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ly) are far from the cell bodies in which
the electrodes are placed and transmis-
sion of impulses from one cell to another
cannot always be observed directly. We
can, however, detect interactions and
infer connections between cells by vari-
ous means, such as using electrodes to
obtain simultaneous records of activity
from several cells (as many as six) at
once. These records show the phase re-
lations of the several cells in guiding
swimming activity and suggest patterns
of connectivity.

here is reason to be confident that

within a few years the cellular ex-
ploration of the nervous systems of T'ri-
tonia and other simple animals will pro-
vide a clear enough understanding of
their nervous apparatus and mechanisms
to describe these systems in the defini-
tive terms usually reserved for man-made
nachines. These investigations should
also help greatly in determining the gen-
eral relations between the brain and be-
havior in the vast number of simple ani-
mal species comprising most of the
animal kingdom—and ultimately in more
complex animals.

ganglia. Neurons on pleural ganglia gener-
ally control bilateral responses; one neu-
ronal group triggers the escape response.
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The Heart's Pacemaker

«...Certainly, the reading of this number of good
articles in science must be making some impact on
the educational process in this country...”

Philip E. Hartman, in THE QUARTERLY REVIEW OF BIOLOGY, 41(2), 1966

[commenting on the fact that some 9,000,000 SCIENTIFIC AMERICAN Offprints
had been sold up to that time; the number has more than tripled since then.]

SCIENTIFIC AMERICAN Offprints are self-
bound articles reproduced from the magazine
for educational use. There are more than 600
of these articles now available, reprinted in the
original format with full text, full illustration,
and full color. They cover a broad range of
topics in the life sciences, the behavioral sci-
ences, the physical sciences, technology, and
the earth sciences.

Offprints are available in any assortment or
quantity at 25¢ each; thus teachers can con-
veniently provide their students with inexpen-
sive supplementary readings closely coordin-
ated with the design of their courses. Most

teachers who use Offprints do so on an adop-
tion basis, that is, they assign them to their
students and order them through the book-
store just as they do textbooks. The publisher
collates each student’s set of Offprints and
shipsit to the bookstore with its own envelope.
For a free descriptive catalogue, write Dept. F
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COMPUTER SCIENCE EXPERT

We are looking for an individual
who is successful in the computer in-
dustry. The position open is new and
reports to the highest technical level
in the company. The purpose of the
position is to prepare for a signifi-
cant R & D executive responsibility.

The incumbent should demon-
strate a thorough professional knowl-
edge of why computers do what
they do (inside). We are not looking
for the Applications man. We want
the Engineer who is heavy in sys-
tems architecture and has a thor-
ough knowledge of software inter-
action with hardware.

This significant assignment will get
you right into the heart of a leader
in the EDP industry.

Your qualifications?
® Technical Accomplishments
demonstrated and recognized
® Creativity
® Good interpersonal relationships
® Management ability
® Advanced academic preparation
® Past accomplishment, responsibility and
earning capacity
A rare opportunity! For com-
pletely confidential consideration,
send career and earnings history to
Box RAY, SCIENTIFIC AMERICAN.

An Equal Opportunity Employer M/F

more than just a telescope more than just a microscope
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vestpocket =
optical system

Wetzlar

Shown actual size

We went to Wetzlar, Germany (world capital
of fine optics) to find such perfection at such
a price. Remove the EMOSKOP from its fitted
leather case and it is a 30x microscope.
A twist of the wrist converts it to a 3x tele-
scope (ideal for theater, field or sky) or
a unique 3x telescope-loupe. Another change
and you have your choice of 5x, 10x or 15x
magnifying glasses. The perfect vest-pocket
companion for exacting professionals and
scientists and all those who wish to observe
anything closely and clearly. A most dis-
creet opera glass. If you make a fetish of
quality, the EMOSKOP will do you proud.
Coated lenses, fully achromatic, absolutely
flat field. Modern Photography Magazine calls
the EMOSKOP “. .. the only magnifier worthy
of the name.”

[0 Send me the EMOSKOP. | enclose $17.95
($16.95 plus $1 postage and insurance).
Calif. residents add 5% tax. Refund with-
in 2 weeks if not delighted. SA02000

Name
Address.

