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ELECTRONIC TELEPHONE SWITCHING SYSTEM
Willis A. Budlong, Morristown, Glen G. Drew, Franklin
Township, Somerset County, and John A. Harr, Morris
Plains, N.J., assignors to Bell Telephone Laboratories,
‘I;co]:porated, MNew York, N.Y., a corporation of New
or]
Filed Dec. 30, 1959, Ser. No. 862,812
52 Claims. (Cl. 17918)

This invention relates to electrical switching systems
and more particularly to electronic automatic communi-
cation switching systems of the type disclosed in U.S.
Patent 2,955,165 granted to W. A. Budlong et al., October
4, 1960, for automatically establishing paths for the con-
veying of communication signals from one communica-
tion channel or path to another communication line or
channel.

The automatic communication switching systems of the
prior art first employed relatively slow-operating devices,
suich as relays, stepping switches, the other types of switch-
ing apparatus. As a result, such equipment in each
switching center had to be duplicated in order to provide
for the simultaneous establishing and handling calls in
order to handle the traffic load at the switching center.
More recently, efforts have been made to increase the
speed of operation of such equipment by employing elec-
tronic devices, but in general the tendency has been to
merely substitute electronic switching devices in prior
art switching devices and systems. In other words, where
advantageous, the electronic equipment has been substi-
tuted for electromechanical relays, stepping switches and
other types of switching equipment. However, there has
been so significant reduction in the over-all bulk of the
systems in the manner in which they perform, nor the
cost, or the power requirements. Moreover, there has
been no great change in the flexibility of such switching
systems.

It is accordingly an object of this invention to provide
an improved electronic communication switching system
requiring less space and operating at a sufficiently high
speed that the control equipment may perform the neces-
sary operations for each call serially or sequentially but
does not have to be duplicated to handle the traffic load.

In prior art automatic switching systems, the mode of
operation of the system was determired by the various
component parts and their mode of interconnection. In
other words, the interconnections determine the various
steps and the order in which the steps are performed
and the functioning of the system. If it is desired to
change the various steps or the order in which they are
performed, it has been previously necessary to either de-
sign a new system of interconnections or to materially
modify the previous interconnections. Such arrange-
ments are relatively inflexible and the cost of changing
them to meet new conditions is large.

It is another object of this invention to provide a new
and novel switching system wherein the advantages of
modern electronic technology are employed to provide
improved system flexibility and to permit the system to
be modified and adapted for different size offices and
different locations with a minimum of changing of the
wiring and interconnecting of the various component

arts.

P Another object of the invention is to provide a high
speed electronic switching system in which substantially
all the functions and operations are provided by high
speed electronic devices and apparatus.

Another object of this invention is to employ new and
improved electronic components in a telephone switch-
ing system.
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Another object of this invention is to arrange the new
components of the system in a novel manner and to pro-
vide for novel manners of cooperation between the vari-
ous components to permit rapid and inexpensive re-
arrangements of the system to meet changes in traffic
and other environmental conditions, to readily increase or
decrease the size of the equipment, to facilitate the addi-
tion of new, and useful functions, and to provide new and
novel services to communication system subscribers.

Another object of this invention is to reduce the physi-
cal size of the communication switching systems and thus
to permit savings in the cost and maintenance of the
buildings in such systems.

Another object of this invention is to provide simpli-
fied control apparatus constructed from a small number
of component parts which may be readily replaced, thus
increasing the reliability and reducing the cost of mainte-
nance and repair of the system.-

In the communication systems of the prior art for both
large and moderate size systems, it is necessary to dupli-
cate the control equipment a large plurality of times in
order to provide sufficient capacity to handle the busy
hour calling rate encountered in modern communication
systems. This necessitates the use of many busy test,
double connection testing and preventing circuits.

An object of this invention is to provide a high speed
serially operating system which is capable of operating
at such speeds so that the necessity both for such dupli-
cation and- also for such busy test, double connection cir-
cuits, etc., is eliminated and thereby simplifying and re-
ducing the cost of the switching system without reducing
its effectiveness.

In the prior art the switching matrices or switching
networks employed to actually provide paths for com-
veying communication signals and the control equipment
therefor operate at relatively slow speed so that full ad-
vantage of high speed electronic switching equipment can-
not be obtained when used in combination with such
switching networks.

Another object of this invention is to provide improved
switching networks employing substantially all electronic
switching devices which operate at relatively high speeds
so that full advantage may be taken of the available high
speed control techniques of electronic devices.

A feature of this invention relates to a large capacity
random access permanent storage device for controlling
the circuits and functions performed thereby. By pro-
viding photographic memory storage plates which are
interrogated by light generated by a cathode-ray tube, suf-
ficient storage capacity has been obtained which operates
at sufficiently high speed to provide storage of the system
logic. This logic can, therefore, be readily changed by
replacing the information stored on the photographic stor-
age plates.

Another feature of the invention relates to a second
high speed storage or memory system wherein the stored
information may be rapidly changed. A feature of this
system relates to arranging such temporary memory on
a random access: basis and operating it at a sufficiently
high speed to permit its operation in a serial manner to
serve each of the calls in sequence. This again permits
the reduction of the amount of equipment and thus in-
creases the reliability and reduces the cost of such a
system. )

In accordance with another feature of this invention,
a multistage switching network is provided with network
control circuits which may be supplied with information
to perform various switching functions. These control
circuits then cooperate with the network to perform or
attempt to perform the desired functions with the coopera-
tion of the main control portion of the system.
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Another feature of this invention relates to providing
independent control circuits and apparatus for different
portions of the system and then providing for the transfer
of information from one control portion to another when
they have completed the desired operation.

Another feature of the invention is to provide equip-
ment for automatically maintaining a record of the suc-
ceeding location of the information to be next obtained
from the permanent memory storage means.

Another feature of the invention relates to control
means for the permanent memory wherein permanent
memory may be directed to read out the next item of
stored information in a sequence or alternatively shift to
a different item of information. .

Another feature of this invention relates to arranging
the stored information in the permanent memory in the
form of plural bits which are sometimes called words or
orders and then arranging such orders in sequences.
These sequences are also sometimes called sub-routines
and are employed to perform a certain operation when
required.

Another feature of the invention relates to overlap
operation within the common control portion of the sys-
tem wherein the execution of certain orders require two
cycles of operation. In this case, an order is employed
by the common control to condition the various circuits
and then the succeeding order is read out from the flying
spot store and entered in the common control. At this
time the execution of the first order will be completed.
Either the previous order is executed and the succeeding
order is employed to further control the operation of the
system or else the control of the system is transferred to
other orders stored in other locations in the flying spot
store.

Another feature of this invention relates to storage
means provided in the director or common control cir-
cuits to store or remember the location in the flying
spot store or permanent memory of the order entered in
the common control or director portion of the system.

A feature of this invention relates to control circuits
jointly responsive to a sequence of orders and to a busy
network for entering a network busy indication and a
network request in the temporary memory and then, in
response to another sequence of orders, searching for said
network request and controlling said network in response
thereto and to other sequences of orders.

Another feature of this invention is a parity check cir-
cuit which is employed to check the orders read out from
the permanent memory and entered upon the order word
register in the common control circuits.

Another feature of this invention relates to control
circuits responsive to the parity check circuit for per-
mitting an order, entered on the order word register in
the common control circuits, to be employed to control
the system, or to reorder from the flying spot store the
order presently entered on the order word register.

Another feature of the invention relates to a counting
circuit for counting the number of times an order, entered
on the order word register, is reordered.

Another feature of this invention relates to control
circuits for automatically advancing the control of the
system to a succeeding order after a given order has been
reordered a predetermined number of times.

Another feature of this invention relates to control
circuits for discarding orders entered on the order word
register in the common control circuits which control
circuit is jointly controlled in response to a previous order
entered on the order word register and to information
read out of the predetermined registers of storage spots,
or the condition of a predetermined flip-flop, or other
circuit or circuit components, independently of the op-
eration of the parity check circuit.

‘ Another feature of this invention relates to transmitting
rest signals from the common control to the permanent
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memory or flying spot store circuits to direct the beam
in the cathode-ray tube in this store to a predetermined
location to prevent the burning or destruction of the
phosphor on the end of the tube.

Another feature of the invention relates to auto-
matically directing the beam within the flying spot store
circuit tube to a rest position in response to the absence
of orders for moving the beam for a predetermined in-
terval of time.

Another feature of the invention relates to supplying

additional illumination to the output photo-multiplier
tubes when the beam within the cathode-ray tube in the
flying spot store is directed to its rest position.
- Another feature of the invention relates to an intensity
control circuit responsive to the output light from the
cathode-ray tube in the flying spot store to vary the op-
erating bias on the output photo-multiplier circuits and
amplifiers so that the response of these output circuits is
substantially independent of the amount of output light
from the phosphor on the end of the cathode-ray tube in
the flying spot store.

Another feature of the invention relates to changing the
bias on the output photo-multiplier circuits and amplifiers
in response to directing the beam within the cathode-ray
tube to its rest position to insure more accurate and
prompt response to a succeeding order directed to the
flying spot store circuits.

Another feature of the invention relates to regenerating
the information stored in the temporary memory or bar-
rier grid store at each storage spot, one at a time and in
response to each of the clock pulses except those clock
pulses following orders directing a specified spot to be
read out and changed and except for the immediately
succeeding order.

Another feature of the invention relates to control
circuits for successively causing the regeneration of each
of the storage spots in the temporary memory or barrier
grid store.

Another feature of the invention relates to storing
indicia in the temporary memory or barrier grid store
indicating the number of digits to be outpulsed to a
distant central office.

Another feature of the invention relates to control
circuits responsive to indicia stored in the temporary
memory or barrier grid store for outpulsing different num-
bers of digits to distant central offices as will be required
by these offices.

Another feature of this invention relates to an ad-
ministration center for manually directing the permanent
memory or flying spot store circuits to read out predeter-
mined orders to the common control circuit.

Another feature of the invention relates to an ad-
ministration center for manually directing the temporary
memory or barrier grid store to read out and regenerate,
read out and change, to read out and write “0” or to
read out and write “1” in any predetermined storage spot
in this store.

Another feature of this invention relates to an ad-
ministration center for manually entering an order on
the order word register in the common control circuits.

Another feature of the invention relates to an admin-
istration center control circuit for advancing the control
of the system one step at a time.

Another feature of the invention relates to an ad-
ministration center control circuit for initiating auto-
matic operation of the control of the system.

Amnother feature of the invention relates to control
circuits in the administration center for manually select-
ing a predetermined order from the permanent memory
and directing the system to start with this order and
automatically and repeatedly employ a following pre-
determined number of orders to repeatedly control the
operation of the system.

Another - feature of the invention relates to control
circuits for transmitting control information to the net-
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works and to concurrently transmit indicia of a succeed-
ing sequence of orders to further control the network to
a network register in the temporary memory or the barrier
grid store.

The foregoing objects and features of this invention
may be more readily understood from the following
description of an exemplary embodiment thereof and read
with reference to the attached drawings in which:

FIG. 1 shows in outline form the major components
of the exemplary electronic telephone switching system
embodying our invention and the manner in which the
components cooperate one with another;

FIG. 2 shows the manner in which FIGS 3 through 12
are arranged adjacent one another;

FIGS. 3 through 12 show in outline form the various
component parts of the various circuits and apparatus
of an exemplary embodiment of this invention;

FIG. 3 shows in outline form the components of the
temporary memory, called the barrier grid store, and
the barrier grid store monitor circuits;

FIG. 4 shows a portion of the components of a switch-
ing network;

FIG. 5 shows in outline form the various portions
of the control circuits of the concentrator portion of the
switching network;

FIG. 6 shows a portion of the common control
circuits;

FIG. 7 shows another portion of the common control
circuits and also the administration center circuits and
apparatus;

FIG. 8 shows another portion of the switching net-
work;

FIG. 9 shows the control circuits and apparatus for
the distribution portion of the network;

FIG. 10 shows another portion of the common control
circuits;

FIG. 11 shows still another portion of the common
control circuits;

FIG. 12 shows the components of the permanent mem-
ory which is called the flying spot store herein;

FIGS. 13 through 142, inclusive, show the detailed
circuits of the exemplary electronic switching system
embodying this invention when arranged adjacent one an-
other in the manner shown in FIG. 143;

FIGS. 13 through 64, inclusive, show the circuit de-
tails of the various component circuits of the common
control circuits or portions of the system. These fig-
ures are arranged adjacent one another as shown in
FIGS. 143 and 144,

FIG. 13 shows circuit details of the network output
control circuits;

FIG. 14 shows a porton of the line and trunk scanmer
circuits;

FIG. 15 shows another portion of the line and trunk
scanner circuits;

FIG. 16 shows a portion of the translator circuits;

FIG. 17 shows another portion of the tramslator cir-
cuits;

FIG. 18 shows another portion of the translator

FIG. 19 shows still another portion of the translator
circuits;

FIG. 20 shows a portion of the order word register
circuits and apparatus;

FIG. 20A shows a portion of the parity check
circuit;

FIG. 20B shows another portion of the parity check
circuit;

FIG. 20C shows another portion of the parity check
circuit;

FIG. 21 shows another portion of the order word reg-
ister circuits and apparatus;

FIG. 22 shows the X address portion of the barrier
grid store register circuits;

FIG. 23 shows the Y address portion of the barrier
grid store address circuits;
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"FIG. 24 shows the circuit details of an Add 1 circuit
which cooperates with the barrier grid address store
register circuits;

FIG. 25 shows the barrier grid address control circuits
and the barrier grid read-write control circuits;

FIG. 26 shows the circuit details of the concentrator
release selector register and line selector register for co-
operating with and transmitting orders to the concentra-
tor portion of the switching network;

FIG. 27 shows the X address portion of the scanner
address register;

FIG. 28 shows the Y address portion of the scanner
address register;

FIG. 29 shows the C memory, the C memory transla-
tor, and the Hamming-check memory circuits;

FIG. 30 shows a parallel matcher circuit;

FIG. 31 shows a memory and match register;

FIG. 32 shows details of a miscellaneous memory cir-
cuit;

FIG. 33 shows a portion of the order memory circuits;

FIG. 34 shows another portion of the order memory
circuits;

FIG. 35 shows the circuits of the X portion of the
large access register;

FIG. 36 shows the circuits of the Y portion of the large
access register;

FIG. 37 shows the circuits of the X portion of the
small access register.

FIG. 38 shows the circuits of the Y portion of the
small access register.

FIG. 39 shows the circuit details of the network con-
trol order register for transmitting conirol orders to the
network portion of the system;

FIG. 40 shows the trunk signal selector register;

FIG. 41 shows the return address register circuits;

FIG. 42 shows the flying spot store address register;

FIG. 43 shows a portion of the flying spot store X
address control circuits;

FIG. 44 shows another portion of the flying spot store
X address control circuits;

FIG. 45 shows still another portion of the flying spot
store X address control circuits;

FIG. 46 shows the flying spot store translation control
circuits and the flying spot store control circuits;

FIG. 47 shows the M1 memory circuits;

FIG. 48 shows the second transfer register circuits;

FIG. 49 shows the EPO, CTR, and RGN pulse gen-
erators;

FiG. 50 shows the M2 and M3 memory register cir-
cuits;

FIG. 51 shows the bus access amplifier circuits and the
flying spot store moenitor circuits;

FIG. 52 shows the distribution network trunk selector
A and trunk selector B register circuits;

FIG. 53 shows the trunk signal selector circuits;

FIG. 54 shows a portion of the Add 2 control circuits;

FIG. 55 shows another portion of the Add 2 control
circuits;

FIG. 56 shows a portion of the flying spot store Y ad-
dress control circuits;

FIG. 57 shows another portion of the flying spot store
Y address control circuits;

FIG. 58 shows the circuits of the X portion of the
first transfer register;

FIG. 59 shows the circuits of the Y portion of the
first transfer register;

FIG. 60 shows the first transfer register Add 1 circuits;

FIG. 61 shows the start-stop step control and clock
control circuits;

FIG. 62 shows the EPO gating pulse control circuits;

FIG. 63 shows the CTR gate pulse control circuits;

FIG. 64 shows a recycling control, the MM pulse gen-
erator, the 5-millisecond clock generator, the start-stop
step address contro! and the 15-microsecond clock circuits;
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FIGS. 65 through 78, when arranged as shown in
FIGS. 143 and 146, show the circuit details of the bar-
rier grid store circuits;

FIG. 65 shows the barrier grid tube circuits;

FIG. 66 shows the dynamic focus control circuits;

FIG. 67 shows the backplate driver circuit;

FIG. 68 shows the grid drive circuit;

- FIG. 69 shows the deflection amplifier circuits;

FIG. 70 shows the barrier grid monitor address se-
lector circuits;

FIG. 71 shows the barrier grid store monitor six-stage
counter and read out circuits;

FIG. 72 shows the barrier grid store control circuits;

FIG. 73 shows the barrier grid store video amplifier
circuits;

FIG. 74 shows the barrier grid store X and Y address
converter circuits;

FIG. 75 shows the barrier grid store input flip-flop
buffer circuits;

FIG. 76 shows the barrier grid monitor control circuits;
FIG. 77 shows the barrier grid monitor address circuit
and eight-stage counter;
© FIG. 78 shows the barrier grid store monitor converter
and tube circuits;

FIGS. 79 through 96, inclusive, when arranged as shown
in FIGS. 143 and 145 show the circuit details of the fly-
ing spot store circuits of an exemplary embodiment of this
invention;

" FIG. 79 shows a portion of the circuits of the flying
spot store horizontal or X input register;

FIG. 80 shows a portion of the circuits of the flying
spot store horizontal or X servo-logic circuits;

FIG. 81 shows a portion of the flying spot store ver-
tical or Y input register;

FIG. 82 shows a portion of the circuits of the flying
spot store vertical or Y servo-logic circuits;

FIG. 83 shows the flying spot store program control
circuits;

FIG. 84 shows the flying spot store output register cir-
cuits;

FIG. 85 shows the intensity monitor circuit of the fly-
ing spot store and the portion of the circuits of the hori-
zontal inpuf register;

FIG. 86 shows a portion of the circuits of the flying
spot store horizontal or X servo-logic circuits;

FIG. 87 shows a portion of the circuits of the ﬂymg
spot store vertical register internal exposure control cir-
cuits and servo-illuminating circuits;

FIG. 88 shows a portion of the flying spot store ver-
tical or Y servo-logic circuits;

FIG. 89 shows the flying spot store information sam-
pler control circuits;

" FIG. 90 shows the flying spot store horizontal or X
integrating amplifier circuits;

FIG 91 shows the flying spot store vertical or Y inte-
grating amplifier circunits;

FIG. 92 shows the flying spot store horizontal photo-
multiplier amplifier servo channels; _

FIG. 93 shows the flying spot store photo-multiplier
drawer circuits;

" FIG 94 shows the flying spot store horizontal deflec-
tion amplifier circuits;

FIG. 95 shows the circuits of the flying spot store
vertical deflection amplifier;

FIG. 96 shows the circuits of the flying spot store
vertical photo-multiplier amplifier servo channels;

FIGS. 97 through 106, inclusive, when arranged adja-
cent one another as shown in FIGS. 143 and 148, show
the circuit details of the administration. center of the
exemplary electronic switching system embodying the
present invention;

FIG. 97 shows the administration center control cir-
cuits for manual address inserting and manual clearing;

FIG. 98 shows a portion of the administration con-
trol circuits for manual order insertion;
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8
" FIG. 99 shows another portion of the administration
control circuits for manual order insertion;

FIG. 100 shows still another portion of the adminis-
tration control circuits for manual order insertion;

FIG. 101 shows the circuits of the administration
center recycle counter;

FIG. 102 shows the administration ‘center monitor
lamp- circuits;

FIG. 103 shows a portion of the administration center
control circuits for manual order insertion;

FIG. 104 shows a portion of the circuits of the admin-
istration center flying spot store output monitor;

FIG. 105 shows another portion of the circuits of the
administration center flying spot store output monitor;

FIG. 106 shows still another portion of the adminis-
tration center flying spot store output monitor;

FIGS. 107 through 124, when arranged adjacent one
another as shown in FIGS. 143 and 147, show the cir-
cuit details of the ringing and tone switch and the con-
centrator portion of the switching network and the con-
trol circuits thereof;

FIG. 107 shows a portion of the concentrator control
line selector circuits;

FIG. 108 shows a portion of the concentrator control
line selector identifier circuits;

FIG. 109 shows another portion of a concentrator
control line selector identifier circuits;

FIG. 110 shows a portion of the concentrator trunk
enabler circuits;

FIG. 111 shows a portion of the ringing and tone
switch;

FIG. 112 shows a portion of the office concentrator
portion of the switching network;

FIG. 113 shows a portion of the concentrator control
line selector circuits;

FIG. 114 shows another portion of the concentrator
control line selector identifier circuits;

FIG. 115 shows still another portion of the concentra-
tor control line selector identifier circuits;

FIG. 116 shows another portion of the concentrator
trunk enabler circuits;

FIG. 117 shows a portion of the concentrator sequence
control circuits;

FIG. 118 shows a portion of the ringing and tone switch;

FIG. 119 shows a portion of the concentrator portion
of the switching network;

FIG. 120 shows the concentrator line selector control
circuits;

FIG. 121 shows the concentrator network release selec-
tor circutis;

. FIG. 122 shows a concentrator release selector control
circuits;

FIG. 123 shows the circuits of the office concentrator
trunk level identifier and match detector;

FIG. 124 shows another portion of the concentrator se-
quence control circuits;

FIGS. 125 through 142, inclusive, when arranged as
shown in FIGS. 143 and 147, show the circuit details of
the distribution portion of the network and the control
circuits therefore;

FIG. 125 shows a portion of the distribution sw1tch1ng
network including switching stages 1 and 2;

FIG. 126 shows another portion of the distribution
switching network including stages 1 and 2;

FIG. 127 shows a portion of the distribution network
control A trunk identifier circuits;

FIG. 128 shows another portion of the distribution net-
work control A trunk identifier circuits;

FIG. 129 shows the distribution network A trunk se-
lector;

- FIG. 130 shows the distribution network A trunk se-
lector control circuits;

FIG. 131 shows a portion of the distribution switch-
ing network including stages 3 and 4 and the junctor cir-
cuit;
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FIG. 132 shows another portion of the distribution
switching network including stages 3 and 4 and junctor
circuits;

FIG. 133 shows the distribution network junctor en-
abler circuit;

FIG. 134 shows the circuits of the distribution network
propagation pulsers A and B, junctor release pulser, and
junctor match and release detector;

FIG. 135 shows a portion of the distribution sequence
control circuits;

FIG. 136 shows another portion of the distribution se-
quence control circuits;

FIG. 137 shows a portion of the distribution switching
network including stages 5 and 6;

FiG. 138 shows another portion of the distribution
switching network including stages 5 and 6;

FIG. 139 shows a portion of the distribution network
B trunk identifier circuits;

FIG. 140 shows another portion of the distribution net-
work B trunk identifier circuits;

FIG. 141 shows a distribution network B trunk selector
circuit;

FIG. 142 shows the distribution network B trunk se-
lector control circuits;

FIG. 143 shows the manner in which the FIGS 13
through 142 are arranged adjacent one another to form
detailed circuits of an exemplary embodiment of this
invention;

FIG. 144 shows the manner in which FIGS. 13 through
64 are arranged adjacent one another to form the com-
mon control portion of the exemplary electronic switch-
ing system described in detail herein;

FIG. 145 shows the manner in which the FIGS. 79
through 96 are arranged adjacent one another to show
the circuit details of the flying spot store;

FIG. 146 shows the manner in which FIGS. 65 through
78 are arranged adjacent one another to show the circuit
details of the barrier grid store and barrier grid store
monitor circuits;

FIG. 147 shows the manger in which the FIGS 107
through 142 are arranged adjacent one another to show
the circuit details of the office concentrator and distribu-
tion network and their control circuits;

FIG. 148 shows the manner in which FIGS. 97 through
106 are arranged adjacent one another to show the details
of the administration center of the exemplary embodi-
ment of this invention described herein in detail;

FIG. 149 shows the locations of the orders of the vari-
ous sequences of orders on the information plates of the
flying spot store;

FIG. 150 shows one of the code plates employed in the
servo channels in the flying spot store;

FIG. 151 shows the storage area employed in the bar-
rier grid store;

FIG. 152 shows the spots in the various registers in
the barrier grid store;

FIG. 153 shows the manner in which FIGS. 154 and
155 are arranged adjacent one another to-show the man-
ner interconnecting an exemplary embodiment described
herein with other switching systems;

FIG. 154 illustrates a typical interconnected step-by-
step switching system;

FIG. 155 shows interconnecting incoming and outgo-
ing trunks extending to and from and interconnecting
step-by-step systems;

FIG. 156 shows circuit details of “And” gate circuits;

FIG. 156A shows a symbolic representation of the
“And” circuit of FIG. 156 as employed on other figures
in the drawing;

FIG. 157 shows circuit details of “Or” gate circuits;

FIG. 157A shows a symbolic representation of the
“Or” gate circuit of FIG. 157 as employed on other fig
ures in the drawing;

FIG. 158 shows another “Or” gate circuit with resist-
ance and battery connections;
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FIG. 158A shows a symbolic representation of the
diode “Or” circuit shown in FIG. 158;

FIG. 159 shows a diode decoupling gate circuit in
detail;

FIG. 159A shows a symbolic representation of the
diocde decoupling gate circuit of FIG. 159;

FIG. 160 shows a vacuum tube “And” gate circuit in
detail;

FIG. 160A shows a symbolic representation of the
vacuum tube “And” circuit shown in FIG. 160;

FIG. 161 shows a vacuum tube “Or” circuit in detail;

FIG. 161A shows a symbolic representation of the
vacuum tube “Or” circuit shown in detail in FIG. 161;

FIG. 162 shows the circuit details of a transistor flip-
flop circuit;

FIGS. 162A through 1627, inclusive, show symbolic
representations of the circuit of FIG. 162 together with
voltages and input and output connections connected
thereto;

FIG. 163 shows a flip-flop-to-gate amplifier circuit in
detail.

FIGS. 163A through 163H show the symbolic repre-
sentations of the flip-flop-to-gate amplifier circuits shown
in FIG. 163;

FIG. 164 shows the flip-flop-to-core amplifier circuit
in detail.

FIGS. 164A through 164E show the symbolic repre-
sentations of the flip-flop-to-core amplifier circuit shown
in FIG. 164;

FIG. 165 shows a flip-flop-to-gate delay amplifier cir-
cuit in detail.

FIGS. 165A through 165C show symbolic representa-
tions of the amplifier shown in FIG. 165;

FIG. 166 shows an emitter follower amplifier circuit in
detail.

FIGS. 166A through 166C show symbolic representa-
tions of the amplifier shown in. FIG. 166;

FIG. 167 shows a pulse stretcher amplifier circuit in
detail;

FIG. 167A shows a symbolic representation of the
amplifier shown in FIG. 167;

FIG. 168 shows a cable pulser amplifier circuit in
detail.

FIGS. 168A and 168B show the symbolic representa-
tions of the amplifier shown in FIG. 168;

FIG. 169 shows a gate amplifier circuit in detail;

FIGS. 169A through 169H show symbolic representa-
tions of the gate amplifier shown in detail in FIG. 169;

FIG. 170 shows the circuit details of an inverter ampli-
fier;

FIGS. 170A through 170D show symbolic representa-
tions of the amplifier shown in detail in FIG. 170;

FIG. 171 shows a flip-flop-to-relay amplifier structure
in detail; )

FIG. 171A shows a symbolic representation of the
amplifier shown in FIG. 170;

FIG. 172 shows circuit details of a trigger amplifier;

FIGS. 172A through 172K show symbolic representa-
tions of the trigger amplifier shown in. detail in FIG. 172;

FIG. 173 shows the circuit details of an identifier
amplifier;

FIGS. 173A. through 173C show symbolic representa-
tions of the amplifier shown in FIG. 173;

FIG. 174 shows the pulse generator circuit in detail;

FIG. 174A shows a symbolic representation of the pulse
generator of FIG. 174;

FIG. 175 shows the vacuum tube flip-flop circuit in
detail;

FIG. 175A shows symbolic representations of the flip-
flop shown in FIG. 175.

FIG. 176 shows circuit details of a blocking oscillator;

FIG. 176A shows symbolic representations of the cir-
cuit of FIG. 176;

FIG. 177 shows a gate generator circuit in detail;
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- FIG. 177A shows a symbolic representation of the gate
generator circuit shown in FIG. 177;
FIG. 178 shows details of a timer circuit;
FIG. 178A shows a symbolic representation of the
timer circuit shown in FIG. 178.

GENERAL DESCRIPTION

FIG. 1 shows in outline form the major components of
an exemplary high speed electronic telephone switching
system embodying this invention. The manmer in which
these components are interconnected and cooperate one
with another is also illustrated in FIG. 1.

