Printed wire panel of master contrel is tested at left. Overall view of right shows hand-wired redundancy able in center

COMPUTER Selects

UMMARY —— Premium savings bond plan operating in England requires
that over 10,000 prize-winning numbers be randomly selected monthly from
over 100 million bond numbers. Computer ERNIE, (Electronic Random
Number Indicating Equipment) uses noise generators combined with counters
and storage systems to provide a printed list of purely random bond numbers.
Circuits use transistors, ferrite-core binaries and printed wiring techniques

OTTERIES in England were dis-

continued in 1826. Current in-
troduction of a state lottery would
be opposed by considerable public
opinion. However, the plan of using
Premium Savings Bonds is not a
lottery in that the purchasers’ cap-
ital investment is not at stake. An
element of chance is introduced in
the distribution of interest earned
by the investment.

The chance of being a prize win-
ner works out at about 1 in 2,000
for the first draw and at better
than 1 in 12,000 in each subsequent
monthly draw.

Bonds are issued in 23 denomina-
tions from 1 to 500 units and par-
ticipants can enter the plan at any

138

time, increase their stake or with-
draw all or part of it at any time.
A 50-unit bond has 50 chances of
winning just as do 50 1-unit bonds.
Winners are not withdrawn from
subsequent draws.

Number Selection

Owing to these conditions and
also to the very large numbers in-
volved (nearly 50 million units
were sold in Nov. 1956), it was
decided that the draws could be
best carried out by an electronic
computer, supplemented by manual
operations thereafter,

For each denomination of bonds
there is a potential numbering
range of 100 million ; the total num-
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bers for the plan is therefore 2,800
million, approximately equal to the
world population. For the Nov.
sales, the numbered bonds ranged
up to 80 million for one denomina-
tion. Accordingly ERNIE is ad-
justed to generate 23 X 30 = 690
million numbers.

A typical bond number is 2 AZ
987654, a coded form for'bond num-
ber 20,987,654 of £1 denomination.
Multiple units have consecutive
numbers and bear the first and last
number concerned. The selection of
prize winners must, therefore, be
made from 690 million 9-digit num-
bers. Of these digits the first is in
a scale of 3( the second 23, the re-
mainder in a scale of 10.

July 1, 1957 — ELECTRONICS



TELEPRINTE
NOISE COUNTERS Iy ,nsl
GEN —# BINARY \4 ' - |
|
COMBINER }—» |
¢ . _ CHARACS Tere- ||
NOISE |l sinary TEMPOR PRIMARY SECOND TER ELEMENT | [ nren |y
GEN - ARY M storace [™1..27Y  [Mloistrisu-[1DISTRIBU % ieraipy. [
COMBINER |—u
I T
NOISE d] &
GEN —=t BINARY .
i
\ i n REDUND- SERIAL
i i ¥ ANCY NUMBER
| } ] TABLE GEN

FIG. 1—Blotk diagram ol EENIE. Ten nolse goneraiors are used rather than nine o ensure that! the machine operates when one

gepsrator fails,

ssssssssseeeee B R K« HAYWARD, E. L. BUBB and H. W. FENSOM

Resecaroh Eﬂﬂi!ldﬂ'ﬂ, Research Branch
FPost Office Engincering Depariment
London, England

Premium Bond Winners

For the first draw nearly 60,000
numbers must be printed, but of
these only some 23,000 will be
eligible. This discrepancy arises
because the bonds are sold at thou-
sands of offices, and at any one
time many bonds are in atock
awaiting sale. Consequently the
numbering ranges of eligible bonds
are broken. The computer rejects
blocks of unsold bonds when these
amount to 100,000 or more, but it
is uneconomical for it to deal with
smaller blocks.

Generation of Random Numbers

Each of the 9 digits of the bond
number is generated from s sepa-
rate noise source that consists of
a neon diode passing a steady cur-
rent. This noise is amplified and
applied to a bottom clipper. Its
output triggers a monostable mul-
tivibrator which generates pulses
of standard amplitude and width
with a minimum time separation
between pulses.