584 Washington,
San Francisco 94111
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THE FASTEST COMPUTER

ILLIAC 1V 1s made up of 64 independent processing units that

by operating simultaneously will be capable of solving complex

problems in a fraction of the time needed by any other machine

he computer 1LLIAC 1V, which is
I now nearing completion, is the
-4 fourth generation in a line of ad-
vanced machines that have been con-
ceived and developed at the University
of Illinois. ILLIAC 1, a vacuum-tube ma-
chine completed in 1952, could perform
11,000 arithmetical operations per sec-
ond. ILLIAC 11, a transistor-and-diode
computer completed in 1963, could per-
form 500,000 operations per second. I1L-
LiAc 11, which became operational in
1966, is a special-purpose computer de-
signed for automatic scanning of large
quantities of visual data. Since it
processes nonarithmetical data it cannot
be compared with the earlier rLLIAC’s in
terms of operational speed. 1LLIAC 1v,
employing the latest semiconductor
technology, is actually a battery of 64
“slave” computers, capable of executing
between 100 million and 200 million in-
structions per second. Even that basic
rate, although it is faster than that of any
other computer yet built, does not ex-
press the true capacity of ILLIAC 1v.
Unlike its three predecessors and all
computers now on the market, which
solve problems by a series of sequential
steps, ILLIAC 1V is designed to perform as
many as 64 computations simultaneous-
ly. For such a computing structure to be
utilized efficiently the problem must be
amenable to parallel, rather than sequen-
tial, processing. In actuality problems of
this kind constitute a considerable part
of the total computational spectrum,
ranging from payroll calculations to
linear programming to models of the
general circulation of the atmosphere
for use in weather prediction. For ex-
ample, a typical linear-programming
problem that might occupy a large pres-
ent-generation computer for six to eight
hours should be solvable by 1LLiac 1v
in less than two minutes—a time reduc-
tion of at least 200 to one.
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by D. L. Slotnick

Subsystems for 1LLIAC 1V are being
manufactured in a number of plants and
are being shipped to the Burroughs Cor-
poration in Paoli, Pa., for final assembly
and testing. When the machine is fin-
ished a few months from now, it will be
available over high-speed telephone lines
to a variety of users, including the Cen-
ter for Advanced Computation of the
University of Illinois.

he ultimate limitation on the operat-

ing speed of a computer designed to
operate sequentially [see illustration on
page 81] is the speed with which a signal
can be propagated through an electrical
conductor. In practice this is somewhat
less than the speed of light, which takes
one nanosecond (10 second) to travel
about one foot. Although integrated cir-
cuits containing transistors packed to-
gether with a density ranging from sev-
eral hundred to several thousand per
square inch have helped greatly to re-
duce the length of interconnections in-
side computers, designers have been
increasingly aware that new kinds of
logical organization are needed to pene-
trate the barrier set by the speed of light.

Over the past 10 years designers have
introduced a number of variations on the
strictly sequential mode of operation.
One stratagem has been to overlap the
operation of the central processing unit
and the operation of input-output de-
vices (such as magnetic-tape readers and
printers). By means of a fine-grained
separation of the computer’s functional
units a high degree of overlapping has
been attained. Current efforts in “pipe-
lining” the processing of “operands” will
allow a further significant increase in
speed.

Overlapping and pipelining, however,
are both fundamentally limited in the
advances in speed they can provide. The
approach taken in ILLIAC IV surmounts

fundamental limitations in ultimate com-
puter speed by allowing—at least in
principle—an unlimited number of com-
putational events to take place simulta-
neously. The logical design of 1LLIAC 1V
is patterned after that of the soLomon
computers, prototypes of which were

COMPUTER ILLIAC IV is nearing com-
pletion at the Great Valley Laboratories of
the Burroughs Corporation in Paoli, Pa.
Unlike conventional computers, which car-
ry out logical and arithmetical operations in



built by the Westinghouse Electric Cor-
poration in the early 1960’s. In this de-
sign a single master control unit sends
instructions to a sizable number of inde-
pendent processing elements and trans-
mits addresses to individual memory
units associated with these processing
elements (“processing-element memo-
ries”). Thus, while a single sequence of
instructions (the program) still does the
controlling, it controls a number of proc-
essing elements that execute the same
instruction simultaneously on data that
can be, and usually are, different in the
memory of each processing element [see
top illustration on page 821].