The switching network is divided into two portions for
convenience in control and description thereof. One por-
tion is called the concentrator or concentrator network
and represented by the rectangle 1-19. The control por-
tion for this network is shown at 1—17. The other por-
tion of the network is called the distribution network and
it is shown at 1-08 in FIG. 1. The control portion or
circuits for this network are shown at 1-07. Another
main portion of the central office equipment comprises
the common control circuits 1-144 together with the fly-
ing spot store 1-145 and the barrier grid store 1-146.
The barrier grid monitor 1-15 is also interconnected be-
tween the barrier grid store 1-146 and the common con-
trol circuits 1-144.

An administration center 1-16 cooperates with the
common control 1-144.

The subscribers’ lines, such as 2 and 10, are inter-

connected with the subscribers’ line terminals, such as
112-35 and 112-36. These in turn are connected to the
concentrator portion of the switching network 1-19.
When it is desired, incoming trunks such as 155-11 are
connected to a trunk termination circuit 155-10 and then
over conductors 30 to the line termination circnit 112-38.
This line termination circuit may be similar to the line
termination circuits 112-35 and 112-36.
. While only two subscribers’ lines and one incoming
frunk are shown, it is to be understood that these lines
represent typical subscribers’ lines and trunk circuits and
that a sufficient plurality of these circuits will be provided
at each of the central offices to adequately handle the
number of subscribers and calling rate encountered.

For convenience in the following description and for
reference, the distribution network terminals have been
arranged in two groups one designated the A group, shown
on the left-side of the representation of this network 1-08,
and the other group designated B and shown on the right-
side of the rectangle 1-08 comprising the distribution net-
work. As will be described herein in greater detail, each
of the switches in the concentrator 1-19 has a group of
frunks interconnected with the A side of the distribution
network and another group of trunks interconnected with
the B side of the distribution network. The system is ar-
ranged so that connections from either side of the distribu-
tion network may be made through the proper concentra-
tor switches to any of the subscribers’ line or trunk ter-
minals 112-35, 112-36, and 112-38. Thus any sub-
scriber’s station or incoming trunk similar to trunk 155-11
may be interconnected with either the A side or the B side
of the distribution network through the appropriate con-
centrator network switches.

Tone trunk 137—36 is shown interconnected with the B
side of the distribution network. In the exemplary em-
bodiment described herein, this tone trunk is arranged to
supply either dial tone or busy tone to the subscriber as
may be desired. When it is desired individual trunks or
individual trunk groups may be provided; one for dial
tone and the other for busy tone. However, in the exem-
plary embodiment herein, only a single tone trunk is em-
ployed and this is then conditioned or set to transmit
either dial tone or busy tone in the manner described
herein.

An out trunk terminal circuit 125-32 is also provided
at the electronic exchange described herein. The output
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conductors from this circuit 155-36 extend to a distant
central office which it is assumed is a step-by-step central
office in the following description. However, the trunk
terminal 125-32 may be arranged to cooperate with any
of the other types of automatic switching systems of the
prior art. Also this trunk circuit is controlled by the
various signals received from the distant subscriber over
this trunk circuit.

Here again, only a single trunk has been shown, but
a group of a sufficient number of these trunks to handle
the desired busy load condition will be provided. These
additional trunks will be similar to ‘the trunk circuit
125-32. This trunk circuit is shown terminating on the
A side of the distribution network. However, it may ter-
minate on the B side when desired or on both the A and B
sides. Moreover, the additional trunks similar to 125-32
provided to handle the traffic load, may also be terminated
on the A side of the distribution network 1-08 or on the
B side of the distribution network or some may terminate
on the A side and some on the B side or some or all of
them may terminate on both sides as may be desired.

The ringing switch 111-69, which is similar to the con-
centrator switches, is provided with a connection extend-
ing to the A side and another connection to the B side of
the distribution network. This ringing switch is supplied
from a ringing generator 1-118 and transmitted through
the input or line terminal 111-10 which is similar to the
line terminals 112-35, 112-36 and 112-38.

In addition, a number of selecting, interconnecting, and
translating circuits are shown in FIG. 1. These selecting,
translating, and interconnecting circuits may be considered
parts of either the common control circuits, network con-
trol circuits, or the line termination circuits. However, in
order to facilitate the description and understanding of
this invention they have been shown and described as sepa-
rate individual circuits or components of the system.

As will be described herein, the supervisory informa-
tion from both the subscriber’s line and trunk circuits
are obtained by means of scanners. As indicated in FIG.
1, this information is obtained from the line circuits
112-35, 1i2-36 and the line termination circuit 112-38
employed to terminate the incoming trunk 155-11 by
the scanner 1-05. Similar information regarding the
outgoing trunk 125-32 is obtained by the trunk scanner
1-27, as shown in FIG. 1. The incoming trunk ter-
mination 112-38 may also be connected to the trunk
scanner 1-27 instead of to the line scamner 1-05, as
shown in FIG. 1. However, where the number of trunks
is small, they may be all scanned by the line scanner in-
stead of providing an individual trunk scanner for these
circuits. As indicated in FIG. 1, the line scanner and
the trunk scanner are controlled by the common control
circuit 1-144 and in turn supply supervisory and line
circuit information from the lines and trunk circuits to
the common control circuits. :

A line selector 1-06 is also provided and interconnected
between the common control circuits 1-144, the line,
trunk and ringing terminals 117-10, 112-35, 112-36;
and 112-38. This circuit is similarly controlled by the
common control circuits 1-144 and, in the exemplary
embodiment described herein in detail, it is assumed that
this line selector circuit 1-¢6 forms a part of the con-
centrator and ringing control circuits 1-17.

Likewise a trunk enabling circuit 1-24 is intercon-
nected between the concentrator and ringing control cir-
cuits and the various trunks to the A and B side of the
distribution network. Here again, this trunk circuit is
shown as part of the concentrator and ringing control
circuits in the more detailed showing and description of
the exemplary embodiment of the invention -described
herein.

_ The A trunk selector circuit 1-25 and the B trunk
selector circuit 1-26 are also provided and interconnected
between the distribution network control circuit 1-07, the

; common control circuit 1-144, and the A and B trunks
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between the distributicn network and the concentrator
portion of the network. These circuits in the detailed
description are assumed to be part of the distribution
network control circuits and are shown therewith. A
trunk signaling selector circuit 1-28 is provided between
the common control circuits 1-144 and the outgoing
trunk 125-32 and the tone trunk 137-36. This trunk
signaling selector circuit is employed to control the
signals or signaling conditions transmitted over the out-
going trunks and is also employed to condition the tone
trunk circuit 137-36 to transmit either dial tone or busy
tone as may be desired.

The switching network of the exemplary embodiment
described herein comprises a large plurality of gaseous
conducticn electronic discharge tubes. As referred to in
the following description, these gas tubes will be called
diodes because they have two main elements. However,
these tubes may comprise more than just two elements.
They may comprise, for example, a starter electrode or a
keep-alive electrode; furthermore, in one exemplary em-
bodiment of this invention these gas tubes are all ar-
ranged so that their cathodes may be substantially and
continuously illuminated. The keep-alive electrodes or
the illumination or amy combination of the two are
employed to maintain a supply of a small number of
electrons within each of the gas tubes so that these
electrons will be available to promptly initiate discharges
through the tubes. In this manner the time required for
initiating a discharge through each of the tubes required
to set up a connection is reduced and made more uni-
form. In addition, the over-all operation of the system
is improved.

Both the concentrator portions and the distribution
portion of the network are so arranged that once a path
is established through them through a plurality of these
tubes, this path is then maintained until interrupted or
released in the manner described herein. However, the
gas tubes thus employed do not have sufficiently great
operating current or voltage margins to permit the trans-
mission of the low frequency ringing current through
them to the called subscribers. As a result, the system
has been arranged to employ audible calling devices at
the subscribers’ stations, which subscribers’ stations may
be in accordance with any one or any plurality of the
following patents:

2,808,462, October 1, 1957, L. A. Meacham.
2,818,470, December 31, 1957, A. Busala et al.
2,823,267, February 11, 1958, L. A. Meacham.
2,824,173, February 18, 1958, L. A. Meacham.
2,824,175, February 18, 1958, L. A. Meacham.

These subscribers’ station sets also employ transistors
for both ringing and talking and the power required for
operating the transistors is obtained over the line con-
ductors from the central office.

In order to facilitate interconnecting of the various
of the gas tube crosspoints and an understanding of the
manner in which they are interconnected and grouped to
establish paths through the switching networks, these
diodes have been arranged in small groups designated
switches. The switches are in turn arranged in groups
frequently called switching stages. The concentrator
portion of the network I-19 comprises a single stage.
In other words in establishing a connection from any
subscriber’s line or trunk circuit, such as 155-1 to one
of the A or B trunks extending to the distribution portion
of the network only a single one of the crosspoint tubes
must be broken down. In the distribution network, how-
ever, the switches are arranged in six different stages.
Thus in establishing a path from the A side of the
network to the B side or from the B side to the A side
discharges must be initiated through six different ones
of the cross point gas diode tubes.

These crosspoint diode tubes may be constructed as
shown in one or more of the following patents: 2,804,565,
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granted to M. A. Townsend on August 27, 1957, and
applications of A. D. White, Serial No. 583,671, filed
May 9, 1956, which issued February 23, 1960, as Patent
2,926,277 and Mueller-Stieritz, Serial No. 583,665, filed
May 9, 1956, which issued Aungust 11, 1959, as Patent
2,899,588. Reference is also made . to the following
patents which relate to switching networks and show
certain features of the networks employed, but not
claimed herein. United States Patent 2,684,405 granted
to E. Bruce on July 20, 1954; and the patent applications
of B. G. Bjornson-E. Bruce, Serial No. 334,552, filed
February 2, 1953, which issued March 3, 1959, as Patent
2,876,285; K. S. Dunlap, Serial No. 672,651, filed July 18,
1957; which issued June 6, 1961, as Patent 2,987,579;
R. K. Ketchledge, Serial No. 426,338, filed April 29,
1954; which issued April 21, 1959, as Patent 2,883,467;
K. S. Dunlap-J. P. Taylor, Serial No. 617,062, filed Octo-
ber 19, 1956, which issued November 4, 1958, as Patent
2,859,282; G. E. Jacoby-J. W. Rieke, Serial No. 617,131,
filed October 19, 1956, which issued April 21, 1959, as
Patent 2,883.470.

The line and trunk scannmer comprises a plurality of
emiconductor devices and the control circuits therefore
which are similar to the type disclosed in United States
patent application of W. Ulrich, Serial No. 391,900, filed
November 13, 1953 which issued October 28, 1958 as
Patent 2,858,524.

The common control circuits and apparatus 1-144 are
employed to control and ccordinate the operations of the
various elements of the system. The common control
in turn is controlled by orders received from the flying
spot store 1-145. The common control also controls the
flying spot store 1—145. In addition, the common con-
trol is employed to direct the barrier grid store 1146 to
store and read out information, which information is then
employed in combination with information from the flying
spot store and the condition of the various other com.
ponent parts and circuits of the system to further control
its operation.

The flying spot store 1—145 is the Permanent memory
portion of the system and comprises a cathode-ray tube
which has a beam which may be directed to any location
on the face of the tube. The spot of light generated by
this beam is then employed to illuminate a correspond-
ing spot on a plurality of storage plates which have in-
formation recorded on them in the form of transparent or
opaque spots. The illumination from the spot on the
cathode-ray tube thus passes through these plates or does
not pass through them to the photoelectric devices, which
in the exemplary embodiment described herein comprise
photomultiplier tubes. In the exemplary embodiment of
the flying spot store 1-145, described herein, nine such
bhotographic plates are employed and have correspond-
Ing spots on each of them simultaneously illuminated.
Thus nine bits of information may be simultaneously read
out from the storage plates. Inasmuch as the exemplary
embodiment of the invention set forth herein employs
groups of eighteen such binary bits called orders, the fly-
ing spot store circuits 1—145 are arranged to read out two
su'ch storage spots and store the information thus ob-
tained on an output register and thereafter transmit all of
the eighteen bits as one order to the common control cir-
cuits. As soon as one such order is transmitted to the
commeon control circuits, the flying spot store then pro-
ceeds to read out the next two groups of nine storage spots
from the storage plates and then enter them on the output
registers where they will then be available for transmis-
sion to the common control circuits when these common
control circuits have responded. to the previous order. In
addition, the beam is then directed to the next spot so it
will be ready to read out the next portion of an order.

The barrier grid store 1-146 is employed. as a temporary
memory device and has its storage area divided up into
groups of storage spaces designated herein as registers.
These registers are employed for recording the request
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for service, the number dialed by the calling subscriber,
and other information and the control of the system in
response to these dialed numbers. One type of such a
register is called the originating register and designated
OR. Two such registers are shown in the barrier grid
store. Another group of storage spots called ringing reg-
ister and designated RR herein is employed to record the
ringing conditions applied to the subscriber’s line and to
control the system in recognizing an answer of a called
subscriber. An outpulsing register designated OPLR is
employed to control the pulses transmitted over an out-
going trunk to another automatic switching station. Two
disconnect registers designated DR are employed to con-
trol the disconnection or release of paths through the vari-
ous portions of the switching network. A network regis-
ter designated NR is employed to aid in the control of the
network in the manner described herein and finally a main
program register designated MP is provided for timing
purposes and to record portions of the main program.
The temporary, or barrier grid store also has a plu-
rality of storage spots individually assigned to the various
subscribers’ lines and to the trunk circuits. Each sub-
scriber’s line is assigned two storage spots in the barrier
grid store and each of the trunk circuits is assigned either
two or three storage spots in the barrier grid store. These
line spots are designated the L1 and L2 spots for each line
and the T1, T2, and T3 spots for each trunk. Normally
when the subscriber’s line is idle a “0” is recorded in each
of the L1 and L2 spots of that line. When the subscriber
initiates a call, then a “1” is written in the L2 storage
spot and a “0” is left in the L1 storage spot. Thus, dur-
ing the time the subscriber is dialing, the storage spots are
maintained in this condition indicating that a line is re-
ceiving special attention from the common control circuits.
Later, upon the completion of dialing and initiation of
ringing the calling party’s line has a “1” written in the L1

storage spot and a “0” in the L2 storage spot indicating.

that the line is in the talking condition. At this time the
called party. Upon answering the call, the called party’s
indicating that this line is receiving special attention from
the common control circuits. At this time the common
control circuits are employed to detect an answer by the
called part. Upon answering the call, the called party’s
line storage spot L1 has a “1” written in it and the L2 stor-
age spot has a “0” again indicating that the line is in the
talking condition. Upon disconnect, the subscriber to first
disconpect will have his L1 storage spot changed to a “0”
and the L2 storage spot changed to a “1.” Then upon
completion of the disconnect, the L2 spot is changed to a
“0,” thus leaving “0’s” recorded in both of these storage
spots indicating that the line is again idle. The spots are
similarly changed for the subscriber who hangs up last.

The T1, T2, and T3 storage spots are employed in a
similar manner, however, in this case the T3 storage spot
has a “1” recorded in it continuously during the time the
trunk is busy. Moreover, the T1 and T2 storage spots
have “0’s” recorded in them, both to indicate an idle con-
dition and also to indicate an awaiting answer from the
distant end of the trunk.

In. order to facilitate the description and understand-
ing of the operation of the exemplary system described
herein, the L1 and L2 storage spots are assigned prede-
termined locations which have a simple relation one to
the other.

In order to facilitate an understanding and description
of this invention, the locations of the storage spots both
in the flying spot store and the barrier grid store are des-
ignated by X and Y addresses. Thus each storage spot
or location has an X address and a Y address which are
unique to this particular storage spot in the barrier grid
store or the flying spot store. As employed in the sys-
tem, the X and Y addresses each are designated by binary
code groups similar to the usual binary number system.
However, in the present description it is appréciably easier
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to understand and to refer to these X and Y addresses by
the corresponding decimal number.

In the exemplary embodiment of this invention de-
scribed herein, L1 and 12 storage spots assigned to any
given line have the same X address and the same Y ad-
dress except that the second most significant binary digit
of the Y address is complemented or reversed.  In other
words, this second most significant binary digit of the Y
address of the L1 storage spot is a “1,” then the second
most significant digit of the Y address of the L2 storage
spot will be a “0.” Conversely, if the second most sig-
nificant binary digit of the Y address of the L1 storage
spot is a “0,” then the second most significant binary
digit of the Y address of the L2 storage spot assigned to
the same line will be a “1.”

The X and Y addresses of the L1 storage spots of the
various lines are chosen to be the same as the X and Y
address portion of the orders or information transmitted
to the line and trunk scanners to cause these circuits to
scan the designated line or trunk. By thus assigning the
X and Y addresses of the L1 and L2 storage spots and
also the directions to the scanner to scan a given line,
the operation of the system was simplified and improved
and the description and understanding thereof facilitated.

As will be described more fully hereinafter, the opera-
tion of the system is under control of the orders received
from the flying spot store. The flying spot store also is
employed to translate certain information, such as di-
rectory number to line number or location, and to class
of service.

The orders are arranged in sequences or programs to
indicate and control the order or sequence in which they
are to be employed.

Each of these orders in the exemplary embodiment de-
scribed herein comprises eighteen binary bits, that is,
eighteen digits or denominational orders each of which
may have one or the other of two different character-
istics. In the exemplary embodiment herein these char-

‘acteristics take different forms in different portions of

the system. In the flying spot store and on the storage

plates each bit is either an opaque spot or a transparent

spot. In the barrier grid store each bit is either a nega-
tive electrostatic charge of predetermined magnitude or
a substantially no electrostatic charge. In conveying
these bits from one portion of the system to another,
they comprise either positive current or no-current. In
the storage portions of the common control portion of the
system, these bits are stored on flip-flops which may have
either one or the other of two different states designated
herein “0” or “1.” In the common control portion and
other portions of the system two conductors are usually
employed to convey each binary bit. Positive voltage or
a positive pulse on a “0” conductor conveys a “0” indi-
cation for this binary bit. A positive voltage on a “1”
conductor is employed to indicate or convey a “1” for
the particular binary bit. In the flying spot store, in the
exemplary embodiment herein, the “1°’s” are transparent
spots on the storage plates and the “0’s” are opaque spots.
In the barrier grid store the “1’s” are represented by nega-
tive charges and the “0’s” by substantially no-charge or
charge to a reference potential. As described herein in
the flying spot store, nine storage plates are provided and
thus nine binary bits may be simultaneously read out
from the storage plates at each location or position of the
spot of light on the cathode-ray tube. Thus the spot of
light must be directed to two different spots in order to

read out a complete order or order word. In the barrier

grid store, however, only one binary bit may be stored

‘or read out at any particular instant of time so that it is

necessary to direct the beam to eighteen different storage
spots when it is desired to store or read out a complete
order word in the barrier grid store.

As described herein, the various storage spots both
within the barrier grid store and the flying spot store are



3,228,785

17
designated by addresses, which addresses are divided into
an X address and a Y address.

Also as described herein, each of these orders has
been divided into four parts for convenience. These parts
are designated the A portion, the B portion, the C portion,
and the D portion of each of the orders.

The A portion designates the type of order while the
other three portions are frequently used for different func-
tions or for designating different locations or pieces of
apparatus or equipment.

Orders may be divided into three types, one type called
“decision orders,” another called “transfer orders,” and
the third.is called “non-decision orders.” Thus with non-
decision orders the equipment is directed to perform some
particular function such as conveying an address from
one location to another, or to write some information in
the barrier grid store, to change some information there-
in, or to erase some information in this store.

The decision orders are employed to examine some line
or circuit or storage space and then depending upen
whether a “1” or a “0” is read from this storage space or
depending upon the condition determined upon examin-
ing the particular circuit or apparatus, one or the other
of two alternative operations are performed. In gen-
eral, either the next order of a given sequence is em-
ployed to control the system or else the control is trans-
ferred to a different order of some other sequence of or-
ders. These different alternative orders thus produce
different results as may be desirable in the establishment
of telephone paths through a telephone switching system
or the release of previously established paths,

Also, the system is arranged to be controlled by a plu-
rality of clock pulses which occur at predetermined-inter-
vals of time, which intervals may be of the order of one
microsecond to twenty or twenty-five microseconds. In
the exemplary embodiment described herein, it is as-
sumed that a clock pulse is generated every fifteen micro-
seconds.

When each order is read out from flying spot store it
is transferred from the output registers of the flying spot
store to a group of flip-flops in the comomn control
circuit called the order word register. One such flip-
fiop is provided for each bit or denominational order of
the order so that eighteen such flip-flops are provided in
the order word register.

When an order is entered upon these order word regis-
ter flip-flops from the flying spot store, it is translated
by a goup of gate circuits called the translator and con-
currently with the translation of each order the setting
of the order word register flip-flops is checked by a parity
check circuit. The parity check circuit determines wheth-
er an even number or an odd number of the order word
register flip-flops are set in their “1” states. Each order
includes the parity bit or digit which comprises either a
“1” or a “0” so that the complete order has an even
number of “1’s.” Thus, if the parity check shows an odd
number of order word register flip-flops set in their “1”
state, it indicates improper operation of either reading
out from the flying spot store or improper transfer to the
order word register.

After each order is read out, the next succeeding 15-
microsecond clock pulse will cause either one or the
other of three different control pulses to be generated.
This '15-microsecond clock pulse will cause either a mis-
match pulse MM to be generated, a pulse directing the
execution of the present order called an EPO pulse, or
a conditional transfer pulse called a CTR. The condi-
tions of the circuits, flip-flops, and registers as well as the
information recorded in the respective orders determines
which of these control pulses will be generated.

Thus, if an EPO pulse would be generated except for
the fact that an odd parity check is obtained, then an
MM pulse will be generated and the order or order word
entered upon the order word register flip-flops will be
recorded from the flying spot store and the above cycles
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of operation repeated. When an EPO pulse will normally
be generated and the even parity check is obtained, then
an EPO pulse is generated which causes the execution of
the order standing upon the order word register flip-flops.

If a CTR pulse is to be generated, then this pulse will
be generated in response to this 15-microsecond clock
pulse independently of the operation of the parity check
circuits. Thus the parity check is not employed when
the CTR pulse is generated because the order word en-
tered upon the order word. register flip-flops at this time
will be discarded and will not be employed to further
control the operation of the system at this time. Conse-
quently, this order need not be checked at this time.

Thus the system is arranged to read out an order every
15-microseconds and to execute non-decision and transfer
orders in 15-microseconds. The decision orders take two
of these cycles, but during the-second. one another order
is read out from the flying spot store. When. the flying
spot store is directed to transfer to a different order
or sequence, a longer interval of time is required until a
new order may be obtained therefrom. Consequently,
neither an EPO pulse, MM pulse, nor a CTR pulse may
be generated for a varying number of the 15-microsecond
cleck pulses, during the time required for obtaining a new
order which is dependent upon the distance the beam in
the flying spot store has to move to the new location or
position where the desired order is stored.

The construction of the system together with its mode
of operation and the response to the various orders may
be better understood from the following description when
read with reference to FIGS. 3 through 12 of the draw-
ing when they are arranged in accordance with FIG. 2.
Here the various component parts of the common control
and other portions of the system are indicated in outline
form so that the general mode of operation of the vari-
ous parts of the system may be more readily understood.

FIG. 3 shows in.outline form the various component
circuits of the barrier grid store and the barrier grid store
monitor circuits. In the exemplary embodiment of this
invention described herein, information transmitted to
and received from the barrier grid store is transmitted
through the barrier grid monitor circuits.

FIG. 12 shows various component circuits of the flying
spot store and the manner in which they are intercon-
nected and cooperate one with another.

FIGS. 4 and 8 show in outline form the various com-
ponent circuits of the switching network as well as the
circuits which' are included in the switching paths for
applying control voltages to the various conductor paths
or terminals of the switching network.

FIG. 5 shows in outline form the various control cir-
cuits for controlling the concentrator portion of the
switching network. This portion of the switching net-
work comprises the left-hand part of FIG. 4.

FIG. 9 shows the various control circuits employed
to control the distribution portion of the switching net-
work and the distribution portion of the network as shown
in the right-hand part of FIG. 4 and FIG. 8.

FIGS. 5 and 9 also show the manner in which the
various components are interconnected with each other
and to the network and also to the common control cir-
cuits.

The lower portion of FIG. 7 shows in block form an
administration center which is employed to manually
control the system as described herein.

FIGS. 6, 7, 10 and 11 show the various component
circuits of the director or common control portion of
the system and the manner in which these components
are interconnected and cooperate one with the other.

In general the reference numerals comprise a hyphen-
ated number which except for such numbers as appear
on more than one sheet, the first portion of the number,
before the hyphen represents the number of the figure on
which the number is located and the second portion of
the number is either individual to the component or else
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this number designates a figure of the detailed showing
in which the component is shown in greater detail.

The exemplary barrier grid store of FIG. 3 is arranged
to have a storage area comprising 27 or 128 storage spots
in each direction. There is a total of 1282 individual
storage spots. However, in the Y direction only the
even number storage spots are employed in the exem-
plary system described herein and only certain of the
even X locations are employed in the present descrip-
tion. Of course, where necessary or desirable to provide
for more lines and more registers, other of the storage
spots may be employed in the manner similar to the man-
ner in which the storage spots described herein are em-
ployed to control the operation of the system and the
establishment and the release of the transmission paths
through the network in response to the dialed informa-
tion and other signals.

The barrier grid store is arranged to thus received a
seven digit binary number for the X address and a seven
digit binary number for the Y address designating each
spot with respect to which some operation is desired.
Thus these X and Y addresses are transmitted to the cir-
cuits of FIG. 3 in combination with one or the other of
four different orders. The barrier grid store may be
directed to read and regenerate information stored at a
particular storage spot designated by the complete X and
Y addresses. The store may be directed to read and
change the information stored at a particular location
designated by the X and Y addresses, In changing the
information, if a “0” is read out, a “1” will be restored
in this storgae spot. Similarly if a “1” is read from the
designated spot, then it is changed to a “0.”

The barrier grid store may be directed to read a speci-
fied storage spot and write or enter a “1” in this storage
spot. Likewise, the barrier grid store may be directed
to read and write or enter a “0” in the specified storage
spot.

In general, these orders are transmitted from the com-
mon control portion of the system through the monitoring
circuits to the barrier grid store. The barrier grid store
in turn reads out the information from the specified
storage spot or location and transmits a “1” or a “0” back
to the common control circuits through the barrier grid
store monitor circuits.

" As described herein, the barrier grid store comprises a
cathode-ray type of tube wherein information is stored
by charging the ‘storage spots to different voltage values.
Thus instead of a phosphor at the end of the cathode
tube, a target or storage plate such as mica is employed
together with a back plate and a barrier grid in front of
this insulating material. By controlling the voltage ap-
plied to the back plate and directing the beam to a speci-
fied storage spot, one or the other of two magnitudes of
voltage or charge may be stored upon each of the storage
spaces or storage spots of the tube.

~ Each reading of the information in each particular
storage spot causes this storage spot to be restored to its
“0” state. Consequently, if a “1” is read out and it is
desired to maintain a “1” stored in the spot, it is then
necessary to immediately rewrite a “1” therein.

~ The charges stored in the respective storage spots in
the barrier grid tube tend to decay or become dissipated
with time due to leakage currents. The charges are also
effected by either reading or writing in adjacent storage
spots so that it is necessary to periodically regenerate
the stored information by reading it out and then re-
storing or rewriting the same information in the same
storage spot.

In the exemplary embodiment described herein the
various storage spots are succesively read out and re-
generated one at a time, one spot for each of the 15-
microsecond clock pulses, except when it is desired to
read out and either regenerate, change, or write in a spot
specified by the common control portion of the system.
Under these circumstances the regeneration is interrupted
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or suppressed and the desired spot read out and such
other action taken with respect thereto as may be desired.

In the exemplary embodiment described herein, the
regeneration is under control of the barrier grid monitor
circuit which supplies the various addresses of the spots
to be regenerated one at a time and in succession.

This monitor circuit is also arranged so that instead
of reading out and regenerating the spots in the manner
described above, it may alternately cause groups of spots
to be read and regensrated and a specified group of spots
to be read out, regenerated, and displayed. A group of
keys in the monitor circuit are employed to select the
spots to be displayed.

" The input registers 74-19, 74-11, etc., and 75-16,
75-11, etc., are employed to enter the X and Y adresses
of each storage spot to which the beam in the tube of the
circuit 3-65 is to be directed. This information is then
fransmitted to the respective converters 3—74A and 3-74B.
The converters are employed to change the digital in-
formation in the form of signals representing binary num-
bers entered in the registers 74-16, 7411, etc., and 75-10.
75-11, etc., from the common control into analog voltage
magnitudes which are suitable for controlling deflection
of the beam in the barrier grid store tube. These voltages
are then transferred to amplifiers 3-6%A and 3-69B.
The output of these amplifiers is then applied to the de-
flection plates in the barrier grid store tube circuits 3-65.

