
























































































































































































































































































































































The full current was at the nominal

amplitude of 330 ma. The wanted
signal (1) occurs at the first positive
pulse (P), the disturbing signal (4) of
interest occurs at the second positive
pulse (P) after two half-amplitude neg-
ative demagnetization pulses. The dis-
crimination of this experimental ferrite
plate is comparable to that of early cores,
and somewhat inferior to that of present
day relatively evolved cores. On the
other hand, the aperture of the plate
recuires about 3 times less current and
only about 2x107% joules or about 5
times less energy than the conventional
memory core. This economy results
from the fact that it is practical to use
only a very small volume of material in a
plate of manageable dimensions, while
an individual core of the same volume
would be unmanageably small.

The observed amount of cross-talk
between adjacent holes of the prototype
plate is very small, as illustrated by the
plots of Figs. 9 and 10. The spread of
flux from an energized aperture outward
is apparent on Fig. 9 which is a plot, as
a function of current amplitude, of the
total flux ¢; around the aperture, the
flux ¢, in the region up to the nearest ad-
jacent holes, and finally of flux ¢; in the
next surrounding zone. This spread is as
should be expected when assuming that
the flux reverses up to a critical circle of
radius proportional to current. If the
current is kept below the value for
which the circle bisects the leg between
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adjacent holes, there should be no inter-
action, as was mentioned. This is veri-
fied approximately by the measurements
of the variations of flux in a leg between
two adjacent holes as a function of cur-
rent excitations in one and then the other
hole, as shown on Fig. 10. The entire
plate is first brought to a standard con-
dition of flux distribution by a current
I, through the printed winding, (direc-
tions of flux around the holes in a checker-
board pattern). Then a current Iy is
applied through one of the holes aud pro-
duces a flux change ¢, in the intermediary

Fig. 8 (above).
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Fig. 6 (left). Semi-automatic experimental plate tester

Read-out signals from aperture plate

leg. If, before the flux is restored by a
new pulse I, a pulse of current I, (equal
to I.) is applied to the other hole, the re-
sultant flux change ¢ in the intermed-
iary leg has not, in general, the same
value as ¢,, since some of the flux in that
leg was previously reversed by the pulse
I,. However, the values of ¢z and ¢,
are almost identical for values of current
that produce about half the total possible
flux change in the intermediary leg. For
the optimum operating current of about
330 mA, the value of ¢s is only slightly
less than ¢4, showing that there is only
negligible cross-talk between the aper-
tures which, for all practical purposes, can
be considered to operate independently.
A considerably larger current, about
twice the optimum value, may still
be used, even though it will reduce, in
general, the strength of the signal ob-
tained from an adjacent aperture.
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Current-Coincident Plate Memory

For most applications of high-speed
memoties, random access to a word com-
posed of a number M of bits is desired.
This number M is typically between a
few and a hundred. The plates are
particularly suitable for such a parallel
memory as they are conveniently stacked
with all their apertures in perfect register.
The stack is wired as a unit with address
selecting wires so that the same location
in each of the M plates (or plate pairs) is
reached simultaneously. The printed
or ‘“digit” winding on the individual
plates serves for read-out and write-in
of the digits of the word.

The plate memories can be operated
in a current-coincident mode, just as do
the conventional core memories. The
holes of the stack of plates are threaded
back and forth by rows X and columns Y,
as shown on Fig. 11. This threading is
not too exacting a task, even though
the holes are only 0.025 inch or half
the inside diameter of conventional
memory cores, because the wires go
straight through the holes which are in
perfect axial register. This wire thread-
ing is a unique operation and need not be
repeated separately for each plane, as is
customary with memory-core planes.
The numerous separate digit windings,
so tedious to thread in core planes, are
obtained by the printed technique on the
plates. It is apparent therefore that the
complete wiring of the stack of plates is
much simpler than with individual cores.

Rajchman—Ferrite Apertured Plate
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However, only three conductors are pro-
vided in each aperture: the printed
digit Z winding in the form of metal
coating on the wall of the hole and the X
and Y selecting wires. It is not con-
venient (although possible with a mod-
ification of the printed technique) to pro-
vide two digit windings, one for read-out
and one for write-in, as is customary with
core planes, so that the single Z winding
must serve for both functions. This
poses some problems

It will be recalled that in most current-
coincidence operating modes there are 2
cycles: a reading cycle in which the
selecting wires X and Y are energized
with +1I/2, and the signal is read-out
from the Z winding; and a writing (or
rewriting) cycle in which the selecting
wires X and Y are energized with —I/2
and the Z windings of the various planes
are either not energized or energized with
inhibiting currents of +1/2 depending on
the nature of the digits to be written-in.
The logic of the writing requires that the
three windings X, V and Z link every
aperture in the plate in the same sense,
This is achieved by threading the X and
Y windings back and forth through the
stack to conform with the physical
checkerboard pattern of the Z printed
windings, as is shown on Fig. 11. There-
fore, during the read-out, the voltages in-
duced by the half excitations of the aper-
tures on the selected row and column, add
up, rather than tend to cancel each other
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as in conventional read-out windings, and
produce an appreciable masking signal.
This signal could be neutralized by a
fixed voltage derived from an auxiliary
core excited at the instant of read-out.

A better way to cancel the disturbing
signals is to use a a pair of plates for
every digit. A bit is stored by mag-
netizing around an aperture in one plate
in ome direction, and around the corre-
sponding aperture in the other plate, in
the opposite direction. The Z windings
of the plates are connected in series op-
position, as shown on Fig. 11. There-
fore on reading, the disturbing signals
of the two plates tend to cancel each
other, and the polarity of the net signal
is indicative of the stored bit. TFor
writing, the inhibitng current is sent
through the Z winding of one or the other
plate. The use of a pair, instead of a
single plate per word digit, is reasonable
and not as extravagant as would be the
use of two core arrays. The cost of the
molded plate with it§ printed winding is
inherently low, and the doubling of the
number of plates has no effect on the labor
involved in threading the stack.

To obtain storage capacities with more
words than there are holes in a plate, an
array of plates can be used for each digit,
the Z windings being connected in series.
The threading of the X and ¥ wires in
the larger stack of plate arrays can be
made in a single operation or by connecting
together individually threaded plate
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stacks. The limit to the possible number
of words depends mostly on the method
used to overcome the effect of the dis-
turbances. Any of the methods devel-
oped for core memories are applicable.
For example, strobing at a time where the
disturbing voltage has decayed and the
voltage due to the slower irreversible
flux is near maximum, dividing the read
cycle in two to allow the disturbance due
the excitation of X to decay before ¥ is
excited, or integrating over a positive
and negative excitation cycle. The hys-
teresis loop of the plates is almost as
square as that of the conventional indi-
vidual cores, but the uniformity of prop-
erties between apertures is not quite as
good as that resulting from the most
severe core segregation, thus a somewhat
greater reliance must be placed on the
foregoing methods.

Switch Driven Plate Memory

In the early stages of development of
the ferrite apertured plate, there was
some doubt whether sufficient loop rec-
tangularity could be obtained to operate
by current coincidence. A method tol-
erating poor plate characteristics was
devised. It comsists of driving the mem-
ory plate stack by a switch which ener-
gizes the selected word location without
half exciting any other locations. In
this way the function of address selection
is performed by the switch and that of
storing by the memory stack. This
method is advantageous even when the
presently available prototype plates with
good rectangularity are used, because
the read-out signal is inherently devoid
of any disturbances and is simpler to
detect, the operation can be faster, and
the drives can have larger tolerances.

The address selecting switch is itself
made of a stack of plates identical with
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Fig. 11. Current-coincident ferrite plate memory
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those .of the memory stack, but without
the printed windings, as shown on Fig.
12. The switch stack is threaded by X
and YV windings, and is set in perfect
geometrical register with the memory
stack. Both stacks are threaded through
straight address selecting conductors,
one for each aperture. The threading
of this forest of wires is relatively simple
as it amounts to dropping a straight wire
into each of the apertures. The ends of
these wires are short circuited by rows
in a manner to be described.

The “end-on” switch can produce out-
puts on one of the address selecting con-
ductors as a result of the energization
of the corresponding row X and column
Y in a number of ways. For example, it
could be biased with a pulsed or d-c
inhibiting drive overcoming one of the
lines drives, or it could be driven by
driving the selected row and inhibitng
all columns but the selected one, as was
done in previous types of memory driving
switches.

A novel method called ‘“‘set-a-line” was
found which has many advantages over
previous types. Consider an array of
switching elements, cores or aperturesin a
plate, shown for simplicity as an array
of nxn cores on Fig. 13, (n=4). The loads
to be driven by the switch and assumed
of equal impedance 3, are connected
in parallel by rows, as shown on the
Fig. 13(A). Let all cores be initially in a
normal state N [Fig. 13(B)]. In a first
step, a current pulse is applied to the se-
lected row tending to drive all cores of the
row toward P, and at the same time (or
with a slight advance) another pulse is ap-
plied to the selected column tending to
drive all the cores of the column towards
N. As a result, all cores of the selected
row are switched to the state P, except
the one on the selected column which is
kept in its initial state by the column

inhibiting current. This produces, the
intermediary pattern of core states,
Fig. 13(D). The voltage V; induced on
the (n-1) cores which are switched over
causes currents to flow in the correspond-
ing loads and returns through the se-
lected load. The equivalent circuit is
that of a source V; connected in series
with the selected load and the remain-
ing (n-1) loads in parallel. Therefore
the current I in the selected load is
+(Vi/Z)(n-1/n), while the current in
each of the remaining (»-1) loads is
—(Vi/Z)(1/n). In a second step, a
current is applied to the selected row
tending to restore all cores to N. The
inhibiting current on the selected column
may or may not be left on during this
step. This causes the (#-1) cores which
were switched in the first step to switch
back and induce voltages Vs, and thereby
cause the flow of a current 7 in the se-
lected load equal to —(Vy/Z)(n-1/n)
and a current +(V,/Z)(1/n) to flow in
the remaining (u-1) loads. For both
steps the currents in the unselected
loads are (n-1) times smaller than the
selected load current and therefore neg-
ligible in most practical cases when # is
fairly large. The rate of change of
flux of the switching cores can be made
very high as the logic of the switch op-
eration does not depend on the ampli-
tude of the drive-row current which can
be made as large as desired. Of course,
the inhibiting column current must be
made consequently larger. Therefore
the voltages pulses V; and V. can be
made of high amplitude and short dura-
tion. For symmetrical excitation V;
and ¥V, will be symmetrical, i.e. of equal
and opposite amplitude. Asymmetrical
operation is possible also, vielding a high
and short positive pulse followed by a low
and long negative pulse or vice-versa.
The polarities of energization of the

COLUMS SWITGH WPUT—5 - .

4

IR

ROW SHORTHNG' BUSES ~

Fig. 12. Switch driven ferrite plate memory
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along rows and columns to conform with
the checkerboarding because of the
printed Z windings of the memory plates.
This determines the back and forth
threading of the row and column wind-
ings on the switch, and the use of inter-
laced shorting row buses on the ends of
the address conductors, shown on Fig. 12.

It is of interest to note parenthetically
that the first operating step could be
split in two; a row drive and a subsequent
column drive. The row drive swtiches
over or ‘“‘sets” all cores of the selected
row and brings about the pattern of
Fig. 13(C). These switch-overs produce a
voltage between the shorting buses ¢ and
b, but no load currents, as there is no
available return path for the current.
The subsequent column drive, brings
about the intermediary state shown on
Fig. 13(D) and causes the same currents
to flow in the loads as was the case when
the row and drive pulses were simulta-
neous. This mode of operation involves
no coincidences of driving currents.
It may be useful in cases where the logic
of addressing furnishes row information
prior to column information.

The switch produces very small dis-
turbing currents in the unselected loads
corresponding to the selected row and
column. On the row, these currents are
due to the fact that the unselected loads
are a part of the return circuit for the
current of the selected load. They are
small for all practical cases when there
are many columns (ie.,, #>8), as was
mentioned. On the column, there are
small disturbing voltages due to rever-
sible flux changes around the apertures
driven further into saturation by the

Rajchman—Ferrite Apertured Plate

read-out signal from the switch-driven
plate memory is almost solely due to the
drive of the selected address conductor
and is practically devoid of any masking
disturbance.

A pair of memory plates is used for
every bit of the word. A bit is stored
by magnetizing around corresponding
apertures of the two plates in opposite
directions, in one direction or the other.
This pairing was proposed for cancelling
masking signals on read-out in the coin-
cident-current operation, but is not nec-
essary for that purpose in the switch-drive
mode since there are practically no such
signals. The purpose of the pairing is
primarily to render constant the load
presented to the switch by the memory.
Irrespective of the nature of the stored
word, there will be precisely M apertures
around which flux reverses irreversibly,
and M apertures around which flux re-
verses reversibly, since in every plate
pair the two apertures are left in opposite
states.

The use of plates in pairs permits opera-
tion of the system in a flux-limited fash-
ion. To understand the system consider
first the case of three identical square
loop cores linked by a shortening loop of
negligible ohmic resistance, as shown on
Fig. 14. Initially, the switch core and
one of the memory cores are assumed at
N and the other memory core at P.
In a first, read-out step, the switch core is
reversed from N to P by a drive current
I,. Because the ohmic voltage drop in
the shorting loop is negligible, the change
of flux in the switch core must produce
an equal total irreversible flux change in
the memory cores, and therefore cause the

N, bringing both cores to N. The po-
larity of the read-out voltage induced ona
digit winding linking the two cores in
series opposition identifies which of the
two cores switches over. In a second,
write-in step, the switch core is restored
from P to N by a drive current I, of the
opposite polarity. At the same time, or
preferably with a slight advance, a cur-
rent I, is sent through the digit winding
in one or the other direction depending
on the digit to be written or rewritten-in.
This current I, favors the turning over of
one of the memory cores and hinders that
of the other. Consequently the flux from
the switch core will be transferred to the
memory cores in unequal parts, a larger
part to the favored and a lesser part to
the hindered core. For a sufficiently
large amplitude 7,, of the digit write
current [, all the flux will appear in one
of the cores. For smaller amplitudes,
there will still- be a difference between
the fluxes transferred to the two cores
and consequently a logical write-in,
which can subsequently produce a read-
out signal of correct polarity even though
it is of reduced amplitude.

The example of the three identical cores
illustrates the operation at one address
of the flux-limited end-on switch driven
plate memory system. Let the number
of plates making up the switch be such
that the maximum amount of flux that
can be reversed in the switch be just
equal to the amount of flux to be reversed
in M memory plates, one for each pair.
When plates of the same thickness as the
memory plates are used this number is
equal to M. Fewer thicker plates can
be used also. The elements of the ideal-
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ized circuit of Fig. 14 are approximated
at every location as follows: the switch
core by the (u#-1) row apertures around
which the flux reverses, the shorting loop
by the address conductor in series with
the (n-1) other conductors in parallel,
and the two memory cores by the 2M
apertures of the memory plates. The
circuit includes also the selected aperture
of the switch, which does not switch-over
during selection, and which adds negli-
gible impedance to the loop.

The flux limited mode of operation has
a number of advantages. Because the
amount of flux transferred to the memory
is strictly limited by that available in the
switch, very large drive currents I, (and
consequently large but short loop cur-
rent pulses J) can be used to obtain fast
switch over and large read-out voltages
for relatively small stored-in write en-
ergy. Considerably faster speeds are
possible than those obtained with a
nominal current adjusted for maximum
2-to-1 discrimination. There is con-
siderable tolerance in the amplitude of the
write-in digit current. This is illustrated
by typical plots of the net read-out sig-
nal (difference in flux between the two
plates of the pair) as a function of that
current; see fig. 15. The middle full
curve is obtained when the two plates
of the pair are identical, and the dotted
curves are indicative of curves that could
be obtained with plates differing in thick-
ness or some other parameter. Thereisa
minimum to the allowable digit write-in
current necessary to compensate for
possible differences between plates. There
is a maximum over which the write-in
digit current would produce irreversible
demagnetizations in the nonselected aper-
tures of the plate. This maximum is
considerably greater than the value for
which substantial read-out signals are
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Read-out as a function of digit write current

obtained. The allowable extreme values
depend somewhat on the switchover
time. In practice, there is a tolerance
of about 2-to-1 in the amplitude of the
digit write-in current.

Associated Circuits

The plates are provided with a single
digit winding obtained by a fairly simple
printed technique. The more complex
techniques for printing two windings are
not necessary because the use of a pair of
plates per digit makes it possible to design
fairly simple circuits operating on a
single winding for both sensing the read-
out and writing the desired digit.

Such a typical circuit is shown by the
block diagram of Fig. 16. The digit
winding is coupled through a transformer
to a sensing amplifier which produces a
current of one or the other polarity de-
pendingon the polarity of memory output.
This current sets an auxiliary pair of
square loop cores, one core in state N
and the other in state P or vice-versa.
Rewriting is obtained by steering a cur-
rent from a driving source through one
or another of two windings wound in op-
posite directions on the transformer and
thereby inducing a current in the digit
winding in one or the other direction.
During rewrite the sensing amplifier is
gated off. For writing new information,
the auxiliary cores are set by the wiite-in
signal instead of the sensing amplifier.
It is convenient to use transistors for the
sensing amplifier and a tube drive current
source common to all digit circuits.

The address circuits for the plate mem-
ory can be one of the many types used
with core memories. In general the re-
quirements are less severe. In the cur-
rent-coincident mode considerably less
driving power is required than that re-
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Fig. 16. Digit sensing and writing circuit

quired for the core memory, because the
energy stored per bit is about 5 times
smaller around the aperture of a plate
than in a conventional core. Also the
smaller amplitude of the row and column
currents gives a better match to tubes or
transistors. The switch-driven plate
memory requires more power because
the switch itself dissipates power. How-
ever, the very large tolerances of the driv-
ing currents make possible simpler cir-
cuits.

Conclusion

Apertured ferrite plates are proposed
for building high-speed random-access
memories. They provide a simple means
to fabricate large numbers of discrete
storing cells in convenient packages
which can be easily assembled into large
memory systems. Furthermore, the cells
can be made small so as to require little
energy to store each hit.

A prototype experimental plate and
means to use it in memory systems were
developed which realize to a large extend
the expectations of this proposal. The
findings of the development may be
summarized as follows.

The prototype is a molded square
plate 0.830 by 0.830 inch having 16
by 16=256 apertures 0.025 inch in
diameter and spaced on 0.050 inch cen-
ters. Measurements show that:

(a) There is negligible interaction between
apertures.

(b) In lots of hundreds of plates taken
from thousands the properties between aper-
tures of a given or different plate are ap-
proximately within =+59%, of an average
value.

(c¢) The hysteresis loop around each aper-
ture has good rectangularity.

(d) At 330madrivethe flux reversal around

Rajchman—Ferrite Apertured Plate



each aperture occurs in 2 usec and produces
a peak voltage of 30 millivolts. The energy
stored per bit is less than 2X 1078 joules.

(e) The fabrication, testing, and assembly
of memory plates is relatively simple.

The memory plates can be used with
conventional 2-to-1 current-coincidence
drive. This is particularly suitable for
compact, lower power consuming, tran-
sistor driven, memories of relatively small
capacity.

A new method is proposed of driving
memories particularly suitable for plates.
The memory plates are driven by an
end-on switch itself made of plates. The
switch operates in a set-a-line and flux-
limited fashion and the memory uses

plates in push-pull operated pairs. This
results in a mode of operation permitting
fast access, large storage capacities, and
allowing large tolerancesin the timing and
amplitudes of driving currents.

We ventured to predict 3 years
ago® that microsecond random-access
memories with capacities reckoned in
millions of bits, megabits, would be
available at a relatively low cost in a
distant future. We believe that the
ferrite aperture plate is now ready to
usher in the era of such memories. It
will follow the present era of core mem-
ories with capacities of hundreds of
thousands of bits. But the demand for
larger and faster memories is incessant,

and we may look forward to the develop-
ment of new techniques making possible
storage of billions of bits.
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A Cryotron Cata|og Memory System

A. E.SLADE

HE CRYOTRON,' a new computer

component based on the phenomenon
of superconductivity, may have an
important influence on future develop-
ments in the field of computers and data-
handling machines. At the present time
the cryotron has a slower switching
speed than transistors, but there are
reasons for believing that the speed can
be increased considerably.

The cryotron is extremely small, inex-
pensive, and, from all that is known,
highly reliable. These advantages tend
to offset the disadvantage imposed by the
necessity for a constant supply of liquid
helium.

Description of the Cryotron

The cryotron is a computer element
whose operation is based on the destruc-
tion of superconductivity by a magnetic
field. In its present form the cryotron
is a tantalum wire nine mils in diameter
(called the “‘gate”) around which is wound
a 3-mil niobium wire (called the control
coil); see Fig. 1. When the cryotron is
immersed in liquid helium both the con-
trol coil and the gate become super-
conductive; i.e., they have zero resist-
ance. Superconductivity was dramat-
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ically demonstrated by Prof. S. C.
Collins by an experiment in which a per-
sistent current of several hundred amperes
was induced in a lead ring immersed in
liquid helium. The current continued
from March 16, 1954 to September 11,
1956, at which time the experiment was
voluntarily discontinued. During that
time there was no measurable decrease
in the magnitude of the current.

Fig. 2 is a plot of resistance versus
control coil current for a typical niobium-
tantalum cryotron. The slope of the
curve in the transition region is depend-
ent upon the current in the gate. The
curve shown is for a gate current of 50
milliamperes. Larger gate currents pro-
duce a slight heating effect when the wire
starts to become resistive and thereby
causing a more abrupt transition. If a
current of suitable strength is passed
through the niobium control coil, the
magnetic field will restore the tantalum
gate to its normal resistance, while the
niobium which has a much higher transi-
tion temperature, will remain supercon-
ductive.

Fig. 3 is a plot of the critical magnetic
field (the field necessary to cause a su-
perconductor to become resistive) versus
temperature for a number of supercon-
ducting materials. In each case the
curve represents the outer boundary of
the superconductive state. Tantalum
is a convenient gate material because it is
restored to the resistive state by a rel-
atively small external magnetic field
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whereas niobium remains superconduc-
tive in very-high magnetic fields. Both
materials are available in wire form.