‘ach of the 64 processing elements of
ILLIAC IV is a powerful computing
unit in its own right. It can perform a
wide range of arithmetical operations on
numbers that are 64 binary digits (bits)
long, where a digit is either 0 or 1, cor-
responding to the two “positions” of an
electronic device with two stable states.
These numbers can be in any one of six

strict sequence, ILLIAC 1V will solve complex problems in

possible formats; the number can be
processed as a single number 64 bits
long with either a fixed or a “floating”
point (corresponding to the decimal
point in decimal notation), or the 64 bits
can be broken up into smaller numbers
of equal length. Each of the memory
units has a capacity of 2,048 64-bit num-
bers. The time required to extract a
number from memory (the access time)
is 188 nanoseconds, but because addi-
tional logical circuitry is needed to
resolve conflicts when two or more sec-
tions of 1LLIAC 1V call on memory simul-
taneously, the minimum time between
successive operations of memory is in-
creased to 350 nanoseconds.

Each processing element has more
than 100,000 distinct electronic com-
ponents assembled into some 12,000
switching circuits. A processing element
together with its memory unit and asso-
ciated logic is called a processing unit
[see illustrations on next two pages]. In
asystem containing more than six million
components one can expect a component

or a connection to fail once every few
hours. For this reason much attention has
been devoted to testing and diagnostic
procedures. Each of the 64 processing
units will be subjected regularly to an
extensive library of automatic tests. If a
unit should fail one of these tests, it can
be quickly unplugged and replaced by a
spare, with only a brief loss of operating
time. When the defective unit has been
taken out of service, the precise cause of
the failure will be determined by a sepa-
rate diagnostic computer [see top illus-
tration on page 80]. Once the fault has
been found and repaired the unit will be
returned to the inventory of spares.
ILLIAC IV could not have been de-
signed at all without much help from
other computers. Two medium-sized
Burroughs B 5500 computers worked al-
most full time for two years preparing
the artwork for the system’s printed cir-
cuit boards and developing diagnostic
and testing programs for the system’s
logic and hardware. These formidable de-
sign, programming and operating efforts

®
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OPEN DOORS OF ILLIAC IV reveal vertical cases holding eight of the

big machine’s 64 independent but centrally controlled processing units.
The 12 drawers at the top of the picture hold the power-supply modules
associated with the eight processing units. A group of four processing units
lies behind each of the 16 bottom doors in the photograph at the left.
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an all-at-once manner by coordinating the simultaneous
operation of 64 “slave” computers, or independent process-
ing units. ILLIAC IV was conceived and developed at the
University of Illinois Center for Advanced Computation.
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BACK-PLANE ASSEMBLY (far left) of one of 1LLIAC IV’s 64 proc-
essing elements contains up to 210 printed circuit boards arranged
in six rows of 35 columns. Each circuit board (second from Left)

were under the direction of Arthur B.
Carroll, who during this period was the
project’s deputy principal investigator.
In the course of a calculation it is fre-
quently necessary to transfer data from
one processing element to another; data
paths are provided for this purpose [see

bottom illustration on page 83]. In solv-
ing certain problems these data paths
can be used to simulate directly the
problem’s geometric structure.

Although the 64 processing elements
are under centralized control, only the

simplest problems could be handled if

o

holds up to 20 “dual-in-line” packages (four rows by five columns)
as well as some other electronic components such as resistors.
Each dual-in-line package (third from left) contains 16 pins, which

the elements did not have some degree of
individual control. Such control is pro-
vided by means of a “mode value,” which
can be set by each processing element
and which depends on the different data
values unique to each element. The pro-
gram sets the mode value that identifies