The type of operation of the store required or requested
is transmitted to the barrier grid control circuits
3-72. These barrier grid circuits then cause both
the grid drive amplifier 3-68 and the back plate drive
amplifier 3-67 to apply voltages to the corresponding
elements of the barrier grid store tube after the X and
Y addresses have been converted, amplified and applied
to the deflection plates of the barrier grid tube. As a
result the information will be read out and applied to the
video amplifier 3-73 and then restored in the. tube and
also transmitted to the common control circuits as de-
scribed herein.

In accordance with the position to which the beam is
directed and thus in accordance with the X and Y ad-
dresses, dynamic focusing circuits 3-66A and 3-66B are
provided to more accurately focus the electronic beam
when it is deflected to different locations. In addition,
a monitor circuit comprising a monitor tube 3-78C is
provided. Tube 3-78C, however, is a cathode-ray tube
having phosphor on its face. Thus spots of light appear
on the face of the monitor tube in predetermined loca-
tions indicating information stored in specified locations
in the barrier grid store tube, Control circuits including
the six-stage counter 3-71A and the eight-stage counter
3-77B control the portion of the barrjer grid store tube
to be regenerated by the regeneration operation. As will
be described herein, the entire storage area of the barrier
grid store tube is periodically regenerated one spot at a
time. A manual control is also provided to permit in-
formation stored in any desired spot or group of spots
of the barrier grid store to be displayed on the monitor
tube 3-78C. Likewise horizontal and vertical amplifiers
3-78A and 3-78B are provided which cause the proper
voltage to be applied to the deflection plates of this tube
in the manner described herein.

FIG. 151 represents the storage area in the barrier grid
store having X addresses of 0 to 127 and Y addresses of
0 to 127. The shaded portion having X addresses from
32 to 64 represents the portion of this store which is as-
signed various functions in the exemplary embodiment de-
scribed herein. The details of the assignments of the
various storage areas in this section are shown in FiG.
152. Here as shown, the L1 spots have even X addresses
of 32 through 46, inclusive, and Y addresses of 96 and 98.
The L2 storage spots have even X addresses of 32 through
46 and Y addresses of 64 and 66. Thus the L1 and L2
storage spots assigned to a line have the same X addresses
and the same Y addresses except that the second most
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significant binary digit of the Y address.is reversed for
one of these spots. As pointed out herein the storage
spots having X addresses of 32 through 38 inclusive are
assigned to subscribers’ lines while the storage spots hav-
ing X addresses of 40 through 46 are assigned to trunks.
In addition, three T3 storage spots assigned to an out-
going trunk, a tone trunk and a ring trunk are shown
having X addresses of 44, 44, and 34 and Y addresses of
68, 70, and 72 respectively.

As pointed out herein, the X and Y addresses of both
the barrier grid and flying spot store are transmitted to
the stores in the form of a code representing binary num-
bers designating the location of the respective storage
spots. However, since the binary numbers are unfamiliar
and cumbersome to read and write, the binary numbers
are referred to herein by their decimal equivalents. Thus
the X and Y addresses in the lines of the trunk storage
spots are described as having various X and Y addresses
of a decimal number notation. However, as transmitted
to the stores, this number will be in the form of a binary
code group as described herein.

In addition to the L1, L2 and T3 storage spots the bar-
rier grid store has two originating registers -or storage
spaces, the first having an X address of 48 and Y ad-
dresses of the even spots therein from 0 through 126, in-
clusive. The storage spots of the second of these originat-
ing registers has X addresses of 50 and even Y addresses
from 0 through 126.

A ringing register is provided having an X address of
52 and storage spots having even Y addresses of 0 through
92 and 102 and 116.

An outpulsing register having an X address of 54 and
even Y address storage spots of 0 through 74 is provided
for controlling pulses sent from this electronic switching
station to another switching station such as a step-by-step
switching station.

Two disconnect registers are provided, the first having
an X address of 56 and the second an X address of 58.
These registers include the storage spots having even Y
addresses from 0 through 34, inclusive and 116.

A nstwork register designated NR having an X address
of 60 is shown in FIG. 152 wherein the storage spot has
even Y addresses of 0 through 96 inclusive.

Finally a main program for timing registers is provided
having an X address of 62 and storage spots having even
Y addresses of O through 24.

The more permanent memory portion of the system is
called the flying spot store and is represented in FIG. 12.
This store comprises a cathode-ray tube designated 12-19,
which includes a cathode-ray beam and deflecting means
for deflecting a spot of light appearing on phosphor on
the end of the tube. Here again the location of the beam
is designated by means of X and Y addresses. 1In this case,
however, the storage area comprises a square having 64
storage locations in the X direction and 64 spaces in the
Y direction. The arrangement of information stored
in these storage positions is illustrated in FIG. 149. As
shown in this figure, Y addresses extend from 0 through
63, inclusive while X addresses extend from 0 through 31,
inclusive. As pointed out herein each order requires two
X addresses so that it is only possible to include 32 two-
position orders in the X direction. Moreover, as described
herein, the flying spot circuits themselves are arrangesd
to advance from an even X address transmitted thereto
in a manner described herein to the next succeeding odd
number and automatically read this number out and add
to it information previously rsad out of the storage spot
location in this storage portion of the system.

As indicated in FIG. 12, a plurality of information
channels each comprising an optical system is directed to
the face of the tube. Each of these channels comprises
an information storage plate such as 12-29 which has
a storage area of 64 elements or spots in the X direction
and 64 in the Y direction, thus providing a total of 642
storage spots. However, since two spots are required
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for each order, there can be only half this number of
orders. As shown in the drawing, nine such channels and
nine such storage plates are shown. The optical channels
such as 12-28, 12-32 etc. are arranged to project light
from the light spot at the end of the cathode-ray tube
12-18 upon the corresponding information storage plates
such as 12-29, 12-33 etc. to the reading photo-multiplier
tubes such as 12-31, 12-35 etc. The optical systems thus
cause nine spots to be projected from the cathode-ray face,
one of the spots being directed to each of the information
storage plates. Thus in the exemplary embodiment de-
scribed herein, nine bits may be read out at one time and
by reading two sets of nine bits for each order, a total of
eighteen binary bits is obtained for each order.

In addition, two cylinder lenses or lens systems 12-29
and 12-21 are shown in the center of the nine informa-
tion optical systems 12-28, 12-32 etc. One of these cyl-
inder lens systems 12-20 directs a line of light across
the code card 12-26, similar to that shown in FiG. 150..
By the use of the cylinder lenses the spot of light may
be focused as a line across this card. Thus light is directed-
to each one of the seven vertical rows of spots and passes
through if it falls in a position wherein the vertical column
kas a transparent area. - If the beam falls on an opaque’
area, then no light will be transmitted through that par-
ticular column. The light from each column is collected
by the light transmitter members 12-22 and conveyed to-
corresponding photoelectric cells 12-24 and the output
of these cells fed back into a decoding and servologic cir-
cuit so that the position of the spots may be accurately
checked and monitored at all times to insure that the spot:
of light is directed in accordance with the order received:
from the other portions of the system.

With the code plate in the position as shown in FIG.
150, it will be employed to control the proper positioning
of the beam in the Y direction. Similarly a code plate
is provided for aiding in the control of the position of the
beam in the X direction. In this case, however, the code
plate will be turned at a-right angle to-the position shown
in FIG. 150. Thus a beam may be positioned in accord-
ance with the X and Y addresses received from the com-
mon confrol and then its position checked by means of
these code plates, as described herein.

As pointed out above, information is transmitted to
this store by means of X and Y address codes. In addi-
tion, either one or the other of several orders are usually
transmitted to the flying spot store from the common
control in addition to the X and Y addresses of a par-
ticular location in the store. One of these orders is an
advance order which merely directs the flying spot store
to advance in an X direction and thus read out the next
order in a given sequence. The other order is a transfer
order and directs the flying spot store circuits to read out
a different order having a different X address and usually
a different Y address. After the flying spot store has ad-
vanced to this address it will send a cycle-complete pulse
to the common control circuits whereupon the operation
of the system continues in a manner herein described:
Also rest orders and pretransfer orders are sometimes
transmitted to the flying spot store circuits.

The network portion of the system is represented in
FIGS. 4 and 8. The subscriber’s line and line determina-
tions are shown to the left. Likewise, the ringing termina-
tion is also shown at the left above the subscriber’s line.

Incoming trunk 155-i1 is represented in FIG. 4. This
trunk circuit has been devised to permit a subscriber or
an operator at a distant central office to dial over the trunk
any desired number and be connected with any sub-
scriber’s line or another trunk circuit.

The concentrator portion of the network is shown in
FIG. 4 to the left of the line 4-18. This concentrator por-
tion comprises a single switching stage such as 112-33.
This switch comprises a plurality of cold cathode gas dis-
charge tubes at each of the crosspoints. The tubes have
been arranged in vertical columns and horizontal rows,
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called switches herein, as indicated by the straight lines
in rectangles 112-33 and 112-34 and other similar switch
elements.

Each of these switches has ten outlets and may have
as many vertical inputs, as may be desirable or found
necessary to adequately handle the number of calls
through the switching equipment, one being assigned to
each subscriber’s line. Five of the output trunks extend

to the A side of the distribution network and the other five -

to the B side of the distribution network. Moreover,
each of the switches may be provided with a full comple-
ment of gas tube diodes at the crosspoints, but this is not
necessary since the switches may be cross-connected to
have limited access. In other words, it is not essential that
each of the subscribers’ lines has access to all of the out-
going trunks from the switch to which this line is con-
nected. Moreover, it is relatively easy to remove or insert
tubes at crosspoints as the load or traffic may require.

A ringing switch is shown at the top of FIG. 4 which
is similar to the first switch stage of the office concentra-
tor circuits. This ringing switch is controlled in a man-
ner similar to the manner in which the other various con-
centrator switches are controlled and described herein-
after. Each of the out trunks from the concentrator por-
tion of the system is provided with three circuits; trunk
enablers controlled by the network control circuits, re-
lease selector control circuits, and the trunk terminals.

The concentrator section also includes a number of
control circuits such as the final or output stage of the
line selector 112-09, the final or output stage of the
trunk enabler 119-11 and the final or output stage of the
release selector 119-12. In addition, the concentrator
trunk termination 139-10 is provided for each of the
trunks and is interconnected with corresponding trunk
terminations of the distribution network in the manner
shown and described herein. Each of these control cir-
cuits is employed to apply control voltages to either the
line or trunk conductors and is in turn controlled by the
various control circuits of FIG. 5.

The distribution portion of the network is shown in
FIG. 4 to the right of the line 4-10, and in FIG. 8. This
network comprises a six-stage switching network, each
stage of which comprises a group of gas discharge tubes
which are employed both for the selecting of an idle path
through the network and for the transmission of the talk-
ing or other communication currents through the path
thus established.

The tubes of each of the stages have been grouped to-
gether in subgroups referred to herein as switches, thus
a group of the tubes of the first stage, e.g., are represented
by the switch 125-16. While each such switch or each
subgroup comprises a large plurality of tubes, in estab-
lishing a path through the distribution network only one
tube in each stage is employed for any established path.
Other tubes may be similarly employed for establishing
other paths. Thus, the first stage switches are represented
by switch 125-10, the second stage by 125-08, the third
stage by 131-10, the fourth stage by 131-16, the fifth
stage by 137-10 and the sixth or final stage by 137-12.

A junctor circuit 131-12 is interconnected between the
third and fourth stages and thus in the middle of the net-
work. Other control circuits such as propagators 125-21
and 137-25 are provided to augment and relay operating
potentials and to improve the operation of the system.
Tn addition, propagating circuits 125-31 and 137-44 are
provided between the second and third, and the fourth
and fifth stages. Likewise, trunk terminals such as 125-13
and 137-13 are provided and interconnected with various
ones of the concentrator trunk terminals described above.
Also trunk selector circuits, such as 125-09 and 137-0%
are provided. These trunk selector output stages are pro-
vided to apply suitable control potentials to selected trunk
conductors. These trunk selector output stages together
with the junctor circuits are controlled by the control cir-
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cuits of FIG. 9 and cause the proper potentials to be ap-
plied to selected ones of the various conductors or paths
through the network.

The trunk terminals of the distribution network have
been arranged in two groups, one designated A trunk
terminals or A trunks and the other designated B trunk
terminals or B trunks. The A trunk terminals or A
trunks are shown on the left-hand side of the distribu-
tion network to the right of the line 4-18. The B trunk
terminals or B trunks are shown at the right-hand edge
of FIG. 8. By thus grouping these terminals and desig-
nating them ‘A and B, they may be more readily referred
to and their operation more easily understood.

The various circuits and stages of the distribution net-
work are arranged and connected in such a manner that at
Jeast one and usually a plurality of possible switching
paths may be extended from any one of the A trunk
terminals to any one of the B trunk terminals of the
distribution network. Likewise a path may be established
in the distribution network from any one of the B trunk
terminals to any one of the A trunk terminals and usually
sufficient equipment will be provided to permit a plural-
ity of such paths between any two such designated ter-
minals to be set up so that if some elements of one
path are busy another possible path exists between two
terminals which may be automatically selected in-the
manner described herein.

The line terminations and trunk terminals of both the
concentrator section and the distribution section of the
network are so arranged that they apply sustaining volt-
ages to the various network conductors or paths, These
sustaining voltages are insufficient to cause any discharges
to be initiated through any of the crosspoint tubes but are
nevertheless sufficient to sustain or maintain a discharge
through the tubes of the selected paths once a discharge
has been initiated under control of the control circuits
as described herein. It is then necessary to apply other
control potentials to these paths to release a previously
established path.

Provision is also made for tracing previously established
paths and for making busy tests or indicating the exist-
ence of previously established paths through the network.

The control circuits for the concentrator portion of the
network are shown in FIG. 5. The sequence control
circuits 5-117 receive orders from the common control
circuits and coordinate the operation of the other con-
trol circuits of FIG. 5. This sequence control circuit
may receive any one of a plurality of orders from the
concentrator control circuits. These -orders include reset
and connect an idle A trunk, reset and connect an idle
B trunk, a release order, or a trace order. This sequence
control may also receive a connect A or connect B order
as described above and in addition directions to over-
ride a busy test or indication.

In addition to one of these orders received by the
sequence control, a line address is also received from the
common control by the line selector so that in combina-
tion with this address and the network order received by
the sequence control circuits the various circuits are set
into operation and cause the line selector control cir-
cuits 5129 to operate and, in turn, control the line selec-
tor circuits 5-107. Sequence control circuit 5-117 also
activates the trunk enabler circuits 5-110, the line selec-
tor identifier circuits 5—108 and the trunk level identifier
circuits 5-123B. 1In the case of a release order the ad-
dress or identification of the trunk to be released is re-
ceived from the common control circuits by the release
selector 5—121 and this identification or address together
with the release order transmitted to the sequence con-
trol 5-117 which activates the release selector control
circuits 5-122 cause the desired trunk to be selected and
a release potential applied to it.

Then trunk level identifier 5-123B and a line selector
identifier 5-108 respond to the application of the proper
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potentials to the selected conductors or paths, and the
match detector 5~123A indicates that the desired opera-
tion has either been satisfactorily performed or that ail
of the possible desired paths are busy and that the opera-
tion of the network and metwork control circnits, in re-
sponse to the order and address, has been completed.
These indications may then be transmitted to the common
conirol together with identity of the specified subscrib-
er’s line and the identity of the trunk level as determined
by the line selector identifier 5-108 and the trunk level
register identifier 5-123B.

The distribution network control circuits are shown in
FIG. 9. The network orders are received by the se-
quence control circuits 9-136 and similarly comprise a

.reset and connect order, a reset and release A order, and
a reset and release B order. These orders may be trans-
mitted to this sequence control independently of orders
transmitted to concentrator sequence control 5-117.
However, in certain instances orders may be simultane-
ously transmitted to both of these sequence control cir-
cuits and thereupon both portions of the network respond
substantially simnltaneously to establish the desired path
or to release or to trace a previously established path.

In addition to the transmission of an order to the se-
quence control circuit $-136, the identity of an A trunk
terminal and a B trunk terminal will be transmitted to
the A trunk selector 9-129 and the B trunk selector $—
141. These addresses or identifications together with the
network orders are employed to select the desired trunk
and apply proper potentials to it, the A trunk selector
9—129 being in turn controlled by the A trunk control
circuits 9-130. Likewise, the B trunk selector 9-141 is
in turn controlled by the B trunk selector control circuit
9-142. In addition, the sequence contro! circuits cause
the propagation pulser circuits 9-134C to be set in opera-
tion and this, in turn, supplies suitable potential to the
active propagator circuits 125-21 on the A side of the
network and 137-25 on the B side of the network. If
a busy condition is not encountered, no match indication
will be obtained from the match detector 9-134B at
this time. Then the junctor enabler circuits 9-133 are
then set into operation. - This circuit causes the junctor
circuits to be enabled one at a time and in sequence until
a path is established between the specified A and B dis-
tribution trunk terminals. Upon the establishment of
such a connection the identity of both A and B trunks is
determined by A trunk identifier 9-127 and by the B
trunk identifier 9-139, respectively. The sequence con-
trol will then cause the control circuits to be restored to
normal and transmit one or more of a plurality of signals
to the common control similar to those transmitted by
sequence control circuits 5-117. Thus, this sequence
control can transmit a signal indicating that the operation
of the network or network control circuits has ended, an
indication that the specific operation has been satisfac-
torily performed, or that a busy condition or all-paths-
busy condition is encountered.

In addition, a reset order may be transmitted simul-
taneously to the sequence control 5-117 and the sequence
control 9-136, thus restoring the various control circuits
of FIGS. 5 and 9 to their idle states.

As shown in FIGS. 6, 7, 10 and 11, the common con-
trol portion of the system includes a number of circuits
for cooperating with the other porticns. Thus, network
output control circuits 6~13 are provided for cooperating
with the output of the switching network control circuits
of FIGS. 5 and 9. The line selector register 6-26B is
employed to transmit line addresses or equipment num-
bers to the line selector 5~-197. The concentrator release
selector §—26A is similarly employed to transmit trunk
addresses or trunk equipment numbers to the release se-
lector 5-121 of FIG. 5. The network control order regis-
ter 10-39 is employed to transmit network control orders
“both to the concentrator sequence control selector 5-117
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and also to the distribution network sequence control cir-
cuits 9-135. The distribution network A and B trunk
selector registers 10-52 are employed to transmit trunk
identification or equipment numbers to the A trunk se-
lector $-129 and the B trunk selector 9-141, respective-
ly. The trunk signal selector register 10-40 together with
the trunk signal selector 10-53 are employed to control
the outgoing trunk circuits and the tone trunk circuit and
the signals or pulses transmitted over them.

A line scanner 6-14 together with the line scanner ad-
dress register 6-27 are employed to test or scan the var-
ious subscriber lines and trunk circuits in accordance with
addresses transmitted to it from the common control cir-
cuits, ‘These addresses designate the particular line or
trunk which is to be tested or scanned.

A barrier grid address register 7-22, in combination
with the Add 1 circuit 7-24 and barrier grid address con-
trol circuits 7-25A and the read-write control circuits
7-258, are employed to transmit information to the bar-
rier grid store circuit, to direct this store to read out and
regenerate or read out and change information at speci-
fied storage locations within the store in a manner de-
scribed herein.

A plurality of circuits are also employed to cooperate
with and control the flying spot store portion of the sys-
tem. Thus the flying spot store address register 10-42,
in combination with the Add 2 circuit 1¢-54, are em-
ployed to record in the cemmon control circuits the X
and Y addresses of the order currently being employed
by the system. The flying spot store address control cir-
cuits 10-43 and 10-56 are employed to transmit X and Y
addresses respectively to the flying spot store circuits
designating orders to which the flying spot store is di-
rected. The flying spot store control circuit 11-46 is
employed to transmit the control orders of advance, trans-
fer, rest, or pretransfer to the flying spot store circuits.

The flying spot store translation circuit 10-46 is em-
ployed to control the flying spot store when it is desired
to obtain translations of dialed or directory numbers into
line or equipment numbers and also class of service from
the flying spot store.

Transfer register No. 1 designated 18-58 is employed
to store addresses of orders to which it may be desired
to transfer control of the flying spot store. A second
such memory or transfer register No. 2 designated 11-48
is also employed where it may be desirable to transfer to
either one or the other of two different orders, depending
upon the orders and conditions of various circuits or
registers such as the busy or idle condition of an originat-
ing register or the network register. In addition, the
output from the flying spot store is entered upon the order
word register circuits 6-20 and then translated by the
translator circuits 6-16. The parity check circuit 6-20A
is provided to check the orders entered in the order word
register circuits 6—20.

The C memory translator 6-29B is employed to respond
to C translation from the translator and the order word
register 6-20. Similarly, additional C memory 6-29A is
provided for further cooperating with the C memory
translator 6-29B. A parallel matching circuit 6-30 is
provided for matching different addresses to determine if
they are the same or different. This parallel matcher is
employed in cooperation with the memory match register
7-31. A plurality of miscellaneous storage circuits 7-32
and the order memory circuits 7-33 are employed to store
various information relative to orders controlling the sys-
tem. A large access register 7-35 and a small access reg-
ister 7-37 are similarly employed to store information
relative to various orders and conditions of various por-
tions of the system. Additional memory or storage cir-
cuits 1147 are also employed. The clock oscillator and
clock pulse generator are shown at 11-64E and 11-64D,
and the pulse generator 11-64C. Start-stop step control
circuits 11-61A and 11-64B are employed for manually
controlling the operation of both common control circuits
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and the flying spot store circuits. Recycling circuit 11—
64A is employed for recycling various pulses of the sys-
tem. An EPO gating pulse control circuit 11-62 and the
CTR gating pulse control circuit 11-63 are employed to
cause the generation of either an EPO or CTR pulse in
cooperation with the respective generators 11-49A and
11-49B. An RGN pulse generator 11-49C is also em-
ployed for regeneration control of the barrier grid store.
Bus access circuit 11-51A is employed in transferring in-
formation from one portion or register in the common
control to another as will be described. In addition, fly-
ing spot store output monitor circuit 11-51B is employed
in combination with the administration center 7-10. The
administration center is employed to manually enter ad-
dresses and orders into the system as well as to monitor
the various circuits as may be desired. In addition, a re-
cycling counter may be employed wherein the control cir-
cuits may be caused to repeatedly advance during a pre-
determined cycle of operation.

In order to facilitate the description and understand-
ing of the invention and particularly the common control
circuits the output of the translation circuits extends
through a translation cable 70 to the various common
control circuits. This cable extends around the edges of
the FIGS. 6, 7, 11 and 10. In addition to the control
voltages from the translator applied to the conductors of
the translator cable as described herein, it is necessary to
transmit X and Y addresses and other orders from various
ones of the registers and storage devices to other ones of
the registers, storage devices and other apparatus located
in different portions of the common control system. For
this purpose a bus access circuit is provided and is shown
in the center of the common contro! portion of the sys-
tem. The X and Y addresses are applied to input con-
ductors of cable 20 and amplified by the amplifiers in the
bus access circuits 11-51A and then transmitted over out-
put conductors of cable 30 to other of the register circuits.

The various register and memory storage circuits,
in addition to including storage elements such as flip-
flops, also include gate circuits for effectively intercon-
necting either the input or output of the flip-flops or both
with conductors of the bus access cable circuits or with
conductors of cable circuits extending to the barrier grid
store or to the flying spot store or to the network and
network control circuits.

The operation of the system is controlled by the clock
pulses which are generated by the clock oscillator 11-64E
and the clock pulse generator 11-64D. These clock pulses
are employed to time or control each of the elemental
operations of the system. Each such elemental operation
is in general controlled by an order or order word readout
from the flying spot store. The clock pulse may be gen-
erated at intervals from ‘1 to 25 microseconds, ie., de-
pending upon the desired speed of operation. In the
exemplary embodiment described herein it is assumed
these clock pulses will be generated every 15 microsec-
onds, Thus during normal operation most orders, ie.,
non-decision and non-transfer orders will be read out from
the flying spot store and executed in the common control
and other portions of the system every 15 microseconds.

In order to achieve this speed of operation it is desirable
to cause various of the circuits to be operated concur-
rently.  Thus upon the readout of an order from the
flying spot store and entering it in the order word register
6-20 the flying spot store circuits will advance and cause
the next order to be entered upon the flip-flops of the
flying spot store output register 12-4¢. During this time,
of course, the order entered upon the order word register
6-20 is checked, translated, and executed by the common
control circuits in the manner described herein.. When
non-decision orders are entered in the order word register
an BEPO pulse is generated following the translation of
each of these orders in response to the 15-microsecond
clock pulse. This EPO pulse causes the present order
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6-20 to be executed by the common control circuits.
This order may cause an X address and a Y address, speci-
fied in the order, to be tramsferred to the first transfer
register, for example, 10-58. It may cause the X and Y
addresses to be entered upon the flip-flops of either the
large access register 7-35 or upon the flip-flops of the
small access register 7-37. This order may also direct
either an X address or a Y address specified in the order
to be entered upon the flip-flops of the barrier grid store
address register 7-22. The non-decision orders may also
be employed for other functions as described herein.

Decision orders usually require two of the 15-micro-
second intervals. In this case a decision order will be
entered upon the order register flip-flops 6-29, checked
by the parity check circuits 6-20A and also translated by
the translator circuits 6-16, and then an EPO pulse will
be generated in the manner described herein. In this case,
however, certain of the order memory flip-flops 7-33 or
the miscellancous memory flip-flops 7-32 will be set in
their “1” state. In addition, for example, the barrier grid
store may be directed to regenerate and read out infor-
mation previously stored in a storage spot therein desig-
nated either by the addresses previously entered upon the
barrier grid address register 7-22 or in part designated by
an address specified in the order and in part by an address
previously entered upon the flip-flops of the barrier grid
address register 7-22. During the time the barrier grid
store is regenerating and reading out this information, the
next succeeding order will be transferred from the flying
spot store output register 12-40 and entered upon the
order word register flip-flops and translated by the trans-
lator circuits 6-16.

Thus, at this time, four different operations are being
performed concurrently during this 15-microsecond cycle
orinterval. First the barrier grid store is regenerating and
reading out information previously stored in a specified
storage spot as directed by the decision order, second, the
succeeding order is being entered upon the flip-flops of
the order word register 6—20, checked by the parity check
circuits 6-20A, and franslated by the translator circuits
6-16, and third, the flying spot store circuits are reading
out and entering upon the flip-flops of the output register
1240 the second succeeding order following the decision
order described above. Depending upon the decision
order and the information read out from the storage spots
specified thereby, either an EPO pulse or a CTR pulse
will be generated. The A portion of the decision orders
comprises either a 1 or a 0. If the information read out
from the barrier grid store is different from the 1 or the
0 in the A portion of the order, then an EPO pulse will
be generated with the result that the first order following
the decision order, which is presently entered upon the
flip-flops of the order word register 629 and checked by
the parity check circuits 6-20A and translated by the
translator 6-16, is executed and the succeeding order
entered upon the flip-flops of the flying spot store output
register 12—49 is then transferred to the common control
circuits which respond in the manner described herein.

If, however, the information read out from the barrier
grid store corresponds with either the 1 or the G of the
decision order, then a CTR pulse is generated which
directs the flying spot store circuits to transfer to an order
specified either by the address previously entered in the
first transfer register 10-38 or to the address specified
in the second transfer register 11-48. In this case the
order following the decision order, which is presently
entered upon the flip-flops of the order word register
6-20 and translated by the translator 6-16, is discarded
and not employed to control the system. Furthermore,
the second succeeding order from the decision order is
presently entered upon. the output register flip-flops 12—4¢
in ‘the flying spot store and is likewise discarded and
not employed to further control the operation of the
system at this time. These orders nevertheless remain
stored on the various storage plates in the flying spot
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store and may be read out at a later time as may be
desired.

The CTR pulse causes a transfer pulse to be transmitted
to the flying spot store circuits which in turn respond
by directing the beam within the tube 12-18 to a new
location. Inasmuch as an appreciable time may be re-
quired to redirect the beam to the new location, depend-
ing upon how far the beam must be moved from the old
location to the new, the EPO pulse gate circuit and the
CTR pulse gate circuit are disabled by the transfer pulse
transmitted to the flying spot store. Consequently, neither
of these pulses will be generated in respoase to the suc-
ceeding 15-microsecond clock pulses until the flying
spot store circuits-have completed their cycles of opera-
tion of reading out the order at the specified new ad-
dress. At this time, the flying spot store circuits will
transmit a cycle-complete pulse to the common control
circuits and the new order read out and entered upon
the flip-flops of the order word register 628 and the
operation of the system resumed as described herein.