These standard pulses, randomly
spaced in time, drive a8 single-stage
binary. Ita two outputs in turn
drive a counter.

The counters are in scales of 6,
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24 or 10 since counters must be
even in scale. The scale of six is
converted later to a scale of three
and then used for the first digit.
One digit from the scale of 24 is
suppressed, leaving a scale of 23
for the demonstration digit.

The rate of pulse generation is
sufficient to cause the counters to
make several complete revolutions
in one-sixth of a second. At the end
of this period the noise generator
output is suppressed and the count-
ers are read.

Fault conditions leading to a
cyclic component in & noise gener-
ator and amplifier may lead to a
nonrandom result not readily de-
tected. This event is made much
less likely by separately generating
each digit or letter from two ran-
dom noise generators each driving
an independent counter., When the
counters are stopped the outputs
of each pair are combined by sub-
tracting one number from the other
and the result is still random.

Noise generators are shared be-
tween counters as shown in the
block diagram of Fig. 1 so each
combiner works from two different
noise generators. It is useful to
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provide 10 rather than the mini-
mum of 9 noise generators, because
if one out of nine failed, it would
prevent the satisfactory operation
or the machine.

Redundant Number Suppression

Redundancy arises in two ways:
intermediate and terminal. The in-
termediate redundancy, arising
from unsold bonds in the selling
offices, has already been described.
Terminal redundancy is the more
important and refers to those bonds
which have never been issued to a
selling office. The sales of each de-
nomination vary widely but the ma-
chine generates 30 million numbers
for each. If only 15.3 million have
been issued, then there is a ter-
minal redundancy of 14.7 million
for this denomination.

The ferminal redundancy is dealt
with to the next complete multiple
of 100,000 greater than the highest
eligible number issued in .a bond
denomination. Thus the first four
digits of a generated number re-
quire examination.

The number of combinations of-
fered to the suppression device,
called the redundancy table, is 300
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FIG. 2—Circuit of nolse generator and transistor-ferrite-core binary.

Serles of pulses from nolse generalor causes negailve

of the two transistors. The resisior between base and emliiter provides rapld transistor cutolf. The blanking pulses switch off the

% 23 = 6,900, Advantage is taken
of the fact that the bonds are is-
sued in numerical order to avoid
the provision of 6,900 crosspoints.

The digits of a bond number are
examined simultaneously by a se-
ries of transistor matrices. In the
preceding example the highest bond
number is 15.3 million. Assuming
the denomination is D, a transistor
matrix of 23 by 3, called the first
matrix, compares the denomination
digit with the 10 million digit. The
matrix is wired so that DO is ap-
proved for printing, D2 is sup-
pressed and D1 is referred to the
second matrix.

For each denomination there is
only one coordinate of the matrix
that must be referred to the second
matrix, which is of size 23 by 10.
Denomination D1 is then compared
with the millions digit. In this case
D10 to D14 are approved, D16 to
D19 are suppressed while D15 is
referred to the next matrix. These
two matrices together have made
numbers 16 to 30 million redun-
dant, numbers 0 to 14 million print-
able and left numbers in the 15 mil-
lion block to be checked in a third
table, which is simpler than the
preceding two because the result
either is or is not a definite redun-
dancy.

The same table is adapted to deal
with intermediate redundancy

Number Storage

A number rejected by the redun-
daney table is erased from primary
storage and the next number issued
from the counter combiner is like-
wise examined by the redundancy
tablee When a printable number
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has been found it remains in pri-
mary storage awaiting printing,
which will take place from second-
ary storage,

On completion of the printing of
the previous message, the new num-
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ber is transferred to secondary
storage and printing commences.
At the same time a search is re-
started for a fresh number. If no
printable number has been found
the printer waits, but this occurs
only about once in 25 times.

Printing Operation

On transfer to secondary storage
an examination is made of the digit
relating to the denomination of the
bond and the pair of teleprinters
appropriate to that denomination is
gwitched to receive the message.
The message, which consists of the
bond number followed by the serial
number, is read off character by
character, converted into tele-
printer code and sent out to the two
selected teleprinters. In addition
all messages are printed on a mas-
ter copy at the control desk.