MEMORY ARRAY BOARD (Zeft) is one of four that together con-
stitute the high-speed, 131,072-bit memory associated with each of
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the 64 processing elements in 1LLIAC 1v. Each board holds up to 128
dual-in-line packages. Each package (middle) holds one chip and



connect to an integrated circuit built up on a single chip of sili-
con measuring .095 by .05 inch. The integrated circuit, magnified
55 diameters at the far right, contains 34 transistors organized

those processing elements whose state
(as defined by their mode value) enables
them to respond to a given instruction
or sequence of instructions. The ele-
ments not in this state are turned off. As
a simple example, suppose at the start
of a problem all mode values are set to 1,

each chip contains integrated semiconductor circuits (right) with
a storage capacity of 256 bits. The chips, each containing 2485

or “on.” Now the program causes the
control unit to “broadcast” to all 64 proc-
essing elements: Search your memory for
X (some particular value). Each element
carries out the search, and any element
finding the value X sets its mode value to
0, or “off.” The control unit may now

into seven “logic gates.” The circuit chips are manufactured by
Texas Instruments Incorporated. In all more than a quarter of a
million chips will be used in ILLIAC IV’s 64 processing elements.

issue a sequence of instructions to be
performed only by those elements whose
mode value is still 1, which allows them
to keep operating. Similarly, the contents
of two registers within a processing ele-
ment can be compared, and the mode
value can be set on the outcome of the

transistors, resistors and diodes, were developed by the Semicon-
ductor Division of Fairchild Camera and Instrument Corporation.
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DIAGNOSTIC COMPUTERS, called exercisers, are housed in the determined by a diagnostic computer. A defective processor has

cabinets at the right in each photograph. When one of ILLIAC IV’s been unplugged and rolled over to the diagnostic computer in the
processors or memory units fails, it is immediately unplugged and photograph at the left; a defective memory unit is being examined
replaced with a spare unit. The exact cause of the failure is then by a different diagnostic computer in the photograph at the right.
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CONTROL-UNIT CARD (top left) is laminated from 12 separate graphic positives of wiring patterns and etched copper wiring layers
layers that embody the complex wiring pattern for interconnecting are shown in the other photographs. 1LLIAC 1V requires 64 control-
several thousand electronic components. Three of the glass photo- unit cards, each of which can be removed for test or replacement.
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comparison. Mode values are also used
to determine when an iterative calcula-
tion should be terminated or when quan-
tities have exceeded specified numerical
limits. In short, mode values are the prin-
cipal means for imposing a data-depen-
dent, logical structure on a program.

In addition to the high-speed primary
memories associated with each process-
ing element, ILLIAC 1v has two memories
that are somewhat slower but have ca-
pacities that are considerably larger. The
total capacity of the 64 primary memo-
ries is 64 X 2,048, or 131,072, numbers,
each 64 bits in length. Thus the total
high-speed storage is some 8.4 million
bits. Most of the problems suitable for
iLLiAc 1v will require data capacities
far exceeding this primary storage.

The additional data can be held either
ina rotating-disk magnetic memory or in
a new “archival” memory whose writing
mechanism is a laser beam. The rotat-
ing-disk memory has a capacity of a
billion bits, or about 120 times the ca-
pacity of the primary memory. The disk
has 128 tracks, each with its own read-
ing and recording head. The access time
is determined by the time required for
the disk to rotate into the position where
the desired datum is under one of the
fixed heads. Since the disk revolves once
in 40 milliseconds, the average access
time is 20 milliseconds, which is about
100,000 times slower than the access
time of the primary memory. Once the
disk is in position, however, data can be
transferred to any of the 64 primary
memories at the rate of half a billion bits
per second, or roughly 100 times the rate
at which data can be transmitted over a
standard television channel. The archi-
val memory, which has a capacity of a
trillion bits, has a longer access time and
a lower data-transfer rate [see top illus-
tration on page 83].

These memory subsystems plus the
more conventional peripheral equipment
(punched cards, disk and tape units,
printers, displays and so on) are under
the direction of a medium-size general-
purpose computer, the Burroughs B 6500
[see bottom illustration on next page].
This computer also bears the major
responsibility for translating programs
from the various programming languages
available to the users into the detailed,
hardware-determined language of the
computer itself.

et us now examine how ILLIAC 1V can
be used to solve a simplified prob-
lem in mathematical physics. The prob-
lem belongs to the very large class of
problems whose calculation can be per-
formed in an “all at once” manner, using

data and vice versa.