Inasmuch as the beam in the flying spot store can be
moved to the next adjacent storage spot or in fact fo the
next two adjacent storage spots and read out a complete
order word in a 15-microsecond interval, whereas a large
number of such intervals may be required to move the
beam from one location in the storage area to a more
distant storage area, the program of orders is devised and
arranged so that the probability of continuing in the
sequence of orders is greater than the probability of
encountering circumstances which cause the above-de-
scribed transfer operation.

In the above description, it is assumed that the decision
order directed the barrier grid store to read out informa-
tion previously recorded on a specified storage spot. The
decision orders may also direct various other opera-
tions, such as determining whether a specified flip-flop is
in its “1” state or its “0” state, and then either execute
the next succeeding order of the sequence presently entered
on the order word register 6-29 or transfer to another
order in the same or a different sequence, depending upon
whether the flip-flop was in a different or the same state,
an specified in the A portion of the order. Likewise the
scanner may be directed to scan a subscriber’s line and
compare the presently existing condition of this line with
the condition of the line at a previous time, and then
cause either an EPO pulse or a CTR pulse to be generated
at the end of the translation of the succeeding order.

In addition to the non-decision orders described above,
and to the decision orders which cause either an EPO
pulse or a CTR pulse to be generated, certain of the non-
decision orders may also direct the flying spot store cir~
cuits to transfer to a different order, which may be
specified in the various portions of the order.

In translating these orders, positive voltages are applied
to various conductors of the translator cable and trans-
raitted to various gate and contro! circuits associated with
the various registers and other apparatus of the system.

In order to facilitate an understanding and descrip-
tion of the operation of the system, these translator con-
ductors have been designated by symbols indicating the
information of the order which causes the positive voltage
to be applied to the respective conductors. Thus, the
translator cable conductors are designated A0, A2
through A7 indicating that a 0 or some other digit up to
seven was recorded in the A portion of the order. Cer-
tain other conductors of the ftranslator cable are des-
ignated A0-V, A1-V, and A01-V for example, indicating
that an amplifier has been included between the transla-
tor and the conductor of the translator cable. Conduc-
tors B® and B1 have positive voltage applied to them in
response to a 0 or a 1 recorded in the B portion of the
order. Similarly the conductors CO through C31 have
positive voltage applied to them in response to the cor-
responding number recorded in the C portion of the
order. Likewise, conductors D0 through D31 have posi-
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tive voltage applied to them in response to the corre-
sponding numbers entered in the D portion of the order.
Certain conductors designated C6-V through Vi5-V have
positive voltage applied to them through an amplifier in
response to the corresponding number entered in the C
portion of the order. Certain conductors designated
C06-W through C15-W have positive voltage applied to
them through a decoupling gate in response to the cor-
responding number entered upon the C portion of the
order. Other conductors of the translator cable are pro-
vided which have positive voltage applied to them in
response to combinations of numbers entered in the
varjous portions of the order. Thus, the designation A81
or A81-V indicates that positive voltage will be applied
to this conductor in response to either a “0” or a “1”
in the A portion of the order, but not in response to other
numbers entered in the A portion of the order. A des-
ignation 01, 01 indicates that positive voltage will be
applied to this conductor in response to an order which
has either a “1” or a “0” entered in both the A and B
portion of the order. Similarly, the conductor designated
01, 1 indicates that positive voltage will be applied to
this translator conductor in response to either a “0” or
a “1” entered in the A portion and a “1” entered in the
B portion of the order.

Thus the double designated conductors indicate that
positive voltage is applied to these conductors in response
to the corresponding numbers entered in the A and B por-
tions of the order. Other conductors may have additional
designations. Thus conductor 7, 3, 17 indicates that
positive voltage will be applied to this conductor in re-
sponse to an order which has 7 entered in the A part, 3
in the B part, and 17 in the C part independently of the
number stored in the D portion of the order. Conductors
designated, for example, 01,-,0 indicate that positive
voltage will be applied to this conductor by either a “1”
or “0” recorded in the A portion and by a “0” recorded
in the C portion independently of the number entered
in the B portion of the order. By thus designating the
various conductors of the translator cable, the response
of the translator and the various other circuits of the
common control to the various orders may be more
readily understood.

In order to facilitate the description and understanding
of the system and its manner of operation, the orders or
sequences of orders have been arranged to form various
programs which are employed for accomplishing different
functions. Thus, the main program is provided for caus-
ing the common control circuits and related equipment
to cyclically determine the necessity for performing other
functions.

In the exemplary embodiment described herein, the
main program is arranged to have a basic or minimum
cycle of operation of five-milliseconds. During each of
these five-millisecond intervals, certain functions are per-
formed. During only predetermined ones of these five-
millisecond intervals other functions are performed in
addition to the functions performed during each of the
five-millisecond intervals. Thus, during every tenth one
of these five-millisecond intervals and thus once each
fifty-milliseconds certain outpulsing sequences are em-
ployed to control the pulses transmitted over the outgo-
ing trunks. During every twentieth one of these five-
millisecond intervals, the various lines and trunks are
scanned for supervisory signals and during less frequent
ones of these inervals other functions are performed as
will be described herein.

In setting the system into operation, either an address or
an order or both are entered in the common control cir-
cuits from the administration center which wili direct
the flying spot store to a particular order. Thereafter
the system may be controlled automatically by the se-
quences of orders in the flying spot store. These se-
quences are arranged so that control of the system will be
transferred from one sequence to another, as may be
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required, to direct operations and functions performed
thereby.

These sequences of orders in the flying spot store are
arranged first to form a main program of orders or se-
quences of orders. The system is designed to continuously
operate under control of the main program in a cyclic
manner.

The main program comprises a plurality of sub-

programs which are employed in a cylic manner. In the
exemplary embodiment described berein these sub-
programs are referred to as a 5-millisecond cycle of the
main program since the system is arranged to advance
through each of these sub-programs in approximately 5-
milliseconds. During each of the 5-millisecond cycles
certain operations take place. During ceitain of these
5-millisecond cycles other operations may take place.
Twenty of these 5-millisecond cycles comprise a main
100-millisecond cycle of the main program. In addition,
a number of the 100-millisecond main cycles are employed
to time longer intervals.

During each of the 5-millisecond cycles of the main
program, a sequence of orders is read out from the flying
spot store circuits of FIG. 12 which directs the common
control circuits and the barrier grid store to read out the
busy or activity spot of each of the originating registers
in sueccession. If this spot has a “0” recorded in it in-
dicating the originating register is idle, then the system
advances and reads out the corresponding spot of the next
originating register. If, however, the register is found
to be busy due to a “1” having been previously recorded
in this spot, then the control is transferred to sequences
of orders which will be read out from the flying spot
store and other functions then performed as described
herein. After thus examining or scanning each of the
originating registers, the system will examine the condition
of the ringing circuits to determine whether they are in
condition to test a subscriber’s line to determine whether
or not a called subscriber has answered. If the ringing
circuits are not in proper condition or if they have been
examined during the immediately preceding 5-millisec-
ond cycle or group of cycles, then the succeeding orders
of the 5-millisecond cycles of the main program will be
employed to further control operation of the system. If,
however, the ringing circuits have just changed to a con-
dition indicating that the subscriber’s line may be tested
for an answer by calling a subscriber, then the control
of the system will be transferred to different sequences
of orders for performing this function as described herein.
Next, certain storage spots in the outpulsing register
OPLR in the barrier grid store are read out to determine
whether or not further operations with respect to this
register are required. If so, then control is transferred to
the sequence of orders for performing such operations as
may be required. If no such operations are required, then
succeeding orders of the 5-millisecond cycles of the main
program will be employed and cause the output informa-
tion from the concentrator network control circuits and
also from the distribution network control circuits to be
determined, If these network control circuits are idle
and have not just completed any task assigned to them,
then the succeeding orders of the 5-millisecond cycles of
the main program will be employed to further operate
the system. If, however, some operation of one or
both of these network control circuits has just been
completed, then control of the system will be transferred
to other sequences of orders for performing other func-
tions as will be described. Upon the completion of these
other operations or upon the determination that such
operations are not necessary, various timing functions
are performed and then the above cycle of operations re-
peated. During each tenth one of these S-millisecond
cycles the control of the system will be transferred to
sequences of orders for causing the outpulsing circuits
to be further controlled in accerdance with the informa-
tion stored in the respective outpulsing registers during
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some one of these 5-millisecond cycles in accordance with
the information stored in the respective outpulsing regis-
ters. During someé one of the 5-millisecond cycles dur-
ing each of the 100-millisecond cycles of the main pro-
gram, the scanner will be directed to scan each of the
subscriber’s lines in succession and the barrier grid store
directed to read out one of the storage spots-assigned
to the line which is scanned. If no change in the signal-
ing condition of this line occurs, then the succeeding
orders of the scanning sequences are employed to scan
other lines and trunks. If, however, a change has taken
place, then the control of the system is transferred. to
other sequences which perform such functions as will be
described.

During still a different one of the 5-millisecond cycles
during each of the 100-millisecond main cycles, the orig-
inating registers are scanned to determine whether or not
an interdigital dialing interval should be timed. If this
interdigital time has elapsed then other sequences are
employed to cause the digit just dialed to be entered in
the proper storage spaces of the originating register. In
a similar manner during various ones of the 5-millisecond
cycles, disconnect registers are examined to determine
whether or not the disconnect timing or disconnect opera-
tions are necessary. If such operations are necessary,
then the control of the system will be transferred to still
other orders for performing these functions.

Thus, during normal operation of the system when no
calls are in progress, the common control circuits in com-
bination with the flying spot store circuits continuously
search for or scan the various component circuits to deter-
mine whether or not they require further cooperation
from the common control portion of the system or from
any other portion of the system.

The subscriber stations employed in the exemplary
system described herein are provided with voice trans-
mitting and receiving devices and with a dial of the usual
type for dialing the called party’s directory number.

These stations are also provided with an audible call-
ing device for calling the subscriber. The subscriber
stations also include transistor amplifiers which may be
employed for either the calling operations or for amplify-
ing voice currents. Power for operating the transistors
is transmitted from the central office over the subscriber
line conductors. Moreover, during idle conditions with
the telephone instrument placed in its usual support the
subscriber line circuit is open as is usual practice for
telephone subscriber stations and line circuits.

When a subscriber desires to make a call, a subscriber
picks up his telephone instrument in the normal manner
which causes his line circuit to be closed. This closure
is detected by the line scanner and equipment in the
common control circuits during the 100-millisecond super-
visory scan of the subscriber’s line and trunk. Thus
every %o of a second the common control circuits cause
certain ssquences of orders to be read out of the flying
spot store and these sequences in turn direct the scanner
to the various subscribers’ lines. In addition, the barrier
grid store is directed to read and regenerate the infor-
mation stored in the L1 storage spots of the particular
lines which are to be scanned. If there is no change
in the relative condition from the output from the line
scanner and the information read out of the L1 storage
spot, that is “0’s” are read out of both of them, the
system will advance to scan the next subscriber’s line
and these operations repeated. If, however, on the
previous scan the line circuit had been opened or idle,
and it is now found to be closed, then control of the
system will be transferred to various sequences, first to
determine whether the change is due to originating a call,
answering a call, or a disconnect signal. When it is
determined that the closure represents the initiation of
a call, then the originating registers are scanned and an
idle one selected to record the information to be dialed
by the subscriber, The identity of the calling line is also
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entered in the originating register. Furthermore, control
is transferred to other sequences of orders which are
employed to set up a dial tone connection. The con-
nection is then set up, first from the line terminal 112-35
through the concentrator switch 112-33, and then through
the distribution network to the trunk terminal 137-36
and then finally this tone trunk is conditioned to transmit
the dial tone.

Thereafter, upon the scanning of this originating reg-
ister during each of the 5-millisecond cycles of the main
program, the calling party’s line or equipment number
is read out from the register and employed to control
the scanner to scan the subscriber’s line to determine
whether or not a change in the signaling condition has
taken place. If, however, a change has not taken place,
the control is returned to the main program and the
succeeding register similarly scanned. If the line be-
cores open indicating the first dial pulse, then this pulse
indication is entered on a pulse counting storage spot
in the originating register and, in addition, orders are
given to the network control circuits to take down the
dial tonme connection. Thus if the subscriber’s line
changes from closed to open circuit indicating the begin-
ning of a dial pulse, a “1” is added to the pulse count
recorded in the pulse count spots; and if the line is closed
the circuits are reconditioned for receiving the next dial
pulse.

During dialing, in addition to examining the register
every 5 milliseconds in a manner described above to
determine whether or not the condition of any line has
changed, the originating register is also examined every
100 milliseconds, during a predetermined one of the
5-millisecond cycles, to perform interdigital timing oper-
ations. Thus at the end of the dialing of the first digit
an interdigital time interval will be determined in this
manner and at the end of this interval the pulse count
standing on the pulse count storage spots is examined.
This number is then checked and thereafter transferred
from these pulse count spots to the register spaces assigned
to the first digit. Pulse count spots are then restored
to their “0” states. Thereafter the succeeding dial pulses
are registered during the 5-millisecond intervals during
which time the lines are scanned. In this manner the
dialed number is recorded in the originating register.

At the end of the interdigital interval after the third
digit is dialed, the office code or first three digits are
checked and translated and then the results are stored
in the originating register.

At the end of the interdigital timing after the final
digit is dialed, the information recorded in the originat-
ing register is changed and other information is recorded
therein, first to indicate that the register is not to be
employed during each of the 5-millisecond cycles of the
main program to scan the calling subscriber’s line for
dialing pulses. In addition, information is recorded in this
register indicating that dialing has been completed.
Thereupon the control of the system is transferred, from
the sequences of orders received from the flying spot
store in the manner described herein, to the flying spot
store translation control circuits 10-46. These transla-
tion control circuits, together with the informaton pre-
viously recorded in the large access register 7—35 and the
small access register 7-37, are employed to direct the
beam within the flying spot store to a translation control
area or portion of the storage space, whereupon a class
of service translation is determined. Then the control
of the system is then transferred back to the various se-
quences of orders stored in the flying spot store. The
control is transferred to sequences of orders which trans-
fer orders to the network control order register 10—39 and
the line selector register 6-26B designating the calling
party’s line. In addition, the address of the first order of
the sequence of orders employed to perform the next step
in the network is entered in the network register NR.
Thereafter the common control circuits are transferred to
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sequences of the main program or other sequences and
the network establishes a connection from the calling
line to one of the idle A trunks extending from the con-
centrator network to the distribution network. The iden-
tity of this trunk is then determined by the trunk level
identifier 5-123B and stored therein for transmission to
the common control circuits.

When the network has completed its operation and as-
suming it to be successful, the network transmits this in-
formation to the common control circuits during the next
one of the 5-millisecond cycles of the main program dur-
ing which the network output is scanned, control will be
transferred to other sequences of orders previously en-
tered in the network register indicating that the next step
in the process of setting up a ringing connection is to be
performed. First the identity of this trunk thus inter-
connected through the concentrator portion of the net-
work with the calling line is stored in the network regis-
ter in the barrier grid store. The next step comprises
transmitting orders to the network order control register
10-39 and the called party’s line identification to the line
selector 6-26B. In addition, an order is recorded in the
network register indicating the next network operation to
be performed. Thereafter the common control circuits
are transferred to sequences of the main program and
other sequences to perform other functions in the man-
ner described herein.

In the meantime, the network control circuits first test
the called subscriber’s line for busy or for a connection
through the network and, if idle, establish a connection
from the called party’s line through the concentrator por-
tion of the network to an idle one of the B concentrator
trunks extending to the distribution network. In addi-
tion, the identity of this B trunk is determined by the
trunk level identifier 5-123B and stored for later trans-
mission to the common control circuits. ]

Upon the completion of the establishment of this con-
nection, signals are again transmitted to the common con-
trol indicating these facts whereupon during the next
network break-in operation, described herein, the con-
trol of the system is transferred to various sequences,
first for reading the previously stored order from the
network register indicating the next step or function to
be performed and thereafter transferring control to vari-
ous sequences of orders to perform this next operation.
Thus, the identity of the B trunk connected to the called
party is received from the trunk level identifier circuits
§-123B and transferred by the common control circuits
to the distribution network B trunk selector registers
10-52. The identity of the ringing trunk is likewise
entered in this selector register and the connect order for
the distribution network entered in the network control
order register 10-39. Thercafter, another order is en-
tered in the network control register in the barrier grid
store indicating the next step in the operation of setting
up a ringing connection. Thereafter, the control of the
common control part of the system is transferred to
sequences of orders of the main program and to other
sequences for performing other functions with respect
to other calls as described herein.

In the meantime, the distribution network and the con-
trol circuits therefor set up a connection or path from
the B trunk interconnected through the concentrator net-
work to the called subscriber with an A trunk from the
distribution network to the ringing switch. This A trunk
is referred to herein as a ringing trunk, When this con-
nection is sucessfully established, signals are again trans-
mitted to the common control portion of the system and
upon the next network break-in sequence of the main
program, as described herein, control is transferred to
other orders which cause a second connection to be set
up through the distribution network. This second con-
nection extends from the A trunk of the concentrator net-
work interconnected with the calling subscriber’s line to
a B trunk extending to the ringing switch, which is called a
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ringing induction trunk. In order to establish this con-
nection, the identity of the A trunk interconnected with
the calling party from the concentrator portion of the net-
work, previously entered in the network register in the
barrier grid store, is transferred to the distribution network
A trunk selector 18—52. The identity of the ringing induc-
tion trunk is also transferred to the distribution network B
trunk selector 10—52. In addition, a distribution network
connect order is entered in the network control order regis-
ter 10-39. The identity of the ringing trunk and the ring-
ing induction trunk, in the exemplary embodiment de-
scribed herein, are the same except the ringing trunk is
connected to the A side of the distribution network while
the ringing induction trunk is connected to the B side of
the distribution network. After these above-described
orders are transmitted to the network control registers of
FIG. 10, control of the system is again transferred to the
main program and other sequences as may be required to
perform various other functions as described herein. How-
ever, no further network functions may be performed at
this time. Concurrently, with the operation of the com-
mon control portion of the system in response to sequences
of the main program and other sequences for performing
functions relative to other calls and other apparatus, the
distribution network control circuits and the distribution
network circuits function to establish a path through the
network from the trunk interconnected with the calling
subscriber to the ringing induction trunk.

When this operation has been successfully performed,
signals will be transmitted from the distribution network
control circuits to the common control circuits during the
network break-in operation during the next 5-millisecond
cycle of the main program, At this time the identity of
the terminal on the line side of the ringing switch inter-
connected with a suitable source of ringing current is
entered in the line selector register 6-26B, and then the
A connect order is entered in the network control order
register 10-39. As a result, the concentrator control cir-
cuits cause a connection to be established through the
ringing switch to a source of ringing current. At this
time, ringing current will be applied to the called party’s
line from the source of ringing current 1-118 and trans-
mitted through the ringing terminals 111-18, and then
through the ringing switch 111-08 and then through the
distribution network to the trunk interconnected through
the concentrator network with the-called party’s line, and
thus to the called party’s line.

The next time the common control circuits test for net-
work break-in, control is transferred to other sequences
of orders which cause the identity of the ringing induction
terminal 111-18 connected with the source of ringing in-
duction to be entered upon the line selector register 6-26B
and then a connect B order is entered in the network con-
trol order register 10-39. Thereafter, the control of the
common control portion of the system is transferred to
other sequences of the main program-and other sequences
for performing various functions as described herein.
In the meantime, the concentrator control circuits respond
to the above orders and establish a connection from the
ringing induction trunk to the source of ringing induc-
tion current, with the results that ringing induction is now
transmitted from the source through the ringing switch,
distribution network, and the concentrator portion of the
network to the calling subscriber. Upon the successful
establishment of this connection, signals are again trans-
mitted to the common control portion so that during the
next S-millisecond cycle of the main program, during
which the network break-in sequences are employed, con-
trol of the system will be transferred to various sequences
of orders which cause the identity of the called party’s
line to be entered in the ringing register in the barrier grid
store. In addition, the originating register is fully released
at this time so that it may be employed in the establish-
ment of connections in the system in response to other
¢alls in response to subsequent cycles of the main pro-
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gram. Also a “1” is written in the L2 storage spot of the
called party’s line. A “1” was previously written in the
L1 storage spot of the calling party’s line and a “0” written
in the L2 storage spot at the completion of dialing. In
addition, the network register is released at this time by
writing a “0” in the activity spot thus making this register,
and as a result the network and network control circuits,
available in establishing or releasing paths therethrough
for other calls.

Thus, in establishing the ringing connection described
herein, six different network operations are required.
From the time the network is seized by the first of these
operations until all six have been performed, the network
control circuits are maintained busy so that they may not
be employed for performing any functions with respect
to other calls. In addition, as part of each of the steps of
operation, the X and Y addresses of the first order of the
sequences to be performed by the next step or operation
are entered in the network control register as a portion
of the previous step. In this manner the various steps
of operation of the network are performed as fast as the
network control circuits and network can perform the
specified operations. In the meantime, the common con-
trol circuits are employed in the establishment of such a
connection or connections only during brief intervals re-
quired to convey the necessary information to the net-
work control circuits and receive from these circuits the
necessary information relative to the satisfactory comple-
tion of the previous step.

During the ringing of the called subscriber, both the
calling and called subscribers’ lines are scanned during
the 100-millisecond supervisory scan of the lines and
trunks. However, due to the “1” in the L1 spot of the
calling line and the fact that this line remains closed, the
circuits do not further respond to the condition of the
calling line. Likewise, due to the “1” recorded in the L2
storage spot of the called line, the common control cir-
cuits do not further respond to the supervisory scan of
this line during this ringing interval. However, during
certain of the 5-millisecond cycles of the main program
when the signal is received from the ringing control cir-
cuits, the called party’s line is scanned under control of
the ringing register.

As described herein, an audio-frequency ringing sig-
nal or current is employed, which is transmitted from
the source of ringing current through the ringing switch
and the distribution network and then through the con-
centrator portion of the network to the called subscriber.
In order to provide a satisfactory calling signal at the
subscriber’s station, in response to this current, it is de-
sirable to provide a transistor amplifier at the subscriber’s
station. The power for this amplifier is supplied over the
subscriber’s line from the central office. During the time
ringing current is applied to the line, the power require-
ment for this amplifier may cause a false indication that
the called party has answered the telephone, In order to
prevent this, the ringing current is interrupted during the
ringing interval at short intervals of time with the result
that the power requirement by the transistor amplifier
falls to a very low value at this time. Consequently, the
subscriber’s line must be tested for an answer during these
interrupted intervals during which no power is required by
the transistor amplifier. Consequently, the ringing cir-
cuits signal the common control at time intervals during
which the power supplied to the transistor amplifier is at
a minimum following each of the interruptions thereof.
Thus at these times the common control will test the called
party’s line for answer.

If the called party does not answer and the calling party
abandons the call, then the operation of the system is
similar to the disconnect operations described herein. If,
however, the called party answers, then the change in the
line condition is detected during the first of the above-
described testing intervals following his answer. Due to
the fact that the subscriber’s line is closed, appreciable
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current will be flowing thereover even during the test in-
terval and thus indicate an answer. As a result, the con-
trol of the system is transferred to sequences of orders
which cause the identity of the ringing trunk extending
between the ringing switch and the A side of the distribu-
tion network to be entered in both the concentrator release
selector register 6-26A and the A distribution network
trunk selector 16-52. In addition, a network disconnect
order for disconnecting the specified trunk in both the
concentrator portion of the network and in the distribu-
tion portion of the network is entered in the network
control order register 10-39, assuming, of course, that
the network is idle and available for use in performing
these functions. Thereafter, the common control returns
to sequences of orders of the main program and other
sequences for performing other functions. In the mean-
time, both the concentrator network control circuits and
also the distribution network control circuits function to
cause the connection between this trunk and the source
of ringing trunk through the ringing switch to be released
and the connection from the ringing trunk through the
distribution network to the trunk interconnected through
the concentrator switch with the called party also to be
released. Upon the release of these connections, signals
are again transmitted from both the concentrator network
control and the distribution network control to the com-
mon control portion of the system indicating a successful
disconnect operation,

During the next network break-in interval thereafter,
the common control circuits respond to these various
orders and cause the control to be transferred to other
sequences of order which are employed to enter the
identity of the ringing induction trunk in the concentrator
release selector register 6-26A and also in the distribu-
tion network B trunk selector 18-52. Next a disconnect
order, directing both the concentrator control circuits and
the distribution control circuits to release the connections
through both of these networks previously established to
this specified trunk, is entered in the network control order
register 10-39.

Thereafter, the common control circuits are controlled
by other orders of sequences of the main program and
other sequences for performing other functions. While,
the network control circuits again function to release the
above-described connections. At this time all the ring-
ing connections except the connection from the calling
line to an A trunk through the distribution network and
from the called line to a B trunk through the distribution
network have been released. Upon the successful release
of these connections, signals are transmitted to the com-
mon control so that during the next network scanning
or break-in interval, the identity of these two trunks is
transmitted to the distribution network A and B trunk
selector registers 10—52. A connect order is also entered in
the network control order register 16-39. The identity of
the A trunk which is interconnected through the concen-
trator switch with the calling party is obtained from the
trunk level identifier as a result of the previous disconnect
operation, while the identity of the B trunk interconnected
with the called party’s line to the concentrator portion of
the switch is obtained from the information previously
stored in the network register in the barrier grid store.
At this time, a “0” is written in the T3 storage spot of the
ringing trunk, thus releasing this trunk for use in applying
ringing to other called subscribers’ lines during subsequent
cycles of operation of the system.

Thereafter, the common control circuits respond to
other orders of the main program and other sequences,
while the distribution network control circuits search
for an idle path between these two trunks and cause such
a path to be established through the distribution network.
Upon the successful establishing of such a path signals
are again conveyed to the common control circuits so
that upon the next network break-in interval control is
transferred to various sequences of orders which release
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the network and network control circuits and the network
register so that they are available for use in performing
other functions during subsequent cycles of operation of
the system. In addition, a “1” is recorded in the L1
storage spot of the called party’s line and a “0” in the 1.2
storage spot of this line indicating that this line is also
now in the talking condition.

At this time the subscribers may talk with one another
over the paths thus established through the system. At
this time the ringing register is released in response to
the subscriber answering the call.

During the talking interval both the called and calling
parties’ lines will be scanned by the 100-millisecond scan-
ning operations described above. Inasmuch as both lines
remain closed at this time and a “1” is recorded in the
L1 storage spot, the common control circuits do not fur-
ther respond to these scanning operations .or perform any
other function relative to either the called or calling
party’s line.

In case the called party’s line is busy or in the case
of improper dialing, or trouble conditions, provisions
have been made to transfer control of the system to se-
quences of orders from the flying spot store to cause a
connection to be established from the calling party’s line
through the concentrator portion of the network and then
through the distribution portion of the network to a tone
trunk in a manner similar to the establishment of a con-
nection for dial tone, as described above. In this case,
however, the tone trunk is conditioned to apply busy
tone to the calling party’s line whereupon the calling
party abandons the call and thereafter the system responds
as described during disconnect operations.

When one or the other of the subscribers disconnects,
he will replace his instrument on its support and cause
his line circuit to become open. During the next of the
100-millisecond supervisory line circuit scans this condi-
tion will be detected. As a result, the control of the sys-
tem will be transferred to sequences of orders which first
determine that the signal represents at least the first por-
tion of the disconnect signal whereupon the control is
transferred to still other sequences of orders, and a “0”
is written in the L1 storage spot and a “1” in the L2 stor-
age spot of the disconnecting party’s line in the barrier
grid store. Assume for purposes of illustration that the
calling party is the one to disconnect first, thus at this
time a “0” is written in the L1 storage spot and a “1” in
the L2 storage spot assigned to this subscriber’s line. In
addition, the equipment number or identity of the dis-
connecting subscriber’s line is written in a disconnect
register. Thereafter, the control of the system is trans-
ferred to other orders which scan other subscribers’ lines
and thus complete the supervisory scan of the line, there-
after other sequences of the main program and other
sequences control the system.

Every 100-milliseconds the disconnect register is
scanned and when a disconnect operation is in progress,
a number of these 100-millisecond intervals is counted
so that at the end of a minimum interval of approximately
340 of a second, control is transferred to other sequences
of orders to start the disconnect operations, providing the
subscriber’s line still remains open. Thus, the subscriber’s
line will again be scanned and if it has been reclosed, indi-
cating that the first signal was a false disconnect, then the
L1 and L2 storage spots are restored to the talking condi-
tion with the “1” in the L1 storage spot and “0” in the L2
storage spot and the disconnect signal canceled.