Principle of Operation

There are certain general principles
that apply to all eryotron circuitry. The
first of these is that the cryotron, in its
present form at least, is a low impedance
device and must therefore be operated
from a current source, although it is con-
ceivable that similar devices may even-
tually be developed which have such a
high resistance that this restriction
will no longer apply. The second is
that, when the cryotron is used as a
switch, the ratio of ON resistance to OFF
resistance is infinite; consequently, in
cryotron circuitry when current is offered
a choice between two cryotrons, one
superconductive and the other resistive,
all of the current will flow in the zero
resistance path. A third principle is
that multiple superconducting paths in
parallel usually are avoided. If parallel
superconducting paths were allowed, the
current would initially divide inversely
as the ratio of the inductances, but a
subsequent slow redistribution would
occur if there were any slight imper-
fections that would cause minute para-
sitic resistances. Moreover, an arbi-
trary division of current among several
paths would reduce the current in any
one path to so low a value that it would
be inadequate for a control coil. In
general the current flows in a series
superconductive path through gates and
coils, the specific order and arrangement
of which are characteristic of the par-
ticular circuit. Omne current source can
usually supply all of the d-c requirements
of the circuit.
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Fig. 1.

The cryotron

The binary switch shown in Fig. 4 is an
example of a simple cryotron circuit.
The heavy lines represent tantalum wire;
all other lines represent niobium wire.
The cryotrons are arranged in this circuit
so as to form a single-pole 4-position
switch. If control circuits X, and YV,
are energized, current is carried only in
path zero, since all other paths contain
at least ome resistive tantalum gate.
Each binary combination of inputs selects
a single specific current path, zero
through three.

It is possible to control more than one
gate by means of a single coil. The only
restriction on the number of gates that
can be used in this manner is that the
current in the coil must create a super-
critical magnetic field within its entire
cross-sectional area. With this modi-
fication, Fig. 4 can be redrawn as shown
in Fig. 5, where, for simplicity of con-
struction, single lengths of insulated
tantalum wire are threaded through the
coils. It is obvious that a very large
switchcould be constructed if one threaded
a great many tantalum wires through an
appropriately large number of coil forms.
The number of paths or poles is related
to the number of binary coil pairs by the
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Fig. 2. Gate resistance versus coil current for
a tantalum-niobium cryotron
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Fig. 3. Critical field versus temperature for
various superconductors

expression 2°2>n where ¢ equals the
number of coil pairs and 7 equals the
number of switching paths.

D. A. Buck! has shown that cryotrons
can be interconnected to form a flip-flop,
and to perform logical functions provided
they are constructed so as to have current
gain. That is, if one calculates the max-
imum current that can be passed through
the gate without quenching because of its
own magnetic field, and then divides that
current by the minimum control winding
current necessary to quench the gate, the
ratio must be greater than one. For-
tunately, this is not difficult to achieve.
It can be shown that the current gain is
determined only by the ratio of diameters
of the wires used to construct the gate
and control coil, provided the latter is
close wound, i.e., in such a way that each
turn is adjacent to the next. The maxi-
mum current the gate can carry without
self quenching is:

]a max = Heﬂ'dg

where H, is the critical field for the gate
material in ampere turns per meter and
d, is the diameter of the gate in meters.
The minimum control winding current
necessary to quench the gate is given by:

H.L
Ic min =—]§7—
‘x SOURGE
X,—4A s
%9 c D
Y, E 3
Yo - Pu
\ \s 4
0 \ 2 3

Fig. 4. Single-pole four-position cryotron
switch

o 1 2 3

Fig. 5. Single-pole four-position cryotron
switch using multiple gate cryotrons

where again H, is the critical field for the
gate material in ampere turns per meter.
Since N/L is the number of turns per
meter, then in a close wound coil N/L is
equal to the diameter of the control coil
wire, d,. Hence:

I ¢ min =H cdc
and the current again is therefore

Iymax  wdy

Icmin Tc

A flip-flop can be constructed with two
cryotrons, as shown in Fig. 6. A cur-
rent source will flow through one or the
other of the two gates but not through
both, since the gate of one is connected
in series with the control coil of the other.
The circuit is bistable, i.e., once the
current is established in either path it
will lock in by causing the alternative
path to be resistive. Fig. 7 shows how a
complete flip-flop is constructed with
input cryotrons Cs and Cs to provide a

IFF

IFF

Fig. 6. Cryotron flip-flop
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Fig. 7. Cryotron flip-flop with input and out-
put gates

means for switching the flip-flop and out-
put cryotrons C; and C; to provide a
signal to other cryotron circuits.

The switch of Fig. 5 and the flip-flop
of Fig. 7 are the basic circuit elements
used in the design of the following catalog
memmory.

A Parallel Bit-Series Word
Memory

The particular memory system about to
be described differs somewhat from the
random-access memory commonly used
as the main internal memory for digital
computers in that a word is recognized
as being contained in the memory but can
not be read-out.

Fig. 8 is a block diagram of a cryotron
catalog memory. The current source
flows from bus bar 4 through word no. 1
to bus bar B, from bus bar B through
word No. 2 to bus bar C, and so on.
Each word is composed of N parallel
paths, and each path is a cryotron

I SOURCE
BUS BAR A
FLIP [0 8 Y
FLOP
| 3 L 11
BUS BAR B
I SOURCE
01
INTERROGATE

Fig. 9. One bit of cryotron memory showing
interrogation circuitry

one bit of information. When the
memory is interrogated, some of the
bit-circuits become resistive and some
remain superconductive. If the inter-
rogation word exactly matches a word in
the memory, than all of the bits of that
word become resistive. A matched con-
dition is signaled by a voltmeter indication
of the IR (current-resistance) drop across
the word hus bars.

Fig. 9 is a circuit diagram of one bit of
the memory showing the interrogation
circuitry. Each bit of the memory re-
sembles a capital “H”’ suspended between
the bus bars.  The zero and one interro-
gation coils are wrapped around one
vertical line of the “H”’, and the gero and
one output coils of a cryotron flip-flop are
wrapped around the other vertical line.

I SOURCE
B8US BAR A
ENALET ™ T]
§ of i 30
"’_F,_a —J IFF
—1 ] ]
g 18] !
[ § ENABLE
BUS BAR 8 [ I
1 SOURCE
o i

WRITE
Fig. 11. One bit of cryotron memory show-
ing write circuitry

Either the gzero or the one coil of the
flip-flop will always have current in it.
Similarly, when the memory is being in-
terrogated, either the zero or the one in-
terrogation coil will have current in it.
The purpose of the “H” is to provide a
superconductive path from one bus bar
to the other if, and only if, the interro-
gation bit does not match the bit stored
in the flip-flop.

Fig. 10 is a diagram of a 9-bit memory
where each bit is similar to the bit shown
in Fig. 9. An example will illustrate
how the memory functions. Assume that
three words 010, 011 and 000, have been
stored in the memory. These words are
indicated in Fig. 10 by the arrows in the
output coils of the flip-flops. Assume
also that the memory is interrogated with
the word 000.  All of the zero interrogate
coils in all the words will carry current
and the portion of the “H” under these
coils will become resistive. In word
no. 1, the current can flow through the
second “H” but not the first or third.

circuit capable of storing and recognizing < LI SOURCE
3 : I |
(7]
3 [plod ¢ [ go FLIPth L]q) m
1 SOURCE o ROPTR g RO g PR @
BUS BAR A S ! T !
[7]
E é]?il N BIT WORD i Ifr] :g“'b 3 fupl03 60| fup[0B 8o FP[BB  § @
8US B ] 1 | a
BUS BﬁRa § Lop%a E_% °P_H<9 gn prq% ﬁ»l
N BIT WORD ®2 [»:a] :@Q ]
BUS BARC 2 held & e R TS e @)
BUS BAR C o ROPTY &n FLOPj; é FLOPTS ¢
N BIT WORD *3 [r:qj EQ g ] ]
BUS BAR D V 2 ol ol I ol I
1 SOURCE INTERROGATE | INTERROGATE  INTERROGATE
BIT™ | BIT %2 BIT #3
1 SOURCE

Fig. 8. Block diagram of cryotron catalog memory
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Fig. 10. Nine-bit cryotron memory
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V1 will read zero because the second “H”  of a small superconductive transformer
is a superconductive short. In word immersedin the liquid helium. The gain-

no. 2, current can flow in the second and
third “H” but not the first, and ¥V, will
read zero. In word mno. 3, there is no
superconductive path since that word
exactly matches the inerrogation word,
and V3 reads the resulting IR drop.

The magnitude of the IR drop may be
quite small for a memory with a long word
length since there are many small resist-
ances in parallel. In general, for the
circuit of Fig. 10,

Ry
V—I source 2 N
where R, is the resistance of one gate
and & is the number of bits per word.
Typical values for tantalum-niobium cir-
cuits are:

Tosource =500X 103 amperes
Ry=.001 ohms
N =25 for one particular circuit

Therefore, the voltage drop is of the order
of 10 microvolts.

Such a small output voltage creates a
considerable problem but not an insur-
mountable one. The noise voltage is
exceedingly low; mnoise energy due to
thermal agitation is lower than that at
room temperature by a factor of 4/293,
and noise voltage for a given noise energy
is low due to the low impedance level, and
shielding provided by the double-dewar
helium vessel is near-perfect. Several
methods of amplification have been con-
sidered. It is possible to use an al-
ternating cutrent for Iseuree and obtain
considerable voltage amplification by use
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bandwidth product required for sensing
the 10-microvolt signal at 100 kilocycles
per second can be achieved with conven-
tional vacuum-tube-amplifier techniques.

Another possibility is to provide an al-
ternate path for the source current
through the control coil of an output cry-
otron. In this case, before the memory is
interrogated, one path (the memory)
would have zero resistance and lowinduct-
ance, whereas the other path (the output
cryotron control coil) would have zero re-
sistance and high inductance. Under

Detail of a 20-bit portion of

1 ¥ gm& %

W5 $

cryotron catalog
memory

Cryotron memory mounted on phenolic board

these conditions the current would flow
preferentially through the memory rather
than through the output cryotron winding
and would retain such a distribution if no
parasitic resistances were present. As
soon as one word in the memory becomes
resistive, however, all of the current
would be shunted through the output
cryotron winding and indicate the event
by causing the output gate to become
resistive. This third method would be
somewhat slower than the other two be-
cause of the time involved in switching
the current from the memory to the out-
put cryotron,

In a large memory it would not be
feasible to have a separate voltage-indi-
cating device for each word as shown in

Fig. 14. One bit of cryotron memory enlarged

Slade, McMahon—Cryotron Catalog Memory System



THE HORIZONTAL CONNECTIONS
INCLUDE 5 BUS BARS, 4 ENABLE
WIRES, & | FLIP-FLOP BIAS CURRENT WIRE.

THE VERTICAL CONNECTIONS INCLUDE
S PAIRS OF WRITE WIRES,8 5 PAIRS

OF INTERROGATE WIRES.

W

20 BiT ¥ (20817 | \[2081T| [ [2081T| [208BIT
BOARD| |BOARD|  |BOARD| | |BOARD| |BOARD
1 | | |
20817, [2081T| [2081T| [20®iT| [20BIT[—
BOARD| | BOARD [ |BOARD [ |BOARD | |BOARD — ]
T | TT
BN [ETa L Eel#TH
Eﬁ ; § R ﬁ? .% B

o

| |
l LLL,

FLIP-FLOP CURRENT

'
25 WRITE OR INTERROGATE INPUTS
CH LINE REPRESENTS A PAIR OF WIRES ONE “0",THE OTHER "I")

ENABLE >
Ne=1] | |
HE

<]

o -
Sz 5l
we duw wr
- x -0
ot zx Wy
9 =~
z Wa Yz
own Wi

Ew a

we g

Z

z$ u

Fig. 15. The 200-bit feasibility model

Fig. 10. A memory of this kind in its
simplest form would have only one volt-
age-indicating device connected across
the output circuits of all of the words.
The output would only indicate whether
the interrogated word is included within
the memory. It is possible to add ad-
ditional sensing amplifiers and break
the output circuit up in a variety of
ways. For instance, the information in
the memory might be ordered into any
number of categories, there being pro-
vided one output for each category.
When interrogated, an output would in-
dicate not only that the word is stored
but also its category.

Existing words can be erased from
the memory and new words written at
will. This is accomplished by changing
the setting of the flip-flops. Fig. 11is a
diagram of one bit of the memory show-
ing details of the flip-flop and input cir-
cuits. The flip-flop in the memory is
similar to the flip-flop of Fig. 7 except
an “and gate” has been added to the
input. For the flip-flop to be changed,
both the ‘“‘enable” coils and a write
coil must be activated. All of the
enable coils of one word are connected
in series. A cryotron switch similar to
the one in Fig. 5, then selects the word
to be written in by routing current to the
enable coils of that word. After the
enable coils are selected, the write coils
are energized and a new word is written
into the memory.

A detailed circuit diagram of a cryotron

memory containing four 5-bit words is
shown in Fig. 12. This 20-bit memory,
made by welding cryotrons to niobium
pins set in a phenolic board, is now under
test see Fig. 13. The completed con-
struction looks very much like the circuit
diagram. Fig. 14 is an enlarged view
of one bit showing the “H” circuit and
the flip-flop circuit in greater detail.

The board shown in Fig. 13 is a build-
ing block for a 200-bit feasibility model
under construction at Arthur D. Little,
Incorporated. The boards will be stacked
one on another to form a package about
3 inches wide by 3 inches deep by 4 inches
high. They will be interconnected by
means of superconducting wires con-
nected to the pins on their edges. Fig.
15 is a diagram showing how the boards
are interconnected to form a 200-bit
memory.

The principal objectives of the present
project are first, to demonstrate feasi-
bility of cryotron circuitry in its present
primitive state of development, and
second, to explore the various engineer-
ing problems involved. A parallel proj-
ect is being carried out to develop more
economical means for comstructing, as-
sembling, and joining cryotrons. Only
modest improvements in present tech-
niques will be required in order to make
the construction of a much larger memory
feasible.

The present feasibility model will op-
erate within a vacuum-jacketed con-
tainer partially filled with liquid helium.
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This, in turn, is placed in a larger vac-
uum-jacketed vessel containing liquid
nitrogen in order to minimize the he-
lium evaporation rate. The joule heat-
ing that the memory will dissipate into
the liquid helium is small compared
with the normal evaporation loss of the
container resulting from imperfect ther-
mal isolation.

Conclusions

The cryotron memory described in this
paper is designed to be used in a system
with the following requirements: (1)
capacity for storage of a large number of
fixed-length words, (2) parallel interro-
gation with simultaneous access to the
whole memory and (3) many interrogate
operations and relatively few erase and
write operations.

Cryotrons are rather limited in their
operating speed at the present time. The
exact interrogate and write speed cap-
ability of the memory is not known as
yet; however, it is calculated that the
memory can be interrogated every 10
microseconds and a new word can be
written in about 500 microseconds.

The cryotron, even in its present
relatively underdeveloped state, shows a
great deal of promise for the construction
of large information memories requiring
fast access. Its principal advantages
are the following.

Sige: An individual eryotron, as shown
in Fig. 1, is a very small device. Moreover,
it appears that the only limitation on the
density of assembly is determined by con-
struction techniques. Unless other limita-
tions appear, with greater experience, it is
reasonable to expect that a large-scale
digital computer would require less than 1
cubic foot of cryotrons.

Cost: Because of the inexpensive raw
materials and the simplicity of construction
the cost per bit is expected to be extremely
low.

Reliability: No reliability experience has
been accumulated on the cryotron. The
most likely sources of trouble in present
devices are the welded joints and the insula-
tion. Once a circuit is assembled, however,
it will be exposed to an almost ideal environ-
ment for the remainder of its life: an inert
atmosphere at a temperature where all
thermal activity has virtually ceased, elec-
trically and thermally shielded from its
surroundings.
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Discussion

L. R. Brown (Burroughs Corporation):

. How are interconnecting leads kept from
being superconductors? What conductors
do not offer superconductivity?

Mr. Slade: 1In cryotron circuitry the low
impedance levels dictate the use of a con-
stant current source. Since the amount of
current is regulated at its source it is possible
to use zero resistance interconnecting leads.
Superconducting interconnecting leads are
desirable in order to minimize joule heating.
There are 21 known elements that display
the phenomena of superconductivity in
addition to many alloys. In general, how-
ever, the metals that are good conductors at
room temperature (copper, silver, etc.) do
not become superconductors at low tem-
peratures.

M. L. Aitel (Radio Corporation of America):
What is the size ratio between the memory
and the required refrigeration system?

Mr. Slade: A large system like a cryotron
general-purpose computer would probably
have a self-sufficient refrigeration system.
If the cryotrons used, say, one cubic foot of
space, a helium liquefier designed for this
system might use 20 to 30 times that much
space. On the other hand, for a small sys-
tem, such as a memory or function table, it
might be satisfactory to have liquid helium
delivered on a regular schedule. In that
case the only space needed for the refriger-
ation system is the space for a dewar. The
ratio of refrigeration equipment space to

cryotron space would now be about 5 to 1,
which is considerably less.

J. M. Feeney: What is the frequency
response of the cryotron?

Mr. Slade: Dudley Buck has reported
switching a single cryotron in 0.1 micro-
second and there have been unofficial reports
of faster switching times. However, the
control coil of a cryotron is entirely induc-
tive and if it is being driven by the gate of
another cryotron, as it often is, the switching
time of the circuit is much longer. The
time constant of such a circuit is governed
by the coil inductance divided by the gate
resistance. For present-day cryotrons this
switching time is about 500 microseconds.

J. W. Lacey (Dept. of Defense): Can some
idea be given of the magnitude of current
gain in a cryotron? Is it yet possible to
predict which metals or alloys will be most
suitable for cryotrons, or must an exhaustive
search be made for better materials?

Mr. Slade: Yes, the magnitude of the
current gain is calculated to be about 6 for
present cryotrons. However, the actual
current gain is usually somewhat less than
this for reasons not yet clearly understood.
A search must be made to find an alloy with
a high normal resistance, a sharp transition
from the normal to superconductive state,
and a convenient transition temperature in
order to achieve higher switching speeds
while retaining other desirable character-
istics.

J. R. Stock (Union Carbide and Carbon
Corporation): What insulation is used for
the niobium coil?

Mr. Slade: Teflon insulation is used for
the coil and gate. This enables us to spot-
weld through the insulation.

R. A, Stasin (General Electric Company):
Is there any data on wire insulation and
weld reliability when temperature is cycled
from room temperature to 4 degrees abso-
lute?

Mr. Slade: No, there is no data on this
subject. However, troubles have not been
encountered with either in conducting ex-
periments.

W. H. Farrard (Autonetics Division of
North American Airlines): What is the
resistance of the 1/2 inch of wire when re-
sistive? What currents are involved?

Mr. Slade: 0.001 ohm per inch is the normal
resistance of 9-mil annealed tantalum wire.
One current source of between five- and six-
hundred milliamperes can serve for all of the
power requirements in a circuit.

G. Hollander (Clevite Research Company):
With how many gates have you actually
loaded a flip-flop?

Mr. Slade: On the input to the flip-flop as
many ‘‘or gates’’ as are needed can be used
without any measurable circuit degradation.
Input “and gates’ are limited to two on the
“set one” side and two on “‘set zero’ side,
unless special cryotrons with high resistance
gates are used. On the output to the flip-
flop the number of series output coils that
can be used is limited only by the reduction
in frequency response which can be tolerated
by the addition of inductance to the circuit.

A Compact Coincident-Current Memory

A. V. POHM

N DEVELOPING higher speed com-

puting equipment it is generally neces-
sary also to develop faster memory sys-
tems which are reliable and efficient, and
yet do not have prohibitive costs. This
need has prompted many investigations
of new materials and new fabrication
methods.

One such investigation of the properties
of ferromagnetic films evaporated in the
presence of a magnetic field has been car-
ried on by a group at the Naval Ordnance
Laboratory at Corona, California. Their
investigation revealed that it was pos-

A. V. PoeM and S. M. RUBENS are with Remington
Rand Univac, Division of Sperry Rand Corporation,
St. Paul, Minn.
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120

S. M. RUBENS

sible to deposit thin films of permalloy or
perminvar on glass substrates which had
exceedingly rectangular hysteresis loops
with almost the necessary coercive forces
for coincident-current operation. The
switching characteristics of these films
also seemed as good or better than those
of ferrite materials.

Because of the encouraging initial re-
sults, research in this field was continued
by the Remington Rand Univac Division
of the Sperry Rand Corporation in order
to further investigate the properties of
deposited ferromagnetic materials, and to
determine the feasibility of using such
materials in a coincident-current memory.

In the course of this investigation it was
discovered that thin films of permalloy
and, in particular, those with a zero
magnetostrictive composition can be
switched in a manner entirely different

from the wall-motion switching which
characterized the remagnetization process
in bulk material. Experimental evidence
indicates that with the application of a
small magnetic field in the plane of the
film, but perpendicular to the easy direc-
tion of the magnetization (cross-field),
the films can be switched by a very rapid
process equivalent to simple rotation of
the total magnetization. (This has been
discussed by C. D. Olsen, E. N. Mitchell,
A. V. Pohm, and S. M. Rubens, in a paper
submitted to The Physical Review.) TFig.
1 illustrates a family of switching curves
with various cross-fields of a circular
sample of evaporated nonmagnetostric-
tive permalloy 1-centimeter in diameter
and about 2,000-A (Angstrom unit) thick
as compared with 1/8-mil permalloy and
S1 and S3 ferrites. Switching time here is
defined as the period between the time
the drive field reaches the coercive force
and the time at which the output voltage
has dropped to 109, of its peak value.
Note that the slopes of the switching
curves for the evaporated materials under
these conditions are 4 to 8 times greater
than that for 1/8-mil Mopermalloy, and 15
to 20 times greater than those for the fer-

Pohm, Rubens—A Compact Coincident-Current Memory
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Fig. 1. Switching curves for 1-cm diameter of

nonmagnetostrictive sample of evaporated

permalloy as compared to other magnetic
materials -

rite materials. Fig. 1 illustrates the
very rectangular hysteresis loops which
normally characterize evaporated perm-
alloy materials.