Converts machine-usable
data to human-usable
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CONVENTIONAL COMPUTER is organized to carry out operations in sequence. A
counter in the control unit determines the address of the next instruction in the sequence

to be executed and transmits the address to

the memory (1). The memory returns the

instruction to the control unit (2). The instruction contains the address in the memory of
the data (operand) on which an arithmetical or logical operation (also specified) is to be
performed. This address is sent to the memory (3). The memory furnishes the selected
operand to the processing unit (4). The control unit then transmits to the processor a se-
quence of electronic signals that contains the fine structure of the arithmetical or logical oper-
ation required by the program (5). The calculated result is then stored at a specified loca-
tion in memory (6) for use in a subsequent operation or for conversion to printed form
for the user of the machine. Advanced computers carry out this entire sequence in a few
millionths of a second. Billions of repetitions may be needed to solve a complex problem.

either ordinary or partial differential
equations. The problem we shall trace
requires the solution of Laplace’s partial
differential equation describing the dis-
tribution of temperature on the surface
of a slab. Even the reader who is un-
familiar with such equations should be
able to follow this example because the
method for reaching a solution relies
completely on the commonsense notion
that the temperature at any point on the
slab tends to become the average of the
surrounding values.

Laplace’s equation for solving the
problem is 82U/8x* + 8°U/dy* = 0,
where U corresponds to the temperature
at a given position specified by the co-
ordinates x and y on the surface of the
slab. In this example we are asked to
imagine that we are dealing with a rec-
tangular slab of some material whose
four edges are maintained at different
temperatures. Eventually all the points
on the surface of the slab will reach a
steady-state temperature distribution re-

flecting the way heat flows from hotter
edges to the cooler ones. The tempera-
tures at the edges of the slab, which are
held constant, are called the boundary
conditions. If we use an x-y coordinate
system to designate the location of any
point on the surface of the slab, we can
say that the temperature at any point is
a function of x and y. In other words,
every point x,y on the slab has associated
with it a temperature U(x,y).

When one uses a digital computer to
solve this problem, one cannot, of course,
obtain the temperature at an infinite
number of points. The standard proce-
dure is to digitize the variables x and y
so that the slab is covered by a mesh,
each square of the mesh being h units
on a side. For the sake of simplicity we
shall assume that our slab is a square
and that it has been digitized into 64 x,y
values or mesh points [see illustration on
pages 84 and 85].

The method of solution can now be
stated very simply: The temperature at

8l
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PARALLEL ORGANIZATION OF ILLIAC IV enables the con-
trol unit to orchestrate the operation of 64 processing elements,
each with its own memory. There is a large class of mathematical

problems that can be solved in an all-at-once manner by indepen-
dent processors operating simultaneously, each about twice as fast
as the single processor in an advanced sequential computer.

B 6500 PERIPHERAL DEVICES

7% 717

HIGH-SPEED TELEPHONE LINES

B 6500 COMPUTER

ARCHIVAL MEMORY
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BLOCK DIAGRAM OF ILLIAC IV SYSTEM shows how the IL- pacity of a billion bits (binary digits). A tertiary memory is pro-
LIAC’s control unit, together with its 64 processors and primary vided by a new “archival” memory system, which uses a laser beam
memory units, will be connected to ancillary pieces of equipment. for reading and writing. Accessed through a medium-size Bur-
A secondary memory is provided by a disk-file system with a ca- roughs B 6500 computer, it will have storage for a trillion bits.
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any interior mesh point is the average
of the temperatures of the four closest
mesh points. Thus the value of U(x,y)
equals the sum of four neighboring val-
ues of U(x,y) divided by four. When this
equation is made true for all points, there
can be only one correct value for each
point. This method is called “relaxation.”