However, if the line is still open, then it is assumed that
the first signal was a bona fide disconnect and the identity
of the disconnect line read out of the disconnect register
and entered upon the line selector register 6-26B. In
addition, a concentrator network trace order is entered in
the network control order register 10-39. Thereafter,
the common control circuits scan other disconnect regis-
ters and perform other funtions under control of the
sequences of the main program and other programs.
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When the network has completed a trace order and
identified the trunk circuit to which this line is connected
this information is transmitted to the common control
circuits during the next network break-in operation. At
this time the identity of this trunk is entered in the con-
centrator release selector register 6-26A and also in
the distribution network A trunk selector 10-52. Then
a disconnect order for both the concentrator and dis-
tribution network is entered in the network control order
register 10-39.

Thereafter, the common control circuits are employed
for other functions, as described, while the network con-
trol circuits interrupt the connections to the identified
trunk both through the concentrator portion of the net-
work. Thus, the calling subscriber’s line is completely dis-
connected and the previously established connection
through the distribution portion of the network is also
disconnected. At this time the identity of the various
trunk terminals which have been disconnected are en-
tered on the A and B trunk identifiers 9-127 and 9-139
and the trunk level identifier 5-123B in the concentra-
tor. Upon the completion of the disconnect order, both
in the concentrator and distribution sections of the net-
work, this information will be transmitted to the com-
mon control circuits on the next network break-in opera-
tion. At this time, the common control circuits will then
employ the information in the B trunk identifier 9-139
of the distribution network to identify the trunk extending
to the called party’s line and cause this information to be
entered in the concentrator release selector register 6-26A.
In addition, a concentrator release order is entered in
the network control order register 10-39 and thereafter
the common control circuits perform other functions in
the manner described herein. In the meantime, the con-
centrator network control circuits cause the connection
through the concentrator network to the called party to
be released. Upon the successful release of this con-
nection, the L1 and L2 storage spots of the calling party’s
line, that is the disconnecting party’s line, are restored
to their idle condition by writing a “0” in the L2 stor-
age spot. Thus, the disconnecting party’s line, assumed
to be the calling party, has been restored to its normal or
idle condition. The called party’s line, that is the second
party to disconnect, remains in the talking condition until
the disconnect signal is received from this line in response
to the subscriber replacing his instrument on its support.

This disconnect signal is then recognized at the cen-
tral office on the next succeeding 100-millisecond super-
visory scan of this subscriber’s line. At this time the iden-
tity of this line will be entered in a disconnect register
and a “0” written in the L1 storage spot of this line and
a “1” in the L2 storage spot. Thereafter a minimum
time interval of 3o of a second is again determined after
which the identity of this subscriber’s line is entered in
the line selector register 6-26B and a trace order entered
in the network control order register 10-39. The net-
work control circuits thereafter attempt to trace a con-
nection from this subscriber’s line through the concentra-
tor section of the network. However, as described above,
this connection was previously released so that a trace
operation will not be successfully performed. When this
information is then transferred to the common control
circuits on the next network break-in operation, the com-
mon control circuits will cause the 1.1 and L2 storage
spots of this line to return to an idle indication. In
other words, a “0” will be written in the L2 storage spot,
a “0” having been previously written in the L1 storage
spot as described above. Thereafter, the common con-
trol circuits respond to other sequences of orders of the
main program and other programs and the subscribers
line circuits and equipment restored to their idle or initial
condition.

In the case of abandoning a call during the ringing
operation, the disconnect sequences are similar to the
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ones described above. However more connections have
to be released.

As before, npon receiving an open line signal from the
calling party’s line which indicates an abandonment of
the call, control of the system is transferred to various
sequences for determining the nature of this signal. Upon
determining that it is a disconnect signal, the identity of the
calling party’s line is again entered into an idle discon-
nect register in the barrier grid store and the L1 and L2
storage sopts of the calling party’s line again changed to
a “0” in the L1 storage spot and a “1” in the L2 storage
spot indicating special control from the common control
circuits. Thereafter, a minimum time interval or ap-
proximately 3o of a second is determined after which the
disconnection operation is resumed, assuming the line is
still open at the end of this interval. As before, the
identity of this disconnecting line is entered in the line
selector register 6—26B and a trace order is entered in the
network control order register 10-39. The common con-
trol circuits then perform other functions in response to
other sequences of orders.

The concentrator network control circuits then func-
tion to cause the network to trace the connection from
the disconnecting line through the concentrator and as a
result the identity of the trunk extending from the con-
centrator section to the distribution section of the net-
work is entered upon the trunk level identifier 5-123B in
the concentrator control circuits. Thereafter, upon the
next network break-in interval, control will be transferred
to other sequences of orders and the identity of this trunk
entered both in the concentrator release selector register
6-26A and in the A trunk selector of the distribution net-
work register 10-52, In addition, a disconnect order is
entered in the network control order register 10-39 which
directs both the comcentrator and the distribution net-
work to release the connection through these respective
networks to the identified trunk. Upon the successful
release of these connections, the identity of the trunks
interconnected with this trunk is transmitted to the com-
mon control circuits, In the exemplary embodiment de-
scribed herein the locations of the ringing trunk and
of the ringing induction trunk are the same except that
the ringing trunk is connected to the A side of the distri-
bution network while the ringing induction trunk is con-
nected to the B side. Thus the identity of the ringing
trunk extending from the distribution network to the
ringing switch is then entered upon the concentrator
release selector register 6-26A and upon the distribution
A trunk selector 10-52. Again a release order directing
both the concentrator and the distribution network con-
trol circuits to release the connection through the re-
spective networks to the thus identified trunk is entered
upon the network control order register 10-39. During
the time the common control is responding to other se-
quences of orders and performing other functions, the
network control circuits cause these previously established
connections from the source of ringing through the ring-
ing switch to the ringing trunk and from the ringing trunk
through the distribution network to the trunk intercon-
nected with the called party through the concentrator net-
work to be released. Thus, the source of ringing current
is removed from the called party’s line at this time. Upon
the successful release of these connections by the network
and network control circuits, the identity of the various
trunks interconnected with this trunk is transferred to
the common control circuits in the manner described
herein. Upon the next network break-in operation, the
identity of the ringing induction trunk extending from
the B side of the distribution network to the ringing
switch is entered upon the conentrator release selector
register 6-26A and a concentrator release order is entered
upon the network control order register 16-39. There-
after the connection through the concentrator switch to
!;he ringing induction is released thus restoring the ring-
ing switch to its idle or original condition. Upon the
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successful release of this connection and upon the next
network break-in interval, control of the system will be
transferred to other sequences of orders which cause the
identity of the trunk circuit interconnected through the
concentrator switch with the called party’s line to be en-
tered upon the concentrator release selector register
6-28A and another concentrator network release order is
entered in the network control order register 10-39. As
a result, the connection through the concentrator switch
to the called party is released. Upon the successful re-
lease of this connection the L1 and L2 storage spots of
both the called party’s line and the calling party’s line
are restored to their idle state wherein “0” is entered in
both the L1 and 1.2 storage spots of both of these lines.

During the above-described release operations, and as
a part of each of the above-described steps, the identity
of the first order of the sequence of orders for the next
step is entered in the network register in the barrier grid
store. Thus, when this step is performed, the common
control equipment is able to pick the sequence to be per-
formed next in the disconnect operation. This storage
and memory operation is thus similar to those employed
in establishing a connection, as described above, wherein
a portion of each step and the identity of the first order
of the sequence for performing the next step of the op-
eration is entered in the metwork register in the barrier
grid store.

In case the disconnecting subscriber had been con-
nected to a trunk extending to a distant switching center,
the disconnecting operations are similar to those de-
scribed above. When the subscriber hangs up or re-
places his instrument, his line circuit becomes open and
this change is then detected during the next 100-milli-
second supervisory scan of the lines and trunk circuits.

As before, the control of the system is transferred to
sequences of orders which determine that this is either
a false signal or a disconnect signal and not a dial pulse
or an originating call. . Then the disconnecting sub-
scriber’s equipment number is entered in the disconnect
register and the “1” erased in the L1 spot of the discon-
necting subscriber’s line and a “1” recorded in the L2
storage spot of this line, thereafter the common control
circuits respond to other sequences of orders of the main
program and other programs. Thereafter a 34y of a
second interval is determined after which the subscriber’s
line is again scanned, this time under control of the
disconnect register.

If the subscriber’s line is still open, it is assumed that
the subscriber has disconnected. Consequently, control
of the system will be transferred to various sequences
of orders as described herein which enter the subscriber’s
equipment number in the line selector register 6-26B
and cause a trace order to be entered in the network
control order register 10-39. As a result, the connection
through the concentrator portion of the switching net-
work is traced and the identity of the concentrator trunk
determined by the trunk level identifier 5~123B. In this
case, the subscriber will be connected to a B trunk with
the result that the various sequences are employed to
enter the identity of this trunk in the concentrator re-
lease selector register 6-26A and also in the distribution
network B trunk selector 18-52. Then the network
release order for releasing the thus identified connec-
tion, both through the concentrator portion of the net-
work and also through the distribution portion of the
network and is entered in the network order register
10-3%, Thereafter, other sequences of orders of the
main program and other sequences control the common
control portion of the system. In the meantime, the
network control circuits of FIGS. 5 and 9 cause the pre-
viously established connection to the identified trunk,
both through the concentrator and the distribution por-
tions of the network to be disconnected or interrupted.
At this time, the identity of the trunk which had been
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interconnected through the distribution network with the
disconnected trunk will be entered upon the A trunk
selector identifier 9-127. When these operations of the
network control circuits have been satisfactorily com-
pleted, this information is relayed to the common control
circuits so that on the next network break-in operation,
control of the system is transferred to sequences of orders
which respond to the identity of the A trunk thus previ-
ously interconnected with the previously disconnected B
trunk. At this time it will be determined that the dis-
connecting subscriber had been connected with an out-
going trunk to a distant central office. Consequently
control will be transferred to various sequences for caus-
ing the disconnect operations at the distant office if they
have not been previously performed. Thus, if the out-
going trunk is in the talking condition, a disconnect signal
will be transmitted over the trunk in the following man-
ner. Sequences of orders will cause the identity of the
trunk to be entered in the trunk signal selector register
10-40 with the result that the trunk signaling selector
10-53 is actuated, which causes the line circuit of the
trunk to be opened and thus transmit a disconnect signal
to a distant end. Thereafter, all three trunk spots T1,
T2, and T3 have “0’s” recorded in them, thus returning
the trunks to their idle states where they are available
for use for other calls.

If the trunk is not in its talking state when the discon-
nect operation takes place but instead is either awaiting
answer or in the outpulsing condition, then if a “1” is
not recorded in the T2 storage spot, a “1” will be so
recorded indicating that the trunk circuit is under control
of the common control portion of the system and then
the trunk circuit is opened if it is closed at this time. If
it is already opened, it is maintained opened. There-
after, other information is entered in the disconnect regis-
ter which causes a trunk guard interval of several tenths
of a second to be timed out. This interval is necessary
so that if the trunk is seized at the distant end, this in-
formation will be transmitted to this electronic central
office before the trunk is made idle and thus available
for use by calls from the electronic central office.

After the trunk guard interval is timed out, then the
control of the system will be transferred to sequences of
orders which cause the disconnect register to be restored
to its idle state and “0’s” recorded in the T1, T2, and T3
storage spots, thus indicating that the trunk circuit is idle
and available for use for other calls extending to the
distant switching center.

When the distant end of the trunk circuit is discon-
nected, first the system operates in substantially the same
manner as described above when the subscriber discon-
nects except that in this case the disconnect signal is de-
tected by the common control equipment during the super-
visory scan of the trunk circuits which, in the exemplary
embodiment described herein, occurs during the same 5-
millisecond cycles of the main program as does the cor-
responding scan of the subscribers’ lines.

When it is desired to make a call to a subscriber con-
nected to another switching center or central office, a
subscriber initiates a call in the manner described herein
whereupon the system responds, and during the next
supervisory scan of the subscribers’ lines, recognizes the
request for service and then causes a called subscriber’s
line number to be entered in an idle originating register.
Thereafter, a dial tone connection is set up in the manner
described herein. The calling subscriber will then dial
the proper office code and then the remaining portion of
the subscriber’s number. The system responds to the
dialing of the called party’s number in substantially the
same manner as for a local call as described. In this
case at the end of the third dialed digit, the office code
is translated as before, but in this case the information
that the call is intended for the distant switching center
is entered in the originating register. In addition, the
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number of digits to be outpulsed is also entered in the
originating register.

In the exemplary embodiment described herein, pro-
vision is made for transmitting dial pulses to step-by-step
exchanges. The circuits are arranged in the exemplary
embodiment described herein to transmit four digits to
certain of these exchanges and five digits in response to
other office codes designating other offices. After the

translation of the first three digits or office code dialed -

by the calling subscriber and the entering of the corre-
sponding translated information in the originating regis-
ter, the system then awaits the dialing of the remainder
of the called subscriber’s number. This number is then
entered in the originating register in the manner described
herein with respect to other calls.

Upon the completion of the dialing, additional infor-
mation is entered in the originating register for causing
the control to be transferred to various sequences of
orders for establishing connections through the system.
In this case the identity of the calling subscriber’s line is
entered in the line selector register 6-26B and a concen-
trator connect B order entered in the network control
order register 10-39, thus directing the concentrator por-
tion of the network to establish a connection from the
calling subscriber’s line to an idle one of the B trunks
extending to the B side of the distribution network. The
trunk to the B side is selected at this time because in the
exemplary embodiment described herein, the outgoing
trunk is interconnected with the A side of the distribution
network.

Upon the establishment of this connection through the
concentrator portion of the network, the identity of the
B trunk to which the connection is established is deter-
mined by the trunk level identifier 5-123B and the satis-
factory establishment of the connection signaled to the
common control and then upon the next network break-
in operation, the common control causes the identity of
this trunk to be entered upon the distribution network
B trunk selector 10-52 and the identity of the outgoing
trunk entered upon the distribution network A trunk
selector 10-52. In addition, a distribution network con-
nect order is enteréd in the network control order regis-
ter 10-39. As before, the common control portion of
the system then responds to other orders while the dis-
tribution portion of the network is establishing a connec-
tion or a path between the specified trunk terminals.
Upon the satisfactory establishment of this path or con-
nection, signals are again transmitted to the common
control circutis so that upon the next network break-in
operation the common control circuits respond to these
network signals and then cause the control to be trans-
ferred to other sequences of orders which cause the
identity of the outgoing trunk to be entered in the out-
pulsing register in the barrier grid store. In addition, the
identity of the numbers or various digits to be outpulsed
to the distant central office is also entered info storage
spaces in the outpulsing register. Thereafter, other se-
quences -orders cause the outpulsing register to be pe-
riodically scanned and the identity of the signaling trunk
to be entered in the trunk signal selector register 10-40.
Tn addition to the identity of this trunk, the information
that the trunk circuit is to be closed or opened is also en-
tered in this register. This information is then conveyed
to the trunk signaling selector 10-53 which in turn causes
the circuits within the outgoing trunk circuit 125-32 to
respond and send a signal over the trunk circuit 155-36
to the distant office. Thereafter at periodic intervals the
control is transferred to sequences of orders which cause
this trunk circuit to be first opened and then closed until
sufficient pulses have been transmitted over the outgoing
trunk to represent the first outpulsed digit. Thereafter an
interdigital time interval is determined and then a second
digit outpulsed in a similar manner. In this manner vari-

ous digits to be outpulsed are transmitted over the out-
going trunk circuit to the distant office where they may
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be employed in the usual manner to establish connections
through this office to the desired line, trunk, or subscriber’s
station.

Upon the establishment of a connection to the outgoing
trunk, assuming it to be idle, a “1” is written in the T2
and T3 storage spots in the barrier grid store assigned to
this trunk indicating that it is being controlled by the
common control circuits upon the completion of the out-
pulsing over the trunk circuit. Upon the completion of
dialing or outpulsing over the frunk circuit a “0” is written
in the T2 storage spot but a “1” is left recorded in the T3
storage spot indicating that the trunk is busy and awaiting
an answer from the distant called party. At this time,
the called party’s line will have ringing current applied to
it from the distant central office.

During this time interval between the completion of
the outpulsing and the answering of the call, the trunk
circuit will be scanned by the scanning equipment to deter-
mine whether or not the call is answered. The trunk cir-
cuit is continually scanned as are all the other lines and
trunks of the office once every 100 milliseconds by the
supervisory scanning arrangement described herein. How-
ever, until the called party answers, the circuits do not
further respond to the scanning of this trunk terminal.
However, an answer of the call by the called party is de-
tected by the common control equipment by .the mext
supervisory scan of this trunk. As a result a “1” is now
written in the T1 storage spot in the barrier grid store
assigned to this trunk, thus indicating that the trunk is
now in the talking condition. Thereafter the circuits re-
main in this condition so long as the parties communicate
one with the other and do not disconnect or abandon the
call. The disconnect operations have been described
above.

SMALL COMPONENT CIRCUITS

In the drawing of the detailed circuits of the exemplary
embodiment of this invention, many small circuit compo-
nents are shown symbolically. This is true for “And”
circuits, “Or” circuits, decoupling gate circuits, flip-flop
circuits, and amplifier circuits. In addition, certain other
larger component circuits are sometimes shown symboli-
cally.

FIG. 156 shows certain details of an “And” circuit
which has a plurality of inputs and one output. The
“And” circuit output normally extends to its source of
positive voltage or battery through a resistance. The in-
puts may have either ground or low potential applied to
them or a more high positive potential applied to them.
In addition, in certain applications of these circuits the
input may be either connected to ground or a low source
of potential or disconnected, that is, left open circuit.
Since these “And” circuits are designed to work on posi-
tive pulses or positive inputs so long as ground or a low
potential is applied to any one or more of the inputs, the
output is maintained at a voltage near ground. Thus,
the voltage from the source connected through the imped-
ance connected to the output substantially all appears
across this output impedance and none appears on the
output circuit. When all of the inputs become positive,
then the output will also become positive due to the posi-
tive voltage connected therethrough to an output resist-
ance or impedance. If any of the inputs are disconnected,
then such disconnected input provides no control for the
«And” circuit and the “And” circuit operates just as if
the corresponding diode was not present. It is noted that
the diodes are connected to oppose the applied positive
pulses. However, when all of them become positive, the
positive output from the battery is applied to the output
circuit as described above, thus providing a positive out-
put. The resistance and impedance is not shown in FIG.
156, instead it is shown on the input of the “Or” circuits
of FIG. 158. The output of the “And” circuits 156 nor-
mally extends to an “Or” circuit input, such as shown
in FIG. 158, and thus has connected to it a source of
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positive voltage through an output impedance. When
the output of the “And” circuits does not extend to an
“Or” circuit but to some other such circuit such as an
output or an amplifier, the input of these circuits must
be similarly provided with a suitable source of voltage
or potential and impedance connected to the input circuit
to supply the positive output voltage from the “And” cir-
cuit 156.

The FIG. 156A shows the symbolic representation of
the “And” circuit as it appears in the detailed disclosure
of other figures of the drawing. FIG. 157 shows an “Or”
circuit and FIG. 157A shows a symbolic representation
thereof as it appears on various figures in the drawing.
The “Or” circuit comprises a plurality of inputs and one
output similar to an “And” circuit, but in this case the
diodes are reversed and connected in the direction to have
a low impedance on the application of any positive po-
tential to the individual inputs. Thus, application of a
positive potential to any one of the inputs is transmitted
through the diode and causes a positive output voltage
to be obtained on the output conductor. The remaining
diodes of the “Or” circuit to which positive input voltage
is not applied have a high impedance so that these input
circuits do not provide a low load impedance or shunt
on the operation of the “Or” circuit. The “Or” circuit
shown in FIG. 157 and represented symbolically in FIG.
157A is not provided with input resistors as discussed
above with respect to the “And” circuit 156. Thus, this
“Or” circuit will not be employed in combination with
such “And” circuits.

The “Or” circuit of FIG. 158 is similar to the “Or” cir-
cuit shown in FIG. 157 except that individual input re-
sistors are connected to each of the input circuits and the
other terminals of the respective resistors connected to a
positive voltage source. FIG. 158A is a symbolic rep-
resentation of such an “And” circuit. In this case only
a single resistor is shown and it is not shown connected
to battery. However, this symbol represents the circuit
arrangement of FIG. 158 wherein a resistor is employed
and connected to the respective inputs. The other ter-
minal of this resistor is connected to positive battery as
described.

FIG. 159 shows a decoupling gate circuit having one
input and a plurality of outputs. FIG. 159A shows a
symbolic representation of this decoupling gate circuit as
is employed in the detailed showing of the drawings.
The decoupling circuit of FIG. 159 is similar to the “Or”
circuit of FIG. 157 except that the signals or information
or currents are in effect transmitted through it in the
reverse direction. Thus, each of the outputs must be
provided with an individual output resistor and connected
to a source of positive voltage. This resistor and voltage
are sometimes individually provided and other times form
a part of the input circuit to which the outputs of the
decoupling circuits of FIG. 159 extend. These decou-
pling circuits are employed to prevent interaction between
the various circuits to which an activating or controlling
pulse may be sent. Thus, if the outputs extend to differ-
ent flip-flops and gate circuits, the operation of the respec-
tive circuits, once they have been triggered or set into
operation, does not reflect upon the source of the pulses
and thus does not adversely effect the operation of the
system. In the usnal gate circuit arrangements set forth
in the detailed showing in the drawings, the various “And”
gates, “Or” gates, or decoupling gate circuits are shown
by the symbolic symbols 158A, 157A, 158A, and 15%A
and they are employed to function in the usual manner as
described above. However, it is possible to employ indi-
vidual diodes on different figures having a common out-
put or a common input and thus act as either “Or,”
“And,” or decoupling gate circuits. By separating these
various diodes which may, in effect, form part of a large
“Or,” “And” or decoupling circuit, the showing in the
drawing may be simplified so that the operation may be
more readily understood. Thus individual diodes are
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usually shown adjacent the inputs or outputs of the various
circuits, which extend to the bus access circuit. These
diodes operate as “Or” or decoupling circuits in the
manner described herein.

FIG. 160 shows a vacuum tube “And” gate circuit
while FIG. 160A shows a symbolic representation of this
“And” gate circuit. Such “And” gate circuits are em-
ployed in the flying spot store circuits as will be described
and also in the barrier grid store circuit. This circuit
comprises two amplifying tubes 169-3% and 160-12. Two
inputs of the “And” circuit are connected to two different
grids in the tube 160-11. Thus, the input 16813 is con-
nected to the suppressor grid, while the input 160-14 is
connected through a coupling circuit to the control grid.
Both of these grids must be at their more positive excur-
sion or voltage in order for current to be obtained in the
input or anode circuit of tube 160-11. The input 166-13
is near ground potential at its more positive excursion
or at its lower or more negative voltage, which prevents
current flow through the anode circuit. The input 16614
similarly is at near ground potential when it is at its more
positive excursion at a more negative value when it is
desired to interrupt the flow of current through the tube.
Thus in order to have current flowing through the tube,
both of its input circuits must be at their more positive
voltage level near ground potential. The output of the
tube 166¢-11 is coupled through a transformer to the con-
trol grid of the amplifier tube 16€0-12 and thus, in turn,
is coupled to another output transformer to the conduc-
tor 166-15. A diode 160-16 is connected across the out-
put winding of this transformer and is in such a direc-
tion that the output is prevented from becoming ap-
preciably more negative at ground potential. The output
may become more positive when both of the inputs 168
13 and 169-14 are simultaneously at their more positive
voltage limit near ground potential. If, however, all of
these inputs are more negative, then no current flows in
the output circuit of tube 160-11 and thus no output pulse
is obtained on the output conductor 168-15. FIG. 161
shows a vacuum tube “Or” gate circuit having a plurality
of inputs, such as 161-10 and 161-11 and other similar
inputs when desired. These inputs are connected through
diodes to a pulse shaping circuit and then to the output
amplifier tube 161-12. The output of this tube is simi-
larly connected through an output transformer to the out-
put conductor 161-13. The diode 161-14 is connected
across this output winding to prevent the output from
becoming appreciably more negative than ground poten-
tial. The operation of this “Or” circuit of FIG. 161 is
similar to the operation of the other “Or” circuits and
that if any one of the inputs becomes more positive, then
an output pulse will be obtained on the output conduc-
tor 161-13 independently of the condition of any of the
other inputs.

FIG. 161A is a symbolic representation of the “Or”
circuit of FIG. 161 as it appears on various sheets and
circuits in the drawings.

FIG. 162 shows circuit details of the transistor flip-
flop employed herein for control purposes and also in
the various register circuits. As shown in FIG. 162,
the flip-flop comprises two. transistors 162-19 and 162-11.
These transistors may be of any suitable type and such
as so-called junction type transistors, alloy junction types
and other types. The transistors should have a relatively
high frequency cut off, if it is desired to operate the
system at a high speed. The transistor flip-flop circuit
is so arranged that one or the other of the transistors will
at all times be conducting. If one of the transistors is
conducting, the flip-flop circuit is said to be in its “0”
state and when the other transistor is conducting the flip-
flop is said to be in its “1” state. The transistor fllip-flop
circuit has two input terminals or conductors 162-14
and 162-15, designated R or reset input conductors.
When positive voltage is applied to either of these inputs,
the flip-flop is returned to its “0” state or reset to its “0”
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state. The input 162—14 is a directly connected input,
sometimes called a direct-connection or current input and
the other input, 162-15, is connected through a decou-
pling or “Or” circuit diode 162-13. By providing this
diode, both inputs may be used without interference one
from the other.

Similarly, a set of input conductors 16216 and 162-17
are provided for setting the flip-flop in its “1” state. The
input 162-16 is a direct-connected input while the input
162-17 is connected through a diode 162-12.

Two output conductors are provided, 162-18 and
162-19. Either of these conductors may be called a “1”
output and the other a “0” output. As shown and de-
scribed herein the conductor 162—18 is called a “1” out-
put and the conductor 162-19 is called the “0” output.
The other conductors extending from this circuit are
connected to either positive or negative battery to dif-
ferent voltages as shown in the FIGS. 162A through 162J.
These figures show the symbolic representation of the
flip-flop circuit of FIG. 162 as employed and shown in
the other detailed circuit drawings.. The various con-
ductors from the flip-flop circuit which are arranged to
extend to either positive or negative battery or to input
or cutput circuits which are not shown in the individual
FIGS. 162A through 162J are not connected when the
flip-flop is employed, as shown, in the specific ones of
these figures.

In FIGS. 162B, 162C, 162E, 162H, and 162J the nega-
tive battery applied to the 3L terminal in the upper right-
hand corner of the flip-flop is designated as being delayed.
In other words this battery is applied to the flip-flop
circuit in any suitable manner a short interval of time
after the battery has been applied or connected thersto
so that the flip-flop will have a proper one of the tran-
sistors conducting as soon as batteries, including this
delayed battery, have been connected to the circuit. As-
sume, for example, that the transistor 162-10 is con-
ducting and that with this transistor conducting the flip-
flop is said to be in its “0” state, this transistor will con-

_tinue to conduct and thus maintain the flip-flop in its “0”
state until a set “1” impulse is applied to either one of
the two set “1” input conductors. With the transistor
162-10 conducting and the transistor 162—11 not con-
ducting, a relatively large negative voltage will be applied
to the output conductor 162-19 from the source of nega-
tive voltage connected to the 3R terminal of the tran-
sistor. This negative voltage is cross-connected from
the collector of the transistor 162-11 to the base of
the transistor 162-16, thus causing transistor 162-10
to remain conducting. As a result, an output current
flows through the emitter load resistor of this transistor
causing a large voltage drop across this resistor with the
result that a voltage near ground potential will be applied
to the output conductor 162-18. This voltage is cross-
connected to the base of the transistor 162-11, thus tend-
ing to maintain this transistor non-conducting.

When the positive input pulse is applied to either one
or the other of the S or set “1” input conductors 162—
16 or 162-17, the voltage at the base of the tramsistor
162-16 is raised to a sufficiently high positive voltage
to reduce current flowing through the base-emitter
junction of the transistor 162-10. As a result, the
current flowing in the collector circuit is reduced and
the collector is cross-connected to the base of the tran-
sistor 162-11. As a result, the collector of the tran-
sistor 162-18 becomes more negative and so does the
base of the transistor 162-11. Consequently, current
starts to flow in the collector circuit of the transistor
162-11 causing the voltage of its emitter to become
more positive. This voltage is, in turn, cross-con-
nected to the base of the transistor 162-10, thus tend-
ing to make this transistor base still more positive and
further reduce the current in the collector circuit of
this transistor. The above. described operations - con-

tinue until the transistor 162-19 has cut off and tran-

10

20

25

30

35

40

45

50

55

60

65

70

75

48

sistor 162—11 turned on. At this time the transistor
circuit is said to be in its “1” state. At this time the
voltage applied to the conductor 162-18 will be at a
relatively low or negative voltage, while the voltage
applied to the conductor 162-19 will be either positive
or at a relatively low voltage, thus the voltage condi-
tions on the output conductors 162-18 and 162-19
have been reversed. The transistor circuit then re-
mains in the above-described condition until positive
pulse is applied to one or the other of the reset conduc-
tors 162-14 or 162-15. At this time the operation of
the circuit is reversed and the current flowing through
transistor 162—11 interrupted while a current flow is
initiated through the transistor 162-10, thus restoring
the flip-flop to its “0” state.