For drive fields whose magnitude corre-
sponds to points below the break or knee
of the film switching curves of Fig. 1,
switching occurs primarily by wall mo-
tion. Beyond the knee, switching occurs
by means of the fast simple rotation proc-
ess.

The threshold of the rotational switch-
ing process can be predicted with reasona-
ble accuracy on the basisof a simple energy
model, assuming that the potential
energy varies as sin%,§ being the angle
between the total magnetization acting as
as a simple dipole and the easy direction
of magnetization. Fig. 2 illustrates the
agreement within experimental error be-
tween threshold field conditions pre-
dicted by the model and those experi-
mentally measured. H ’is defined asthe
magnitude of cross-field necessary to pro-
duce saturation in the transverse direc-
tion. H, is defined as the magnitude of
the switching field, and H is defined as
the magnitude of cross-field during the

'HORIZONTAL CALIBRATION:
1 OERSTED/DIVISION o

Fig. 2. Typical evaporated film 60-cycles per
second hysteresis loop

" spaced on 0.8 cm centers.

switching process. Because of the good
agreement between the values predicted
by the model and those experimentally
measured, the model can be used as an
analytic tool.

In designing an evaporated core
memory a compromise has to be reached
between the various design requirements.
Specifically, small drive currents, low
power, easily fabricated etched-circuit
wiring, adequate signal-to-noise ratios,
maximum speed, and satisfactory relia-
bility are desirable.

There are several satisfactory tech-
niques which can be used to fabricate an
evaporated core memory with etched
wiring. In general, the choice of tech-
niques will depend upon the type of op-
eration and use of the memory. The
coincident-current memory design, to be
discussed in this paper, is one specifically
intended for very-high-speed operation
and uses the most simple construction
techniques. Total memory cycle time is
about 2 microseconds (usec), and access
time is something less than 1 usec.

As indicated in Fig. 1, I1-centimeter
(cm) circular evaporated plate-like films
of 2,000 A thickness with coercive forces
of 1 oersted are capable of coincident-
current switching in times as short as 0.1
usec when z suitable transverse field is
applied.

The 1-cm plate-like sample on which
these measurements were made is ob-
viously much larger than an appro-
priate size to include in a memory. For
a 2,000-A thick-film, it is found that the
diameter of the films can be reduced to
0.35 or 0.4 cm before film properties be-
come seriously affected. If the diameter
of a film is decreased beyond this, the de-
magnetization fields arising from free
poles at the edges of the films cause the
hysteresis loops to shear and the switch-
ing time to be considerably increased.
The increase in switching time apparently
results from areas of reverse magnetiza-
tion created by the demagnetizing fields
which impede the simple rotation process.
The size of the memory element can be
reduced further if some method is used to
diminish the demagnetizing field. This
can be accomplished, for example, with a
suitable high permeability backing ma-
terial.

The memory being described has simple
film cores or “bits” 0.4 cm in diameter
A circular
shape was chosen to eliminate shape
anisotropy effects as the magnetization
undergoes rotation during the switching
process.

The memory has a capacity of 1,024
words (32 by 32), 24 bits in length. ' The

Pohm, Rubens—A Compact Coincident-Current Memory

x-163 SQUARE SAMPLE
+-166 SQUARE SAMPLE
©-167 SQUARE SAMPLE
A-167 ROUND SAMPLE

+ WALL MOTION

o
°

'L SWITCHING
+ ROTATIONAL
SWITCHING
X

)

— b oy DD
[T
O

o0 l 2 3 4 56 7 8 9 10
He
-
Ha

Fig. 3. Comparison of theoretical and ex-
perimental rotation threshold fields

memory elements are being evaporated
in 16 by 16 element submatrices on about
30-mil thick glass plates about 5 inches
square. In production, the core elements
for a whole plane could be evaporated at
one time.

Oneof the major fabrication problems in
an ordinary ferrite core memory involves
stringing the drive, inhibit, and sense lines
through the individual toroids. The
plate-like memory elements which are
being used in this memory provide an
opportunity to use simple multilayer
etched wiring in place of the difficult
stringing technique. Thin flat conductors
are used for the drive and inhibit lines.
The fields along the surface of the con-
ductors are fairly uniform, and the core
elements are placed in close proximity
with the conductors. At the element posi-
tioris, the horizontal, vertical, and inhibit
conductors run parallel so that their fields
superimpose and add algebraically to give

Fig. 4. Exploded view of wiring at evap-
orated memory element location
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Fig. 5. Field distribution at element position

the mecessary coincident-current opera-
tion.

Fig. 4 shows an exploded view of the
etched wiring sandwich at a bit position.
The sense winding is closest to the ele-
ment, for maximum coupling, followed by
the two drive lines and the inhibit wind-
ings. Ome-ounce copper is used for the
windings with about 4 mils of insulation
between the layers.

To minimize the drive current require-
ments and the inductance of the drive
lines, the windings are placed on the top
and bottom of the thin glass sheets on
which the core elements are deposited to
form thin loops. The drive lines in the
region of the core elements are slit to pre-
vent eddy currents which would damp the
rotational switching. The slits are twisted
slightly to alter the current flow direction
in order to correct for the slight misalign-
ment of the field caused by the bending of
the drive lines in passing from one bit to
the next. The field distribution from the
top and bottom parts of a drive line at
an element position is shown in Fig. 5.

The inductance of an isolated drive line
is 2 to 3 microhenries, although, because
of laminated etched wiring construction,
the individual drive lines appear as low
impedance transmission lines with charac-
teristic impedances of 10 to 15 ohms.
The propagation time down the full
length of a drive line was computed to be
0.12 usec with an attenuation of 7.
breaking the drive lines into two halves,
attenuation is kept to 3.59%,, and propaga-
tion time is diminished to 0.07 usec. By
analyzing the drive pulse into its fre-
quency components and checking the de-
lay and attenuation for each component,
it was found that very little distortion of
pulse shape occurred. To provide the
necessary l-oersted fields per drive line,
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drive currents of about 400 milliamperes
are necessary.

To achieve the rapid rotational switch-
ing it is necessary to provide a cross-field.
This can be achieved in either of twoways.
One can provide a cross-field by using an
additional winding or coil, or one can
provide the cross-field by rotating the
“easy direction” of the magnetic element
slightly with respect to the drive field.
The best angle can be selected by employ-
ing the previously described model as an
analytical tool. The slight-rotation
method is being used because of its sim-
plicity in the memory being described.

The sense winding is wound in a diag-
onal manner in each quadrant submatrix.
The submatrix sense windings are con-
nected together in a plus-minus-plus-
minus manner in a clockwise direction.
With perfect placement of the etched
windings and the sense winding is very
nearly zero.

Although the hysteresis loops of eva-
porated films are exceedingly rectangular,
delta-flux changes do occur in the un-
selected cores when the film elements are
switched by means of the simple rotation
mechanism. This occurs because the field
generated by the current in a single drive
line causes a small rotation even though
it is not large enough to cause the core
element to switch. However, by rotating
the sense winding by a slight angle it is
possible to cancel delta noise completely
irrespective of the digit distribution in
the memory. This is achieved by posi-
tioning the sense winding so that the delta
pickup arising from a stored one is exactly
equal to that for a stored zero. Since
the sense winding links successive bits
along a given drive line with alternating
polarity, exact delta noise cancellation is
theoretically possible. The correct angle
can be directly computed by employing
the simpie rotational model.

In order to make a practical memory,
it is necessary to obtain adequate signal-
to-noise ratios. Adequate signal-to-noise
ratios have been demonstrated by physical
measurement as indicated in Fig. 6 which
shows the zero and the one signals from a
bit in a 16 by 16 test matrix employing
wall motion switching. By direct com-
putation it can be shown that adequate
signal-to-noise ratios are obtainable.
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Fig. 7. Pulse timing

When a 0.4-cm core element is switched
in 0.5 usec a signal of about 4 millivolts
is induced in the sense winding which has
a characteristic impedance of about 20
ohms. The total voltage integral arising
from the switching of a core element
amounts to 1 millivoltusec or a flux
linkage of 0.1 line.

Etched-circuit engineers have indi-
cated that the lateral registration of the
various winding in the etched wiring can
be kept in registration within 3 or 4
mils, and that the separation of layers can
be kept uniform with 1 or 2 mils. If a
random 2-mil variation in separation or 5-
mil lateral displacement occurs between
the drive lines and the sense winding, at a
bit position, a net unbalanced linked air
flux of about 0.003 line occurs. When a
bit is selected by the coincidence of cut-
rents, the 62 unselected bit positions along
the two drive lines, which are assumed to
have random error variation in their posi-
tioning, give on the average an un-
balanced mutual noise signal resulting
from linking 0.025 line. Thus the un-
balanced mutual coupling signal which
occurs only during the rise and fall of the
line pulses would have only one fourth the
voltage integral of the switch signal.
By strobing the output signal, good signal-
to-noise ratios are obtained.

A second possible source of noise arises
from the capacitive coupling between a
selected drive line and the sense winding.

. OUTPGT WiTH AND
WITHOUT MEMORY
ELEMENT IN PLACE
AT HALF PULSE

POSITION.

QUTPUT WITH AND -
WITHOUT MEMORY
ELEMENT IN COINCH
DENT POSITION.
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Bytaking into account the coupling capac-
ity, the drive voltage, the characteristic
impedance of the sense winding and the
phase delay, it can be computed that a
noise pulse equivalent to linking 0.04
line of flux occurs. This again is con-
siderably smaller than that which arises
from switching a core element, and ade-
quate signal-to-noise ratiosare obtained by
strobing.

A third possible source of noise arises
from the capacity to ground of the pri-
mary winding on the transformer which
matches the impedance of the sense ampli-
fier to that of the sense line. By balanc-
ing the capacity to a grounded shield, the
noise from this source is reduced by a
factor of 10 to 100 below the noise arising
from the unbalanced air mutual. Thus,
as was experimentally indicated, the total
signal-to-noise ratio is adequate.

The memory operating cycle is broken

up into essentially three periods. A
period of 0.6 microsecond is allowed for
selection to take place. Two periods of
about 0.7 microsecond are allowed for
reading the information and then restor-
ing. A diagram of the pulse shapes and
time phasing are shown in Fig. 7. All
of the necessary logical components are
transistorized except the final line drivers,
inhibit generators and the clock. Surface
barrier transistors are used in the storage
address register which is direct-current
coupled to transistorized translators em-
ploying Gemneral Electric Type 2NI123
and 2N167 transistors. The sense am-
plifier consists of a 3-transistor resistance-
capacitance coupled amplifier with nega-
tive feedback. The inhibit-gating func-
tions and digit storage are accomplished
by transistorized components.

If the memory is to be interrogated
every 2 usec, each “on” drive line or

inhibit line requires an input of about
2.5 watts with most of the energy being
expended in the terminating resistors.
If slower speed operation were satis-
factory, power input to the inhibit
or drive lines could be reduced to 1.3
watts by connecting in series the two
halves of the drive lines or inhibit lines
which are driven in parallel in the faster
arrangement.

In a crude experimental setup it is esti-
mated that evaporated core elements can
be produced for 1 cent apiece or less. Pro-
duction techniques costs per bit element
could be reduced to a few tenths or a few
hundredths of a cent. Matrix wiring
costs are estimated to be less than 1 cent
per bit.

It appears that evaporated core mem-
ories offer considerably higher speeds at
lower power levels and cost than are
available with existing ferrite memories.

Discussion

O. J. Van Sant (Naval Ordnance Labora-
tory): What is the smallest value of the ob-
served switching constant?

Dr. Pohm: It is assumed that you are in-
terested in the comparison bectween the
switching constants of films and the switch-
ing constants of other materials. It turns
out that in the wall-motion switching mode,
the film switching constant is roughly com-
parable to that of the ferrites, In the rota-
tional switching mode in any reasonable
film, if one defines the switching constant S
by the equation 1/7T=S(H—H,), as we
have done, the switching constant has values
ranging anywhere from 10 upwards, simply
meaning that a 1 oersted net drive will cause
a film to switch in a 0.1 usec or less.

C. R. Smallman (Arthur D. Little, Incor-
porated): Why not evaporate the necessary
insulation and drive lines onto the glass sub-
strate along with the evaporated cores?

Dr. Pohm: Thisis a very fine suggestion and
offers the next positive step. As an initial
effort, etched techniques were resorted to
because they are well developed. This pre-

*

vented involvement with additional prob-
lems, but it looks entirely feasible that eva-
porative wiring can be used, and economi-
cally so.

W. M. Wittenberg (International Business
Corporation): What is your output voltage
measured at the sense winding?

Dr. Pohm: The output voltage for a 1/2-
usec switch is about 4 millivolts.

T. R. Long (Bell Telephone Laboratories):
How is heat dissipation in the system taken
care of considering the insulating materials
employed?

Dr. Pohm: There is very little magnetic
material involved and the heat dissipation
problem is negligible because of the large
dissipating area. At most about 25 watts
were put into the total memory, running at
peak operating speeds. About 24 watts
are being dissipated in terminating resistors
s0 one has essentially the bulk of the whole
memory dissipating about 1 watt. The
films are not temperature-sensitive. One
could probably operate them anywhere
from —100 to about 100 degrees centigrade.

H. Moss (Burroughs Corporation): How is
the effect of air flux interference avoided?
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Dr. Pohm: The sense winding is essentially
wound with zero mutual coupling to the
drive, the only linkage that occurs between
the two windings results from the presence
of the elements.

K. Preston, Jr. (Bell Telephone Labora-
tories): What is the access time required for
the 1,024 word memory? What driving
current amplitude is required?

Dr. Pohm: The access time is primarily
limited by the electronics. In the system
being built, this will be about 0.8 usec.
The driving current is 400 milliamperes.
per line.

R. M. Clinehans (National Cash Register
Corporation): What is the signal-to-noise
ratio? What is the ratio of output of one
to zero disturb?

Dr. Pohm: The major signal-to-noise prob-
lem does not involve the core material.
The core material itself is essentially perfect
in this regard. The problem one has is es-
sentially that of eliminating the noise con-
tribution from unbalanced mutual flux and
capacitive pickup. In the system that we
have operated (namely, a 16 by 16 text
matrix) the signal-to-noise ratio is of the
order of 10-to-100-to-1 at strobe time
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Datafile—A New Tool for Extensive
File Storage

D. N. MACDONALD

Synopsis: This paper discusses the design
and application of an advanced magnetic-
tape storage system with facilities for auto-
matic access to files as large as 200 million
characters with average access times in the
5 to 20 second range. The Datafile Sys-
tem, which employs standard magnetic-tape
and recording techniques, also provides an
economical solution to many medium-speed
random-access problems and avoids awk-
ward and time consuming tape-handling
processes.

NE OF the natural extensions of
magnetic tape from its original use
as a sound recording medium has been as
a high-capacity memory and input-
output medium for digital computer
systems. In this application the inherent
advantages of plastic-hased magnetic
tape such as low-cost, high-recording re-
liability, and amenability to selective al-
teration, have greatly extended the use-
fulness of the computer system in a few
short years, particularly in applications
where the handling of large commercial
files is involved. In adapting magnetic
tape to digital use, it was fairly easy to
modify a basic sound recording ma-
chine to provide rapid starting and
stopping of the memory by employing
servo controlled reels, and by adding
parallel recording channels to obtain use-
ful density. Since computer input-out-
put operations and sound recording both
involve a time-seties operation, the use
of reels has proved very practical, since
it is easy to load the system manually at
intervals. However, in many cases these
very qualities place the technique at a
serious disadvantage, particularly where
access to and from memory is always
under computer control. Here, the ideal
device has a very large storage capacity,
the time required to reach any one por-
tion is the same as any other portion,
and in any case is as short as possible.
Furthermore, information is generally
transferred to and from storage in dis-
continuous blocks or unit records.
This is the description of a time-parallel
storage system, diametrically opposed
to the conventional magnetic tape sys-

D. N. MacDonNALp is with the Burroughs Cor-
poration, Pasadena, Calif.
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tem. While a great deal of attention
has been given recently to the solution
of the generalized bulk storage problem
through the use of rotating memories
such as large drums or disks, very little
has been paid to the use of normal mag-
netic tape for this application. There
seems to be a strong tendency to asso-
ciate its use completely with conventional
machines and systems. The excessive
access time and the trickiness and com-
plexities of servo-controlled reels and
manual tape handling lead us to the
more expensive systems without first
examining other desirable alternatives.

The Datafile system was developed on
the basis of just this reasoning, with the
object of retaining the low cost, inherent
simplicity, and reliability of plastic mag-
netic tape while eliminating many of the
difficulties of the more standard systems.
Although capable of rather good random-
access performance in many applications,
it is not primarily a random-access sys-
tem but rather a high-capacity magnetic-
tape storage system designed specifically
for digital computer system wuse. As
such, its performance generally equals
or exceeds that of corresponding con-
ventional magnetic-tape systems with
higher reliability and performance per
dollar than either conventional systems
or random-access systems.

It is not too far wrong to say that
Datafile has been created to satisfy the
problem of the user who mneeds one
hundred or more tape machines but
can not possibly afford them, and the
problem of the field engineer who could
not service them in any case. Let us
take a look at one of the units in the
system. Fig. 1 shows it with the covers
on ready for use. Each machine handles
12,500 feet of 3/4-inch wide tape in 50
discontinuous 250 foot lengths. These
50 lengths are stored loosely in a par-
titioned tub or multiple bin, and brought
out over a guide system which runs the
length of the machine, as do a pair of
large drive rollers.

A servo-positioned head carriage op-
erates on a track underneath the tapes to
position the recording heads underneath
a selected tape, and this carriage carries
a set of solenoid-operated pinch rollers

to drive the selected tape. Only one tape
at a time is driven, the others remaining
in their last selected position.

It is immediately apparent that this is
a two parameter selection system where
any point in memory may be reached by
selecting the proper tape and driving it
to the proper position, thus making the
Datafile system intermediate between the
single parameter reel magnetic-tape sys-
tem, and most three parameter random-
access memory systems. Laid out flat,
the recording surface is 3 feet wide by
250 feet long with facilities for po-
sitioning recording heads at any point
on this surface. Of course, the basic
Datafile technique can be employed with
any standard digital recording system.
since tape widths, speeds, recording sys-
tems, and formats can be varied to suit
the occasion. Most of the following dis-
cussion, however, will be centered about
its application to the Datatron com-
puting system, to which the Datafile
has first been attached.

This version employs 50 separate
lengths of tape, with dual recording lanes
on each tape to provide 100 selectable
information lanes, each 1000 blocks
long, for a total machine capacity of
22 million digits of information. At a
tape speed of 60 inches per second any
point in memory may be reached from
any other in 14 seconds on the average.
Of course, this average random-access
time is directly related to the amount
of storage required by a particular appli-
cation. Where access to only 5 million
digits is required, the average random
access time reduces to 3.9 seconds.
Fig. 2 shows the relationship between
random-access time and capacity for a
one machine system. The operating
point on this curve is determined by the
program. While the Datafile will op-
erate with any length of tape less than
maximum, it is generally kept loaded
for the problem requiring the longest
capacity, with other points on the curve
obtained by restricting the area of
tape searched, and the corresponding
file size.

The addition of the Datafile system
as an auxiliary to the Datatron magnetic-
tape system requires little change to the
central computer or tape control equip-
ment. As in the standard system, a
six channel parallel format is employed,
utilizing four chanmnels for binary coded
decimal information, the fifth channel
for parity code, and the sixth for marking
blocks of twenty 11-digit computer words.
The 3-digit block address associated with
the block marker is carried in the for-
mation channels, preceding the block.

MacDonald—Datafile



Fig. 1.

Nonreturn-to-zero recording is used,
with a flux change representing a zero.
The two recording lanes on each tape are
interlaced, with the associated heads
permanently connected in series to the
read-write amplifiers. Switching from
one lane to the other on a particular tape
is accomplished by lifting the tape from
the unselected head, which acts as a
cross-talk cancellation transformer for
the selected head. This dual lane ar-
rangement, while not fundamental to
the Datafile technique, has the advan-
tages of reducing the number of individ-
ual tapes and associated hardware in the
unit, increasing the efficiency of tape
usage, and simplifying the job of the
head positioning controls. Up to 10
Datafiles may be connected to the
central computer system providing a
practical machine-controlled memory of
just under 1 billion bits for the first time.
Like the normal magnetic-tape system,
sections of the file may be replaced
manually with new file sections, while
individual tapes may be precalibrated
for use and parity checked during opera-
tion to provide error free service. Stand-
ard instrumentation Mylar magnetic
tape is used.

Fig. 3 shows the Datafile with the cab-
inet covers removed, and leads us to a
discussion of the basic construction.
While the handling of magnetic tape in
bins is not new, two major difficulties
have prevented more extensive appli-
cation of this technique; the creasing
of tape in the lower part of the bins due
to the weight of additional folds on top,
and the serious problems of cumulative
electrostatic charge on the tape surface,
causing the tape folds to stick together
and interfere with normal bin loading.
Creasing is avoided in the Datafile by
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limiting the tape length to 250 feet, and
using baffles in the bin to support the
tape folds. The electrostatic problem is
minimized by the perforated metal bin
partitions, which not only assist in
drawing off electrostatic charges from the
surface of the tape, but also prevent the
buildup of air pockets underneath the
tape as it is driven into the top of the
bin. With this design it is possible to
use standard tape over a wide range of
environment with superior results, avoid-
ing the use of conductive tape coatings.
Fig. 4 illustrates a cross section of the
drive system at any particular tape po-
sition. The recording heads and mag-
netically operated pinch roller assemblies
are mounted on the head carriage, while
all other elements shown are fixed.
Drive power is transmitted to the tape
on the uncoated side to avoid tape wear.