Noise Generators and Counters

Current from a constant voltage
source is fed through double de-
coupling to a cold-cathode gas diode
connected in series with a resist-
ance load as in Fig. 2. The noise
component of voltage across the
diode is coupled by capacitor C, to
a two-stage amplifier consisting of
V,and V,.

Tube V,, mounted in a metal con-
tainer to shield it and to give extra
mass, is suspended by a spiral
spring. This arrangement provides
a low natural frequency of oscilla-
tion to avoid introducing extrane-
ous microphonic noise. Amplifiers
V, and V, which are ruggedized
wired-in types, are also shielded,
and both noise source and amplifier
are decoupled by C, and L,
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Amplified noise signals thus ap-
pear on the grid of V,, the control-
grid bias of which is adjusted by
fixed resistors to some —20 volis,
Cnly voltage peaks which equal or
exceed the bias can cause V, to
conduct. The mean rate (over &
period of several minutes) of the
output pulses is made about 3,000
z gecond by adjusting the bias.

Pulses from V., are applied
through a diode gate to a2 mono-
stable multivibrator formed by V.
and V.. Tube V¥V, is normally non-
conducting and ¥V, and diode D, con-
ducting., A negative input pulse
from the amplifier iz transmitted
through D, to the anode of V, and
through a capacitor to the grid of
Ve, triggering V, into conduction.
Diode D, is now reverse biased and
remains 8o for the 20-usec restor-
ing time. Diode D, prevents any
input signal from triggering until
the ancde of V, is substantially
back to its normal voltage.

The binary circuit has two tran-
zisfors and two rectangular hyster-
esis loop ferrite cores. The output
pulse from V., is differentiated and
applied via a 10 to 1 step-down
transformer to a multiturm wind-
ing on each of the two cores. Ini-
tially the two cores have been set
to opposite states by current passed
through the binary-set wire. The
incoming pulse therefore resets one
of the cores, and the resulting large
change of flux from one remnant
condition to the other induces a
voltage on each of the windings on
the core.

One winding, connected between
base and emitier of the associated
transistor, causes it to conduct. Col-
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lector current flowa through & feed-
back winding on the core to assist
the switching action. At the same
time current flows through a wind-
ing on the second core to set it.
Emitter current flowing through a
resigtor provides a 12-volt negative-
going pulse for § usec to one phase
lead (¢,) of the following counters,
The other transistor produces no
output as it is already cut off.

The result of this operation is
that the state of the two cores has
been transposed amd an output
pulse produced. Since the circuit
is symmetrical a second input pulse
will return both cores to their
original state and provide a pulse
from the other transistor on the
second phase lead (¢,). A seriea of
pulses from the noise generator
will thus cause negative pulses to
appear alternately at the emitters
of the two transistora. Switching
off a transistor is made more rapid
by the voltage developed by the
emitter current flowing through
the resistor connected between base
and emitter.

The noise generators are
switched off at intervals of 160
millisec by blanking pulses of 4
millisec duration applied to the
suppressor grid of V. During the
latter period the random signals
cannot affect the counters, thus al-
lowing reading of their count. The
mean count per interval is about
500. The atatistical distribution of
the source is adequate to ensure
that any final position of a single
stage decimal or 24-way counter is
equally likely, assuming also that a

random satarting position ia used.
This latter condition is ensured by
starting the counter from its pre-
viouns stopping position.

Provision is made for injecting
a predetermined number of pulses
inte the monostable multivibrator
at the grid of V,. These pulses are
used during the blanking period to
operate the counter combiner,

Counters and Combiner

The circuit of the two counters
and the combiner used in generat-
ing the first digit is showm in
Fig. 8. Cores X, to X, with their
agsgociated transistors @, to Q. form
counter A. The pulses to be counted
are applied alternately to transis-
tors Q,. and @Q,., switching these and
resulting in current pulges through
the series—connected ¢, windings on
cores X,, X, and X, and the ¢, wind-
ings on cores X, X. and X, alter-
nately.