If while the flip-flop is in its “0” state, positive input
is applied to either of the reset or set “0” input con-
ductors 1632-14 and 162-15, such positive pulses
merely tend to turn off the transistor 162-11 which is
already turned off. Thus, these pulses will produce
no effect on the transistor flip-flop circuit. Likewise,
if positive pulses are applied to the set “1” input con-
ductors during the time the flip-flop is in its “1” state
such pulses will merely tend to turn off the transistor
162-10. Since this flip-flop was already in its “1”
state, the flip-flop circuit does not respond to such
pulses applied to the set “1” input conductors at this time.

The output conductors 162-18 and 162-19 as em-
ployed in the various circuits shown in the other fig-
ures of the drawing extended through amplifiers. The
flip-flop-to-gate amplifier is shown in FIG. 163. A
flip-flop-to-core amplifier is shown in FIG. 164, and a
delay flip-flop-to-gate amplifer is shown in FIG. 165.
All of these amplifiers have the input applied to the
base of the transistor and the output is retained from
the collector electrode. Consequently, all of these
amplifiers will reverse the phase of polarity of the cur-
rents applied to their inputs. Thus with a low or nega-
tive voltage applied to their inputs the transistors of
these amplifiers have the current flowing across their
emitter junctions reduced or interrupted with the re-
sult that the collector current is reduced or interrupted.
Consequently the output voltage applied to the output
conductors is at its highest positive value. When a
more positive voltage is applied to the inputs and thus
to the base of the transistors of these amplifiers, an in-
creased emitter current is caused to flow through the
transistor with the result that a collector current also in-
creases and causes a large voltage drop across the collec-
tor load resistor with the result that the output voltage
is set in its lower input or more negative value.

Thus, with the flip-flop of FIG. 162 set in its “0”
state, for example, as described above, with the transistor
162-1¢ conducing the output voltage applied to the “1”
output conductor 162-18 will be at its more positive
value. This voltage is applied to the inputs of one or
the other of the output amplifiers which will cause the
output voltage of this amplifier to be at its relatively
low or more negative value thus indicating a *“0” state
of the flip-flop.

Likewise, with the flip-flop of FIG. 162 in its “0” state,
the voltage applied to the “0” output conductor 162-19
is at a relatively low value or its more negative value.
This voltage is applied to another output amplifier con-
nected to the “0” output of this flip-flop. As a result,
the output of this amplifier will be at its most positive
value, thus again indicating a “0” state of the flip-flop.

In the detailed description of the operations of the
various circuits set forth herein, this phase reversal of
the amplifiers connected to the outputs of the flip-flop
162 has not been referred to. Instead, it is assumed
that with the flip-flop in its “0” state, positive voltage
will be obtained from the “0” output of the flip-flop and
also from the output of the amplifier connected to this
“0” output. Thus in describing the logical operations
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of the circuit when the flip-flop is in its “0” state, it is
assumed that positive voltage will be obtained from the
output amplifier of this flip-flop. If such amplifiers are
not provided it is merely necessary to reverse the flip-
flop outputs. In other words, the output now called
“0” will become the “1” output and the output now called
“1” will become the “0” output from the flip-flop, other-
wise the operation of the system is as described herein.

As shown in FIG. 163, the flip-flop-to-gate amplifier
comprises a transister 163—10 having the input connected
to its base electrode and the output connected to its col-
lector electrode. Two different outputs are provided, one
designated 163-12, which is directly connected to the
collector, the other output 163-13 is connected through a
decoupling resistor to the emitter electrode. This tran-
sistor amplifier operates in the usual manner, as described
above, and causes a phase reversal between its input
and output. This amplifier has different operating volt-
age applied to different ones of its terminals in different
ones of its «circuits and different ones of its outputs are
employed in different ones of the circuits. The symbolic
representation of this amplifier together with the voltages
applied to different ones of its terminals are shown in
FIGS. 163A through 163H.

The {lip-flop-to-core amplifier is shown in FIG. 164.
This amplifier is similar to the amplifier of FIG. 163 ex-
ept that it has a different pulse-shaping network con-
nected in its input circuit. This amplifier likewise has
two ocutputs 164-12 and 164-13. The transistor 164-10
of this amplifier is similar to transistor 163-16 and has
the input of the amplifier connected to its base, and the
output circuits connected to its collector. Thus this am-
plifier also causes a phase reversal between the input and
the output. The FIGS. 164A through 164E show the
symbolic representation of this amplifier as employed in
the various other detailed circuits of an exemplary system
described herein. These symbolic representations shown
in FIGS. 164A through 164E having the different operating
voltages applied to their terminals as employed in the vari-
ous detailed circuits shown in the other figures of the
drawing. ‘

FIG. 165 shows another amplifier employed between
flip-flops and gate circuits. This amplifier is provided
with a delay interval so that its output does not change
until after a predetermined interval of time after the
change is applied to its input circuit. Otherwise the op-
eration of this amplifier is similar to the amplifier of
FIG. 163 described atove. The delay circuit is con-
nected in the input circuit of this amplifier and com-
prises an inductance coil 165-14, resistor 165-15 and a
decoupling dicde 165-16. Thus, when positive voltage
is applied to the input of this amplifier, the build up
of current is delayed by inductance so that -the change in
voltage or current applied to the base emitter junction
of the transistor 165-18 does not immediately change
sufficiently to cause a change in the output of the ampli-
fler. After the delay interval, however, the output fol-
lows the input. When the voltage is removed from the
input 165-11, the inductance 165-14 discharges through
the resistor 165-15 and the diode 165-16 tends to de-
couple the input and thus prevent the discharge of the
inductance 165-14 from interfering with or otherwise af-
fecting the input circuit. As described in the detailed
description of the various circuits, the delay interval of
the delay amplifier is adjusted so that it is impossible to
employ a given controlling pulse to read out a flip-flop
and then reset this flip-flop in a manner independently of
the manner in which the flip-flop was previously set and
read out. Thus, the delay interval of this amplifier is
adjusted to exceed the controlling pulse length, These
pulses are called EPO pulses, CTR pulses, or MM pulses.
By providing such amplifiers on the output circuits of
certain of the flip-flops, it is possible to first determine
a setting of a flip-flop and then change the setting of
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this flip-flop by the same control pulse without either op-
eration interfering with the other.

FIGS. 165A through 165C show the symbolic repre-
sentation of this delay amplifier as employed in the other
circuits shown in the drawing together with the various
voltages applied to the amplifier terminals.

FIG. 166 shows an emitter follower amplifier. Here the
input is applied to the base of the transistor 166—18 and the
output taken from the emitter of this amplifier. Thus
the amplifier does not reverse the phase and signals be-
tween its input and output. This amplifier is used as an
output amplifier where greater output current is required.
This amplifier may be connected to the output of any of
the other amplifiers without reversing the phase of any
of the signals. FIGS. 166A through 166C shows the sym-
bolic representation of this amplifier together with the volt-
ages applied to the various terminals of this amplifier.

Different ones of these amplifiers are sometimes con-
nected in tandem; sometimes they may be connected in
parallel; and sometimes one or more parallel groups may
be connected in tandem with other single or with other
parallel groups of amplifiers.

The parallel groups are not indicated on the other fig-
ures of the drawing, it being assumed that sufficient tran-
sistors of sufficient capacity to supply the necessary out-
put current or power are provided in the amplifiers or
that the symbol shown on the drawing represents suf-
ficient amplifiers connected in parallel to supply the
necessary output current or power. )

The tandem connections are indicated on the draw-
ings by showing one amplifier symbol together with an
indication of the tandem connection of the various ampli-
fiers represented thereby.

FIG. 167 shows a pulse stretcher amplifier and is em-
ployed between the flying spot store output register
“And” circuits and the input of the order word register
circuits of FIGS. 20 and 21. In the exemplary embodi-
ment described herein, the output pulses from the flying
spot store have a duration of approximately 4o of a
microsecond and the output of the pulse stretcher of FIG.
167 has an output pulse of approximately ¥4 of a micro-
second. This output pulse is of ample duration to in-
sure proper operation of the order word register flip-flops
of FIGS. 20 and 21. As shown in FIG. 167, this pulse
stretcher amplifier comprises two transistors 167-10 and
167-11. The transistor 167-10 is connected in a block-
ing oscillator circuit wherein the output from the col-
lector is coupled through the winding 167-16 on the core
167-14 with the winding 167-17 on this same core which,
in turn, is connected to the input or emitter circuit of the
transistor 167-18. The bias applied to the transistor is
such that it is normally non-conducting. Upon the ap-
plication of a positive pulse to the input conducter 167—
12, positive current will flow through the diode
167-21 with the result that a pulse is applied to the
emitter of the transistor 167-10. As a result, a large
output pulse is built up due to the positive feedback
through the magnetic core 167-14.

Inasmuch as the input is applied to the emitter of the
transistor 167-18, no phase reversal or polarity reversal
from the input to the output is obtained. Consequently
a more positive voltage from the output or collector elec-
trode is applied to the base of the transistor amplifier
167-11. This transistor is connected in an emitter fol-
lower amplifier circuit. This circuit likewise does not
produce any polarity or phase change. Consequently, an
output pulse is delivered to the output conductor 167—13
in response to each input pulse applied to the conductor
167-12. Due to the coupling and feedback action from
the magnetic core circuit 167-14 together with the con-
stants of the resistors and other circuit elements, a short
input pulse on conductor 167-12 will initiate the flow of
current through the transistor 167-1¢ and then this flow
of current continues for a longer interval of time, thus
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producing a longer output pulse. In the exemplary em-
bodiment described herein, an arrangement of this ampli-
fier will-respond to o of a microsecond input pulse and
supply a V5 microsecond output pulse to the order word
register flip-flops of FIGS. 20 and 21.

FIG. 167A shows a symbolic tepresentation of the
pulse stretcher amplifier 167. This symbolic representa-
tion is shown in FIGS. 20 and 21. Diodes 167-18,
167-19, and 167-29 are provided for clamping the volt-
ages of the corresponding conductors of the amplifier and
for otherwise shaping the waveform of the output pulses.

FIG. 168 shows a cable pulser amplifier and is em-
ployed to amplify pulses and to apply them to cables
extending between more distantly located portions of
the system. This cable pulser amplifier is also arranged
to have an output impedance which will match the out-
put impedance of the cable and thus tend to reduce: or
prevent reflections. This amplifier comprises two tran-
sistors 168-10 and 168-11, both arranged to have the
input applied to the base electrode. The output of the
transistor 168-10 is obtained from its emitter so that
this tramsistor produced no phase reversal. The out-
put from the transistor 168-11 is obtained from its col-
lector electrode so that a phase reversal is obtained
between the input and output of this transistor. The out-
put of this transistor, however, is coupled to an output
transformer 168-17, and the secondary winding of this
transformer is in turn connected to the output conductors
168-13 extending over cables to other circuits and equip-
ment. By choosing the desired polarity on the output
winding, this transformer may be caused to produce a
polarity of phase reversal with the result that no phase
or polarity reversal will be obtained from the input 168—12
and to the output 168-13 of this amplifier. A plurality
of clamping and coupling diodes 168-14, 168—15, and
168-16 are provided for clamping and coupling the cir-
cuits together and otherwise shaping the output pulses.

FIGS. 168A and 168B show the symbolic representa~
tion of this cable pulser amplifier as employed in the
other circuits shown in the drawings together with the
various voltages-applied to the amplifier terminals.

FIG. 169 shows a gate amplifier which comprises two
transistors 169-10 and 169-11. Inasmuch as the input
is applied to the base of each of these transistors, and the
output obtained from the collector, and the two tran-
sistors are connected in tandem, the amplifier does not
cause any phase reversal between its input and output
terminals. The amplifier is provided with two inputs
169-13 and 169-14. The input 169-14 is directly con-
nected to the base of the input transistor 169-10, while
the input 169-13 is connected to the base through a de-
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coupling diode or “Or” circuit diode, as shown in the -

drawing. Furthermore, the base circuit is clamped be-
tween two voltages by the two diodes connected thereto.
Two outputs are provided, one 169-12 is directly con-
nected with the collector electrode of the output transistor
169-11, the other output 169-15 is connected to the
collector through a decoupling resistor. In the various
detailed circuits, shown in other figures of the drawing,
this amplifier is connected to different sources of poten-
tials and different ones. of the inputs and outputs em-
ployed. The symbolic showing of this amplifier and the
different voltages applied thereto, as shown on the other
figures of the drawings, is shown in FIGS. 169A through
169H, inclusive. The amplifier operates in a normal
manner. When a positive input is applied to one or the
other or both of the inputs, an amplified output is ob-
tained from either or both of the output terminals.

FIG. 170 shows an inverter amplifier. This amplifier
has a single input 170-14 and a single output 170-12.
The amplifier comprises a single transistor 170-10. The
input is connected to the base and the output to the col-
lector electrode of this amplifier so that the phase reversal
occurs between the input terminal and the output termi-
nal of the amplifier. Thus, when the input changes in

55

60

65

70

75

52

a positive direction, that is, a more positive voltage or
more positive current is applied to the input terminal, a
less positive or more negative voltage or current appears
on the output terminal of the amplifier. Conversely when
less positive voltage or current or a more negative voltage
or current is applied to the input terminal, then a more
positive voltage or current is obtained from the output
of the amplifier. This amplifier is used in numerous
places to secure a phase reversal. Thus the output may
be held at a more positive value normally except when a
positive pulse is applied to its input. FIGS. 170A through
170D show the symbolic representation of this amplifier
as it appears on other figures in the drawing. FIGS.
170A through 170D also show show the different voltages
which are applied to the various terminals of this ampli-
fier for the different symbolic representations thereof.
As described above, with respect to various of the other
flip-flops and amplifiers and as described hereinafter with
respect to other amplifiers and component circuits, if the
symbolic representation of these amplifiers, such as shown
in FIGS. 170A through 170D, and the corresponding
figures relating to other ones of the amplifiers and other
component circuits are not shown connected to some
source of voltage or ground, they are assumed to be dis-
connected or opened and not connected to any other source
of voltage or input or output circuit or to any other
circuit.

FIG. 171 shows an amplifier which is employed to be
interconnected between the output of a flip-flop and an
electro-magnetic relay. This amplifier has a single input
and a single output and comprises a single transistor
171-10. The amplifier has an input-shaping circuit, com-
prising a diode 171-20 and a resistor 171-21. The out-
put of this amplifier is arranged to extend to positive
battery through the winding of the relay. When positive
voltage is applied to the input and thus to the base of the
transistor 171-10, current tends to flow across the base-
to-emitter. junction with the result wthat the current will
flow from. battery through the interconnected relay and
then through the collector electrode of the transistor to
ground connected to the emitter electrode of the transis-
tor 171--10.

FIG. 171A shows the symbolic representation of this
amplifier as employed in the various circuits shown on
the other figures of the drawing.

FIG. 172 shows a trigger amplifier which comprises a
transistor 172-10 connected in a blocking oscillator cir-
cuit. This amplifier has two inputs 172-13 and 172-14.
The input 172-14 is directly connected with the base of
the transistor 172—10, while the input 172-13 is intercon-
nected therewith through a coupling condenser. A block-
ing oscillator coil 172-20 is interconnected with the tran-
sistor 172-10. Normally the transistor 17210 is biased
so that current does not normally flow through it. How-
ever, upon the application of a pulse of positive potential
to the input and thus to the base of this transistor, cur-
rent will flow across the base to the emitter junction with
the result-that the transistor is turned on. As a result,
current will flow through the emitter winding of the
blocking oscillator coil 172-20. - Current flowing through
this winding induces a voltage in a right-hand winding,
which voltage is, in turn, coupled to the base of the tran-
sistor 172—10 and is in such, a direction as to increase
the current flowing through the transistor 172—-10. This
process continues until the transistor becomes saturated
and then current thereafter will fall back to its zero value
due to the various biases applied to the elements of the
transistor. The coil 17220 is provided with a middle
or output winding which is connected with the three
output terminals. The lower output terminal is a
common output terminal, the middle output terminal
provides a direct connection to the coil, while the upper
output terminal has included therein a condenser which
permits some output pulse shaping or pulse length con-
trol. By properly connecting the various output termi«
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nals, the polarity of the output pulse may also be selected.

FIGS. 172A through 172H and 172F and 172K show
the symbolic representations of this trigger amplifier as
employed in other circuits shown on other figures of
the drawing. These figures also show the various po-
tentials, input and output circuits and ground connections
to various terminals of the amplifier of FIG. 172. The
particular terminals not shown connected in any par-
ticular one of the symbolic representations is, of course,
not connected but is merely open-circuited.

FIG. 173 shows the identifier amplifier. This amplifier
comprises a transistor 173-18 and an impulse coil 173-23.
This impulse coil and these inputs 173-13 and 173-14
are arranged so that the amplifier will respond to either
polarity of input signals. Normally battery or ground is
supplied through the input winding of the input circuit
of this amplifier. The impulse coil 173-26 is arranged so
that a steady, unchanged current flowing through its input
winding does not cause any output of the amplifier.
When one set of input connections now have the current
increase, when a voltage will be induced through the coil
173-29 and applied across the base-to-emitter junction of
the transistor 173-18. As a result, this transistor which
is normally biased to cut off will be turned on and cause
an output to be delivered to the output terminals 173-12
and 173-13. These terminals are interconnected with the
winding on the impulse coil 173-20. This winding is
connected so that the fransistor 173-10 is connected in
the blocking oscillator circuit so that when current starts
to flow through the transistor 173-10, this current will
also flow through the corresponding winding of coil
173-20 and induce additional voitage in the winding con-
nected across the base-to-emitter junction with the re-
sult that current flowing through the transistor 173-18¢ is
increased. This process then continues until the tran-
sistor becomes saturated after which current flowing
through the transistor 173-19 will fall to a Iow value or
to be interrupted until another increase in current is ap-
plied to the input winding of this indentifier amplifier.

The symbolic representation of this amplifier is em-
ployed in other circuits shown on other figures of the
drawing as shown in FIGS. 173A through 173C. These
figures also show the battery and ground connections to
the various terminals of the amplifier as well as the in-
put and output connections thereto.

FIG. 174 shows a pulse generator employed in the
flying spot store circuits. This pulse generator comprises
a pair of multi-element tubes £74-106 and 174-11 which
are connected in a multivibrator circuit with the plates
and control grids cross connected in the usual manner.
The time constants of the circuit are adjusted to a desired
pulse rate. The output or anode of the tube 174-11 is
directly conmected through a decoupling resistor to the
erid of the cathode follower tube 174-12. The output or
cathode circuits of this tube are in turn coupled to the
control grid of the multi-element muitiplier tube 174-13.
This tube, in turn, has an output transformer 174-14 con-
nected in its output or anode circuit. A dicde 174-15 is
connected across the output or secondary winding of
the output transformer and is connected in such a direc-
tion that the negative pulses or negative output voltages
are suppressed. Thus, a positive pulse of short duration
is obtained for each complete cycle of operation of the
multivibrator circuits comprising the tubes 174-1¢ and
174-11. The duration of the pulses may be controiled
in part by the time constants of the multivibrator circuit
and also by the time constants of the amplified tubes and
circuits of the output transformer 174-14.

FIG. 174A shows a symbolic representation of the
pulse generator circuit of FIG. 174 as it appears in the
circuits of the flying spot store.

FIG. 175 shows a high-speed vacuum tube flip-flop em-
ployed in the circuits of the storage devices. This flip-
flop comprises a pair of multi-element tubes 175-1¢ and
175-11 connected in a flip-flop circuit with the control
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grids interconnected with the anodes of the opposite tubes
so that either tube will remain conducting until a signal
is received to change the condition of the flip-flop. When
one tube is conducting, the other tube is non-conduct-
ing. Three input terminals or conductors are provided,
175-12, 175-13 and 175-18. The input conductor 175-12
is designated R and employed to reset or set the flip-
flop in its “0” state. Positive pulse, when received over
this conductor, is transmitted through a coupling con-
denser and then through the diode 175-16 to the control
grid of tube 175-16. If this tube is already conducting,
it will remain conducting. If this tube is non-conducting,
such a pulse will cause it to become conducting. Similar-
ly a set “1” input 175-13 designated S is provided and
interconnected through a coupling condenser and a diode
175-17 to the control grid of tube 175-11. A positive
pulse received over this conductor will cause the tube
175-11 to conduct if it is not already conducting, or re-
main conducting if it is already conducting.

With tube 175-16 conducting, the flipflop is said to
be in its “0” state. With the tube 175-11 conducting,
the flip-flop is said to be in its “1” state. When tube
175-18 is conducting, for example, and a positive pulse
is applied to the S conductor 175-13, tube 175-11 starts
to conduct and thus causes the voltage of its anode to
be reduced with the result that a negative voltage is
applied through the cross-coupling network to the control
grid of tube 175-10, thus causing reduction of the cur-
rent flowing through this tube. Reduction in the cur-
rent flowing through the tube 175-10 causes its anode
voltage to become more positive and thus a more posi-
tive voltage is transmitted through the coupling condenser
to the control grid of tube 17511, thus causing this
tube to conduct more current and the above operations
repeated until tube 175-10 is substantially cut off and
tube 175-11 conducting its maximum current. If there-
after a positive pulse is received over conductor 175—i2
then tube 175-10 will become conducting and tube 175-11
non-conducting.

A change or counting input conductor 175-18 is also
provided. This conductor is coupled through a coupling
condenser and then through a diede 175-14 to the control
grid of tube 175-1% and also through the diode 175-15
to the control grid of tube 175-11. The application
of a positive pulse to the conductor 175-18 will thus
cause whichever tube is not conducting to become con-
ducting and as a result the tube which was previously
conducting becomes non-conducting. Thus upon the
application of positive pulses to the input C conductor
175-18, the state of the flip-flop is changed so that a
plurality of these flip-flops will be properly connected in
the input register in the manner decsribed with respect to
the flying spot store and will serve as a binary counter
when pulses are applied to the input conductor 175-18.

The output or anode circuit of tube 175-18 is directly
coupled to the control grid of a cathode follower tube
175-28 through suitable circuit networks as shown.
Similarly the anode of tube 175-11 is directly coupled
to the conirol grid of tube 175-21. The tubes 175-29
and 175-21 operate as cathode follower tukes. Thus,
these tubes provide substantial no-load impedance on the
flip-flop tubes 175-10 and 175-11. Thus, the output
circuit does not materially interfere or slow up the opera-
tion of these fiip-flop tubes. In addition, the cathode
follower tubes 175-28 and 175-21 provide sufficient
power to operate the digital-to-analog converter circuits
and sufficient power for other output or utilizing circuits
which may be connected thereto in the various storage
devices.

FIG. 175A shows a symbolic representation of the
flip-flop shown in FIG. 175 which is employed on the
other figures of the drawing to represent this flip-flop.

FIG. 176 shows a blocking oscillator comprising a
double-section tube 176-18. The right-hand section of
this tube is connected to a blocking oscillator circuit
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with a blocking oscillator coil 176-12 having four wind-
ings on a single core. This section of the tube is normally
biased so that no current flows through it. The left-hand
section of the tube has an input coupling section and it
is similarly biased so that no current will normally flow
through it. Upon the application of a positive pulse to
the input winding or conductor 176-11 current will start
to fiow through the left-hand section of tube 176-10 and
thus through the left-hand winding of the impulse coil
176-12. As a result, a positive voltage will be induced
in the winding connected to the grid of this tube which
causes current to flow through the right-hand section and
thus more current flows through the left-hand winding
of the coil and the winding connected to the cathode of
the right-hand section of tube 176-10. As a result,
a still higher positive voltage will be applied to the grid
and the above process repeated until tube 176-1i0 or
the blocking oscillator coil 176-12 or both of them become
saturated. Thereafter the current flowing through both
sections of the tube 176-1@ falls to a low value where it
remains until another input pulse is applied to the input
conductor 176-11. The output is coupled through the
right-hand winding of the coil 176-12. This winding has
a diode connected in series with the ground connection
to control the polarity of the output pulse. FIG. 176A
is a symbolic representation of this blocking oscillator as
is it shown on the other figures of the drawing.

FIG. 177 shows a gate generator circuit for the flying
spot store. This generator circuit comprises an input con-
ductor 177-16 which is connected to an input coil 177-17.
The secondary of this coil is coupled to diodes 177-18
which suppress positive pulses and apply a negative pulse
to the control grid of tube 177-11. Tube 177-11 is
normally conducting while tube 177-10 is normally non-
conducting. These two tubes have a common cathode
resistor which couples them together. The bias normally
applied to the control grid of the tube 177-10 is more
positive than the bias normally applied to the control
grid of tube 177-11. Consequently, tube 177-11 is nor-
mally conducting and causes sufficient current to flow
through the common cathode resistor connected to bat-
tery 177-19 so that tube 177-10 is substantially cut off
or the current flowing in this output circuit reduced to
a low value. However, upon the application of a nega-
tive pulse to the control grid of tube 177-11, current
flowing through this tube is reduced to a low value so
that its cathode and thus the cathode of tube 177-10 falls
to a value below the value of the grid bias applied to tube
177-19 whereupon the tube 17718 starts to conduct while
the current flowing through tube 177-11 is interrupted.
The anode of tube 177-10 is direct-connected to the grids
of the cathode follower tube 177-12 and the anodes of
tube 177—11 is direct-connected to the grids of the cathode
follower tube 177—13. Thus, with tube 177-11 conduct-
ing, its anode will be at a relatively low voltage so that the
cathode of tube 177-13 is likewise at a relatively low volt-
age. Consequently, the relatively low or negative voltage
is applied to the A output 177-15 at this time.

Likewise with tube 177-10 normally non-conduct-
ing, its anode will be at a relatively high voltage near
ground potential so that the cathode of tube 177-12 is
likewise at its more positive value and the more positive
output voltage applied to the A’ output conductor 177-14.

However, upon the application of an input pulse over
conductor 177-16 and the application of a negative pulse
to the control grid of tube 177-11, which causes the cur-
rent flowing through this tube to be interrupted and a flow
of current through tube 177-10 to be initiated, the con-
dition in the anode circuits of these tubes is reversed.
Current through tube 177-11 is interrupted and its anode
rises to a more positive value with the result that the
more positive voltage is applied to the A output con-
ductor 177-15. Current flowing through the tube 177-18
causes the voltage of its anode to fall to a relatively low
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value so that a more negative voltage will be applied to
the A’ output conductor or terminal 177-14.

At the termination of the negative pulse applied to
the control grid of tube 177-11 the initial conditions are
restored, where the more negative voltage is applied to
the A output conductor 177-15 and the less negative or
more positive voltage applied to the A’ output conductor
177-14.

FIG. 177A shows a symbolic representation of the
gate generator shown in detail in FIG. 177. This
symbolic representation is shown on other figures of
the drawing.

FIG. 178 shows a timer circuit employed in the flying
spot  store circuits. This timer circuit comprises two
double-section triode tubes 178-10 and 178-11. The
control grid of the right-hand section of tube 178-19 is
connected to the anode of the left-hand section of this
tube and the anode of the right-hand section is direct-
connected to the control grid of the cathode follower
tube 176-11. As will be described, normally the grid
of the left-hand section of tube 178-10 is maintained at
a relatively low or negative value so that its anode will
be at a relatively high voltage and thus cause the grid of
the right-hand section to be at a relatively high voltage
which causes appreciable current to flow through the right-
hand section of this tube. As a result, the anode of the
right-hand section will be at a more negative voltage,
thus maintaining the grid of the cathode follower 178-11
at its more negative value. Consequently, a low or more
negative output voltage will be obtained from the timing
circuit so long as the grid of the left-hand section tube is
maintained at a relatively low or negative voltage.