When the relaxation method is applied
with a sequential, or conventional, com-
puter, the usual procedure is to start at
the top left of the slab and apply the
basic equation at each interior point
moving from left to right along each row
of points and proceeding downward row
by row. Since the 28 boundary points in
our example are already specified, the
equation would have to be applied 36
times (64 minus 28) to produce one re-
laxation of the relaxation method. As
succeeding relaxations are performed on
the set of mesh points the values of the
temperatures converge to the exact solu-
tion. When values for two successive re-
laxations are very close to each other
(within a specified error tolerance), one
stops the process and says that the
steady-state solution has been reached.

Let us now consider how this same
problem could be solved by parallel proc-
essing on ILLIAC 1v. If one stored each
value of U in a separate processing ele-
ment, all 36 inner values could be cal-
culated simultaneously. A program could
be written to compute new values for
U(x,y) not from top left to bottom right
but all at once. When the first set of re-
laxation values for all 36 inner points has
been obtained by simultaneous calcula-
tion, these values are available for the
second relaxation.

Not only are the two algorithms, or
mathematical routines, different for se-
quential and parallel computation but
also the way the temperatures converge
is different [see illustration on pages 86
and 87]. In the sequential method the
temperatures at bottom right converge
faster to the exact solution than those at
top left. This happens because in sweep-
ing from top left to bottom right the last
computations in each relaxation se-
quence contain more new data than the
computations made at the start of the
sequence.

When the parallel algorithm is used,
the values closest to the edges converge
faster than those in the center of the
mesh. The reason is that the outer values
are closest to the boundary values, and at
each iteration they have more new data
available than the inner values. The con-
vergence process can be likened to freez-
ing. The sequential algorithm begins
freezing at bottom right and proceeds to
top left; the parallel algorithm begins
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ARCHIVAL MEMORY is a new high-capacity secondary memory, developed by the Pre-
cision Instrument Company. The beam from an argon laser records binary data by burning
microscopic holes in a thin film of metal coated on a strip of polyester sheet, which is car-
ried by a rotating drum. Each data strip can store some 2.9 billion bits, the equivalent of
625 reels of standard magnetic tape in less than 1 percent of the volume. The “strip file”
provides storage for 400 data strips containing more than a trillion bits. The time to locate
data stored on any one of the 400 strips is about five seconds. Within the same strip data
can be located in 200 milliseconds. The read-and-record rate is four million bits a second.
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ARRAY OF 64 PROCESSING ELEMENTS in 1LLIAC IV is connected in a pattern that can
be regarded in either of two ways, which are topologically equivalent. The elements can be
viewed as a linear string (top) with each processing element connected to its immediate
neighbors and to neighbors spaced eight elements away. Equivalently, one can regard the
processing elements as a square array (bottom) with each element connected to its four
nearest neighbors. One can imagine the array rolled into a cylinder so that the processing
elements in the top row connect directly to those in the bottom row. The last processing
element in each row is connected to the first in the next row to produce a linear sequence.
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ming models of a region or nation can
also recognize constraints involving
social costs, for example the harm
done by the intensive application of
nitrogenous fertilizers, the use of cer-
tain pesticides (such as DDT) or culti-
vation practices with long-term deleteri-

< ous effects on the productivity of the land.
It must be pointed out that in order

to apply linear programming to an entire
economic sector one must incur consid-
erable expense in gathering the data to
be used in the model. Here too, however,
the computer can help by making experi-

VALUES OF j

mental trials and estimating the accuracy
with which various input data need to be
known in order to secure answers with
a given level of precision. It is also Pos-
sible to simulate alternative policies on
the computer and estimate their effects
on agricultural productivity. To test such

VALUES OF i

36 interior points are initially set to zero. When the problem is

solved sequentially, the computer starts with the top left interior

point U, , and calculates ‘its value using the numbers given above:
_g}vﬂ + Uy +Ugp+ U, , = 42 + 040 + 42 &

Uss =21
% 4 4

The computer then calculates the value of U, ; using the new value
of U, , just obtained, which is 21, instead of the initial value, 0:

U _Ul,:;+U2,4+U3.3+Uz,:_35+0+0+21_14
S T e =
3 4 4

The equation is similarly solved for the remaining 34 interior

86=0

points, using at each step all the new values previously calculated.
This sequence of 36 calculations is one “relaxation” of the relaxa-
tion method. If the problem were programmed for ILLIAC 1V, on the
other hand, each of the 36 interior points could be assigned to a
separate processing element and 36 simultaneous solutions of the
equation obtained. In this method the first relaxation consists of
the 36 simultaneous solutions using only the numbers initially giv-
en. Thus the first solution of U, ; is (35 + 0 4 0 + 0) -~ 4 = 8.75
rather than the value of 14 obtained in the sequential method. Suc-
ceeding simultaneous relaxations, however, can make use of val-
ues obtained previously. The way the two methods converge to
yield the final answer is shown in the tables on the next page.
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policies directly “in vivo” can be very
costly. There is no reason why a com-
puter program should not be the white
rat or guinea pig for a proposed cure to
a social problem.

Alother application contemplated for

ILLIAC 1V is the establishment of
natural-resource inventories to be used
by municipal and regional planners. A
Natural Resource Information System is
now being developed at the University
of Illinois in cooperation with the North-
east Illinois Natural Resource Service
Center. The Ford Foundation has pro-
vided funds for the initial research and
development program. The system will
contain a wide range of information on
the natural resources of a selected area:
geology, hydrology, forestry and vege-
tation, climate, topography, soil charac-
teristics and current land use. Marengo
Township of McHenry County in Illinois
has been selected for a pilot study.

The system is being designed so that
it can easily be used by any decision-
maker (including an individual taxpay-
er) regardless of his technical or admin-

istrative training. For example, an indi-
vidual may want to know whether or not
he can have a housing subdivision (or a
tennis court or a fishpond) on his land.
On the other hand, county administra-
tors may be looking for the best site for a
new hospital. The search for a hospital
site could be reformulated into a series
of commands that could be presented to
the computer. For instance, search all
tracts that lie between town A and town
B and that are within two miles of route
C; the area should be no smaller than
five acres and no larger than 25 acres
with the following characteristics: (1)
one acre of soil capable of supporting a
five-story hospital, with a gradient of less
than 8 percent and not subject to flood-
ing; (2) at least four acres (for a park-
ing lot) that can be covered with asphalt
without disturbing the underground wa-
ter table; (3) trees at least 20 years old.
If no tracts satisfied all these require-
ments, one or more of the less important
conditions could be relaxed until a site
was located.

The output of the information system
is being designed to meet three levels

of need. The simplest level will consist
of a concise inventory listing. The next
level will be an interpretation of the com-
puter’s search in prose that should be
clear to an educated layman. The third
level will be a highly technical descrip-
tion suitable for use by a specialist, such
as a geologist or an ecologist. The objec-
tive of the information system is to short-
en the planning process and to improve
the quality of decisions. Although the
system will use existing techniques of in-
formation retrieval, 1LLIAC 1V, Wwith its
speed and archival memory, will be able
to analyze the stored information to a far
greater depth than would be possible
with any earlier computer.

Our unaugmented intellectual re-
sources have not been capable of pro-
ducing satisfactory solutions to the types
of large-scale planning problems just de-
scribed. It is in fact evident that we are
currently faced with socially debilitating
aftermaths of piecemeal planning—and
nonplanning—in both of these areas. A
rational 20th- (or 21st-) century society
will not emerge solely on the basis of
universal goodwill.
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DIFFERENT STAGES IN RELAXATION PROCESS are com-
pared for sequential relaxations and parallel relaxations. The exact
values are given in the array on the opposite page. The two meth-
ods for calculating the temperature of each of 36 interior points on
a slab are described in the illustration on the preceding two pages.
There one sees that a standard computer using sequential methods
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would obtain a value of 21 for point U, , and 14 for U, , in per-
forming one relaxation. Here it is seen that after 10 relaxations by
the sequential method the value of U, , has climbed to 35.37 and
the value of U, 4 to 29.01. After 50 relaxations U, , and U, , have
reached their exact values: 36 and 30. Using parallel relaxations
ILLIAC IV would converge on the exact solution in a distinctly dif-



A quite different assignment for
ILLIAC 1V is numerical weather predic-
tion, which early computer theorists such
as John von Neumann regarded as one of
the important motivations for their work.
Numerical techniques developed over
the past two decades are now in daily use
and yield good results for periods of from
24 to 48 hours. These techniques involve
the simulation of complex atmospheric
processes by a mathematical model that
combines extensive knowledge of the
relevant physical processes with sophisti-
cated mathematics and advanced com-
puter technology.