The counter is initially set up
with one core in the set condition
and al]l othera reset, If core X, is
set, then the firat pulse on the ¢,
lead will reset this core. The volt-
age induced in winding N, exceeds
the positive biaa of 0.75v and car-
ries the base of transistor @, nega-
tive with respect to its emitter,
causing the transistor to aswitch
rapidly to the highly conducting
condition. The resulting collector
carrent, defined by K, and the sup-
piy voltage and flowing in winding
N, of core X,, sets this core and 80
completes the transfer of the con-
dition originally stored on X,

Each successive pulse causes a
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further transfer in the same man-
ner. During the resetting of X, a
voltage is induced in winding N,
but since this winding is connected
in series with @, which is in the
nonconducting condition, no current
flows in the circuit. The only power
required from the drive pulse is
that required to reset the core plus
that required to bottom the tran-
sistor. The time required for the
core to reset is longer than that re-
quired to switch an unloaded core
due to the load imposed by the tran-
sistor base circuit.

The change of flux when core
X, is set induces voltages in the
transistor base winding N, and the
¢, drive winding. These are in the
opposite sense to those induced dur-
ing resetting, hence the transistor
base is driven further positive with
respect to its emitter. The result-
ing current in the N, winding is
therefore negligible. The drive cir-
cuit transistor is nonconducting so
no current can flow in this circuit
either. The core is effectively un-
loaded and this ensures that it is
set more rapidly than the loaded
core X, can be reset.

Transistor Coupling

Use of a transistor as a coupling
between the two cores has two ad-
vantages. It ensures that currents
flow only where required to per-
form a useful function and, by de-
riving the transfer current from a
separate source, greatly reduces the
pulse power required. No power is

used between counts, Since each
transistor conducts only when
transferring information from one
stage to the next and this occurs
once per revolution of the counter,
the mean dissipation of the tran-
sistors may be kept to a low value.
When used as a counter the circuit
described may use one collector
resistor common to all stages. If
separate resistors are used for each
stage the circuit may be used as a
two-core-per-bit register.

Cores X, to X,, with transistors
Q: to Q.. form counter B, operating
in an exactly similar manner from
pulses delivered by the second noise
source. Cores X,, to X, form the
combiner, giving an output pulse
to switch transistor @, at a time
characteristic of the combined
counts,

Resefting

The lead from @, which sets the
following core X, is extended
through a winding on X,, and sets
this core at the same time as X..
The resetting pulse ¢. connected
to X, is also connected to a reset-
ting winding on X,. The other
combiner cores are associated in a
similar manner with corresponding
counter A cores, In the absence of
any other signals to X,, to X, this
ensures that these cores are set and
reset in synchronism with the cor-
responding cores in counter A.

A further resetting winding on
each combiner core is connected in
series with the setting winding of

the associated core in counter B
and thus each transfer of counter B
results in an attempt to reset one
of the combiner cores. Output
windings on each core are series-
connected between a positive bias
potential and the base of transistor
Q. so that during the resetting of
each combiner core this transistor
is switched to the conducting con-
dition.

Combining Action

Every 160 milliseconds the noise
generators are blanked off and the
recorded A and B counts have to
be combined. One combiner core
will be in a set condition unless
counter B has overtaken counter A
immediately prior to the blanking
pulse, in which case all combiner
cores will be reset. A single pulse
is first applied by the master con-
trol to counter A. The resulting
transfer ensures that one of the
combiner cores is set. A train of
pulses is then applied to counter B,
the number of pulses being suffi-
cient to cause this to complete at
least one complete cycle.

As one of the transfers of this
counter takes place the set com-
biner core will be reset, The re-
sulting output pulse will switch
transistor Q... This occurs after a
number of pulses equal to one plus
the difference between the recorded
B and A counts. For example, as-
sume counter A records 4 and
counter B 2, so that cores X, andX,
are set. The single A pulse causes
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mmmmmumhmm Printed wiring boards are equipped by hand. Terminals at end
each draw 1o Include bond numbers issued since previous draw permil rewliring to provide other counler and storage facllities

X and X,, 17 to be set and X,, will
be reset by the third B pulse:
4—-2+1=38.