Tape tension against the heads and guides
is provided by a pair of vacuum drag
manifolds which apply a frictional drag
on the back side of the tape only. These
manifolds also detect the arrival of per-
forated leaders and trailers on each tape
to prevent accidental unthreading of the
machine by disconnecting the drive at
the end of the tape. The head carriage
assembly shown in Fig. 5 can be po-
sitioned at any tape by a servo-controlled
metal band drive and operates on ball
bearing rollers. Fig. 6 shows the time
required for the head carriage to move
between successive selected tapes. The
average random traverse time is just
under 1 second, corresponding to an in-
terval of one third the total, or 17 tapes.
This performance is obtained with an
error-rate damped analog servo system
operating in a precision d-c resistance

Fig. 3. Covers removed
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bridge. On side of the bridge is re-
sistance controlled by mercury relays to
accomplish the initial digital to analog
conversion. The carriage includes a
magnetically operated detent which locks
it into position underneath each tape
in order to make head location inde-
pendent of the servo system. This
detent mechanism also serves to retract
the heads from the tapes during the
head positioning motion. Electrical con-
nections to the head carriage solenoids and
recording heads are brought in through a
flexible cable which hangs freely below
the head carriage in a space between the
two sets of bin partitions.

The Datafile employs a built-in file
protection mechanism to prevent in-
advertent alteration of a portion of the
file either by programming or machine
error. Each tape position is provided
with a lever which may be set and thrown
to operate a switch on the head carriage
at that tape position to prevent the two
associated recording lanes from being
altered. Any combination of lanes may
be so protected. Individual Datafile
tapes are stored on small reels when re-
moved from the machine, and are loaded
by means of a motor driven reel which
can be positioned to any one of the bins.
The drive rollers are retractable to pro-
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vide for easy loading. Threading of
the tape is accomplished by clipping a
small weight to its end and dropping it
into the bin.

In addition to servo controls, drive
circuits for the mechanism, and pre-
amplifiers for the recording heads, each
unit has an automatic sequencing circuit
which allows the machine to be completely
rewound under local control after receipt
of a rewind instruction from the com-
puter. This is particularly useful for
zeroing the memory without tieing
up the central control, for operations
such as sorting and sequential file proc-
essing. Used in conjunction with the
Datatron tape control unit, the Datafile
system is controlled by four basic in-
structions: search, read, write, and re-
wind. In the search instruction one
digit specifies the desired Datafile unit,
two digits specify the lane in that ma-
chine, and three digits specify the block
in the lane selected. When the search
instruction is received by the tape
control unit, the central computer is
cleared for computation while the search
is executed independently. TFirst, the

186 20 24 28 32 36 40 44 48

NUMBER OF TAPES TRAVERSED

particular unit is selected, and the two
lane selection digits routed to it. Con-
trol circuits within the unit choose the
proper recording head and convert the
information to an analog voltage to
control the head carriage drive. Upon
completion of the lane selection the tape
is driven in the proper direction and the
block addresses on the tape are read
and compared with the stored three
digit block number until equality is
reached, when the tape is stopped ready
for the next instruction. This will us-
ually be either a read or write instruction
for up to 100 blocks of information,
starting at the selected address.

Without going into the detailed appli-
cation of the Datafile to machine filing
systems, it is important to note some of
the more significant factors involved,
since file organization directly affects
the efficiency of the system. The usual

" file is neither completely random nor

completely sequential with respect to
inquiries and transactions, but is fre-
quently composed of random blocks of
information which are internally ordered.
If the file is forced into some sequence on
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tape, the transactions must generally be
presorted if any system efficiency is to be
maintainec. On the other hand, the
use of an expensive fractional-second
random-access system is frequently un-
warranted either because the random-
ness applies only to large blocks of in-
ternally ordered information, because the
random access can be handled in the in-
ternal memory of the machine at high
speed, or in the case of some problems
where complete random access is re-
quired, the access time is not critical.
We are speaking qualitatively here of a
figure of merit, since a better match be-
tween the machine filing system and the
problem at hand allows the user to ob-
tain higher capacity for his money, or to
spend less money, or to do the job in less
time, as he chooses. This situation is
shown graphically in Fig. 7, which plots
file activity against randomness for a
conventional magnetic-tape system, the
Datafile system, and a typical disc mem-
ory system. File activity is defined as
the percentage of the total file which
can be processed in a single 8-hour shift.
For purposes of comparison the chart
shows the results for a 20-thousand
block file (4,400,000 digits). At the
right hand side the superiority of the disc

memory is clearly evident. Here, ac-
cess time is all important in determining
the efficiency of processing, since the
systems are jumping rapidly from one
small unit record to another. Aswe move
left on the spectrum and pick up some
degree of sequence the Datafile system
takes over in preference because it is able
to transfer strings of data at the higher
rate of a conventional tape system, in
this case 6,000 per second. At the
purely sequential end, the conventional
tape system and Datafile system are
about equal in their ability to handle
the file because of this fact, while the
random access system has fallen far
below. The chart indicates that the
Datafile is superior in all cases to a
conventional tape system in its effi-
ciency, and indeed this is often the case.
However, we must remember that the
comparison was on the basis of a rel-
atively small file. There are still many
applications for sequential processing of
large files where it is economically de-
sirable to employ a storage cabinet full
of tape reels in lieu of the automatic
Datafile.

With these factors in mind, the hybrid
role of the system becomes more clearly
evident. Sometimes dubbed the poor

man’s random-access memory, it does
combine entirely creditable pure ran-
dom-access performance at rates up to
several thousand transactions per hour
with low system cost, and is the logical
choice for extremely large but relatively
inactive machine files. At the other end
of the spectrum, in comparison with
conventional tape systems, high per-
formance magnetic tape operation is
provided, while completely eliminating
operational difficulties of manual tape
handling and threading. Where the
automation of highly important master
records is involved, the elimination of all
manual handling, the provision for fool-
proof file protection, and the increased
reliability resulting from the absence of
complex tape handling mechanism opens
a new era in the electronic processing of
business data, and provides the first
economic solution to the large file prob-
lem. Conceived as an engineering solu-
tion to the problems of computer tape
systems, the Datafile appears to provide
an optimum match to the large ma-
jority of file applications, and represents
a final departure from the difficulties
incurred in the application of sound re-
cording technology to the antagonistic
requirements of digital data processing.

Discussion

S. Gitchick (International Business Ma-
chines Corp.): If the tapes were in the
form of continuous loops, rather than free
hanging, would not the search time be de-
creased?

Mr. MacDonald: The answeris yes. They
were made discontinuous loops, primarily to
avoid the problems of slip connections to the
head carriage, and to simplify loading.
We felt that the provision of the hanging
connecting cable was more important than
lowering the access time.

L. Lipschitz (International Business Ma-
chines Corp.): What pulls the tape off the
friction surface and to the bin on the dis-
charge side?

Mr. MacDonald: The geometry provides
two drive points with pinch roller and cap-
stan drive, forward and reverse. The fric-
tion drag means are in between these two
drive sources, so that the drive in either di-
rection is pulling against the drag means,
and the heads were positioned in between.
I think this may be a problem of confusion
in the geometry of the drive.

J. N. Harris (Hycon Eastern): What is the
expected operating life and reliability of the
tape? What is the tape width used in the
system?
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Mr. MacDonald: This is a very difficult
question to answer quantitatively since it
depends upon the tape used and involves a
discussion of particular tape brands. In
general, however, tape life is in excess of
about 30,000 passes; 3/4 inch in this par-
ticular application.

M. Muller (International Business Ma-
chines Corp.): Please explain the reading or
writing action of file when a tapeis at its end
position? Also, can tapes be read in two
directions?

Mr. MacDonald: This operation is again
almost identical to that of the Datatron
tape system, if the question has been under-
stood correctly. The search operation pro-
ceeds in either direction, and the block ad-
dress recorded on the tape can be read either
forward or backward. However, the read-
ing-writing operation occurs in the forward
direction only.

E. Hertz (Sperry Gyroscope): Can rewind
be controlled for individual lanes, or must all
50 have to be rewound together?

Mr. MacDonald: All 50.

L. J. Dean (Ramo-Woolridge): Is it pos-
sible to interrupt a posting program to inter-
rogate the Datafile on demand?

Mr. MacDonald: Under program control,
yes.

M. L. Aitel (Radio Corporation of America):

Is dual recording used for each bit to obtain
reliability, or is each bit recorded only once?

Mr. MacDonald: Each bit is recorded only
once. The two heads function independ-
ently of each other.

Chairman Howard: How does the rubber
drive capstan perform with respect to wow,
etc., considering long-time wear effects as
well as performance when new?

Mr. MacDonald: Generally, wow or flut-
ter is not too significant in a digital system.
In the Datafile, we hold it below 59, which
is quite adequate, and provides for reason-
able wear.

W. L. Martin (Marchant Research): Is
there a Mylar layer between the tape and
the head?

Mr. MacDonald: No, there is not.

C. A. R. Kagan (Western Electric Com-
pany): One must assume that the servo-
controlled movable read-write head is the
more economical solution. How much more
would a static 50 head electrically switched
read-write system c6st and how much would
the access time be reduced?

Mr. MacDonald: Generally speaking a
multi-channel recording head is in the $200
bracket,and if you multiply it by 100 heads,
you have a great deal of money tied up in
heads, as much’ or more than the Datafile
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machine itself, while the access time has
only been reduced by 1 second. Remember
that 100 individual drive mechanisms are
now also required.

R. M. Clinehens (National Cash Register
Corporation): Can longer lengths of tape
(1,000 feet) and higher tape speeds (240
inch per second) be used with this equipment
to increase storage without increasing ac-

cess time with only the obvious modifica-
tions?

Mr. MacDonald: Yes, the particular Data-
file we have been speaking of is actually
system-limited to the 6 kilocycles data-
transfer rate. Higher densities and speeds
have been successfully used. The Datafile
has operated quite successfully up to 100
inches per second. The only limitation on

capacity is physical size of the machine since
we want to maintain the average tape den-
sity in the bins that we have now.

W. W. Sturdy (U. S. Army): Can the ma-
terial at a given address be erased and new
material be inserted in one tape pass?

Mr. MacDonald: Yes. The recording sys-
tem erases by rewriting over the previous
information.

Quasi-Random Access Memory Systems

GERHARD L. HOLLANDER

Synopsis: To select an economical memory
for business data-processing systems, the
memory characteristics must be matched
to the work cycle, processing rate, and
permissible delay time of the system.
Quasi-random systems feature the low
memory cost of serial memories, high
processing rates, short delay times, and
minimum sorting. An efficient addressing
method and rapid cross references reduce
the total storage requirements. Typical
business examples illustrate the principles.

RECENT paper! described a novel
data-storage device, the Tape-
DRUM.* Before launching a develop-
ment program, the characteristics of
such a unit must be compared to the
requirements of many applications to
determine the practicability of the
concept and the eventual specifications.
The TapeDRUM appears best suited
for business applications. A business
system is usually characterized by large

storage and relatively simple computa-.

tional requirements.? The need to store
one billion bits of information is not
rare. Often, any piece of the informa-
tion must be accessible on short notice.
For example, available credit on a
charge account must be cleared within
a few seconds to avoid annoying the
customer. As the TapeDRUM is a new
tool, a new approach to the organization
of large-scale data-processing systems is
needed. This paper summarizes several
application studies which illustrate some
new principles that may be applied to
other memories of similar characteristics.

Many memory devices with different
characteristics are available.3* They
are often classified as serial-access or
random-access, and are usually selected
according to their cost and access time

GERHARD L. HOLLANDER formerly with the Clevite
Research Center, Cleveland, Ohio, is now with The
Philco Corporation, Philadelphia, Pa.

* Trade-mark of the Clevite Corporation.
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(time needed to extract the desired in-
formation from the memory).

For any application, the lowest priced
memory should be used if its access
time meets the system requirements.
By taking into account three new criteria,
low-cost serial memory systems can be
arranged to appear as if their access
time were shorter. Thus the term
“quasi-random’’ access has been coined
for configurations useful to many business
systems.

These quasi-random configurations
generally combine large low-cost serial
memories with smaller random-access
devices, so that the average cost per
unit of information storage is low.
Significant savings over conventional
approaches can be realized, which are
illustrated by typical, but greatly simpli-
fied, examples. However, first the char-
acteristics of various memories will be
examined.

Memory Characteristics and
System Requirements

Total storage requirements for a job
often depend on the type of memory.
Many memories require duplication of
entries to facilitate rapid processing.
The efficiency of storing addresses de-
pends largely on the characteristics of
the memory. In some memories address
information must be repeated, while
others do not record the address at all,
but imply it in the physical location of
the data.

Access times are usually specified on
a random-access basis. Random access
means that it takes equal time to locate
any piece of information. An example of
random access would be a telephone book,
where access to any page and any name
on the page takes about the same time,
regardless of whether the name starts

with an 4 or a Z. If the telephone
directory were printed on a scroll, a
serial-access system, the time to reach
the next name would depend on which
portion is unrolled. For example, if it
were presently open at the names be-
ginning with C, it would take much
longer to find names with the initial S
than names beginning with D.

The meaning of random-access has
become relative.’ A magnetic drum is
not a random-access device, because it
may take more than one-half a revolu-
tion, about 20 milliseconds, to reach some
blocks of information. Yet, business
circles consider it random-access because
the 20-millisecond delay is negligible
compared to their requirements.

The accepted figures of merit for a
memory are access time and cost per bit
of information. These figures of merit
must be related to the total storage re-
quirement, since the low cost per bit in
many memories applies only if many
million bits are stored.

These figures of merit do not tell the
whole story. Conventional access time
alone is significant only if all information
is demanded in completely unordered
fashion. In many applications, the work
cycle calls for several accesses to data
that are located close to each other.
For example, in a typical inventory
system, the previous balance on an item
would first be looked up, this look-up
would be verified, the new balance
stored in the same location, and the result
that has just been stored verified. At
the same time, price and statistical
information concerning that item may
have been recorded or compared. In
this case, while five to ten accesses to
near-by locations were necessary, only
the first access was truly random. The
optimum memory minimizes the entire
work cycle, not just the first access.

Two important criteria for selecting
memories are delay time and processing
rate, which are defined as follows:

Processing rate=maximum number of
transactions per unit time.
time =maximum permissible de-
lay before an input trans-

Delay
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action must be reflected in
output information

Processing Time =(processing rate) !

The processing rate expresses how many
items must be processed per unit time.
For example, a department store may
have to process 240 transactions per
minute, corresponding to a processing
time of 0.25 second per transaction. The
delay time, or pipeline time,> measures
how soon output information has to be
affected by the most recent entry. A
store can tolerate a delay of several
minutes before a sale is deducted from
inventory, but a customer should not
wait more than a few seconds before his
credit balance is verified. Notice that
while some applications allow much
longer delay times than others (many
minutes versus a few seconds) the delay
time is usually longer and never shorter
than the processing time (0.25 second).

The access time of a memory should
not be specified to equal the processing
time, since in the quasi-random approach
the access time can be longer.

Processing time<access time<delay time
(1)

The quasi-random approach does not
apply when the processing time equals
the delay time. Except for this limiting
case, significant savings can be effected
by specifying processing time and delay
time instead of the access time of the
memory. For example, a 20-million
bit, 100-page TapeDRUM has an average
access time of about 5.5 seconds. How-
ever, this same TapeDRUM, when used
as a quasi-random access mémory, can

TapeDRUM showing drum detail

have a processing time of 0.1 second
with an average delay time of 45 seconds.

CoOMPARISON OF MEMORIES

The ideal computer memory would
have instant access to every item and
would cost nothing. However, Table I
shows that the cost of memories generally
increases as access times are shorter.
Because of their higher cost, high-speed
memories are used only where access
times of microseconds are essential.
Business systems requiring large amounts

=R

7

Fig. 2. TapeDRUM basket storage
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Table I. Comparison of Memories
Access
Memory Cost/Bit, Time,
Class Typical Devices Dollars Seconds
High-speed. . ferrite cores....... 1.00 ...10~¢
random cathode-ray tube.. 1.00 ,..10°¢
access vacuum tubes.... 10 00 ...107¢
Medium
access..... magnetic drum.... 0.01 ...1072
Slow access.. magnetic tape..... 0.0001...102

of data, store most of their records in the
low-cost memories.

Several memories have appeared on
the market which combine some of the
characteristics of the medium-access
memories with other characteristics of
the slow-access devices. A typical
memory of this type is the TapeDRUM.

CHARACTERISTICS OF THE TaAPEDRUM

The TapeDRUM combines the large
storage capacity with fast access time
at a reasonable cost. Using the same
basis as Table I, the cost to store a bit
of information on a TapeDRUM is on
the order of $0.0001. Following are
the design specifications for the Tape-
DRUM:

Drum diameter. ............. 12 inches

Drum speed....... . . .1,200 rpm

Number of tracks. ........... 128

Track density............... 10 tracks per inch

Tape advance speed®........ 5 pages per second
plus 0.25 second

Recorded pulse packing....... 100 pulses per inch

Maximum basket storage..... 400 pages

Approx. capacity per page. .. .200,000 binary digits

Within any one section the access time
on the TapeDRUM is equivalent to the
access time of a drum. This permits the
direct communication between the Tape-
DRUM and the arithmetic element,
eliminating an intermediate random-
access memory. For many business
applications, the arithmetic speed just
matches the drum speed, resulting in a
slower and less expensive arithmetic
element.?

The TapeDRUM may be thought of
as a drum turned inside out. In a
standard drum the information is stored
on the circumference of the drum and
stationary heads scan the data as the
drum revolves. In the TapeDRUM, a
piece of tape that contains the informa-
tion is held stationary over the drum,
while 128 magnetic heads, imbedded in
the drum, rotate and scan the stationary
magnetic surface (Fig. 1). The relative
motion between the heads and the storage
medium is retained, which is necessary

* This means that a single page advance requirgs
0.45 second, but that 10 pages can be advanced in
2.25 seconds.
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bank

to induce a voltage in conventional
magnetic recording heads and to scan
the entire information.

Uunlike a standard drum, the storage
capacity of the TapeDRUM is mnot
limited by the available circumference
of the drum. If the capacity of the
drum circumference is exceeded, a new
section of the tape, called a “page,” can
be moved into position to be scanned
by the drum. As shown in Fig. 2, many
pages of tape can be stored in a bin or
on reels to extend the capacity of the
TapeDRUM to 100 million bits of in-
formation or more.

Two interesting technical features
should be pointed out. The tape actually
does not touch the drum but is separated
by a thin boundary layer of air. This
layer makes tape wear negligible. Exact
position of the tape on the drum is not
critical because the reference information
is recorded on the tape along with the
useful data.

While the TapeDRUM stores the
information on inexpensive tape, many
advantages of a drum are gained:

1. Higher relative velocity. The scanning
velocity is 10 to 25 times greater than is
possible with the best tape drives.

2. Continuous scanning within a page.
Normally, a problem requires repeated
access to the same location. With a tape
device the start, stop, and reversal time
to return to that same location would have
to be allowed for.

3. Large amount of rapid-access storage.
A page, which can be scanned 20 times a
second, contains almost 250,000 bits of
information. This permits placing the

directory and reference tables in' the rapid-

access area, so that the total starage. re-
quirements can be minimized as illustrated
in later examples.

These features make the TapeDRUM
particularly practical for applications
involving few and noniterative computa-
tions or for straight data-processing
applications where the information can
be sectionalized.

The specifications show that the
TapeDRUM has actually two levels of
access time:

130

1. The access within a page.

2. The access to any page in the tape.

The maximum access time within a page
is only 0.05 second, and the second access
time-depends on the total length of tape
used.

Savings Bank Example

The quasi-random access approach can
be illustrated with a simple example. A
savings bank wants to maintain records
on 30,000 accounts. Each account re-
quires about 700 decimal digits of in-
formation to store the detailed deposits
and withdrawals, and significant informa-
tion concerning the depositor. Ten de-
posits or withdrawals must be entered
in the memory every minute. These
entries come from various tellers in
random sequence.

These requirements call for a storage
of 21 million decimal digits, or approxi-
mately 500 pages on the TapeDRUM.
The average access time to any one of
these 500 pages is about 25 seconds.
Of course, this access time can be de-
creased by using eight TapeDRUMs
so that each of them has only 60 pages.
In that case, the maximum access time
to any item on one TapeDRUM is less
than 6 seconds. Furthermore, the
probability that all entries will call for
the same TapeDRUM is very small, so
that somewhat longer access times than
6 seconds can be actually tolerated.

According to this calculation it appears
as if eight TapeDRUMs were needed to
satisfy the entry rate requirements.
Actually, only a processing rate of 10
transactions per minute is needed. Fig. 3
shows how this can be domne. Instead
of entering all transactions directly into
the TapeDRUM, an intermediate buffer
drum stores the entire transaction until
the TapeDRUM has moved to the proper
position. The buffer storage may be a
very small conventional drum.

The time T for the tape to go around,
the system delay, is on the average

T =(number of pages)/(page advance rate
in pages per second)-(time to stop)
(number of stops)-(time to enter on
drum) (number of entries) (2)

For the TapeDRUM specifications cited,
then

T=0.2 (number of pages)-+0.25 (number of
stops)+0.1 (number of entries) (3)

Solving equation 3 for this example
yields

T=10044-+2=106 seconds (4)

The required space-in the buffer storage
can be expressed by

Buffer storage =(digits per entry)(entries
per second) (time for tape to go
around) (5)

For entries consisting of 40 characters
each, the buffer must store less than 1,000
characters.

How does a quasi-random system
work? Every entry is originally stored in
the buffer drum. The TapeDRUM does
not attempt to move randomly to the
storage location of the next item. In-
stead, the TapeDRUM cycles from one
page to the next in steps. At every page
the tape determines if the buffer drum
contains any items for the TapeDRUM.
These items are then processed at a rate
determined by the drum velocity. For
the foregoing specifications a transaction
can be entered every 0.1 second.

By use of this quasi-random access
approach, a system that had originally
required eight TapeDRUMSs has now been
reduced to a conventional drum and a
single TapeDRUM, a considerable saving
in price and complexity.

The quasi-random approach described
above has certain drawbacks. If a true
random-access time (delay time) of 6
seconds had been provided, the teller
could have obtained an output as well
as recording new information. The
quasi-random access approach as de-
scribed assures only that information
can flow into the main store, but no
information can flow back until after the
main store has come to the proper loca-
tion, a maximum delay time of almost 2
minutes.

