI Mask Design, ! for which
various systems were developed over the last few years,
falls into the latter area.

In the first three areas, one may have to solve prob-
lems related to placement and wiring rules. However,
at this stage it is most important to note that few, if
any, DA programs can generate as good a design as a
good engineer could. They need either human interven-
tion or much more interconnection space than is really

necessary. This is proportionately more serious now
since the ratio of interconnection cost to circuit cost is
increasing with the new technologies.

Two lines of investigation suggest themselves. For
one, we need to develop a better understanding of the
capabilities of heuristic alogrithms. This implies mathe-
matical analysis and systematic studies. However, DA
problems are much too complex to yield to such analysis
or studies. It seems best to abstract out of the general
range of DA problems mathematical problems that con-
tain the essential difficulties of the DA problems. At
that point mathematical analysis and systematic
studies become feasible.?

A second area of investigation arises from the struc-
ture inherent in computer logic complexes. E. F. Rent,
in an unpublished work in 1960, stated that for a manual
partition of large logic complexes into subcomplexes of
¢ circuits, the terminal count is given by Ac?, where
p=2/3 and A is a constant. Understanding of the
phenomenon might well lead to methods for taking
advantage of such structure in DA programs. Further-
more, we can feel surer of our mathematical analysis if
our model of logic structure is as close to reality as pos-
sible.

In conclusion, I feel that a necessary step toward bet-
ter DA methods is the systematic investigation of the

- mathematical problems basic to Design Automation

procedures where both analytic and experimental proce-
dures are employed.
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Hardware fault detection

by M. A.BREUER

University of Southern California
Los Angeles, California

One of the most pressing problems currently con-
fronting the design automation specialist is that of the
automatic generation of component failure detection .
and diagnostic test sequences. This problem is made
more difficult due to the new LSI circuits where we may
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have hundreds of components on a chip with only a few
accessible input/output terminals.

These chips contain both combinational and sequen-
tial logic which must be tested. It is now feasible to
generate tests for combinational logic!? However, a
computationally feasible solution for the general class of
sequential circuits is still not known. The trend may be
to only carry out a partial test and specify that a chip
is component failure free with probability p. Most com-
puter companies are currently investigating this prob-
lem, and some encouraging results have been reported.s

There are a number of interesting approaches dealing
with generating test sequences. One technique, called
the behavioral approach,* is based purely on the ab-
stract next state and output functions defining the se-
quential machine M to be tested. Given a black box con-
taining a machine M/, this approach tries to answer the
question of whether or not M’ is equivalent to M. This
approach leads to very long testing sequences, and is
only practical for extremely small sequential circuits.
One reason these sequences are so very long is that this
procedure is actually doing machine identification
rather than simply fault detection.

A second approach to this problem of generating test

sequences is to take into consideration the actual physi-
cal implementation of M, where one obtains the ma-
chine M ;from M by considering how M operates under
the jth component failure.?:®# This procedure leads to
shorter test sequences, and appears to be the most
promising approach presently available.

Most approaches make many assumptions on the
type and number of faults which can occur. For ex-
ample, usually only one fault is considered at a time,
and the number of states in the machine remains the
same. Fortunately, the resulting checking sequences are
usually still effective even if these assumptions do not
hold. Unfortunately, the stuck-at-zero and stuck-at-one
static fault model most commonly used is not always
sufficient to test a machine, since it neglects time
delay and interconnection shorts. The specification of
an adequate fault model for an LSI circuit chip is still an
open question.

One assumption which is usually not valid is that one
has available the state transition table for the machine.
For any reasonable size circuit, this table is much too
large to either generate or store. In practice all one ac-
tually has available is the set of equations or diagrams
specifying the logic of the machine.

A special case of the fault detecting problem isthatas-
sociated with cascaded machine structures.” A simple
example of such a structure is an n bit accumulator,

which should be considered as n identical 4 state ma-
chines rather than as one 2¢» state machine. Efficient
procedures for testing such structures are not known ex-
cept for some specific cases.

Finally, one can take a probabilistic approach to the
problem of generating a good checking sequence. That
is, for a fixed value C, how would one construct a
checking sequence of length C which will maximize the
probability of detecting a fault, should a fault be pres-
ent.

Fault diagnosability deals with specifying, down to
the component or circuit level, what fault has occurred.
Usually, a fault detection test gives some information
on what fault is present. More detailed information can
be obtained by increasing the length of the test sequence
and by a judicious sequencing of the test cases. Usually,
the computer user is only interested in locating a fault
down to the level of a replaceable unit.

In summary, there are many problems still unsolved
in the area of completely automating the generation of
fault detecting experiments. It is important that these
problems be solved so that our new technological ad-
vances can be utilized to their fullest potential. The so-
lution to this problem could be made somewhat easier if
the concept of fault detection was added as a new
criteria in the design of circuits.
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