As will be described herein, the input 178-12 is nor-
mally connected to a source of negative pulses. These
pulses are coupled through the diode 178-14 to the
upper terminal of the condenser 17815 and to the con-
trol grid of the left-hand section of tube 178-10. Each
one of these pulses thus tends to charge the upper terminal
of this condenser to a negative value or at least charge
this condenser to such a value that its upper terminal
maintains the left-hand section of tube 178-16 cut off
and thus below the voltage normally applied to the grid
of the right-hand section of this tube. Upon the termina-
tion of each of the negative pulses applied to the input
conductor 178-12, the charge on the condenser 178-15
tends to discharge through the resistor 178-16, thus reduc-
ing the negative voltage on the upper terminal of this
condenser. The time constants of this condenser 178-15
and resistor 178-16 is such that it requires an appreciable
time for the voltage on the upper terminal on the con-
denser to change sufficiently to cause current to flow to
the right-hand section of tube 178-16. = If during this time
interval additional negative pulses are applied to the input
conductor 178-12, the upper terminal of this condenser
will be substantially immediately restored to its more
negative value so that the discharge will start over upon
the termination of each of the applied negative pulses.
However, if no negative pulses are received during the
time interval for which the circuit is adjusted, the upper
terminal of condenser 178-15 will reach such a voltage
that the left-hand grid of tube 178-1¢ will rise in value
sufficient to cause current to flow through the left-hand
section of this tube. As a result, the anode voltage of
this section falls to a relatively low value while the cath-
ode becomes more positive, Consequently, the right-
hand section of this tube is cut off and its anode rises to
a more positive or less negative value, which voltage is
then related or repeated by the cathode follower tube
17811 and applied to the output terminal 178-13.

Upon the application of the next negative input pulse,
however, the upper terminal of condenser 178-15 will be
substantially instantaneously restored to its low negative
value through the low impedance of the diode 178-14
and the low impedance of a driving circuit to which the
input is conmected. As a result, the current conditions
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are restored to their initial condition where the above
described manner of operations is repeated.

FIG. 178A shows a symbolic representation of a timer
circuit of FIG. 178 as employed in the other figures of
the flying spot store drawings.

ORDERS AND COMMON CONTROL GR DIRECTOR

FIGS. 13 through 142 show the circuit details of an ex-
emplary telephone switching system in accordance with
this invention. These figures are positioned adjacent to
one another as shown in FIG. 143, The FIGS. 13 through
64 comprise the director or common control porticn of the
system. FIGS. 65 through 78 show the circuit details of
the barrier grid store and the barrier grid monitor circnits.
These figures show the control circuits for the barrier grid
store which accept the address and orders from the com-
mon control circuits and cause the barrier grid store to
have the beam directed to the proper address location and
then either read out and regenerate or read out and change
or store signals at the specified address as directed by
orders received from the common control circuits.

FIGS. 79 through 96 show the circuit details of the
flying spot store and the local control and sequence cir-
cuits which accept orders from the commen control and
transmit the required store information back to the com-
mon control circuits. FIGS, 97 through 106 show the
circuit details of the administration center and the manual
control and maintenance circuits and features. FIGS. 107
through 142 show the circuit details of the subscriber’s
line circuits and subscriber line circuit terminations and
switching network and the various. control and sequence
circuits for properly controlling these network circuits so
that the network circuits and sequence circuits are en-
abled to receive and respond to orders from the common
control and to set up connections, trace connections,
make busy tests, and release previously established con-
nections as directed by the common control circunits. In
addition, these circuits are arranged to transmit the neces-
sary information back to the common control after the
required operation has been satisfactorily performed, or
that the network is busy, or that the specified operation
has not been satisfactorily performed by the network.
‘The network portion is divided into two parts, one part
called the office concentrator portion and the other por-
tion the distribution network. The subscriber’s line cir-
cuits and line terminations are shown in FIG. 112. FIGS.
111 and 118 show circuit details of the tome or ringing
switch which is employed to transmit audible ringing tone
to the calling subscriter and to transmit ringing current
to the called subscriber as specified by orders received
from the common control circuits.

Many elements of the components of the exemplary
system described above comprise a plurality of circuits
which are duplicated a number of times. For example,
most of the register circuits are arranged to respond to
or store a plurality of binary digits or bits. In general a
flip-flop is provided for each of the binary digits or bits.
Since, as described herein, many of these registers are
arranged to respond to an 18 bit word or order, most of
these circuits have to be duplicated 18 times. In the fig-
ures in the drawings, however, the details of these vari-
ous circuits are shown only once or a few number of times
and the duplicated equipment is merely indicated as be-
ing present. Inasmuch as a first one of said circuits and
the last have been shown in most of the smaller circuits
and in others where connections to the elements change
from circuit to circuit, these individual circuits have been
shown. Moreover, the connections between the various
circuits in each one of these major components are shown
connected by means of cables comprising many conduc-
tors and these individual conductors from the various cir-
cuits are merely run to or from the cables. This arrange-
ment greatly reduces the number of lines representing
lines on the drawing, together with the shunting of only
the first and last and occasional intermediate circuits

10

15

20

25

30

40

45

50

60

65

70

75

&8

which are connected differently than the first and last,
reduce the size of the drawing and make it easier to un-
derstand and trace the various signals between the vari-
ous components of the exemplary embodiment described
herein. In order to further facilitate the reading and un-
derstanding of the specification, the reference numerals
are arranged with the figure number first, followed by a
hyphen and then a number or other functional designation
describing the particular apparatus on the specified figure.
In this manner, the approximate location of any appa-
ratus is readily determined by the figure number and the
exact location may be found on this figure. In addition
to the above major components of the exemplary sys-
tem, namely the common confrol, the barrier grid store
and monitor, the flying spot store, administration center,
and switching networks and control including subscriber’s
line and line terminations, a program of orders must be
provided to control the system. This program of orders
in the exemplary embodiment described herein is stored
in the flying spot store and read out from this store and
transmitted to the common control where most of the or-
ders are executed and control the system as described
herein. Most of the orders comprise a code group of 18
binary digits or bits which are sometimes called a word
and are most frequently called the order herein.

In order to facilitate the understanding and description
of the system and its response to the various orders and
sequences of orders in the program, the orders have been
divided into 4 or 5 parts designated A, B, C and D. One
binary bit is designated a spare. As will be described
herein the flying spot store comprises nine photographic
storage plates and each of these plates has two bits of
each of the orders stored on it. As will be described, one
of the bits of each of the orders from each of the plates
is read out in parallel or substantially simultaneously, and
then the second of the bits on each plate of the order is
read out again in parallel or substantially simultaneously.
Each group of nine bits is stored upon an output register
in the flying spot store and then all eighteen bits trans-
mitted substantially simultanecusly to the common con-
trol circuits in the manner described herein. These or-
ders are arranged on the storage plates in the flying spot
store in a substantially square array with 64 such ele-
mental arsas on a side, each elemental area comprising
a single binary bit of the order.

While in the exemplary embodiment of the invention
set forth herein, the orders have been divided into the A,
B, C, and D portion for convenience. It is, of course,
possible to divide these orders up in any other group of
parts or to employ any combination or combinations of
these bits of the various orders in any desired manner to
record the various types or elements of information con-
tained in each of the orders.

In the exemplary embodiment set forth herein the A
portion of each order comprises three bits which provide
a maximum of eight different combinations or typss of
orders. These three bits are employed to designate the
type of order.

The B portion of the order comprises two bits which
are employed to store four other different combinations
or types of information.

The C portion of each order comprises five bits which
uniquely specify any one of 32 possible different types
of orders or functions and the D portion of the order
comprises seven bits which provide a maximum of 128
different combinations in these bits which are frequently
used to specify one or the other parts of the address of
the location of another order cr the location of a storage
spot within the barrier grid tube or the location or equip-
ment number of some line or circuit or other equipment
in the exemplary switching system described herein.

These various program orders are divided in the ex-
emplary embodiment described herein into two general
classes of orders, namely decision orders and non-decision
orders. The decision orders in general cause the system
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to respond in one manner if a specified portion of the
system or a specified storage element is in one condition,
but respond in a different manner if the specified portion
of the system or storage element is in another condition.

As described above the various portions of these or-
ders comprise different numbers of binary bits and are
stored on the photographic plates in the flying spot store
as binary bits each of which is either transparent and will
transmit light or is opaque and will not transmit light.
However, in specifying or referring to these various por-
tions of the order and the information recorded therein
in the description in the exemplary embodiment of the
invention set forth herein, the corresponding decimal
number represented by the character or code group of the
binary bits with respect to parts of the order is employed.
Thus, as described herein, the three binary bits of the A
portion of each order defines eight types of orders desig-
nated herein 0 through 7.

Similarly, the two binary bits of the B portion of each
order has recorded in it one of the numbers 0 through 3,
the five binary bits of the C portion of the order are des-
ignated O through 31 herein, and the seven binary bits
comprising the D portion of the order are designated 0
through 127. In other words, any one combination of
these. seven binary bits comprising the D portion of the
order may be employed to represent any one of 128
different items which are designated herein O through 127
instead of the actual binary code employed to represent
these numbers.

In the exemplary embodiment of the invention set forth
herein, the decision orders comprise either a “1” or a *“0”
in the A portion of the order, the other combinations 2
through 7 recorded in the A portion designate various non-
decision orders. As described herein, the operation of the
system is controlled by these various orders and the time
required for reading and executing any one order com-
prising an elemental cycle of the operation of the system.
These elemental cycles may be adjusted to comprise from
approximately ‘15 microseconds. In the exemplary em-
bodiment described herein, it is assumed that each of these
elemental cycles requires approximately 15 microseconds.

The decision orders usually require 2 of these 15 micro-
second cycles to be fully executed, while the non-decision
orders usually require only one of these operating cycles,
but in certain instances may require 2 as described herein.

Those orders in which a “0” is recorded in the A por-
tion are decision orders in which a transfer is to be made
from one sequence or sub-program of orders to another
sequence or sub-program of orders when a previously
specified portion of the system or a portion of the system
specified in the order is found to be in its “0” state or con-
dition. If the portion of the system previously specified,
or specified in the order, is in its “1” state or condition,
then the operation of the system is not transferred to a
different group or sequences of orders but continues from
the sequence program cof orders then controlling the
system.

These orders which have a “1” recorded in the A por-
tion are decision orders in which a transfer is te be made
to another sequence or program group of orders if the por-
tion of the system or storage item previously specified or
specified in the order is in its “1” state or condition. If
the portion of the system or storage items specified in the
order or previously specified is in its “0” state, then no
transfer is made and the sequence of orders then con-
trolling the operation of the system continues to control
the operation of the system. If a transfer is to be made to
another sequence of orders then the location or address
of the first order of this sequence of orders has previously
been stored in some register or storage elements of the
system. This register or storage element is usually speci-
fied by the B portion or by certain of the codes recorded
in the B portion of the order as will be described herein.

In the exemplary embodiment set forth herein, pro-
vision has been made to provide a choice of two different
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sequences or locations of orders in case a transfer is de-
sired. A first transfer register in the common control
circuits is provided to store the address of the first order
of one sequence and a second transfer register is provided
to store the address of the first order of a second sequence.

f a transfer is to be made, the flying spot store will trans-
fer to the order whose address is stored in the first trans-
fer register when the B code is either “0” or “1,” but will
transfer to the address in the second transfer register if
the B code is 2.

Another feature of the first transfer register permits
“1” to be added to the Y portion of the address stored
therein if a “1” is recorded in the B portion of the order.
This arrangement is provided to save program time.

Each of the various orders employed to control the
system is given a definite and specified location in the fly-
ing spot store. This location is defined by two code
groups of binary digits in the exemplary embodiment of
the invention described herein. One of the code groups
is called the X address and specfies the X location of the
order in the flying spot store array of storage spots and
the other group of binary digits is called the Y address
of the order. In the exemplary embodiment described
herein, upon transmitting such X and Y address code
groups to the flying spot store as described herein, the
cathode-ray beam within the tube is directed to the identi-
fied X and Y locations and the various 18 digits or bits
of the order read out from the flying spot store to the
common control equipment. While the X and Y ad-
dresses are employed in the equipment, which binary
numbers or groups of binary digits which may represent
binary numbers, are referred to herein by the correspond-
ing decimal numbers. In addition, FIG. 149 shows one
assignment of the various orders and groups of orders
on the information or storage plates of the flying spot
store. In the exemplary embodiment described in detail
herein, the information storage plates in the flying spot
store ‘are provided with a square array of information
storage spots having 64 storage positions along each side
and thus 64364 storage spots. As shown in FIG. 149,
the array comprises 64, that is, 0. through 63 addresses
in the Y direction and 32, that is O through 31 in the X
direction. However, as described herein each order com-
prises two positions and thus two storage spots in the X
direction so that while there are 64 storage spaces in the
X direction there are only 32 such orders.

Thus, in the orders and the control equipment each
of the orders has an-X and Y address which is employed
both to designate the particular order and to specify its
location on the storage plates of the flying spot store.
Thus, when it is desired to obtain any such order from
the flying spot store, its X and Y addresses are trans-
mitted to the flying spot store. This store then will read
out the order. As described herein, in reading out the
order the flying spot store directs the beam first to the
specified Y and X addresses and then to the next higher
X address to obtain the second part of the order. There-
after the entire order is read out as-described herein. In
addition, the beam in the flying spot store them moves
to the next succeeding X address and starts to read out
the next order as will be described. The orders em-
ployed to control the system have also been given func-
tional designations in order to facilitate the design and
understanding of the system. These various functional
orders are described in the following table:

RY (A=0or 1, B=0, 1, or 2, C=0)

This order causes the system to read and regenerate the
barrier grid store at the Y address specified in the D part
of the order and an X address stored in the barrier grid
store address register. The Y address is also stored in
the Y portion of the barrier grid register in response to
this order. In carrying out this order it is first registered
in the order word register and then translated by the



3,228,785

61

order translators. The output of the order translators
causes the following action:

(1) Order memory flip-flop 33-RBG is set in its “1”
state because the reading of the barrier grid store is in-
volved and the result of this reading will not be available
until some time in the next operating cycle;

(2) The D flip-flops of the order word register are
gated from the output of the order word register to the
Y conductors of the bus access circuit;

(3) The X portion of the barrier grid address register
is gated to the X conductors of the bus access circuit;

(4) Both the X and Y bus access conductors are gated
to the barrier grid store address register leads;

(5) The Y conductors of the bus access circuit are
gated to the Y portion of the barrier grid store address
register; and

(6) A signal is gated to the read and regenerate lead
of the barrier grid store.

In addition, the A code causes either the order memory
flip-flop 33-T9 or 33-T1 to be set in its “1” state, and the
B code causes either the flip-flop 34—TR1 or 34-TR2 to
be set in its “1” state. At the end of the cycle during
which this order was transmitted to the common control,
if an EPO gating pulse is generated, the order memory
flip-fiops will be set, and the address as specified in the
order will be sent to the barrier grid store circuits and
“1” may be added to the registration in the Y flip-flops
of the T1 transfer register if “1” is recorded in the B por-
tion of the order. The barrier grid store will cause its
beam to be deflected to the indicated address and read
and regenerate the storage spot and send back to the com-
mon control a pulse over one of two leads indicating
that either a “0” or a “1” was previously stored at the
designated spot.

As will be described herein, each of the various orders
are first read out of the flying spot store and transmitted
to the common control portion of the system. There-
after, either one or the other of two or more different
kinds of signals or pulses are generated; one of these
pulses is designated EPO and is employed to cause the
order presently entered in the order word register of the
common control portion of the system to be executed.
Another one of these signals is designated CTR which is
employed to cause the order presently entered upon the
order word register flip-flops in the common control por-
tion of the system to be discarded and the flying spot store
directed to the first order of some other sequence, which
order has its X and Y addresses entered upon one or the
other of the first or second transfer registers described
herein. ‘The generation of these signals and the response
of the system to them is described in detail with refer-
ence to the detailed description of the common control
portion of the system.

The outputs of the barrier grid store output flip-flop
and the order memory flip-flops are transmitted to diodes,
logic and gating control circuits which determine whether
the conditional transfer pulse (CTR) or an execute pres-
ent order gating pulse (EPO) is generated. If the con-
ditions are such that a transfer is to be made, the CTR
pulse causes the output leads from the flip-flops of the
first or second transfer register to be gated to the address
leads of the flying spot store and a pulse is sent over the
flying spot store control transfer lead. However, if con-
ditions are such that no transfer is to be made, then an
EPQO pulse is generated and the operation specified by the
order then entered upon the order word register of the
common control circuits is carried out. A pulse is also
sent over the flying spot control advance conductor, caus-
ing the flying spot store circuits to send the next order
word to the common control circuits and then advance
to the next succeeding order word in the X direction in the
flying spot store.

RX (A=0or 1,B=0, 1, or 2, C=1)
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This order is like the previous order except that the
barrier grid store is directed to read and regenerate
the storage spot at the X address specified in the D por-
tion of the order and the Y address which is presently
entered on the Y flip-flops 23-4YQ through 23-4Y6 on
FIG. 23 of the barrier grid store address register. The
circuit operations are similar to the ones described except
that different sets of gates are activated. Thus, when the
order is entered upon the flip-flops of the order word
register, the output of these flip-flops is transmitted to the
order word translator and the output of this translator
activates gates which (1) set the order memory flip-flop
flip-flop 33-RBG in its “1” state as before, (2) gate the
order word register flip-flops having recorded the D por-
tion of the order to the X conductors of the bus access
circuit, (3) gate the output of the Y address flip-flops
23-4Y0 through 23-4Y6 in the barrier grid address regis-
ter to the Y conductors of the bus access cable, (4) gate
the conductors of the bus access circuit to the barrier grid
store address conductors, and (5) gate the signal on the
RRG lead to the barrier grid store thus directing the bar-
rier grid store to read and regenerate the spot designated
by the X and Y addresses transmitted to it. Thereafter,
the result of the barrier grid reading out the storage spot
is again entered on the barrier grid output flip-fiop and
the EPO or CTR pulse generated as described herein.

EY (A=0 or 1, B=0, 1, or 2, C=2)

This order is employed to read out and erase the infor-
mation recorded in the barrier grid store at the Y address
specified in the D portion of the order and store the Y ad-
dress specified in the D portion of the order in the Y
barrier grid address register flip-flops 23-4Y0 through
23-4Y6 of FIG. 23. Then the X address previously stored
in the X flip-flops 22-4X2 through 22-4X$ and the Y
address specified in the D portion of the order are trans-
mitted to the barrier grid store together with a signal over
the barrier grid RWO conductor instead of the read and
regenerate conductor RRG. Thereafter, the circuits re-
spond substantially in the same manner as the previously
described types of orders.

EX (A=0 or 1, B=0, 1, or 2, C=3)

This order is similar to the EY order except that the X
address is specified in the D portion of the order and the
Y address is obtained from the Y flip-flops 23-4Y 9 through
23-4Y6 of the barrier grid store address register.

CY9 (A=0, B=0, 1 or 2, C=4)
CY1 (A=1, B=0, 1 or 2, C=4)

This order is employed to read out and change the
information recorded on the specified barrier grid storage
spot. Thus, if a “1” is read out, a “0” is left recorded in
this spot in response to this order. Conversely, if a “0”
is read out, then a “1” is written in the storage space and
left recorded therein. In response to this order, the cir-
cuits work substantially the same as described with respect
to the previous order except a signal is transmitted over a
read and change conductor RCH, instead of the read and
regenerate conductor RRG as described with respect to
the previous orders.

CX® (A=0, B=9, 1, 2, or 3, C=5)
CX1i (A=1, B=0, 1, 2, or 3, C=5)

This order is similar to the previous order except that
the D portion of the order specified the X location of the
storage spot in the barrier grid store instead of the Y
address as in the previous order. Consequently, the Y
address for this order is obtained from the Y flip-flops
23-4Y 0 through 23-4Y6 of the barrier grid address regis-
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ter, otherwise the circuits operate substantially as de-
scribed with respect to the other orders.

RFA (A=0or 1, B=0, 1, or 2, C=6)

This order is employed to cause one of the large or
small access register flip-flops, of which there are 32 in
the exemplary embodiment described herein, to be ex-
amined or read and determined if it is set in its “1” state
or “0” state. The particular one of the large or small
access register flip-flops is specified by the first five binary
bits or digits in the D portion of the order. This order
causes one of the flip-flops to be read out instead of the
barrier grid store spot so that the order memory flip-flop
33-RFF is set in ifs “1” state in response to this order,
instead of the flip-flop 33-RBG as described for previous
types of orders. In response to this order, the miscella-
neous memory flip-flop 32-FFR is set or reset either in
its “1” or “0” state in accordance with the setting of the
specified large or small access register flip-flop. In the
following operating cycle the gating pulse control utilizes
the order memory flip-flops 33-T0 or 33-T1 and the flip-
flop 33-RFF together with the output conductors
32-RO-FF and 32-R1-FF to determine whether an EPO
pulse or a CTR pulse will be generated as will be described
herein.

RP (A=0or 1, B=0, 1, or 2, C=7)

This type of order is employed to direct the barrier
grid store to read and regenerate the storage spot having
the address which is then present in the barrier grid store
address register flip-flops 22-4X2 through 22-4X8 and
23-4Y0 through 23-4Y6 of FIGS. 22 and 23. Except
for the obtaining of the addresses from the barrier grid
address register flip-flops, this order causes the various
circuits to operate similarly to that described above with
respect to the other orders.

RC (A=0or 1, B=0, 1,2, C=8)

This order is similar to the previous order and directs
the barrier grid store to read and regenerate the storage
spot having its X and Y addresses entered upon the barrier
grid store address register flip-flops 22-4X2 through
22438 and 23-4Y0 through 23-4Y6 of FIGS. 22 and 23
except that the second most significant bit or digit of the
Y portion of the address flip-flops is complemented. In
other words, the character of the second most significant
digit or bit of the Y address transmitted to the barrier
erid store in response to the RC order is opposite to the
character of this bit as recorded upon the corresponding
barrier grid address register flip-flops. This order is em-
ployed to direct the beam to the second of the storage spots
assigned to the line.

This type of order is employed to read the scanner. The
scanner address register will have been previously set so
that in response to the RS order the scanner output signal
on one or the other of the two leads will be gated fo the
common control. In this case the order memory flip-
flop 33-RS is set in its “1” state in response to this order
and the scanner output is gated to the scanner output flip-
flop 32-S. Then on the next cycle with the order memory
flip-flops 33-T0 or 33-T1 and 33-RS set in their “1” states
and the scanner output flip-flop 32-S set in accordance
with the output of the scanner, the gating pulse control
circuits have sufficient information for the generation of
either an EPO or a CTR pulse.

RSL (A=0or 1, B=0, 1 or 2, C=10)

This order is employed for the supervisory scan of the
lines and trunks. It is employed to direct the scanner
to test the specified line and to direct the barrier grid store
to read the corresponding spot of a particular line or trunk
to be read and regenerated and to put a new X address in
the scanner register. This order causes the scanner ad-
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dress to be gated to the barrier grid store address register
flip-flops 22-4X2 through 22-4X8 and 23-4Y9 through
23-4Y5 of FIGS. 22 and 23. Since both the scanner and
barrier grid store are to be read, the order memory flip-
flops 33-RS and 33-RBG are set in their “1” states. The
barrier grid address which should be read and regenerated
is the same as that in the scanner address register so that
the scanner address is gated to the barrier grid store as
described above. In addition, it is desirable to set the
scanner address Tegister in preparation for the next line or
trunk to be scanned from the D portion of the order, but
the bus access circuit is already in use for another purpose
so that the 21-D#$ through 2i-D¢ flip-flops of the order
word: register are gated directly to the scanner address
register X flip-flops 27-5X2 through 27-5X8§ of FIG. 27.
In addition; in order to read the barrier grid store, a pulse
is transmitted over the RRG lead to the barrier grid store
and the scanner detector output is gated to the scanner
output flip-flop 32-S. The order memory flip-flops 34—
TOM and 34-T1M are set in their “1” states by this order
so that the outputs of these flip-flops, together with the out-
puts of the 33—RS and 33-RBG flip-flops and the output
of the 32-S flip-flop, and the output of the 71-C flip-flop
are employed to determine whether an EPO pulse or a
CTR pulse should be generated.

In order to preserve the output of the scanner, the out-
put of the 32-S flip-flop is gated to the input of the scan-
ner memory flip-flop 32-SM so that it will be available
during the next cycle of operation if it is desired to refer
to it.

RSY (A=0 or 1, B=0, 1 or 2, C=11)

This order is employed to read the scanner output and
read and regenerate the barrier grid storage spot having
the Y address specified by the D portion of the order and
an X address previously entered upon the X flip-flops
22-4X2 through 22-4X8 of the barrier grid store address
register of FIG. 22. In this case the Y address specified
in the D portion of the order is not entered upon the Y
flip-flops 23-4Y6 through 23-4Y6 of the barrier grid store
address register of FIG. 23, While both the scanner and
the barrier grid store are read in response to this order,
there need be no relationship between the two addresses.
The scanner address will have been previously entered
upon the scanner address register flip-flops 27-5X2 through
27-5X8 and 28-5Y8 through 28-5Y6 of FIGS. 27 and 28.
Except for the above-described differences, the other re-
sponses of the system to this order are substantially the
same as described above for the RSL order.

RSX (A=0 or 1, B=0, 1 or 2, C=12)

This order like the previous order is employed to read
the scanner and read and regenerate the barrier grid
store. In this case, however, the D portion of the order
specifies the X address of the storage spot to be read by
the barrier grid store instead of the Y address. The Y
address must, therefore, be obtained from Y flip-flops 23—
4Y0 through 23-4Y6 of FIG. 23. In other respects the
system responds to the RSX order in the manner similar
to that described above with respect to the RSY and RSL
orders.

RFF (A=0or 1, B=0, 1 or 2, C=13)

This order is employed to read the miscellaneous mem-
ory flip-flops determined by the 21-D0 through 21-D4
flip-flops of the order word register of FIG. 21. The op-
erations performed in response to this order are similar to
those performed in response to the RFA order described
above, except that the flip-flops which are read, that is,
their state determined, are not in the large or small access
register as in the case of the RFA order.

RYN (A=0 or 1, B=0, 1 or 2, C=14)
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This order is employed to read and regenerate the bar-
rier grid store at a 'Y address specified in the D portion of
the order and an X address previously entered upon the
X flip-flops 22-4X2 through 22-4X8 of FIG. 22 of the
barrier grid store address register. In this case, the Y
address from the D portion of the order is not entered
upon the Y flip-flops 23-4Y® through 23-4Y6 in the bar-
rier grid address register shown in FIG. 23. Thus, except
for the fact that the Y address is not entered upon the
Y address register flip-flops, the response of this order is
like the response to the RY type order described above.

RXN (A=0,B=0, 1 or 2, C=15)

_This order is similar to the RYN and is employed to
read and regenerate the barrier grid store at a spot having
and X address specified in the D portion of the order in-
stead of the Y address as that of the RYN order. In this
case the Y address of the spot of the barrier grid store
to be read and regenerated has been previously entered
upon the Y barrier grid address register flip-flops 23-4Y6
through 23-4Y6 of FIG. 23. Otherwise, the system Te-
sponds to this order substantially the same as described
for the RYN order and the RY or RX orders described
above.

MX (A=0or 1, B=0, 1 or?2, C=16)

This order is employed to cause the system to match
the seven bits registered in the X part of the flip-flop
group determined by the D9 through D4 digits of the D
portion of the order with the seven bits previously reg-
istered in the X part of the previously entered memory
flip-flops 31-12X2 through 31-12X8 and 31-12Y0
through 31-12Y6. In addition, the order memory flip-flop
34-MFG and one or the other of the flip-flops 3-TOM
or 34-TIM are set in their “1” states. The output of the
matching circuits together with the output of these cir-
cuits then are employed to cause the generation of either
the EPO or the CTR pulse as described herein.

MY (A=0or1, B=0, 1 or2, C=17)

This order is similar to the MX order except that the
order is employed to direct the system to match the sev-
en bits registered in the Y part of the flip-flop group de-
termined by the D9 through D4 digits of the order with
the seven bits registered in the Y part of the memory flip-
flops 31-12Y0 through 31-12Y6 of FIG. 31. In other
respects the system responds to this order in substantially
the same way as described above with respect to the MX
order.

MB (A=0or 1, B=0, 1 or 2, C=18)

This order is employed to match both the X and Y parts
of the flip-flop group determined by the digits D0 through
D4 of the order with the corresponding flip-flops 31-12X2
through 31-12X8 and 31-12Y6 through 31-12Y6 of the
memory match register of FIG. 31. In other respects, the
system responds to this order in substantially the same
manner as to the MX and MY types of orders as described
above,

T (A=2)

This is a transfer order and employed to transfer the
control of the system to a new address specified in the
order. When the A part of the order is 2 the seven bits
in the B and C portions of the order combined are em-
ployed to designate the X address of the first order of a
new sequence and the seven bits in the D portion of the
order are employed to specify the Y address of the first
order of the new sequence. At the end of the common
control operation responding to this order, an EPO pulse
will cause the new X and Y addresses to be transmitted
to the flying spot store. In addition, the flying spot store
and transfer control lead will be activated and cause the
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flying spot store circuits to read out the order at the
specified address.