RepUCING THE DELAY TIME

The quasi-random access system can
be modified to reduce the delay time for
some information. If the teller had to
know whether the customer has sufficient
funds on deposit to cover a withdrawal,
the account balance must be supplied to

KEYBOARD | - -
PUNCH :
o é BUFFER DRUM
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STORES LAST ook
§§ TWO MINUTES | BALANCE LOOKUP
&8 ENTRIES | STORES BAL-
o ANCES ONLY
PRINT TAPEDRUM
TO PRINTER
] sToRes e
INFORMATION
FOR 30000
ACCOUNTS | PRINTER

Fig. 4. Accounting system for savings bank
with high-speed look-up
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the teller in about 30 seconds. While the
main memory stores approximately 700
digits of information to list in detail every
transaction, the short delay is needed for
only the balance, which may amount to
10 digits per account. Ten to 20 digits per
account result in approximately 500,000
decimal digits of information, which can
be stored on a standard drum.

Fig. 4 shows how this is accomplished.
Since the buffer drum requires very few
digits in this application, the drum con-
taining the buffer can also store the
balances. In Fig. 4 both the TapeDRUM
and the balance drum must be updated by
each transaction.

In the foregoing example, the quasi-
random approach satisfies the require-
ments of the application for access time
and storage capacity. The combined
system still requires only two drums in
place of the eight drums, had complete
random access been required.

CoMPARISON WITH CONVENTIONAL TAPE
MEMORY

Compare this system to a conventional
tape system. Only items that are ac-
tually being modified are routed through
the arithmetic element. An item is up-
dated in its original location. Thus, no
operator is needed to move tape reels.
Furthermore, once an item is in the main
store, it stays in that location without any
further electronic operation on it.

Because only approximately 20 to 30
mathematical computations per minute
are performed, arithmetic elements can
be very slow and therefore rather in-
expensive. Furthermore, no sorting in
the conventional sense of tape systems is
needed to update the information.

T~

WEEKLY STOCK CONDITION,
DEMAND, AND SALES PROJECTIONS

Inventory control system

PRINCIPLES ILLUSTRATED

This savings bank example then shows
that the quasi-random access approach
will yield the following desirable features:
1. A single master memory with longer
access time is sufficient.

2. Lower speed arithmetic elements.

3. No sorting in the conventional sense.
Inventory Control Example

Buffer storage can be used in different
ways. A typical example might be the
inventory control system for mail-order
houses. This system is very similar to

other applications which involve billing
and pricing.

A mail-order house must have just
enough merchandise to fill all orders re-
ceived during the life of a catalog. This
requires close stock control and sales
prediction to avoid overstocking or
cancellations. Order processing is on a
tight schedule.

The basic operation is shown in Fig. 5.
For every item on a customer’s purchase
order a tabulating card is created, which
contains the item identification and price.
These cards are batched in 20-minute
intervals and presorted in the order in
which the merchandise is stocked in the
warehouse. Before an order is filled,
the transaction must be tallied, and cards
for items that are out of stock must be
intercepted to save handling in the ware-
house. Finally, an up-to-date balance of
sales and cancellations for each depart-
ment should be kept at all times for in-
quiry by the purchasing personnel.
While these functions must be performed
as the card is flowing through the regular
process, the information obtained is com-
bined later with other data to provide the
purchasing personnel with up-to-date
inventory, sales records, and statistical
data from which merchandising trends
can be observed. Finally, gross profit
figures are available at the end of the
year.

About 20,000 different items are shown
in the catalog. However, due to break-
downs in sizes and colors, actually 100,000
items must be stocked. Moreover, differ-
ent prices and other statistical require-
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Fig. 6. Organization of inventory control system
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Fig. 7. Method for addressing drum

ments make it necessary to keep track of
the sales by about 200,000 classifications.
At a peak load about 25,000 sales per hour
or approximately 420 sales per minute
must be tallied.

At first it appeared as if about 1,500
characters would have to be stored for
each of the 200,000 classifications, or a
total of 300 million decimal digits. This
total has been reduced to less than 70
million decimal digits by organizing the
system as shown in Fig. 6. The 1,500
digits per item were needed only for about
30,000 classifications, which are stored in
the control-record memory. The stock-
condition memory retains 90 digits for
100,000 different classifications. Thus,
separating the information achieves a
significant saving in storage. Even these
smaller memories are so large that it
would be difficult to enter information at
the rate of seven cards per second. The
rapid-access memory, a TapeDRUM,
provides merely the tallying and the
departmental subtotaling functions, and
acts as a buffer for the rest of the system.

Since the tab cards are presorted at
least by warehouse departments, page
division in all memories is by department
or portions of departments. Thus, the
tape moves in only one direction on all
memories, and the up-dating time from
the rapid-access memory to the larger
memories is at drum speed. Furthermore,
items not requiring changes undergo no
electronic processing.

Only sales, cancellations, and returns
for the current week are tallied on the
rapid-access memory drum. In addition,
a symbol for back orders and cancellations
appears when merchandise is not available.
Since the TapeDRUM rotates at 20
revolutions per second, it takes only 0.1
second to look up the old balance, subtract
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the quantity sold, and record the new
balance in the position of the old. At the
same time, if a back order or cancellation
signal appears, the card can be rejected
immediately so that the customer can be
notified. This rapid-access memory needs
to store only 23x200,000, or approxi-
mately 5 million decimal characters. By
the address-reduction method to be
described, this requirement can be cut in
half, so that only approximately 2!/,
million decimal digits need to be stored.
With this relatively small storage on one
TapeDRUM, and because the cards had
been presorted, only 30 seconds of the
20-minute batching period are used for
page shifting, so that an effective entry
rate of 9.5 cards per second could be
maintained. Besides, all information is
now presorted and can be entered easily
into the master data-processing equipment
without any further sorting.

The rapidly rotating drum yields an-
other advantage for this application. To
up-date the total departmental sales and
cancellations it is not necessary to make
another random access to a different loca-
tion. Since each page contains only the
items for one particular department, one
location on the page summarizes the total
sales for this page. Thus, if two or three
pages are needed to store the rapid access
data for a single department, it is merely
necessary to add on demand the total
sales and cancellations for two or three
adjacent pages. Notice that no new
original random access is needed to sub-
total sales, because the large area of the
drum permits rapid access to a large
number of bits. ’

ADDRESSING METHOD

On first examination it appeared as if
each of the 200,000 items on the rapid-
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Fig. 8. Organization of billing example

access memory would require 11 characters
as address information, and 12.5 char-
acters as other useful information. The
drum-type operation of the TapeDRUM
permits a large reduction of digits by an
efficient method of addressing that is not
possible with tapes using only a small
number of tracks. It is well known thata
single track on a drum can identify every
item by its peripheral location. Such a
method is best suited for a continuous
numbering system. In this application
some items were divided by color, size, or
other distinctive features. This method
takes care of such cases without requiring
a special directory, which relates the
mixed number (catalog number, color, and
size), to the purely numerical location
identified only as peripheral position.

An example of this new method is
shown in Fig. 7. Assume that three
tracks are used for address information,
and the other 125 contain the useful data
concerning each item. Assume further
the useful information is stored on the
same line as the address. Fig. 7 shows an
arbitrary sequence of items some of which
have no breakdown, such as catalog
numbers 1, 2, and 6; others are broken
down by only color or size such as items
3 and 5; while still another is broken
down by both color and size, such as
catalog no. 4.

A counter is connected to each of the
address tracks with logical interconnection
so that a pulse on a catalog-number track
will reset the size and color counter.
Similarly, a pulse on the color track will

Table Il. Comparison of File Arrangements
Searching Sorting Unused

Arrangement Time Time Storage

Random...........

Block sort. . .

Sorted, loose. .
Sorted, tight.. ....

Hollander—Quasi-Random Access Memory Systems



reset the size counter. Fig. 7 shows that
at all times the counters will read the
proper catalog number, color, and size in
response to the pulses in the three address
tracks. Thus, the drum type of storage
has made possible large savings in the
total storage requirements.

PRINCIPLES ILLUSTRATED

1. Intermediate storage allows rapid access
to selected data and eliminates further
sorting.

2. The subtotals and other summary
information can be entered without ref-
erence to another random location.

3. Savings in total storage requirements
can be effected by an addressing efficiency
possible only in storage media having drum
characteristics.

4. When the final output contains only
summarized information, data should be
summarized as soon as possible to reduce
storage requirements, even if this increases
the number of distinct files.

Billing Example

An interesting application of a Tape-
DRUM is pricing problems where the
original information is sorted in customer
sequence, as well as product sequence.
This application illustrates a general prin-
ciple of reducing storage requirements by
using several TapeDRUMs for on-line
processing of records requiring look-up of
mutually orthogonal data. This involves
no repeated sorting as would be necessary
in usual serial file operations.

An oil company has approximately 150,-
000 customers who are identified and
classified by 22 decimal digits each. The
company sells 5,000 different items at the
rate of 14,000 sales per day. Sales by de-
pots and field salesmen are punched into a
tabulating card for each item on an order.
The regional depots send in 14,000 cards
daily. To prepare bills from these cards
the proper price must be looked up, which
should not take more than half of the
daily schedule.

The problem here is a wide variety of
prices for each item depending upon:

1. The quantity purchased.
2. The class of trade.
3. The location of the customer.

4. Special contract prices for large pur-
chasers.

Variation of price with location occurs
only for 12 out of 5,000 products. How-
ever, 75 per cent of all sales are for these
12 products.

Fig. 8 shows how this can be accom-
plished. The customer TapeDRUM has
72 pages and contains the information
concerning the customer, as well as any

special contract prices applying to his
purchases. The product TapeDRUM
contains only 9 pages. The slower
moving items require 72 decimal digits
each and can be stored on eight pages.
The 12 fast movers are stored on a single
page. Since prices vary from one loca-
tion to another, provisions are made
for 22 different price structures, each in
itself broken down by quantity brackets.
Thus, each item requires approximately
1,000 decimal digits, or 12,000 decimal
digits for the 12 fast moving items.
Since prices vary from one location to
another, the customer’s location is deter-
mined from the customer TapeDRUM,
and the remaining 35,000 digits on the
page are available as a reference table to
match a given price code to a given loca-
tion.

It is interesting to compute the time
needed to process 14,000 cards, of which
only 3,500 are for the slow movers. The
cards are received from each depot in
sequence by customer, so that it takes
only one revolution to locate the customer
on the customer TapeDRUM. The
time required to look up prices for all
items is as follows:

Seconds Minutes
14,000 cards........ ......... 700 ..... 12
3,500 slow movers (9 pages—+
28tOPS) .. et e 050 134
Total .. .......... ... ... .. .146

Each card can be processed in one drum
revolution if the page is in place. For the
slow movers the TapeDRUM has to travel
nine pages and make two stops, one at
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the proper page and one again on the page
for the fast movers. This time computa-
tion is generous, but still well within the
specifications. Actually the card reader
may limit the speed to 100 cards per
minute, which changes the computation
to:

Seconds Minutes
11,500 fast movers .................. 115
3,500 slow movers. ... ...... 8,400....... 140
Total....... ...... .......... .255

After processing, the cards are still in
proper order by customer so that invoices
can be prepared on a conventional
tabulator without resorting.

PRINCIPLES ILLUSTRATED

1. The use of several TapeDRUMs
avoids sorting a file by several classes.

2. By arranging the data to minimize
page movement, the processing time is
limited only by the drum speed, or 20
operations per second.

3. The large number of simultaneously
accessible items allows rapid cross refer-
ence that reduces the total storage require-
ments by a large factor.

Mailing List Example

Maintenance of large and rapidly
changing mailing lists is a problem that
besets many business houses. Mailing
lists of larger magazines contain several
million names using a billion characters,
with nearly 100,000 changes a day. The
method described in this section can be
applied to such mailing lists, or any other
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Fig. 9. Directory for mailing list

Hollander—Quasi-Random Access Memory Systems

133



Fig. 10. Experimental TapeDRUM unit

files in which only a few of many possible
items in a sequence occur at one time.

CLASSIFICATION OF FILES

To store nearly a billion characters and
still have access to any one of them for
the necessary changes is a major problem
in the mailing list type of memory. Three
factors must be minimized: ’

1. Required search time to find an item.
2. Required sorting time to place an item
in its proper location.

3. Unused storage to allow for addition of
future items in their proper place.

This paper considers ‘‘searching’ to be
the examination of every item to deter-
mine if it is the desired one. “Sorting” is
considered to be the arranging of data into
a given sequence. From these defini-
tions the access time to a predetermined
location is not considered part of the
searching or sorting time. Similarly,
unused storage for an increase of the total
number of items in the file is not con-
sidered.

For a file like a mailing list, the arrange-
ment of the data determines the amount of
the three factors just mentioned. Char-
acteristics of typical arrangements are
summarized in Table II.

If data are randomly placed in any
empty location as they arrive, the entire
file has to be searched when an item must
be changed. While all available storage
area is used and mno initial sorting is
needed, the searching time is long when
the information must be recovered or
modified.

In a block sort, the names or other items
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are broken into a number of logical blocks.
For example, a mailing list might be
divided by the first letter of each name.
There still is no initial sorting, but the
storage area for each letter must be large
enough to store names that may come in
later. Thus, some storage area is unused,
but search time is reduced considerably
because only one letter has to be searched
instead of the entire file.

When all items are sorted in exact
sequence, searching time vanishes, since
the location of the proper item is
known. However, either considerable
space must be left between all items to
allow later additions to be filed in ex-
actly the correct place, or the entire file
must be resorted when new items are
added. Thus, in the loosely sorted group
much storage space is unused, while in the
tightly sorted group much time is spent
in resorting the information.

ApDITION OF A DIRECTORY

The searching time on the random
arrangement, or the random portion of the
block-sorted arrangement, can be reduced
by use of a directory. The directory
stores only the identifying information
and the location of the item in the main
file. While the directory takes up addi-
tional space, the searching time is reduced
from searching an entire file to searching
a short directory.

A particularly advantageous combina-
tion of block sorting and a directory is
possible with quasi-random access devices
like the TapeDRUM. Each page is
divided into a small directory section, and

Fig. 11.

~ directory item to a track number.

the larger information (main-file) section.
Data can now be stored randomly in the
information section, since after reference
to the directory the location of the in-
formation is known.

Read-out equipment can be saved by
placing all information concerning an
entry serially into a single track; see Fig.
9. Thus, only a single amplifier is needed
for all information tracks. This amplifier
can be switched after the proper track
number has been found in the directory.

The size of the directory can be reduced
by relating the space co-ordinates of the
Thus,
an item appearing on the first line of the
directory could be associated with the
first portion of the first information track.
Similarly, the 21st item might be asso-
ciated with the first portion of the second
information track. The directory’s size
can be reduced still further by advanced
coding methods, which eliminate some
redundancy common in the English
language. In a typical directory of this
sort, 5 to 10 per cent of the page capacity
is used for directory; the remainder, for
useful information.

OPERATION OF THIS SYSTEM

A typical subscription list might illus-
trate how this system works. The in-
formation section of each page, Fig. 9,
contains the name, address, and pertinent
subscription and billing data for each
subscriber, which might take 300 alpha-
numeric characters per entry. The pages
are arranged by city and state, so that all
customers in the same post office are

Close-up of experimental TapeDRUM
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located on the same page. Exceptionally
large post offices might occupy several
pages while several small ones would share
a single page.

To enter a subscription extension or
address change, the proper page is deter-
mined by direct examination of the city
and state. Once that page is reached,
usually after storage in a buffer, the name
is compared with all names in the directory
section during one revolution of the drum
to find the track number. On the next
revolution of the drum, the detailed entry
is up-dated in the information section on
the same page.

This example is somewhat oversimpli-
fied. Additional data, such as house
numbers, may be stored in the directory
section to uniquely identify a subscriber.
On the other hand, the name itself can be
compressed. Furthermore, if one page
contains subscribers for only a few post
offices, the name of that post office need
not be repeated for each entry, but can be
stored separately on that page. A code
symbol in each subscriber record selects
the proper post office or other common
information.

PriNCIPLES ILLUSTRATED

1. The page arrangement is particularly

adaptable for the rather efficient block sort.

2. The large number of characters simul-
taneously accessible allow the use of the
efficient directory method for the location
of random items within the block.

Conclusions

To select an economical memory for
business data-processing applications, the
characteristics of the memory must be
matched to these system criteria: work
cycle, processing rate, and delay time.
The memory is often overspecified, if its
access time is specified as the reciprocal of
the system processing rate. If longer
delay times (as defined on p. 128) can be
tolerated, quasi-random access systems
can handle the task with slower and less
expensive memories.

The TapeDRUM and similar memory
devices represent a compromise between
low cost and short access time. Systems
planned to take advantage of their fea-
tures often result in the most economical
solution for a business data-processing
task. Despite their low memory cost,
on the order of serial memories, the quasi-
random access systems described feature:

1. Processing.-rates~ of many .items. per -

second.

2. Delay times measured in seconds or
minutes.

v

3. Minimum, if any, sorting.

4. Saving in total storage requirements by
efficient addressing methods, and rapid
cross references.

5. A drum scanning rate easily matched
to inexpensive arithmetic elements.

While much progress has been made in
the development of the TapeDRUM since
its initial announcement,! this paper is
limited to system studies. The examples
are based on the design specifications of
the experimental prototypes shown in
Figs. 10 and 11.
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Discussion

Chairman Howard: We have similar
questions on slip rings from T. D. Best
(Burroughs Corporation), A. E. Olson
(National Cash Register Co.), and Dave
Silverman (Helipot Corporation). The
question is: In transferring information
from the heads to the amplifiers, are slip
rings used and, if so, is there not a noise
problem associated with the slip rings?

Mr. Hollander: Figs. 1 and 11 show that
the signals are transferred from the heads
to the amplifier via slip rings. The noise
problems associated with these slip rings
are interesting.

On first examination, we would note that
the playback signal of the head is measured
in millivolts, while the noise of slip rings
is generally specified in microvolts. How-
ever, remember that the slip-ring noise
specification is an rms voltage. Occasional
spikes of many wvolts might contribute
only a fraction of a microvolt to the average
or rms value of noise. Still, when such a
noise pulse equals or exceeds the value of
the minimum playback signal from the
head, which determines the threshold
value of the amplifier, the equipment will
make an error. If such errors occur very
rarely, they can either be neglected, or in
critical applications they can be detected
or corrected with redundant codes.

The slip-ring problem has received much
attention during our research and develop-

*

ment work. Many materials were tried
and discarded. Finally, we found a combi-
nation for which preliminary tests at
Clevite Research Center indicate that the
error rate and life expectancy are satis-
factory.

Further product design of the Tape-
DRUM is the responsibility of the Brush
Electronics Company, Division of Clevite
Corporation. For this reason, this paper
concerns itself more with system design
than with: the product characteristics of the
TapeDRUM.

R. Townsend (British Tabulating Machine
Company, Ltd.): How do you handle the
synchronization problem between the
MINIDRUM and TapeDRUM?

Mr. Hollander: In ‘the savings bank
example, the MINIDRUM rotates several
times faster than the TapeDRUM, so that
information can be transferred several
times for each TapeDRUM revolution.
Since the MINIDRUM is much smaller,
the surface velocities and the pulse rates
of the two units are nominally equivalent.
The information is transferred via some
small static memory, such as core storage.
In many actual business applications no
separate buffer is needed. As shown in the
savings bank example, the old balance
must be transferred to an arithmetic ele-
ment where the withdrawal is subtracted
from it. Thus, the arithmetic element
itself serves as the statisizer. While a
static buffer is necessary between the

Hollander—Quasi-Random Access Memory Systems

MINIDRUM and the TapeDRUM, usually
the arithmetic element will handle this
function.

W. W. Stardy (U. S. Army): How is
friction between the drum and the tape
avoided?

Mr. Hollander: Nature graciously supplies
a boundary layer of air which floats the
tape away from the drum. By applying
tension to the tape when it is stopped, the
boundary layer is held to about 0.0002 inch.

A. I. Dumey: At 10 pages per second, are
you moving the tape at 160 inches per
second? Can you read and write simul-
taneously?

Mr. Hollander: When the tape is ad-
vanced, it moves at very high speed. De-
pending on the model, tape speeds of 120
to 400 inches per second have been specified.
It must be remembered that for the systems
that we have designed, the tape is read only
when it is stopped. Thus, flutter, skew,
and other problems during this fast tape
motion can be neglected.

Simultaneous reading and writing is
limited only by cross-talk between adjacent
heads and in the cabling. On our experi-
mental models, we could not read a head
while the immediately adjacent head
received record pulses. The effects of such
crosstalk could be eliminated by a more
sophisticated playback signal amplifier,
but for the systems that we have designed
it was not necessary to complicate our
equipment.
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A Large-Capacity Drum-File Memory

System

H. F. WELSH

\

Synopsis: The magnetic drum-file memory
system described in this paper was designed
for the Univac-Larc computing system as
storage that would be intermediate in speed
and in capacity between the Uniservo mag-
netic tapes and the ultra high-speed mag-
netic-core memory. Although designed for
Univac-Larc, the drum-file memory system
may be used for any type of systematic data
processing where extremely short access time
is not required and economy is an impor-
tant consideration. Economy is achieved
through the use of a single flying head, which
can move parallel to the axis of the drum
and perform the read-write operations for
the entire drum. This arrangement elimi-
nates the need for close mechanical toler-
ances and elaborate switching devices.
The drum-file memory may also be used as
a random-access device where a delay of a
second or two is not critical, as, for example,
in checking a particular item of an inven-
tory.

Univac-Larc System

HE Univac-Larc, for which the drum-

file memory was designed, is an ultra
high-speed scientific computer designed to
solve problems of great complexity. To
operate at peak efficiency, it must accept
data at a rate of 360,000 decimal digits per
second, and it must have storage avail-
able for intermediate results. The
Uniservo tapes which serve Univac as a
secondary memory are not nearly fast
enough to keep up with Univac-Larc. In
the latter system, the Uniservos are to be
used solely as input-output devices and
another device had to be designed that
would be intermediate in speed and in
capacity between the tapes and the in-
ternal memory shared by the central
computer and the input-output processor.
The result was the magnetic drum-
memory system described here, which is
50 times faster than Uniservo I and has a
capacity of 250,000 12-digit words per
drum.