Storage Circuits

The number of pulses required
to obtain the output pulse from the
combiner is counted and recorded
in temporary storage, examined in
conjunction with other digits in the
redundancy table, and if not indi-
cated as redundant, is finally trans-
ferred to storage for printing by
the appropriate teleprinters.

The storage circuits associated
with the first digit are shown in
Fig 4. Transistors Qs to Qs op-
erate as gates. When made con-
ducting by negative pulses applied
to their bases, they connect the
setting windings of temporary stor-
age cores X, to X, to the output
from @, of the combiner.

The pulses are applied sequen-
tially in synchronism with the
pulses of the counter B train and
thus result in the setting of the
core corresponding to the combina-
tion of the two counters. Two
pulses are applied to each gate and
the scale of six employed in the
counters and combiners is stored
in a scale of three as required for
the first digit of the bond numbers.

After the counter B pulse train
is complete, all temporary storage
cores are reset by a pulse from the
master control and the marked core
gives a pulse which switches its as-
sociated coupling transistor Q,,
Qs or Qu. Each transistor has its
collector connected to the negative
supply, with the setting winding of
the corresponding primary storage

core X,, to X,; in series with a re-
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gistor between emitter and ground.
When the temporary storage cores
are reset, the corresponding pri-
mary storage core is set and an
8-volt negative pulse from the
emitter of the coupling transistor
is sent to the redundancy table.

The transfer from temporary to
primary storage occurs simultane-
ously for all digits, in contrast with
the transfers from combiners to
temporary storage which occur at
times determined by the combina-
tions. Thus simultaneously pulses
indicating the first four digits are
gsent to the table for comparison
with the stored pattern.

If the table indicates that the
number being offered is redundant
then the primary storage cores of
all digits are reset immediately.
The base of transistor @ is held at
a positive potential so, although
one of the coupling transistors Q..
to Qs will be switched, its collector
current will be negligible and the
code will be erased.

If no redundancy is signaled to
the master control, resetting of the
primary storage cores is delayed
until printing of the previous mes-
sage has been completed. The sec-
ondary storage cores X,, to X, are
then known to be reset, and reset-
ting of the primary storage cores
accompanied by a negative allow-
transfer pulse to the base of Q.
transfers the code to the appro-
priate secondary storage core.
From here it is transferred digit
by digit, interleaved with letter
and figure shift signals, to a stat-
icisor employing cold-cathode tri-
odes, translated to teleprinter code
and transmitted to the printers.

While a printable number is held
in the primary storage waiting for
the printing of the previous mes-
sage to be completed the periodic
blanking of the noise generators
continues. To prevent further num-
bers being passed to the occupied
storage, the gating pulses and the
pulses to the A and B binary units
are inhibited by the master con-
trol.

To arrange for the teleprinter
switching, transistors Q. to Qs are
switched by the voltage generated
as the associated core is set. The
emitter current causes a relay to
operate and connect the required
teleprinters to the line. To avoid
undue slowing of the setting of
secondary storage cores, transistors
Qx to Qs and their drive windings
are chosen to reflect the minimum
possible load to the drive circuit.

Basically the storage circuits as-
sociated with all other digits are
similar, For all digits but the first,
the storage scale is the same as
that in the counters and only one
pulse is applied.

The redundancy table circuit re-
quires a positive pulse from the
gsecond digit. To obtain this the
loads are connected in the collector
circuits instead of in the emitter
circuits of the transistors coupling
temporary storage to primary stor-
age, Finally, the selection of the
teleprinters depends on the first
two digits only so transistors Q.
to Qe are omitted from the circuits
generating other digits.

Thanks are due the engineer-in-
chief of the General Post Office for
permission to make use of the in-
formation contained in this article.
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