The physical basis for all numerical
simulations of the atmosphere is the con-
servation of mass, momentum and ener-
gy. These conservation principles are
embodied in sets of differential equations
(Laplace’s equation is an example of a
differential equation describing heat dis-
tribution on a slab), which cannot be
solved without a computer. The physical
scales of atmospheric phenomena that
are simulated on the computer range
from the microphysical processes of
clouds to the continental motions of fron-

tal systems. At the upper end of the
physical scale there are general-circula-
tion models that describe the atmosphere
as a heat engine driven by the sun.

The complexity of these models is il-
lustrated by the operational model of the
atmosphere used by the National Weath-
er Service in its daily forecasts. The at-

.mosphere over the Northern Hemisphere

is represented by six horizontal slices
ranging from sea level to the strato-
sphere. Each slice contains 3,000 points
at which initial values of wind velocity,
temperature and pressure are inserted.
The computer then applies the appro-
priate equations to predict what the ve-
locity, temperature and pressure will be
in the future at 10-minute intervals. A
24-hour forecast requires about an hour
of computing time on a computer that
can execute 300,000 instructions per sec-
ond, or more than a billion instructions
in all.

If the distance between the grid points
were to be halved, the number of grid
points would be quadrupled and the
computer time needed for a 24-hour
forecast would be increased eightfold. In
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ferent manner. After 10 relaxations it would obtain values of 34.27 and 27.05 for U2'2 and
U, ; respectively. The results after 50 relaxations, however, would be virtually the same.
For this particular problem the parallel method requires a few more relaxations than the
sequential method to achieve comparable results. ILLIAC v, however, will be able to carry
out 36 complete relaxations (and as many as 64 given a suitable problem) in the time that
a comparably fast sequential computer would need to carry out one sequential relaxation.

other words, a third of a day would be
consumed merely in making a 24-hour
prediction. If the model yields signifi-
cantly better short-range predictions
than the 3,000-point model now in use,
there is a good chance that numerical
forecasts can be extended to five days
with an accuracy comparable to that of
the 48-hour forecasts now being gener-
ated.

The actual computer techniques of
weather forecasting can be advanced by
testing them on mriac 1v. Until now
investigators have been reluctant to
experiment with a new predicting tech-
nique when it might involve many com-
puter simulations, each of which could
take up to 100 hours of computing time.
When 1LL1AC 1V can reduce the running
time from 100 hours to one hour, exten-

sive experimentation will become fea-
sible.

Mathematica] models exist today for

a large variety of physical systems
and are in constant use as the basis for
calculation aimed at prediction. Biologi-
cal and biochemical systems have not
been modeled with the same intensity
of effort or success. There are a number
of reasons for this. One can, for example,
write a system of ordinary differential
equations that might plausibly seem to
describe the growth of a living cell. One
can even measure initial concentrations
with seemingly sufficient accuracy to do
meaningful calculation. The number of
equations in the system, however, cor-
responds to the number of genes in the
chromosome, which is just too large a
number to be handled in the cases of
most interest. On the scale of real eco-
logical systems, on the other hand, pop-
ulation models can be developed but
measurements are extremely elusive.
(How many alewives are in Lake Michi-
ganP) Calculations would have to be
performed with statistical variables to
estimate a population range for each
species of organism, This consumes com-
putational capacity of a higher order
of magnitude than deterministic calcu-
lation. Even the methodology of such
calculation poses significant theoretical
problems.

To summarize, I believe computers on
the scale of 1LL1AC IV Will remove some
of the very real barriers of capacity from
certain calculations that have a direct
bearing on our ability to produce a ra-
tional and enduring basis for life. Coun-
terpoised is the computer’s potential to
play a significant role in the depersonali-
zation and disordering of society. Scien-
tists must not share the neutrality of the
computer to the outcome.
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