Head Design

The major objective in designing the
drum-memory for Univac-Larc was to get
as much information on the drum as
practical at a reasomable cost. In the

H. F. WeLsH and V. J. PorTER are with the
Remington Rand Univac Division of Sperry Rand
Corporation, Philadelphia, Pa.
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interests of economy, it was important to
minimize machining and temperature-
control problems and to avoid the use of
complicated switching devices. In the
interests of achieving high-information
density, it was necessary for the heads to
ride as close as possible to the drum,
since the maximum usable pulse density
of a recorded signal decreases with any
increase in the distance between the head
and the recording surface. Contact
between head and drum would not be
feasible, of course, at the surface velocity
involved—1,000 inches per second.

In view of the fact that the data on the
drum were to be processed systemati-
cally, a single flying head assembly that
would read or write all of the tracks on the
drum sequentially would meet the require-
ments for simplicity, economy, and
close spacing with the drum.

A head that moves the length of the
drum eliminates the need for multiple
heads and complicated switching mecha-
nisms. Use of the flying head assembly
enables the head wunits to run much
closer to the drum than would be possi-
ble for a fixed head and, further, makes it
possible to use a large drum without
holding the tight tolerances that would be
costly to maintain for so large an area.
(The drum is approximately 24 iuches in
diameter by 24 inches in length.) Com-
pressed air might have been used to
support the head, but the flying head
eliminates not only the need for a
compressed-air system but also the
possibility of the introduction of foreign
matter by such a system. Cleanliness is
of the utmost importance, of course, in
the operation of a mechanism like the
magnetic-drum memory.

The head design is based on the
Kingsbury oil-supported bearing prin-
ciple. (In this application, air is used
instead of oil for support.) The center of
pressure on the head is mnearer to the
trailing than to the leading edge of the
head; see Fig. 1. The wedge of air
under the leading edge is drawn along by
the surface friction of the rapidly rotating
drum, and the trailing edge is maintained
in equilibrium at about 1/10 mil from the
drum surface. Self-alignment of the head
with the drum is provided by gimbals,

which enable the head to move radially
with respect to the axis of the drum and to
rotate about two axes parallel to the
surface of the drum. Since the head
weighs only 1 gram and supports a
spring load of 6 ounces, the gimbals
enable it to react with considerable
sensitivity to any irregularities in the
surface of the drum.

Six read-write head units are located
close to the trailing edge of the head
assembly so as to ride about 1/2 mil from
the surface of the drum. An erase head is
located somewhat forward of the read-
write heads.

Organization of Drums

The drum has 100 circumferential
bands, each capable of storing 2,500
computer words. The bands are divided
evenly into 25 sectors of 100 words each,
making it possible to start reading or
writing at any one of 25 access points
around the circumference of the drum.
This arrangement reduces the time lost in
beginning to read or write on a new band
to 1/2 a sector, and in random application
reduces the amount of information that
must be read or written to 1/25 of a
drum revolution.

The words and the digits of the words
are stored serially, while the bits are
stored in parallel on the six tracks that
compose a band. There are four infor-
mation bits in a digit, plus check and
sprocket bits. The head assembly has
six read-write head units.

In addition to the 100 information
bands there are two single tracks with a
flying head assembly at one end of the
drum. One of these tracks is a master
sprocket track which generates uniformly
spaced sprocket pulses to control the
writing frequency; the other is a time-
selection track used to address the sectors.

One of the ways in which the high
information density of the drum is
achieved is by the physical arrangement
of the tracks. The tracks of one band are
interlaced with the tracks of another so
that the head units in the head assembly
can be spaced to read altermate tracks.
When the head assembly has recorded on
one band, it shifts one track over to the
second band and then 11 tracks over to
the third band. This arrangement makes
a density of 29 tracks to the inch practical,
cuts down on crosstalk, and makes the
head assembly easier to manufacture.

Physical Description of Drums

The drum consists of a thin-walled,
extruded, seamless brass tube shrunk over
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Fig. 1. Head assembly

a supporting tube of cast magnesium
alloy. The function of the cast tube is to
support_the outer tube while the surface
is being machined and ground, and to
maintain the shape of the drum in
service. After the drum surface has been
finished, it is electroplated with a nickel-
cobalt alloy by a process similar to the one
used to plate the magnetic tapes for the
Univac system.

The drum is 24 inches in diameter and
24 inches long. It is driven at 860
revolutions per minute to attain a surface
velocity of over 1,000 inches per second.
A phase-modulated system of recording is
used in which the read-back signal is
sampled to detect the polarity of the
signal.

Band Selection

The head assembly is moved from one
band to another across the drum by a
band-selector mechanism designed to
provide rapid, accurate, and positive
positioning of the head. Three independ-
ently controlled mechanisms are involved
in selecting a band; see Fig. 2. The
interlace mechanism moves the head
assembly 0.035 inch from one band to the
second band with which the first is inter-
laced. A second mechanism, the stepping
mechanism, moves the head assembly
0.420 inch from one band of an interlaced
pair to the equivalent band in the adjacent
pair. (It is also possible to step the head
assembly 12 tracks forward and at the
same time move it back one track, so it
will read the first instead of the second
band of the mnext pair) A third
mechanism reverses the direction of
stepping.

The head assembly is mounted on a
lightweight carriage which rides on rollers
along a pair of guide rods parallel to the
axis of the drum, as in Fig. 3. The
stepping mechanism moves the carriage
along the guide rods. Pairs of miniature
ball bearings are mounted along opposite
sides of a shaft. A bearing engages a cam
surface on the carriage. Every time the

shaft is rotated 180 degrees, a new bearing
engages the cam surface and moves the
carriage a distance of 0.420 inch, or the
equivalent of one step. A cable connects
the carriage to a tension spring which pre-
loads the cam surface against the bearing.

The ball bearing and cam arrangement
ensures accurate repositioning of the
carriage, even if the angular positioning
of the shaft is slightly inaccurate, because
the ball bearings are in the dwell area of
the cam when the carriage stops. Since
only rolling action is involved, there will
be less wear than one would expect from a
mechanism like a lead screw.

The carriage drive shaft is operated
through a Geneva mechanism and a set of
reversing gears from an actuator-con-
trolled wrap-spring clutch. The clutch
consists of a helical spring which couples
the input shaft of the mechanism to a
constantly driven shaft. Normally the
spring is held distended and disengaged
by an actuator-controlled stop. When
the actuator is energized, the stop
releases the spring, allowing it to contract
and couple the two shafts. After 1/3 of a
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revolution, the spring is distended once
again by the stop and the two shafts
disengage. A three-position detent cam
accurately positions the drive shaft every
1/3 revolution.

From the clutch, the rotation is
transmitted to a 5-to-3 ratio Geneva
mechanism. The Geneva has the charac-
teristic of producing a dwell period at the
beginning of each cycle, after which it
produces a slow starting movement
which gradually accelerates and then
slows down before reaching the stopping
point. The Geneva prevents the full
inertia of the drive shaft from being

,applied to the clutch until the clutch is
fully engaged.

The output of the Geneva rotates the
carriage drive shaft at a 2-to-5 ratio
through one of two spur gear trains, one
of which contains an idler. The selec-
tion of one gear train or the other deter-
mines the direction of stepping. A key on
the carriage drive shaft, when actuated by
a solenoid, couples the shaft to one gear
train and at the same time uncouples it
from the other. The bearings which

ECCENTRIC
FLEX STRAP
FLEX DIAPHRAGM

STEPPING MECHANISM

3 DRIVING PINS

REVERSING MECHANISM
AND SPEED INCREASER

FLEXIBLE DIAPHRAGM

SOLENOID
FOR REVERSING

Fig. 2. Band-selection mechanisms
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support the carriage drive shaft are
supported on flexible diaphragms or
spiders which allow axial travel of the
shaft. The interlace movement is pro-
duced by shifting the carriage drive
shaft axially a distance of 0.035 inch.
Since the position of the cam bearings on
the drive shaft determines the position
of the head-assembly carriage, the carriage
will also be shifted 0.035 inch. This
movement is produced by the rotation of
an eccentric which engages the end of the
carriage drive shaft. The eccentric is
rotated by an actuator-controlled two-
position wrap-spring clutch similar to the
one in the stepping mechanism.

Access Time

Moving the head assembly from one
band to the band interlaced with it takes
about 50 milliseconds. Moving the head
assembly a full step to an adjacent pair of
bands takes approximately 70 milli-
seconds, except when the head assembly
is continuously stepped without reading
or writing, in which case about 50 milli-
seconds are required for each step after
the first. Because the stepping and inter-
lace mechanisms are independently con-
trolled, both movements can be performed
simultaneously.

From 100 to 125 milliseconds are
required to set the reversing mechanism
that changes the direction of stepping.
Since the mechanism operates independ-
ently, it is possible to overlap the time of
this setting with reading, writing, or
interlace-movement time.

Maximum access time from either end
of the drum to any band location is
2.6 seconds. If a complete band of
2,500 words is to be written or read, the
reading or writing can begin as soon as
the next space between sectors has been
traversed. Therefore, one sector interval
may have to elapse before access to a

head position to another.
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Fig. 3. Carriage assembly

complete band is obtained. If a specific
sector on a band is to be addressed, as
much as a full drum revolution may be
required to reach it. However, any
number of the sectors on a band can be
read or written during one drum revolu-
tion plus one sector traverse.

Head-assembly movements are possible
in less than one drum revolution. By
interlacing the operation of two drums,
sequentially, a continuous read rate of
2,500 words every 83 milliseconds can be
achieved. This is equivalent to the
data-transfer rate of 360,000 decimal
digits per second, required by the
Univac-Larc. For reading and writing at
360,000 decimal digits per second, four
drums are required. The first Univac-
Larc will have 12 drums, all of which are
capable of simultaneous head-positioning
operations. Reading and writing can be
accomplished in parallel with the com-
puting process.

Business Applications

The Univac-Larc drum memory is not

/ a true random-access device, since it is

necessary to step through all intervening
head positions when moving from one
Neither is it a

purely sequential device in that it is not
necessary to read every band when
moving from one band to another. Since
it is possible to go from any one place
on the Larc drum to any other place at
random, the drum can be considered to be
a random-access storage unit with a
maximum random-access time of 2.6
seconds and an average random-access
time of 1 second.

As such, it is obviously adaptable to a
number of commercial uses, such as
inventory control or airline reservations
systems, where 1 or 2 seconds of delay is
not critical. Two drums could be
mounted in a single cabinet to provide
a total capacity of 4,000,000 alphanu-
meric characters.

The information rate resulting from the
fact that the Univac-Larc drum reads the
four information tracks on a band
simultaneously is much higher than would
be required for most commercial applica-
tions. Therefore a commercial drum
memory need provide a read-write
amplifier for only one head unit. The
single amplifier could be switched elec-
tronically from one head unit to another.
The bits of an alphanumeric character
could be recorded serially on a single track
to provide a character rate of 50 kilo-
cycles per second.

The system would be particularly
adaptable to applications in which random
interrogation of a file is required during
sequential processing, since random inter-
rogation can be made by interrupting
routine processing for a maximum of
5.2 seconds, 2.6 seconds to make the
interrogation, and another 2.6 seconds to
return to the point at which the routine
processing was interrupted.

It is evident, then, that although the
large-capacity drum-file memory system
described in this paper was designed for
use in the Univac-Larc Computing
system, it has many other possible
applications.

Discussion

W. A. Farrand (Autonetics Division of
N.A.A.): What prevents Kingsbury pad
scraping when the drum starts up?

Mr. Welsh: The head is lifted away from
the surface of the drum whenever the drum
speed is not adequate. When the drum is
started, it is brought to speed first, then
the head is lowered onto the surface of the
drum. This is called landing the head. It
is a little like but opposite from flying an air-
plane, where one starts down on the ground
and has to get up into the air. Here one
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starts away up in the air and has to bring
this head down into flying position on the
surface, very close to the surface. There is
also a centrifugal switch on the shaft of the
drum so that if, for any reason, the drum
should slow down, the head will automati-
cally be raised.

L. Jones (Westinghouse Electric Corpora-
tion): What is the number of bits per inch
along each track?

Mr. Welsh: The system just described is
based on 400 bits per inch.

J. J. Selfridge (International Business Ma-
chines Corporation): It was mentioned that

an erase head is just forward of the read-
write head. Is erasing performed prior to
writing? What is the signal strength at
the head?

Mr. Welsh: The signal strength at the head
is of the order of 10 millivolts. Erasing is
performed while writing, so that no extra
time is required on the machine for this
operation.

N. Dean (Ramo-Woolridge): Is it necessary
to write a whole sector, or is it possible to
write individual digits? What type of mag-
netic recording is used?

Mr. Welsh: Yes, it is necessary to write
the whole sector, because of the type of
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recording, which is called phase modula-
tion. Other people have different names
for it. It is such that you have to write a
whole sector. That is one of the reasons for
dividing the circumference of the drum up
into sectors., However, this is really no dis-
advantage, because what is normally done,
when one wishes to modify a sector, is to
read this sector into the high-speed core
storage, modify the information there, and

then rewrite the whole sector on another
drum revolution.

W. S. MacDonald (Comtronics Corpora-
tion): What is the error in positioning of
heads in the direction of drum rotation due
to dirt on head ways?

Mr. Welsh: This would depend upon the
thickness of the particular piece of dirt that

would be on the ways. Elaborate precau-
tions are being made against that, not only
because of dirt on the ways, but because dirt
on the surface of the drum when the head is
only flying a fraction of a thousandths of an
inch away, would cause difficulty. The en-
tire drum will be in a closely sealed con-
tainer containing a precipitron to remove
any dust from that container and from the
air in the container.

The RAMAC Data-Processing Machine:
System Organization of the IBM 305

M. L. LESSER

Synopsis: A new automatic data-process-
ing machine for business applications,
utilizing a random-access memory system,
is described. Unlike the wusual batch
method of machine-processing business
transactions, the technique used permits
transfer of information between any two
points in the system and makes multi-choice
decisions according to the current status of
the information. This in-line operational
concept is discussed in detail and the data
transfer routes and processing controls are
shown. Employing punched card input and
printed-record output, the IBM (Inter-
national Business Machines Corporation)
305 accounting machine is designed to
handle 10,000 line-transactions per day.

N CONTRAST TO the batch-type
operations of conventional automatic
data-processing machines, the new IBM
305 Random-Access Memory Accounting
Machine (RAMAC) is designed to proc-
ess business transactions as they occur.
The sequential-access, large-memory sys-
tems ordinarily used up to this time in
automatic accounting machines have
usually necessitated a waiting period for
accumulation of a batch of data to proc-
ess.

The advent of the Type 350 Magnetic-
Disk Random-Access File has permitted
the design of a machine system for in-line
processing of business transactions as they
occur. The IBM 305 was thus designed
specifically for in-line applications, there-
by permitting data processing to be on a
current basis at all times

The first part of this paper discusses
the systems study of this in-line concept
in business applications leading to the
design of the IBM 305. In particular, it
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was found that arithmetic power, per se,
was very much secondary to the ability
to manipulate variable field lengths of
alpha-numeric data in a direct fashion,
and to make direct multi-choice decisions
based on the current status of the infor-
mation being transferred. It was also
considered mnecessary that the pro-
gramming technique be as straightforward
as possible, to eliminate the necessity for
a high degree of special training on the
part of potential users.

The resulting system employs stored-
program control only for information
transfer, including arithmetic. Each in-
struction is self-contained and transfers
a field of information from any place in
the system to any other, on a fully vari-
able-length basis. All logical decision
is based on control-panel logic, where
selectors indicating the status of the
information processing to date may be
interrogated in any sequence at any
desired time. For example, the sign
status (positive, negative or zero) of
each or any of the ten accumulators may
be used directly for making multi-choice
decisions.

The In-Line Processing Concept

Historically, the processing of business
data originated as an in-line operation.
We might assume that with the earliest
direct barter systems, data processing
began and ended when the bartered
material changed hands. Thus, the
operation was not only in-line, but was
also immediate.

As more formalized business-record
systems come into being, data processing
lost some of its immediacy but still
remained more or less an in-line affair.

In general, transactions were posted to
their final record forms in the sequence
that they occurred, preferably with no
intermediate posting operations, and
most certainly without awaiting the
accumulation of sufficient similar trans-
actions in order to make an economical
run of data. In modern machine account-
ing terminology, there was no sorting or
collating except by distribution directly
to the appropriate ledgers.

With the steady increase in volume, the
manual in-line process could not keep
up with the demands for relativity cur-
rent data in an easily digestible form.
The solution to this problem has been
the mechanization of business data proc-
essing by various devices and in various
degrees. Inherent in most mechaniza-
tion schemes of any magnitude, to date,
has been the batch concept. According
to the traditions of mass-production
technology, the process of mechaniza-
tion was approached by the route of
many simple repetitive operations. An
array of single-purpose machines was
built and the information passed through
them in turn. A little more of the job
was done with each machine pass, until
the final report could be assembled from
all the individual subassemblies which
had been fashioned on the machines.
The time necessary to accumulate a
batch was accepted as a small loss in
view of the large time savings available
by the mechanization of data processing.
Some continue to accept this as a “way
of life,” even in the face of evidence to
the effect that the batch accumulation
time is now growing longer than the
process time in some applications not
inherently adaptable to batching. Faster
and more costly devices are now being
built in an attempt to salvage a sense of
immediacy from data that grew cold
even before they were presented to the
machine. This is done by building
multipurpose electronic machines that
carry out all the operations formerly
handled by the battery of single-purpose
machines. Although all this is done
within a single set of cabinets and with
no manual intervention between opera-
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Fig. 1. Typical flow chart
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tions, nothing has really been done to
eliminate the necessity for batching.

The requirement for batching is not
inherent in any simple operation ability
of our machinery. Modern machines are
quite capable of continuing long and
reasonably involved process chains with
a small collection of input data. However,
the large memory system still restricts
us to a batch operation, by its serial
nature. Business data processing, in
general, is a file-maintenance operation.
A little new input information is combined
with a lot of information already in the
system to obtain a small amount of new
action information as output. While this
is done, the status file is modified to show
the effect of the change. If anitemin the
status file can be found only by reading
through the file from the beginning, a little
useful work can be done at the saime time
by putting all requests for file information
into the sequence in which the information
will be encountered. If the mnext file
needed in the process is in a different
sequence, data is resorted to this new
sequence before processing against this
new file.

The statements made in the preceding
paragraph hold for any system of data
filing that can be economically reached
only in a sequential fashion—be it punched
cards or magnetic tape. The difference
is one of physical handling, volume, and
speed, but not one of philosophy. The
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point might be illustrated with Fig. 1.
Shown here is a typical flow chart for a
job handled with conventional punched-
card equipment. The job is one of billing
and invoicing, with the maintenance of a
perpetual inventory, and is the source
operation for data going to accounts
receivable and sales statistics analysis
operations. The number of files to be
consulted is small. Only the inventory
file is maintained by the system in any
way other than to replace the information
removed fromit. The “sorts,” ‘“collates,”
and “‘card moving” stages are all shown.
If the flow chart is translated to tape
terms, the remaining sorts and collates
are still necessary. Most of the decisions
required are not shown, and will be dis-
cussed later.

However, if the restriction that file
information is available only in a fixed,
predetermined serial order is removed,
the batching requirement is eliminated.
If there is random access, with equal
facility, to any place in the memory, it is
possible to pick out directly the necessary
items from each of the reference files in
the sequence established by the order in
which the input data is received and the
secondary order established by the trans-
action. In theory, a machine can be
built to take an input transaction record
and carry it all the way to final output
document, distributing by-product in-
formation to the proper files en route, with

no regard as to whether or not the next
input refers to the same type of trans-
action. This is mechanized in-line data
processing. It can just as well be run as
the transactions occur because the unit
machine process time per transaction is
independent of the number of transactions
of a given type that are run together.
The flow chart would then look like Fig. 2.
With this ability, batch processing tech-
niques can be reserved for those applica-
tions, such as statistical analysis, that
have an inherent batching requirement.
The simplification introduced by random
storage is thus illustrated by this new
flow chart.

Machine System Requirements for
In-Line Processing

In this part of this paper will
be discussed the system requirements
established for the complete data-process-
ing machine, IBM Type 305, designed
specifically to make use of the disk file.
The detailed characteristics of the ma-
chine will then be described. Only the
over-all aspects of the system will be
considered at first, as indicated in the
block diagram shown in Fig. 3, with em-
phasis on the desired characteristics of the
unit marked “process” in that diagram.
Physically, this is a small magnetic drum
carrying multiple tracks, each capable
of storing a single 100-character record,
and surrounded by a control system.
We will neglect the input-output system,
and the file itself, except for pointing out
that they are connected to the process
unit by information channels and are so
buffered to the process unit that all
mechanical time delays may be overlapped
by process operations.

Briefly, the original requirements for the
machine as designed were as follows:

1. An in-line accounting machine that
would handle, from card input to printed-
record output, 10,000 line-transactions per
day. This implies posting the basic data
for each transaction to the record or records
involved, thereby maintaining all pertinent
files on a current basis as a direct adjunct to
transaction processing, and also making all
those routine decisions that could be
relegated to an automatic machine. The
intention is to approach ‘“management by
exception,” where only those decisions
essentially requiring manual handling are
brought to the attention of the operators.

2. During the processing of these transac-
tions, the system was to allow manual in-
quiry as to the status of any record in the
disk file at any time, producing a printed
output independent of the primary output
from the machine.

3. The whole machine system was to be
made available at a cost that would be con-
sidered reasonable to a user for whom
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10,000 transactions was a very large day’s
business.

A secondary requirement that was ob-
served throughout the system design was
that the operating procedure of the ma-
chine should be as straightforward as
possible. The form of instruction chosen
should be as suited to the task as possible;
there should be a minimum of program-
ming restrictions chargeable to the ma-
chine, as opposed to those chargeable to
the application; and the operating pro-
cedure, in general, should be easily under-
stood by persons already familiar with
conventional punched-card techniques.

In the design of a machine system, prac-
tically the entire arrangement centers
around the method chosen for control. In
general, previous flexible machine systems
were based on one of two techniques: a-
fully stored program, or a fully wired,
control panel, program. For the IBM
305, our approach to the control problem
was based on a study of the operations the
machine would be required to perform.
When a conclusion was reached as to the
form desired (an optimum combination of
the two techniques), the general organiza-
tion requirements of the machine followed
directly.

In an accounting operation sequence,
such as shown in Fig. 1, the majority of
operations are of the reproduction type,
comnsisting of straightinformation transfers,
with a relatively small amount of com-
putation. There are also a large number
of multichoice decisions to be made, most
of which are not shown explicitly in that
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illustration. The ‘“sort” and ‘‘collate”
operations are not applicable to the system
under design. A typical accounting
application, as opposed to computing,
consists largely of reproducing variable
amounts of information, without change,
from the input record, and from each of
several file records, to a final output rec-
ord assembly. Updated information also
must be returned to the file records where
necessary. A limited number of simple
arithmetic operations are performed dur-
ing the processing of transactions. If
large amounts of machine-required arith-
metic operations can be avoided, arith-
metic power essentially becomes sub-
ordinate to the information-transfer re-
quirement. This, in itself, might be
considered as the major difference be-
tween an accounting machine and a com-
puter. However, some arithmetic re-
quirements, such as the fact that the
same quantity must usually be summed
into several separate running totals, lead
to interesting possibilities for avoiding
lost motion. In any case, it appeared
that the proposed control system should
be slanted toward the ability to mass-
transfer large quantities of variable field-
length information and the arithmetic re-
quirements should be met as an adjunct
to this ability.

In addition to the transfer and arith-
metic operations, this machine system
requires the ability to make three distinct
types of decisions if it is to operate
successfully as an automation. These
are as follows:

1. Decisions based on static information
wholly contained in a given record might be
considered as ‘‘type of record’’ decisions and
can usually be handled most efficiently by
recognition of a code mark or character in
therecord. Thus, for example, the machine
can make a decision based on the type of
input card as to whether this transaction is
an order, a stock receipt, or a customer pay-
ment record, and can go immediately to the
program and procedure necessary to process
that transaction.

2. Decisions based on the status of the
transaction processing to date are usually
the result of arithmetic operations and serve
to indicate such basic items as “out of stock,
check for substitute or back order’’; ‘‘below
minimum reorder level, signal for stock re-
order”; ‘‘customer’s credit allowance has
been exceeded, so signal for manual credit
authorization before shipment”; etc.

3. Decisions based solely on the sequence
of processing to date is easily understood by
the example of the case of substitutions
allowed for out-of-stock orders. If it is
assumed that item 4 may be substituted for
item B if necessary, and vice versa, the
procedure must prevent a second substitu-
tion if, after the first is tried, the second
item is found to be also out of stock.

It is recognized that machine systems
have been built that handled all three
types of decisions by means of a single
decision element actuated as a result of
arithmetic operations. However, for all
decision types other than the second, this
method increases the requirement for
arithmetic operations mnot associated
directly with the requirements of the
problem, which, in turn increases the
complexity of programming otherwise
straight-forward applications.

It was early recognized that the most
direct method of machine-actuated de-
cision-making was through the use of the
control-panel concept and direct relay-
switching of control impulses. The con-
cept of the selector is well understood, and
separate selector systems could be pro-
vided for each of the three types of de-
cision element required. However, con-
trol-panel operation of the informa-
tion-transfer function becomes unwieldy
for large amounts of relatively poorly-
sequenced data, particularly if the nature
of the problem eliminates the possibility
of considering the information as being
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Fig. 3. Over-all aspects of the system
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grouped in elements of fixed word length.
Thus, to handle variable-length informa-
tion fields on a pure control-panel basis,
it would appear necessary to utilize the
technique of the basic tabulating account-
ing machine, that of carrying an individual
wire for each character to be transferred
and utilizing mass selection to program
the problem. While this offers several
advantages for the limited amount of
format change required in output printing,
and is used in the system for that applica-
tion, it does not appear feasible for the
major information transfer system.

Stored-program concepts used to date
also offered several disadvantages. Vari-
ous solutions to the variable-field-length
problem are available, usually based on a
record mark either inherent in the record
itself or programmed into the machine by
way of an intermediate transfer register.
Both of these approaches put artificial
restrictions on the programming and, in
general, introduce program steps that are
necessary because of machine restrictions
and do not contribute directly to the
processing of the transaction. Decision-
making by way of traditional stored-
program concepts was too unwieldy even
to be considered (as it usually is based on
single binary choices resulting from real
or induced arithmetic inequalities).

The basic control system for the IBM
Type 305 is a compromise offering the
best features of both the control panel
and the stored-program control systems.
All information transfers during trans-
action processing are made through a
stored program: The necessity for record
marks is eliminated by specifying the
number of characters to be transferred
as part of the instruction. Each ten-
character instruction thus completely
specifies a single reproducing operation.
The track and starting column addresses
of both the sending and receiving process
drum tracks involved are written, followed
by the two-digit quantity of the number of
characters to be transmitted. Arith-
metic operations, in the form of addition,
subtraction, distribution, and multiplica-
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Fig. 4. IBM Type
305 RAMAC

tion (absolute values only) were treated as
information-transfers and programmed
with the same form of instruction. Arith-
metic entered into the basic format speci-
fication only because of our language in-
consistencies. We read alphabetic in-
formation from left to right and do arith-
metic from right to left. In order to
propagate carries during arithmetic proc-
esses, the internal information transfers
are made in a right-to-left manner. Thus,
the starting column address for any trans-
fer is the low-order column of the field.
The system is completely analogous to
setting up card processing routines, with
added conveniences, such as the ability
to distribute a single quantity into up to
ten adjacent accumulators on two instruc-
tions, one of which would probably be
necessary for a later multiplication in any
case.

All logical decisions are made by means
of selector wiring on the control panel.
Process control may be passed at will
between the two forms of control. In-
structions follow in numerical sequence
until after one is executed that is
“flagged” by one of 47 symbols denoting
transfer to the control panel. At this
time, a control pulse is available from the
corresponding oune of 47 exit hubs on the
panel. This pulse may be sent through a
selector network and control returned to
any instruction in the stored program,
thus restarting the sequence. In this
manner, multichoice decisions are made
on a single operating cycle to the control
panel.

The available decision elements, as
noted in the foregoing, are all selectors.
The three types of decisions are handled
by three differently actuated sets of
selectors. These are as follows:

1. Recognition decisions are made by
means of a character selector that consists of
points on a selector tree that is actually a
single-character relay register. Any char-
acter in any record may be sent to this
register, replacing its previous contents.
This character then controls up to a 48-way
choice by a single interrogation of the
character selector.

2. Status decisions are made on several
bases. Each of the ten accumulators carries
its sign in relay storage, the points of which
are available as selectors on the control
panel. Thus, decisions may be made as to
the status (plus, zero, or minus) of each of
up to ten accumulators, at any time. Fur-
ther status decisions may be made as a result
of field comparison, identical or not, and on
whether or not any significant information
other than zero or blank was transmitted on
the most recent information transfer. This
arrangement is very convenient in spread-
card applications.

3. Positional decisions may be made using
latch-type relay selectors that can be picked
up or dropped out by control pulses on the
panel. Means for pulse-delay are also
provided to eliminate relay races in setting
up selector sequences through the points of
controlled selectors.

Operation of the resulting system has
demonstrated the flexibility and ease of
programming built into the design. As
predicted, programming has turned out to
be essentially a matter of layout card
forms for conventional punched-card
systems. Most process decisions neces-
sary are reached as by-products of useful
operations and usually are built by a
straight-through programming by in-
formation transfer—coming to the control
panel once after all preliminary conditions
are established. Although the machine
has facilities for modifying its own stored
instructions by internal operations, this is
very rarely done. The main reason is
that the instruction used is extremely
powerful as compared to the conventional
single-address operation, and all instruc-
tions are directly useful operations. Thus,
the total number of instructions necessary
to perform most transaction processing is
usually relatively small. The secondary
reason is that if the immediate instruction
capacity of the process system should be
exceeded for a given application, it is
usually easier and faster to bring in ten
new instructions as a single record than
it is to perform arithmetic operations on
one or two. Thus, the objectives of
designing a straightforward process system
to handle inline mechanized accounting
were met largely by a correct choice of
basic control procedure. This procedure
should prove to be equally applicable to
larger, faster machine systems designed
for in-line processing.

General System Organization

Fig. 4 is a picture of the IBM Type 305
RAMAC. Physically, there -are four
distinct units within the system. At the
right of the picture is the console which
contains a card reader, switches and lights
for control of the machine, and a key-
board and printer for file inquiry and
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system test. The unit in the center is
called the main frame and consists of the
magnetic disk random access file at the
right, the processing unit behind the two
center panels, and the power supply be-
hind the panel to the far left. To the
left are the output units. In the back-
ground is the Type 323 card punch and in
the foreground is the Type 370 printer.

Fig. 5 shows the system organization
of the Type 305 RAMAC. Information
enters the system via the card reader
shown in the upper right-hand edge of the
diagram. The information is written
directly from the reading brushes onto
a magnetic drum housed in the processing
unit.  On the next card cycle the informa-
tion is read at a check station and com-
pared with the data on the drum. Follow-
ing a successful check the information is
available under program control within
the process unit. With the use of two
tracks for input it is possible to parallel
card feeding and processing operations.

The processing unit contains a mag-
netic drum with 33 tracks of 100 characters
each and the circuitry for manipulating
information on the drum according to a
program that is also stored on the drum.
Twenty of the drum tracks can be directly
addressed from the program counter and
make 200 program steps directly available
foruse. Additional program steps may be
brought from any storage in the system
and the 20 program tracks may be used
for general storage as well as program
storage. In addition, there are four
general storage tracks, three tracks used
in the arithmetic system, a track for use
with the keyboard and printer unit on the
console, two tracks used for output, and a
timing track. The random-access file
is connected to the processing unit at two
points. The address register, which
specifices the record to be read from the
file, is a five position storage unit. Num-
bers from any part of the process unit may
be sent to this unit. The selected record
of the file unit, as specified by the address
register, is available to the process unit
for reading to procure information from
the file and for writing to place new infor-
mation in the file. The results of the
processing are sent to the output track
on the drum. The printer and punch
take data directly from this track and
print and punch it according to the rules
set down on their respective control
panels.

An inquiry system to allow -calling
records from the file independently of
normal processing operations had been
provided. The location of the required
record is keyed into the keyboard, and at
an appropriate time this record is procured
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from the file and placed on a special track
into the process unit. Typing of the
record from this track proceeds independ-
ently of normal processing.

Information Transfer

Information transfer between the proc-
ess drum and the file occurs in blocks of
100 characters. Information transfer
within the process drum may occur in
blocks of from 1 to 100 characters accord-
ing to the stored program instructions.
Fig. 5, which depicts the transfer of in-
formation between two tracks of the proc-
ess drum and the input-output section,
shows how the first eight characters of
the basic instruction are used to specify
this transfer of information. Fig. 6
shows the means depicted for executing
the basic transfer instruction.

All information transfers are routed
through a 100-column core buffer unit.
For the execution of any given instruc-
tion, the input to the core buffer is switched
to the track which is to deliver the infor-
mation. On the reading cycle the path
from that track to the core buffer is closed
at a time corresponding to that when the
first position to be read is under the head
on that track. The path remains closed
until the number of characters specified
by the ‘“length” in the instruction have
been transmitted, at which time the path
is opened. The output of the core buffer
is switched to the track which is to receive
information, and that path is closed and
opened during the writing cycle accord-
ing to the position where writing is to start,
as specified in the instruction.

The processing unit executes informa-
tion-transfer instructions in sequence, as
specified by a program counter which con-
trols the next instruction to be read. The
instruction reading is indicated in the

TRACK A
LENGTH
—_—

T

POSITION POSITION

10

TRACK K

TRACK P

center of Fig. 5. The ‘‘tens’” position
of the instruction register controls which
program track is to be read from, and the
‘“units”’ position controls which of the
ten-position instructions on that track is
to be read into the instruction register.
Once an instruction is in the instruction
register, the static contents of this register
control the actual information transfer, as
outlined above.

Arithmetic operations in this machine
are handled in substantially the same
manner as information transfer instruc-
tions. The accumulator system is a
track on the process drum plus the neces-
sary circuitry to handle algebraic addition
and subtractions. If the accumulator
track is specified as the receiving track in
an information transfer instruction, the
numeric value of that information is
added to the value already on the ac-
cumulator track and the result is written
on the accumulator track. Actually, the
accumulator track may be specified as
the receiving track in two ways, ADD or
SUBTRACT. In either case the arithmetic
system notes the signs of the two numbers
passing through it, notes the instruction
specification of ADD or SUBTRACT, derives
the proper result, and writes this result
back on the accumulator track. The
circuitry is arranged to treat the 100 posi-
tions of the accumulator track as ten
individual ten-position accumulators.
Each of the ten accumulators has its own
sign associated with it. Carries between
accumulators are not allowed, and an
overflow device is included to indicate this
condition, should it occur. Transfers out
of the accumulator track can either reset
the part read out or not, according to the
way that the accumulator is specified on
the read-out instruction. There is no
restriction as to the number of positions
that may be read to the accumulator

Fig. 5. Moeans depicted for executing basic transfer instruction
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track on a transfer instruction. Thus,
several additions may be completed on a
single instruction.

As with addition, multiplication is also
handled as an information-transfer in-
struction. There is a multiplicand track,
and specification of this as the receiving
track will cause the number transmitted
to be written on this track ten times. A
maximum of nine characters can be read
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to this track. Specification of the multi-
plier as the receiving track in an instruc-
tion will cause multiplication of the num-
ber transmitted on this instruction by the
number on the multiplicand track. The
product is stored in the first twoaccumula-
tors on the accumulator track. The
multiplication process is simple, in that
each multiplier digit merely chooses when
to start adding the information on the

System organization of Type 305 RAMAC

multiplicand track into the product
register. The multiplicand track may be
used for operations other than multiplica-
tion. One such use is to send a number
there and then add all or part of this track
to the accumulator track. In this manner
the same number can be used to affect
balances in several accumulators in a
single instruction. This distribution func-
tion is the reason for writing the tenth field

Lesser, Haanstra—The RAMAC



on the multiplicand track of the arith-
metic system.

Any information-transfer instruction
can be converted from an actual transfer
to a comparison of the data specified on
the “From’ and “To” tracks by placing
a 1 in the tenth position of the instruction.
The result of the comparison is made
available for control operations to be
described later. Thus, if we wish to com-
pare a name that is on track 4 from posi-
tions 20 to 44 with a name that is on
track J from positions 65 to 89, we would
write the following instruction:

A 44 J 89 25 ()1

There is also a field compare operation
made possible by inserting a 2 in the tenth
position of the instruction. This instruc-
tion compares the data from the two
tracks specified and makes comparison
results from each block of ten characters
on the tracks available for control opera-
tions to be described later.

In addition to the drum tracks already
mentioned, there are two other units
that may be specified as receiving loca-
tions in an information transfer instruc-
tion; these are the address register and
the character selector. The address
register is a five-digit storage unit where
numbers are placed to specify the loca-
tion of the records required from the file.
A regular information transfer instruc-
tion is used to place a number in the
register. A subsequent operation causes
the arm on the file unit to go to the loca-
tion specified. The character selector is
a one-position storage unit to which any
character in the system may be sent using
an information transfer instruction. This
may be analyzed partially or completely
during a control operation.

This completes the discussion of the
information-transfer aspects of the 305
system design. In summary, the objec-
tives were to provide an effective yet
readily understandable means for manip-
ulating information in a manner required
in business data processing. In general,
the 305 has achieved this by:

1. Handling alphabetic and numeric in-
formation with equal facility.

2. Providing for variable-length transfers
as a basic characteristic of the system.

3. Including an arithmetic system capable
of handling several numeric balances simul-
taneously.

4. Providing an alpha-numeric comparison
facility.
Processing Control

Among the requirements of data proc-
essing are a means for altering the way
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in which different situations are handled.
As was pointed out in the first portion of
this paper, the 305 uses two mechanisms
for accomplishing the required results. A
stored program is used for information
transfer and a control panel for the con-
trol functions. The general approach is
to set up the conditions for control with
the information transfer instructions and
then to wire the means of considering these
conditions on a control panel. The ninth
character of the instruction provides the
means for testing these conditions at a pre-
determined point in the instruction se-
quence. An alphabetic character is
placed in the ninth position of an instruc-
tion, and at the completion of the execu-
tion of this instruction the number in the
program counter is dropped, and an im-
pulse is made available on the control
panel via the hub corresponding to the
letter used in the instruction. This hub
will be wired through various decision
elements back to an entry point in the
instruction sequence. Physically, the
impulse travels through relay points con-
trolled by the decision elements and picks
up a new position in the program counter.
The position that is picked up is deter-
mined by the status of the decision ele-
ments and the control panel wiring.

The decision elements available on the
control panel are as follows:

1. Condition of the 10 accumulators—plus,
minus, and zero.

2. Contents of the character selector.
3. Status of the latest comparison made.

4. Status (blank field or not) of the latest
information transfer or field comparisons
made.

5. Status of a group of latch selectors
(relays) that have been picked or dropped at
previous control points.

With these decision elements, the
normal process in programming an appli-
cation is to set up the conditions for several
decisions and then to make a multiple
branch in the program. The net result
of the control system is to provide a
mechanism whereby many instructions
do not have to be utilized in making the
decisions necessary in the process.

This aim isaccomplished by concen-
trating the decisions to a few points on
the program. Another feature of the sys-
tem lies in the programming simplicity
achieved, where the programmer can
physically put his decisions together on
the panel without an elaborate review and
rearrangement of the stored program.
This latter feature is particularly advan-
tageous, as it is usually in the control
area that the more intricate problems in
a program develop, and here the program-
mer has a chance to consider these prob-

lems independent of the more voluminous
but less intricate information transfer.

Input-Output File Controls

An important part of the 305 design is
the operation and control of the input, out-
put, and file units. The three aspects of
importance in considering these units
are: (1). the means of initiating operations
of each unit, (2). the controls within each
unit are substantially independent of the
process unit, and (3). the interlock system
between these units and the process
unit. Operations for the input, output,
and file units are initiated by control
panel wiring.

The controls within each unit must be
discussed for each unit. On the card
reader two tracks are provided. The
card reads directly to one track, while the
other track is available to the process
unit. A card-feed impulse transfers the
track just used by the process unit to
card-read status, and the other track from
card-read status to availability to the
process unit. This impulse also initiates
feeding a new card to the track just placed
in the card-read status.

The printer and punch both obtain in-
formation from a single output track.
The control as to what information to
print or punch and how, is within the
print and punch units. In this manner
the process unit only need place the re-
quired information on the output track.
Print functions such as format arrange-
ment, zero suppression, etc, are specified
on the print control panel. Punch
arrangement on the card is specified on a
punch control panel. The print or punch
signal initiates the proper operation.
Information on the output track is
analyzed to determine the specification
as to the mode of printing and punching.

The file is given a new address by
transferring a number to the address
register which starts the file access mech-
anism into motion.

A similar interlock system is used for
integrating the operations of all peripheral
units with the process unit. The basic
approach in the interlocking system is to
achieve a basic overlap of operations such
as card feeding, processing, printing,
punching, and file seeking. This over-
lap has been achieved by providing suffi-
cient controls for each unit such that inter-
locks are required only when there is a
conflict in the needs of two of the units.
An example of such a conflict would be
for the process unit to attempt writing on
the output track when printing and
punching of the data there from the pre-
vious operations had not been completed.
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At such points an interlock would be
effected. Writing on the output track
would be prevented until such time as
printing and punching were complete.
Similar interlocks are effected for card
reading and other operations where these
conflicts can develop.

The result of the interlocking and input-
output-file controls is such that for any
given application the time chargeable to a
transaction on the machine is the longest
of the card feed, print, punch or processing
functions for that transaction instead of
the sum of these. At any given time, it
will be normal for the machine to be
processing a given transaction, feeding the
card for the next transaction, and printing
the results of the previous transaction.

Table |. Machine Speeds
Unit Speed
Card feed.. 125 cards per min-
ute
Priuter. .. . 50 columns per .30 cards per
second minute
Punch. .100 cards per min-
ute

Process unit . 30 ms per STEP-+20 ms per STEP

with control transfer

File........ .0 8 second maxi-..0 15 second
mum minimum
Machine Speeds

The speeds of the various units within
the RAMAC system were set to achieve

a balance in the time that each unit spends
upon a given transaction. The printer
was the first unit chosen and the speeds in
the remainder of the system are balanced
to the printer speed. Tables I gives the
speeds of the various units in the RAMAC
system.

In any given problem the over-all
machine speed will be limited by one of
these units. Inloading the file from cards,
the machine will normally be card-feed
limited, and in punching the file on cards,
punch-limited. In a typical billing job it
would probably be printer-limited. At
two seconds per line we get 1,800 lines
per hour. At reasonable utilization rates,
the objective for the machine of 10,000
line items per day can be achieved.

Discussion

W. Y. Stevens (Cornell University): Can
you give a rough monthly rental figure for
the equipment shown in Fig. 4?

Mr. Lesser: Strictly speaking, this is a
matter outside of engineering, but the last
number that was heard, which seems cor-
rect, is $3,200 a month.

W. L. Wetmore (Corning Glass Works):
Can more than one memory unit be attached
to one such computer unit?

Mr. Lesser: Again, to use an answer from
one of the previous speakers, from a logical
point of view there is nothing that would
prevent this.

Chairman Howard: If not, can separate
units (complete) have access to data con-
tained in the other? In either case, what
are the practical limits?

Mr. Lesser: This machine system is a first
attempt at this kind of a device, and no such
options have been announced to date. One
of the things about the large file concept is
that it makes a very fine large-scale buffer
between devices of different kinds. From a
theoretical standpoint, there is no reason
why you could not have multiple processing
stations operating on a single file or, con-
versely, multiple files operating on a single
processing station. The probable limita-
tions would be a matter of balance, rather
than anything else. In other words, to
oversimplify, it probably would not pay to
have several thousand files attached to a
single device doing 10,000 transactions a
day.

C. Lammers (John Diebold & Associates):
What is the access time per record when the
access arm is at the desired disk? When the
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access arm must search for the desired disk,
what is the access time per disk?

Mr. Lesser: The access time per record
when the access arm is at the desired disk
and track is exactly the same situation as on
a drum. If the disk array rotates at 1,200
revolutions per minute, you always haveto
wait a full drum revolution (in spite of
“averages’’) because your record is always
the furthest one away. In theory, it would
be half a disk revolution or of the order of 25
milliseconds. When one uses the access
mechanism as a receiving address and sends
a 5-digit number which corresponds to one
of the 50,000 records being looked for, the
arm takes off immediately. There is com-
plete overlap, so that the machine can con-
tinue processing until it needs the informa-
tion from the file. An interlock is only hit
if the needed information has not arrived.
The mechanical access time runs between
about 150 milliseconds if one is on or very
close to the same track on the same disk, up
to 200 milliseconds if on the same disk, and
up to about 750 or 800 milliseconds if one
must go from inside the top disk to inside
the bottom disk. Statistically, it works out
to about 600 milliseconds on the average,
on a true random basis.

E. Buejer (Underwood):
in the equipment?

How many tubes

Mr. Lesser: There are 1,520 tubes in the
version described. .

M. J. Mendelson (Norden-Ketay): What
do you do about description-type stock
numbers which are not commensurate with
your coordinate system of addressing?

Mr. Lesser: This is called automatic
addressing and is a subject of several
papers. There seem to be two classes of
papers on this. One of them, of course, is a

group of highly mathematical ‘“‘randomiz-
ing”’ approaches. The other line is a rather
clever “let us try and do it and see what
happens.” In essence, one performs some
kind of repeatable randomizing operation—
randomizing is a poor word. What you are
trying to do is get a more or less uniform
distribution of the part numbers of interest
in the portion of the file that you have
allotted for them. One way is to take a
certain segment of the descriptive part
number, square it, take a piece out of that
and multiply that by a packing factor and
use this as an address. The ‘“‘optimum”
segment of the part number is picked—this
is where the cleverness pays off.

One of the properties of the device is that
ten records are available at one mechanical
location of the access mechanism. A tech-
nique that has been used (it seems to work
quite well) is to compute only a four-digit
address, and then use one of the ten records
thus found for an index to the other nine.
Then the actual part number is used to find
which of the other nine records available at
the access location is the desired one, or if it
is “overflowed” to another location, or if the
desired record is not in the file at all. Over-
flows on very simple-minded randomizing
schemes (trying to pack the file 80 per cent
full, say) are of the order of 7 per cent.
There is an old rule in the business that is
known as the 20-80 rule: 20 per cent of
your items are 80 per cent of your activity.
So when the file is loaded in the first place,
the very active items are put in first, the
very dead items last, with all others in be-
tween (using the same technique to load as
will later be used to search). Thus, the
very great majority of activity is directly to
the desired disk track, and the occasional
overflows (requiring another mechanical
access) are so infrequent as to make little
difference to the average transaction rate of
of the system.

Lesser, Haanstra—The RAMAC



Conference Summary

JOHN W. CARR il

ARDLY had our Conference chair-

man, on Monday, opened the ses-
sions than the major problems of our
somewhat diffuse computer field began to
raise their ugly heads one by one from the
platform.

Mr. Engstrom, who works for the
Defense Department, immediately raised
for most of us and for himself the ques-
tion—How can an art, a science, an in-
dustry, if you will (depending upon how
you look at it), with such tremendous
“pay-off”’ in individual human effort, fail
to be inflationary in its own require-
ments for manpower and material? The
questioner from the audience who face-
tiously asked Mr. Engstrom {(and I
don’t know whether he was so facetious,
after all) why his organization did not
stop creating demand for computer
personnel might just as well have, like
King Canute, ordered the waters to roll
back. The stakes in automatic digital
information machines in the Defense
Department and its grim war games are
so high that such things as the hushed
salary discussions in a corner of the
lobby, or the quiet descriptions of the
newest project that can be worked on,
have to be allowed to continue.

Even Mr. Whitelock of the Navy De-
partment cannot hide the problem that
his and every other organization must
face, both before and after the equip-
ments are obtained: Where are the
people to come from who will develop,
maintain, and use these new monsters,
devourers of both information and per-
sonnel? Mr. Calhoun, in his travelog of
computers through 15 countries, returned
to this theme. In England and on the
continent, he notes, the men who a few
months ago were leaders in university
laboratories have now left their graduate
students behind, or else have taken these
students with them, to work in one of
many new commercial computer design
laboratories. Here in this country the
program for these sessions has reiterated
the problem.

Three years ago, a joint computer con-
ference was studded with papers by
university personnel and members of

JouNn W Carr III is professor of mathematics at
the University of Michigan, Ann Arbor, Mich

This is a condensed text of the Conference Sum-
mary presented at the Eastern Joint Computer Con-
ference 1n New York, N. Y., December 12, 1956.
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university laboratories. Today, with the
exception of ably presented papers from
the Massachusetts Institute of Tech-
nology’s Lincoln Laboratory and the
Stanford Research Institute, no umniver-
sity representatives are participating
except in the less important positions of
chairmen and, of course, conference
summarizers.

This is not a complaint, but a call to
meditation. There are in fact still ac-
tivities continuing in universities, and I
might mention a few. First of all,
Prof. Perlis and a small group at Purdue
University and the Carnegie Institute of
Technology are among the first to write
an algebraic language and a translater for
two different (and competing) machines,
so that problems in the same language
can be performed both an IBM (Inter-
national Business Machines Corporation)
and Datatron equipment. Prof. Scott
and a small group at Michigan are
developing important teaching tech-
niques in computer design. Their build-
ing-block computer has been begun, and
they are carrying on fundamental re-
search in high-speed components. Prof.
Rubinoff of the University of Pennsyl-
vania, with graduate students and other
professors, has finally shown that digital
computers can outdo analog computers
in real-time simulation. Prof. Meagher
and his group at Illinois University have
plans for a computer with speeds to
match any discussed at the conference.
And there are others.

These are, however, I am afraid, iso-
lated cases with tenuous futures. In
general, the problem can be stated thus:
In the area of computer design, are we
letting the wells run dry at the source?
Tirst, the role of the universities here
shall be that of a critic. As someone
has said, if you cannot produce, teach;
if you cannot teach, become a critic.

There were other omissions from the
program that are worth pointing out.
First, the absence of automatic program-
ming techniques and any discussion about
them should be marked. This is not in
criticism of the program committee; I
have in my files a copy of a letter of some
months ago written by one of the members
bemoaning the lack of papers in that
area. We have not heard any discussions
about automatic programming techniques
at the meetings, but there do exist such

new computer techniques in the lan-
guages such as that of Professor Perlis’
common language for the 650 and the
Datatron, the Boeing common language
for the Univac Scientific and the IBM
types 650 and 701, the Fortran language
for the 704, and the AT-3 algebraic
translators planned for the Univac.

The absence here, I think, is one of
communication, and instead of the arti-
ficial wall tumbling down between the
logical designer in hardware on the one
side and the logical designer in stored
programs on the other side, it appears
from this meeting that the wall rises
higher than ever.

Take, for example, the idea of what I
shall call ‘“‘associative memory.” We
all have it. When you think of Christ-
mas, you think, perhaps, in terms of
snow and your overshoes and your wife,
who reminds you to put them on, and so
forth,

The first such man-planned associative
memory that I know of has been pro-
programmed by Cliff Shaw at the Rand
Corporation, working with Newell and
Simon of the Carnegie Institute of

Technology. They term this rather
amorphous portion of the Johnniac
internal memorv ‘“The Pit,” because

they can toss any piece of information
they wish to remember at random into
any vacant position in this “blob,” if
you will, with the full anticipation of
retrieving it later on as part of a se-
quence of associations. Remembering
how B-boxes and floating-point finally
became part of the hardware, I will
rather softly predict that perhaps one
of the future uses of Mr. Buck’s eryotron
might be in such an associative memory.

Our third problem, then, is communi-
cation; and no one put it more eruditely
or wittily than Sir Watson-Watt. Those
of us who had the pleasure of hearing
him at the luncheon heard him beg us to
break our semantical chains in computer
communications. I extend the plea to
urge all of us to try to overcome the
artificial barriers that appear more and
more to isolate the user from the de-
signer.

Here, then, are three problems that
have thrust themselves rather osten-
tatiously before us, starting from Mr.
Engstrom’s opening remarks:

1. The problem of manpower, or how to
continue to find personnel to satisfy the
needs of an everexpanding computer re-
search economy.

2. The problem of the preservation and
rehabilitation of the position of the univer-
sities in the area of computer circuits, de-
sign, and logic.
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3. The problem of intercommunication
across the artificial barriers, such as, for
example, that which separates the logical
program designer from the logical hardware
designer.

I do not pretend, of course, to have
the complete answers to these three
problems, or that there are any, but I
shall put forth a tentative beginning
toward a solution.

The three problems are intimately in-
terrelated. They all involve, as you
might suspect, our university research
and educational programs. This ten-
tative solution does not, oddly enough,
require vast sums of money, but instead
requires a great deal of something more
often in much shorter supply, even in our
own field—imagination.

The shortage of professional computer
manpower cannot be relieved by artifi-
cially bidding up what little there now
is in supply. New additions must, as
Mr. Engstrom says, come from outside.
And I add, they can only come from
below, from persons developed by uni-
versity professional graduate programs.
One obviously cannot relieve the shortage
by hiring those university electrical en-
gineering and mathematics professors
that show signs of ability, and taking
them away from their present posts.
And may I add, on the subject of pros-
titution, that when a university pro-
fessor finds a student of 4 years before
earning 4 or 5 thousand dollars more
than he does, even his professional
chastity begins to totter. Nor can one
relieve the shortage by drawing away
the better graduate students to the
computer design and development lab-
oratories before they acquire their Ph.D.’s.
No matter how one disguises it, a com-
mercial laboratory, in my opinion, is not
a university.

Instead, a little ‘“‘seed money,” ju-
diciously placed, might prove an ex-
ceedingly high “payoff.” Suppose the
high light of the Joint Computer Con-
ference 2 years from now were to be the
presentation of the prize-winning paper
by a university graduate student in the
area of information systems design?
A prize of $5,000 for further study in the
area of computers, provided by, perhaps,
Mr. Engstrom’s employers, supervised
by the National Science Foundation, and
judged under the auspices of the Joint
Computer Conference, would be, it seems
to me, a worth while enticement to
many a bright young engineer or scien-
tist.

Or what about the professors? The
trend has been obviously, on purpose or
not, away from using university research
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talent at the universities. The trend
has been, rightly or wrongly, away from
encouraging university work on com-
puter systems. Even if those who
parcel out the resources in Washington
believe that the day of the university
over-all systems design is dead (and I
believe that that decision would be ut-
terly absurd), university research and
talent can still be used on smaller por-
tions of the over-all problem: Paper
designs of systems, storage components
and circuitry, and automatic program-
ming. When university research in com-
puters disappears, university teaching in
that area crumbles, and when the latter
happens, not even a trickle of qualified
graduate students educated in any depth
will talk to your recruiting personnel as
they make the rounds.

Finally, on the problem of communica-
tions: How is a discipline organized so
that it can intercommunicate? Gen-
erally, that job is a labor of love by uni-
versity professors who pass the disci-
pline on, better organized, better evalu-
ated, and better placed in the proper
perspective. Who write the treatises
and the textbooks that serve as the
starting points for the newcomers in the
field? Again, persons in the universities.
Who, in the final analysis, develop the
glossaries and the standard terminology?
Committees of the professional and
technical societies, nominally, yes, but
the university teachers accept or reject
them, mold and shape them, in passing
them on to the next generation.

There is no easy solution to these
problems that have been jointly posed.
My argument is that the answer is not
in killing the goose that lays the golden
eggs, by hiring away professors, neglect-
ing the granting of university contracts
in computer design and development,
leaving the universities as the last re-
search areas in our societies to have ade-
quate high-powered computational equip-
ment.

Nevertheless, I do not want to under-
estitnate the assistance given to the uni-
versities by several organizations. The
industry, and the government that re-
ceives its benefits, owe much to the be-
ginnings made at the University of
Pennsylvania, the Massachusetts Insti-
tute of Technology, the Institute for
Advanced Study, the University of Illi-
nois, and other schools. The rules of re-
search productivity do not change over-
night.

Therefore 1 should like to say, as the
result of our meditations, that if a lack
of imagination, not of money, a lack of
reasoned self-interest on the part of some

manufacturers and, perhaps, a weakening
under obvious pressures on the part of
Mr. Engstrom’s employers, leave no
computer systems design or circuitry re-
search in the universitites, or very little,
as a result, your new designs may fit only
the average commercial user’s adequate
pocketbook and inadequate imagination.

Feed a little “seed money’’ of the many
millions being spent into this area, and
there is a chance that the problems of
personnel, advanced research, and in-
tercommunication may still be resolved.

Again, as a critic in the more nearly
true sense of the word, let us go on from
Mr. Engstrom’s and Mr. Whitelock’s
discussion. Let us evaluate the tech-
nical and relatively mnoncontroversial
problem portions of our program. What
are the goals of our present computer
technology? The apparent goal is to
solve new problems with the following
characteristics:

1. Much more input and working data to
be required.

2. Necessity for higher speeds in proc-
essing.

3. Necessity for more rapid and more
nearly random access to the large amounts
of data required.

4. The extreme difficulty of formulation,
and later programming, with the use of
conventional methods.

Itis my contention that giant strides
have been made and discussed in the
3 days in the first three of these areas.
But in the fourth, the extreme difficulty
of formulation and later programming
still looms, almost completely untouched,
as the largest problem of all.

How are these problems to be solved?
By producing equipment as follows:

1. More efficiently mass produced, with a
lower cost and smaller size.

2. Much more rapid and therefore much
less expensive per unit operational cost.

3. Having more reliable individual ele-
ments and therefore much greater over-all
systems reliability.

4. Matching better the human to the
machine, and meanwhile operating more
automatically and therefore more reliably.

Again, great strides have been made
and discussed during the three days’
session in the first three areas: produc-
tion and size, speed and expense, and com-
ponent and systems reliability; but the
improvements in the area of systems
match to human being, for example, and
over-all automatism must again await
the final results of systems which have
been merely broached or discussed here.

To meet the needs for greater amounts
of internal storage combined with more
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nearly automatic production than that
offered by the six Swedish girls who wired
the BESK memory in their living rooms,
we have been offered, among other things,
some very interesting devices. A wound
memory element to replace cores has been
described by Mr. Tracy. Dr. Rajchman
proposes solid plates of material, easily
machined. Pohm and Rubens would
use magnetic film strips to aid in the pro-
duction problems.

As to reliability, there seems to be
common agreement that the burial of
the vacuum tube is long overdue. “The
King is dead,” but there is violent dis-
agreement over who the new king should
be. We have computer circuits with
almost every possible combination of
elements.

There are computers or circuits that
generally use only transistors and re-
sistors in Direct-Coupled Transistor-
Logic circuitry, such as the Transac de-
scribed by Mr. Maddox, and the Tradic
Leprechaun described by Mr. Githens.
Mr. Andrews bases his logic on a non-
linear inductance. Mr. Hogue proposes

a combination of diode gating with non-*

linear inductance. And finally, Mr.
Buck proposes circuits made up of non-
linear resistance alone in the cryotron,
with driving power now furnished by a
refrigerator. The logical designer should
be a happy man. He apparently has no
dearth of building blocks to work with.

The problem of input-output data
handling, if the number of papers is any
criterion, has not received the attention
that the more glamorous but no more
important circuitry has obtained. The
three gentlemen from Stanford have
neatly combined two signals in one
carrier—magnetic—ink and have shown
that the presence of large amounts of
optical noise does not affect magnetic
reading. Let us hope that they will
have the chance to extend their device
to many more symbols on arbitrary page
formats.

The ubiquitous transistor turns up
once again in the Radio Corporation of
America’s transistorized card punch.
We can only chide the authors mildly by
reminding them that, while eliminating
the vacuum tube, they have not yet elim-
inated the punched card. The electro-
graphic printer and recorder of Epstein
and Kintner is a working system that de-
serves further study. It shows the
computer user that he is not forever bound
to mechanical and photographic devices.
Further effort will be greatly appreci-
ated by persons using computing ma-
chines to see that the technique of sim-
plified display-plotting can be extended.

Carr—Conference Summary

We might divide new systems very
quickly into ‘‘conventional” or ‘un-
conventional”’ devices, with ‘‘conven-
tional” or “‘unconventional” approach.
Under the first category, which I will
call “‘conventional devices with uncon-
ventional approach,” one might list the
DATAmatic 1000, the TAPEDrum,
the National Cash Register Corporation
(NCR)-304 machine, and the Datafile
addition to the Datatron system.

For example, the DATAmatic 1000,
as discussed by Mr. Smith, is basically
similar to most data processors, but its
designers felt that the key element was
getting information in and out of the
machine, so they widened their tape.
Mr. Hollander’s discussion this afternoon
of the TAPEDrum, of course, carries
this procedure to the logical extreme.
The NCR-304 produces again a conven-
tional machine, but with some unconven-
tional procedures that are well worth
noting—for example, the concept of a
multilength, multiaddress instruction logic
on their various sorting and file instruc-
tions.

The Datatron system with the Data-
file, at about twice the cost of an or-
dinary tape mechanism, apparently, is a
device which will far better satisfy the
vast majority of the users’ needs.

A second list might be ‘“‘unconventional
devices with a conventional approach.”
The Tradic computer uses the newest
DCTL circuitry, but to me it is very
much like the old Whirlwind I of almost
8 years ago, in a smaller box. The
Transac S-1000, discussed by Mr. Mad-
dox, is an all-transistor computer, unique
in its circuitry, but surprisingly like
the Univac Scientific. The TX-0 is a
very simple machine, built around a
fantastically large memory.

Then we can list “unconventional de-
vices with an unconventional approach,”
where nothing is spared bothin circuitry
and in components, and logic of design.
First in the time schedule, apparently, is
the Univac-Larc for being the first ma-
chine produced. Dr. Eckert discussed the
problem of parallelism of structure.
There are to be both editing and calculat-
ing devices running at the same time,
with the possibility of two independent
calculators. There will be solid-state
components techniques. We have heard
about several, which may be the fore-
runners, from Mr. Bonn and Mr. Torrey,
Mr. Keilsohn and Mr. Smoliar, on the
accumulator and the shift register that
they have devised, using ferractors. We
heard about the drum file with moving
and floating heads, of 18-megabit size.

The machine which was projected

further into the future, and which there-
fore used more “blue sky”’ components,
was the IBM Stretch. Mr. Dunwell
again showed that they intended to use
parallelism of structure. New tech-
niques and circuits are still under de-
velopment, aiming at 10-megapulse tran-
sistor circuitry. Mr. Lawrence showed
us an unusual magnetic-core structure at
speeds of possibly smaller than micro-
seconds’ access time. Mr. Lesser and
Mr. Haanstra have talked about the
magnetic disk, which is part of a 303
system, but which is also to be part of
the Stretch, if the discussion is correct.

Finally, we have had the projected new
catalog method, making use of the
cryotron, discussed by Mr. Slade and
Mr. Buck, in which they told us that they
could simultaneously detect in coincidence
one item out of half million in about 10
microseconds.

One last point which I think is of in-
terest is that both the TLarc and the
Stretch are to be built for the first time
apparently from the outside in, or some-
what so, as an integrated system, in an
integrated systems approach, with the
external language of communication as
the starting point and with automatic
programming techniques in carrying the
language on into the middle of the
machine. The delivery of the machine
will contain complete compiling systems
in both cases.

There is one last omission I would
note, and I am afraid it will remain
with us for a while. It is that last
break-through from the pattern of the
general-purpose selective-sequence stored-
program calculator as we know it.

There are already minor cracks in the
armor of our historical patterns. We
see systems in which there are several
operations being performed concurrently.
Information is forced through channels
at a rapid rate by paralleling beyond our
recent dreams. But our machines are
still the same old combination of desk
calculator, girl operator, and notebook,
that was the model for the EDVAC
and the Princeton series. Perhaps the
girfl now has two notebooks, or writes
with both hands, or works two desk
calculators at once, but the same structure
is basically there.

Criticisms of this sort, by nonproducing
critics, are of course a prerogative only
of the university person. What have
Itooffer inreturn? Justthis: Some day,
on a similar occasion, an engineer or a
mathematician will come before an au-
dience such as I am addressing and de-
scribe a device which will accept infor-
mation from its environment, process it
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b
inductively, meet situations not specifi-
cally planned for by its designer or de-
signers, and make decisions on a basis of
“studied reasoning’’—whatever that may
mean.

To me, this is our ultimate challenge,
perhaps an unattainable Eldorado, but
nevertheless, the ‘‘controlied thermo-
nuclear reaction” of the computer world,
the “big job,” toward which parallel com-
puters and megabit memories and solid-
state designs are only the stepping-
stones and not the ends in themselves.

Such machines must automatically
have the ability to accept one another’s
languages, the ability to accept problems
which have not been formulated for-
mally, for which there has not yet been a
detailed program set down; and they must
of course have a reliability far beyond
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that of a human being to avoid any
momentary aberration.

Men are thinking about such ma-
chines now, sometimes in the large com-
mercial laboratories, but more often in
university departments or independent
laboratories, talking of inductive ma-
chines, learning devices, theorem-provers,
and environment adaptation.

Those of us who are readying the
components should be kept aware of the
needs. Those of us who are dealing with
systems should remember our systems’
present limitations. The job of inter-
communication, as Sir Watson-Watt
noted, is most important.

What can be done in the final analysis?
I have heard comments, for example, on
the size of the meeting. I think its
growth is vigorous, but the dinosaur

also had its day of collapse. I offer as a
companion alternative to complement
such affairs comparatively tiny meetings
—10 to 30 people from different organ-
izations, meeting across occupational
boundaries: logical designers with pro-
grammers, circuitry personnel with auto-
mation specialists, language specialists
with programmers, and so omn. Such
meetings have already been held, more or
less successfully—for example, the micro-
programming conference at the Massa-
chusetts Institute of Technology or the
automatic programming conference at the
Carnegie Instiute of Technology.

The universities, I think, will be
pleased to serve as stimuli. Meanwhile,
as a British friend of mine has said,
“This is the best one of these meetings
I have ever attended. A lot is going on.”
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