As described herein, the flying spot store address reg-
ister has entered on its flip-flops the address of each order
as received from the flying spot store. Upon the transfer
to a new address the new address is entered upon these
flying spot store address register flip-flops. Before these
new addresses are entered upon these flip-flops in response
to the transfer order T, the previous setting of these flip-
flops in transferred to the return address register flip-flops
with the X part incremented by 2, thus both the X and
Y addresses of the next word on the sequence of orders
from each transfer order is obtained and is entered upon
the return address register flip-flops so that if it is desired
at a later time to return to the sequence from which the
transfer was made the address of the next order thercof
may be obtained from the return address register.

HBG (A=3, B=0)

This order is employed to direct the barrier grid store
to read and regenerate the storage spot at the Y address
indicated by the D part of the order and at the X address
previously entered upon the barrier grid address register
flip-flops 22-4X2 through 22-4X8 of FIG. 22. If a “1”
is read out of the specified storage spot, the various Ham-
ming-check flip-flops should be changed according to the
information given in the C part of the order word. In ad-
dition, the Y address specified in the D portion of the order
is entered upon the flip-flops 23-4Y0 through 23-4Y6 of
the barrier grid address register of FIG. 23. Since the
reading of the barrier grid store is involved, two operating
cycles are required to complete the operation. During the
first operating cycle the order is received from the flying
spot store and entered upon the order word address reg-
ister flip-flops and then checked and translated, after which
the following actions take place: (1) the D part of the
order is gated to the Y conductors of the bus access cir-
cuit, (2) the X flip-flops 22-4X2 through 22-4X8 of the
barrier grid address register are gated to the X conductors
of the bus access circuit, (3) other gates are partially en-
abled so that if an EPO pulse is generated next, the X
and Y conductors of the bus access circuit are gated to
the barrier grid store address leads, (4) the RRG Jead
to the barrier grid store is energized to cause this store
to read and regenerate the storage spot of the specified
address, (5) the order memory flip-flops are set in ac-
cordance with the C part of the order, (6) the advance
lead to the flying spot store is activated, and (7) 2 is
added to the X address entered upon the X flip-flops of
the flying spot address register. The beam within the
barrier grid store is then directed to the storage spot hav-
ing the specified address and this spot read out and regen-
erated. If a “0” is read out, the barrier grid flipflop in
the miscellaneous memory is reset indicating that no fur-
ther action is required. However, if a “1” is Tead out,
the barrier grid flip-flop 71-C is set in jts “1” state and
with the order memory flip-flop 34—-HBG set in its “1”
state, the Hamming-check flip-flops 29-10 through 29-15
will be changed as follows: the state of the master or
parity check flip-flop 29-15 will be reversed as the state
of the other check flip-flops which are -designated by the
C portion of the previous order which is now set in the
C memory flip-flops 29-CM9 through 29-CM4. Thus, if
the C memory flipflop 29-CM®0 is set in its “1” state by
the previous order, the flip-flop 29-1¢ will be reversed.
If the flip-flop 29-CM1 is set in its “1” state in response to
the C portion of the previous order, then the flip-flop
29-11 will likewise be Teversed. The other Hamming-
check flip-flops 29-12 through 29-14 are similarly actu-
ated at this time.

HFA (A=3, B=1)

This order is similar to the above-described HBG order
xcept that the Hamming-check is applied to the large and
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‘small’ access register flip-flops of FIGS. 35, 36, 37, and 38
specified in the D part of the order. Each of these orders
‘specifies one of the 32 access register flip-flops and causes
‘the Hamming flip-flops to be actuated as described above
in accordance with the particular ones of these flip-flops
designated in the C portion of the order. Like the HBG
order, this HFA order requires two cycles for completion.
However, during the second cycle in which one order
is"completed, the operations in response to the first cycle
‘of the next succeeding similar order may be performed.
This operation is the same as in response to the HBG
order. - As described above, since the order is not com-
pleted during the first cycle, when the order is read out,
the information recorded in the C portion of the order is
entered upon the C memory flip-flops 29-CMO0 through
29-CM4.

G (A=3, B=3)

The G order is a gate order and is employed to trans-
fer in parallel the information or setting of the flip-flops
of one group or register designated by the C portion of
the order to another group of flip-flops or register desig-
‘nated by the D portion of the order. The order transla-
‘tor activates certain conductors in response to this order
‘which gate the output of the first selected group of flip-
flops or register to the bus access circuit and activate an-
_other group of gates which extend the bus access con-
.ductors to the input of the second group of flip-flops or
register. The information is then transferred and received
by the second group by the EPO pulse generated at the
end of this order.

ST (A=4)

This order is employed to set the flip-flops 58-2X0
through 28-2X8 and 59-2Y0 through 59-2Y8 of the first
transfer register shown in FIGS. 58 and 59 in accordance
‘with the information contained in the B, C, and D parts
of the order. The two bits of the B part of the order are
combined with the five bits of the C part of the order to
‘record the seven bits or binary digits of the X part of the
address, while the D part specifies the Y address of an
“order in the flying spot store to which it may be desirable
to transfer in response to a subsequent order received
from the flying spot store. The information is entered
upon the first transfer register flip-flops in response to the
“EPO generated at the end of this order.

SLA (A=5)

This order is similar to the ST order described above,
.except that the information recorded in the combined B
-and C portions of the order and the D portion of the order
-4s transferred to the flip-flops 35-6X0 through 35-6X8
.and 36-6Y0 through 36-6Y8 of the large access register
shown in FIGS. 35 and 36 instead of to flip-flops 58-2X0
through 58-2X8 and 59-2Y0 through 59-2Y8 of the first
“transfer register shown in FIGS. 58 and 59.

SSA (A=6)

This order is similar to the ST order and the SLA order
.described above except that the X and Y addresses reg-
-istered in the B, C, and D parts of the order are entered
upon the flip-flops 37-7X2 through 37-7X8 and 38-7Y0
‘through 38-7Y6 of the small access register instead of
-upon the flip-flops of the first transfer register or the flip-
.flops of the large access register.

RYFA (A=7, B=0)

This order is employed to read and regenerate the in-
formation stored in the barrier grid store at a Y address
specified in the D part of the order and an X address
- previously stored in the X flip-flops 22-4X2 through 22~
.4X8 of the barrier grid store address register of FIG. 22.
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flip-flop is found to be set in its “1” state.
‘be written in the storage spot if this access register is

€8

This information in turn is to be stored or entered upon
the access register flip-flop designated in the C part of the
order. In addition, the barrier grid store address register
Y flip-flops 23—-4Y0 through 23-4Y6 have the Y address
from the D portion of the order entered upon them.

The circuit operations in response to this order required
to read and regenerate the barrier grid store at the speci-
fied address are the same as for other orders for reading
and regenerating the information stored in the barrier
grid store. In addition, another order memory flip-flop

33-RYFA is set in its “1” state so that the information

recorded in the C portion of the order is transferred to
the C memory flip-flops 29-CM0 through 29-CM4. In
the second common control operating cycle, the informa-
tion read out by the barrier grid store is transmitted to the
common control and sets or resets the flip-flops 71-C in
accordance with the information read out by the barrier
grid store. This flip-flop in conjunction with the order
memory flip-flop 33-RYFA and the C memory outputs
cause the specified one of the 32 access register flip-flops
to be set or reset in accordance with the information read

‘out of the barrier grid store.

EYFA (A=7, B=1)

This order is similar to the RYFA order described
above except that the information recorded in the specified
storage spot in the barrier grid store is to be read out
and erased instead of read out and regenerated as de-
scribed above with respect to the RYFA order.

WFAY (A=7, B=2)

This order is employed to transfer information in the
reverse direction from the RYFA and EYFA orders. In
other words, this order is employed to read the access
register flip-flops specified in the C portion of the order
and then write a “1” or “0” in the barrier grid store at the
storage spot having a Y address specified in the D part
of the order word and a X address previously entered
upon the X flip-flops 22-4X2 through 22-4X8 of the bar-
rier grid store address register of FIG. 22. A “1” is to be
written in this storage space if the specified access register
A “0” should

found to be in its “0” state. The Y address specified in

‘the D portion of the order is also entered upon the Y
flip-flops 23-4Y0 through 23-4Y6 of FIG. 23.

No order
memory flip-flops are set in response to this order because
the action of the system in response to this order is
completed in one operating cycle. :

WOY (A=7, B=3,C=0)

This order is employed to write “0” on the barrier grid
storage spot having a Y address specified in the D part
of the order and an X address specified by the X flip-flops
22-4X2 through 22-4X8 of FIG. 22. The Y address
specified in the D part of the order is stored on the Y
flip-flops 23-4Y0 through 23-4Y6 of the barrier grid store

‘address register of FIG. 23.

WIY (A=7; B=3, C=1)

This order is similar to the WOY order, described
above, except that a “1” is entered on or written upon the

specified storage spot in the barrier grid store.

WOX (A=7, B=3, C=2)

This order is similar to the WOY order, described
above, except that the D part of the order specifies the

‘X address of the barrier grid storage spot-while the Y

address is obtained from the Y flip-flops 23-4Y0. through

'23-4Y6 of the barrier grid store. address register of
"FIG. 23.

At this time the X address specified in the D
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portion «of the order is entered upon the X flip-flops 22—
4X2 through 22-4X8§ of the barrier grid store address
register shown in FIG. 22.

WiX (A==7, B=3, C=3)

This order is similar to the W@X order except that a “1”
is entered upon or written in the specified storage spot.

WOP (A=7, B=3, C=4)

‘This order is similar to the W@Y and WX orders ex-
cept that a “0” is written in the barrier grid storage spot
having an X and Y address which was previously en-
tered upon the barrier grid store address register flip-
flops 22-4X2 through 22-4X8 and 23-4Y@ through
23-4Y6.

W1P (A=7, B=3, C=5)

This order is similar to the WOP order, described
above, except that a “1” is written in the barrier grid
storage spot having the X and Y addresses previously
entered upon the barrier grid address register flip-flops
instead of a “0.”

WOFA (A=7, B=3, C=6)

This order is employed to actuate one of the access
register flip-flops specified in the D portion of the order
to its “0” state. In other words, the access register
flip-flop specified in the D portion of the order is reset.

(WIFA) A=7, B=3, C=7

The W1FA order is similar to the WOFA order ex-
cept that the flip-flop designated in the D portion of
the order is set in its “1” state instead of being reset to
its “0” state.

(RGY) A=7, B=3, C=8

The BGY order is similar to the RY order described
above, in that the barrier grid storage spot having a speci-
fied X and Y address is regenerated. However, the
common control circuit does not respond to informa-
tion previously stored at this spot which is regenerated.

(RGX) A=7, B=3, C=9

This order is similar to the RGY order, described
above, except that the D portion of the order specifies
the X address of the barrier grid store spot to be re-
generated instead of the Y address in response to the
RGY order. ‘

(SY) A=7, B=3,C=10

The SY order is employed to set the Y flip-flops of
the barrier grid address register 23-4Y@ through 23—
4Y6 in accordance with the Y address specified in the
"D portion of the order.

(SX) A=7, B=3, C=11

This order is similar to the SY order except that the
X flip-flops 22-4X2 through 22-4X8 of the barrier grid
store address register are set in accordance with the X
address specified in the D portion of the order.

(TFG) A=7, B=3, C=12

This order is employed to cause the flying spot store to
transfer to an address which is stored in any of the
flip-flop groups which have access to the bus access
circuit. The flip-flop group employed to transmit the
address to the flying spot store in response to this
order is specified in the D portion of the order word.

(WOPC) A=7, B=3, C=13

The WOPC order is similar to the WOP order except
that the Y5 bit or the second most significant digit of

the Y address is complemented or inverted when it is.
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transferred to the barrier grid store. In other words,
this order is employed to write a “0” in the barrier grid
store at the address presently set upon the X and Y flip-
flops of the barrier grid address register except that
the address transmitted to the barrier grid store for
the second most significant digit of the Y address is
opposite  to that set upon the corresponding flip-flop
23-4YS5.

(WiPC) A=7, B=3, C=14

This order is similar to the WOPC order except that
a “1” is written in the specified storage spot in the
barrier grid store instead of a “0.”

(WOFF) A=7, B=3, C=15

This order is similar to the WOFA order, described
above, except that in response to this order a “0” may
be entered upon any of the flip-flops specified in the D
portion of the order which flip-flops are not part of
either of the access registers.

(W1FF) A=7, B=3, C=16
The WIFF order is similar to the WOFF order except

-that the flip-flop is set in its “1” state instead of being

reset or being set in its “0” state. The D portion of the
order again is employed to identify the flip-flop to be

thus set.

(AXFG) A=7, B=3, C=17

The AXFG order is employed to add 1 to the X
part of any number entered upon the X flip-flops 22-4X2
through 22-4X8 of the barrier grid store address
register.

(AYFG) A=7, B=3, C=18

This order is similar to the AXFG order, described
above, except that 1 is added to the Y address entered
upon the Y flip-flops 23-4Y¢ through 23-4Y6 of the
barrier grid store address register.

(HR) A=7, B=3, C=19

All of the Hamming-check flip-flops 29-10 through
29-15 are reset to their “0” state in response to this
order. The D part of the order is not used.

(CY) A=7, B=3, C=20

The CY order is employed to read out and change the
information stored on the storage spot in barrier grid
tube having a Y address specified in the D part-of the
order. The X address is obtained from the X flip-
flops 22-4X2 through 22-4X8 of the barrier grid store
address register. The X address was previously entered
upon these flip-flops. In this case, the storage spot is
complemented or changed, thus if a “1” is read out,
a “0” is left recorded in the spot. If a “0” is read
out a “1” is written on the spot in response to this order.

(STE) A=7, B=3, C=21

The STE order sets the end flip-flops 59-2Y8, 59-2Y7,
58-2X1 and 58-2X0 of the first transfer register of
FIGS. 58 and 59 according to the information in the
D9 through D3 digits or bits of the order. The trans-
lated order word directly gates the output of the order
word register flip-flops to the corresponding ones first
transfer register. In response to the mext transfer order
TFG, the control of the system will be changed and
transferred to the translation area in the flying spot
store and the number group or class of service or
other type of translation contained in the manner de-
scribed herein.

Sequences of the above types of orders, sometimes
called sub-routes are employed to control the operation
of the system. In order to facilitate the arranging of
such sequences and understanding their functions, these
sequences have been given three or four letter designa-
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tions to enable them to be readily referred to and de-

scribed.

In addition, by suitably arranging the sequences

and their location within the flying spot store, varicus se-
quences of sub-routes are simplified and the speed of oper-
ation of the system increased. Thus, by arranging the se-
quences so that under normal conditions transfers are
not made to other sequences, but continue through the
main program of sequences, the speed of operation may
be materially increased. Transfers are made only to
other sequences under conditions which occur less
frequently than the conditions normally encountered.
Moreover, by suitably arranging the sequences in the
flying spot store, it is possible to change the sequence
to which the operations are shifted by merely employing
certain of the add 1 or add 2 circuit controls which
add 1 or 2 to either the X or Y addresses of the first order
to which the control is shifted under conditions requiring

a transfer.

Table A lists the various sequences of orders and the
X and Y addresses of the first orders of the respective

sequences.

Table A

Title

NDISTS memeee
NDISIA_IDC

NDISIB_..----
NDIS1IC. ...

NDISIT. _....
NDIS2A _-cae.n

NDIS3A . .uenee
NDRNIA...._
NDRNI1B...-.

Network Report, Kind of Request.
N%}work Report, Concentrator Trunk,
ine.

Network Reports, O G'T, (Other).

Network Report, O GT, Abandoned.

Network Report, 0GT, TSN in OPLR.

Network Reports, No Connection,
Trunk.

Network Reports, No Connection, Line,

Network Reports, Ringing Trunk.

Network Report, Tone Trunk.

Subroutine to Write NPA from SA
into NR.

Actionwith Network Register.

Subroutine to Write RAD from SA into

NR.

Subroutine to Set BGT to DRX Address
in NR.

Disconnect Timing Scan.

Disconnect Timing Scan and Network
Instruction.

Recognizes a Hit.

Network Action—Trunk Disconnected.

Reset Trunk Spots to Normal.

Network not Available.

100 ms. Line Secan.

Mismatch Detected.

Disconnect Detected, ¥Find Idle DR.

Seizure of Disconnect Register.

Origination, Hunt Idle OR.

Test A2 Spot of OR.

Read T2 Spot. .

Outpulsing Register 50 ms. Scan.

Check Timer.

Write 1000 in Timer.

Subroutine to Write Digit into PC.

5 ms. Scan.

End of Break or Beginning of Make.

End of Make or Beginning of Break.

End of Digit.

Write 1001 in Timer.

Digit in Digit Slot TWO.

End of Qutpulsing.

Zero Activity Spots.

Set Digit Counter.

Write DS3 into PC. )

Check for Ringing OX to Scan.

Check To Stop Repeated Answer
Scanning.

Incrementing Interval Counter.

Check for Intervals 0 and 10.

5 ms. Timeout.

5 ms. Timeout Continued 1.

5 ms. Timeout Continued 2.

5 ms. Timeout Continued 3.

5 ms. Timeout Continued 4.

5 ms. Timing.

10 Sec. and 200 ms. Counter.

Part of 10 Sec. and 200 ms. Counter,

Read Out Network Program Address
and Transfer To It.

Disconnect Register, LINE, First Re-

turn, RLA & RLC.
B Side Connection, RLB & RLC,
D%L%arvice Second Return, RLA &

DR Sefvice, Final Return.
DR _Service, Release Concentrator,

RLC.
DR Service, Trunk, First Return, RLC.
DR Service, Second Return, RLB &
R

LC.
DR Service, RLC.
DR Service, Third Return, RLC.
DR Service, Fourth Return, RLC.
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Table A—Continued
Symbol Y X Title
NDRNI1C.....| 060 | 003 D% tE!ervice, Ringing Trunk, Final
eturn.
NDRN2A__...| 036 | 022 | DR Service, Third Return, RLC.
NDRN2B___..| 048] 020 | DR Service, Fourth Return, RLC.
NHNR._.. 038 | 022 | Network Hunt for New Job. .
NNR. oo 001 | 000 | Hunt for Request Waiting in Ringing
Register.
NNRA____.... 002 | 000 { Funt for Request Waiting in Disconnect
Register.
NNRB_ ... 003 | 000 H%nt §o€ Request Walting in Originating
egister.
NOBY1A...... 035 | 022 Olé. OSI%r]gice, Busy Tone, First Return,
NOBY1B___._. 041 | 000 | O R Service, Busy Tone, Final Return.
NODTI1A. ____ 050 | 021 OROSISIrDvice, Dial Tone, First Return,
NODTIB__..__ 037 | 000 | OR Service, Dial Tone, Final Return.
NOLO1A_.____ 056 | 004 | OR Service, Ringing Connection, First
Return, COND.
NOLOAX..._. 010 | 024 | OR Service, Ringing Connection, First
Return COND, Continued.
NOLOIB__.... 011 | 013 | OR Service, Ringing Connection, Sec-
ond Return, COND.
NOLO1C__.... 034 [ 023 | OR Service, Ringing Connection, Third
Return, COND.
NOLOCX_.__. 006 | 007 | OR Service, Ringing Connection, Third
- Return COND, Continued,
NOLO1D__..__| 009 | 024 ] OR Service, Ringing Connection, Fourth
Return, CONA.
NOLO1E_____. 011 | 024 | OR Service, Ringing Connection, Fifth
Return, CONB.
NOLOIF__ ... 036 { 000 011%{ Service, Ringing Connection, Final
eturn.
NOOG2A. ... 005 | 021 | OR Service, OGT Conncction, First
Return, COND.
NOOG2B....._ 060 | 006 OP}% Service, OGT Connection, Final
eturn.
NORLIA._____ 008 | 017 | OR Service, Check for Removal of DT,
Final Return.
026 | 008 | Write in NPA and go Back to Main
Program.
060 | 009 Wzite RAD and NPA in NR and Re-
urn,
NRTKIA_ __.__ 027 | 006 | RR Service, Talking Connection, Final
Return, RLB & RLC.
NRTKIB_____. 023 | 010 | RR Service, Talking Connection, Sec-
ond Return, COND.
NRTKIC. ... 039 | 000 R% Service, Talking Connection, Final
eturn.
049 | 007 | Subprogram to See if Both DN and
CONC have Completed.
031 025 | Network Timing Trouble Scan.
054-| 020 | AIT Scan Start.
001 | 021 | AIT Scan if AIT Equals One.
026 | 000 | ALT Scan if LL is Zero,
027 | 000 | AIT Scan if LLis 1 and PC3is 1.
028 | 000 | ALT Scan, Put PCin SA.
028 | 026 | AIT Scan, Put PC into DS6.
029 { 000 | AIT Scan, Put PC into DS1.
030 | 000 { AIT Scan, Put PC in DS2.
031 | 000 | AIT Scan, Put PCin DS4.
002 011 | ALT Scan, Put PC in D85,
003 | OIl | AIT Scan, Third Digit, Translation of
- Office Code WH2.
002 | 019 | AIT Scan, Put PC in DS7 and Transfer
to Translation.
032 | 020 | ATT Scan, Office Code Translation WES,
WH?7, MUS.
036 | 029 | AIT Scan, Write1in OGC.
002 { 026 | Finish Writing Zero in DS3.
015 | 000 | 5ms. Dial Pulse Scan.
005 | 008 | 5ms. Dial Pulse Scan Ceontinued.
059 | 017 | 5 ms. Dial Pulse Can, Add 1to PC.
012 | 000 | Hamming Check.
009 | 012 | Hamming Check Continued.
032 | 000 | Network Initialing Actions, Dial Tone
Connection, CONA.
007 | 000 | Network Initialing Actions, Local Call.
008 | 000 N%}v&ﬁ)rk Initiating A.ctions, Outgoing
all.
009 | 000 | Network Initiating Actions, Dial Tone
Removal.
053 | 012 | Network Initiating Actions, Busy Tone.
033 | 000 | Part of Translation.
021 | 004 | Network Initialing Actions, Network
Register Busy.
021 |- 011 | Network Returns After Setting up Busy
Connection.
001 | 009 | Network Returns After Setting up Dial
Tone Connection.
016 | 000 | Network Returns After Setting up
. Ringing Connection.
ONRLX. ... 059 | 005 | Network Return After Ringing Con-
nection Continued.
ONRO__.______ 014 000 | Selection of Outpulsing Register.
ONROX ____.__ 047 | 012 Selgctio(il of Outpulsing Register Con-
inued.
008 | 024 | Set Up For Outpulsing.
010 | 000 | Five Digit Outpulsing Set Up.
048 | 015 | Set Up for Outpulsing.
033 | 002 | Look Up Table.
034 | 002 | Look Up Table.
035 | 002 | Look Up Table.
036 | 002 | Look Up Table.
037 | 002 | Look Up Table.
038 | 002 | Look Up Table.
039 | 002 | Look Up Table.
040 | 002 | Look Up Table.
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Table A—Continued

74

The following table B comprises groups of sequences

v | x T of such orders arranged so as to form a program for the
e . o .
control of the exemplary electronic switching system de-
041 | 002 | Look Up Table, 5 scrlbc?d herein, In.th1s table, in order to facilitate the
042 | 002 | Look Up Table. . location of the various sequences or sub-routes and the
024 | 020 | Partial Dial Scan. e g .
043 | 013 D%tecmlmzof Permanent Signal, DLC individual orders thereof, the orders have been arranged
044 | 025 | Mark As if Buisy. sequentially, first in accordarce with their Y address
045 | 012 | Originating Register Seizure. i 1 i
813 3(1)(1) 8%258 %,rans%aﬁon. ia:lndt theln in a(cichrdance vlvllth ;heilrdX addfreslsl. T};us, the
ass Translation. rst column designates the address o indivi
013 | 000 | Directory Number Translation. 10 g t e.m ividual
017 | 000 | Directory Number Translation Con- orders and the second column of the table designates the
884 82§ B};g%g;‘y gmﬁer’rﬁammtion. X address of the individual orders, these X and Y ad-
5 1 irectory Number Translation, ifvi i indivi
085 | 008 | Direotory Numbor Transiation. dresses specifying the X and Y locatx9n of the individual
ggé gé:; %h%ck fgr Ne.thorkoA_v;anat};ility.R stor 15 orders on the storage plates of the flying spot store. The
Tite ne n Tiglnatin, eglster . . . .
Request Waiting Sp%t. € & third column sets forth the information in the A part of
T — 531 030 | Sean of Called Line. the respelzlctlve orders, the next column the B part of the
_________ 033 | 022 | Answer Detected Continued rders € nex 1 81
YN S 008 | 000 | Motwori rarted Contlr o , 1 ext column the C part, and the sixth column
%gﬁgé ________ ggé 888 %;ans%ation. from the left, the D part of the orders, the seventh col-
........ ransiation. . . . . . .
ZENA. 077" 0611 016 Suqt"mél}xme To Write EN From BGS 20 umn gives a symbolic sub-program designation which is
o SA. . . i .
ZENB. . . 650" 008 | Subroufine To Write EN From SA To em?loyed to identify the sub-program, 1£he. eighth column
. BGS. . designates the number of the order within the sub-pro-
ZLA e 037 { _ 022 | Subroutine To Write TSN From BGS To . . . .
SA. gram and the ninth column gives the functional desig-
ZNPA-oeee e 020) 009 s‘}%’&“{}‘l’f_ To Write NPA From SA oo nation of the type of order as set forth above, the tenth
ZRADA. _..___ 041 | 022 | Subroutine To Write NRAD Into LA. i i i
FEADRTTTTTT 058 | 013 | Subronting To Write XA diross Heam colufnn gives the first and second symbolic address being
| LLInto NR. specified in the order, and the eleventh column com-
ZTRBL........ 040 | 000 | Trouble Routine Stops System, WiFF . - . i ae
16. prises comments while the twelfth column indicates the
sequence to which a transfer may be made when required.
Table B.
Y X A-B C D Symbol Order No. Order Address-E-  Address-F Comments Transfer to
000 000 7 3 6 16 Stoo e
000 001 7 3 * 16 Stop -
000 002 .7 3 * 16 Stop -
000 003 .7 3 * 16 Stop N
000 004 7 3 * 16 Stop N
000 005 7 3 * 16 Stop -
000 006 7 3 * 16 Stop N
000 007 7 3 * 16 Stop -
000 008 7 3 * 16 Stop _
000 009 7 3 * , 16 Stop -
000 010 7 3 * 16 Stop N
000 011 7 3 * 16 Stop -
000 012 7 3 * 16 Stop _
000 013 7 3 * 16 Stop z
000 014 7 3 * 16 Stop N
000 015 7 3 * 16 Stop _
000 016 7 3 * 16 Stop N
000 017 7 3 * 16 Stop z
000 018 7 3 * 16 Stop _
000 019 7 3 * 16 Stop z
000 020 7 3. * 16 Stop z
000 021 7 3 * 16 Stop -
000 022 7 3 » 16 Stop _
000 023 7 3 * 16 Stop -
000 02¢ 7 3 * 16 Step _
000 025 7 3 * 16 Stop N
000 026 - 7 3 * 16 Stop -
000 027 7 3 * 16 Stop =
000 028 7 3 * 16 Stop -
000 020 7 3 * 16 Stop =
000 030 7 2 * 16 stop T
000 031 7 3 * 16 Stop
000 000 4 8 . NTRBL  FromNHNR - . .
001 001 7 3 * -1 PR
001 002 0 0 * R-RN ... NTRBL
001 003 7 3 * 1
001 004 7 3 * N-RWR  _.._._ .-
001 005, 6 8 * MAC-1 o -
001 006 3 3 SA M3
001 007 2 8 L RAB-1 -~ RAB-I
001 008 7 3 * 16 Stop
001 009 5 8 1 0 -
001 010 3 3 LA TSS - -
001 011 3 3 TIC SA From Net Seq NODT1B 2707
001 012" 2° 8 * ZRADA  Subr. Which Writes X Add ZRADA
00l 013 3 3 LA BX OfORImtoLA
001 014 7 2 25 0-CLNO W Conc Level NO Into OR  _____._____
001 015 7 2 26 0-CLN1
001 016 7 2 : 27 0-CLN2 ..
001 017 7 2 28 0-CLN3
001 018 7 3 001 000 ONRD 10 WiY * 0-Al WilmAr -~ T
001 019 2 8 (22 038 ONRD 11 * NHNR Advance to Next NR Req NHNR
001 020 7 3 016 016 .o ool eomee.. WIFF * 16 stop L
Q0L 021 3 3 003 01l OAB.._.___ 01 G RA M3 From 0AA TR
001 022 4 8 000 026 OAB 02 ST * OAC e
001 023° 0 0 000 026 OAB 03 RY0 * O-LL 0AC
001 024 1 1 000 038 OAB 04 RYIA * 0-PC3 0AD
001 025 1 1 000 035 OAB 05 RY1A = 0-PC2 OAR
001 026 1 O 000 03¢ OAB 06 RY1 * O-PC1 OAE
001 027° 1 O 000 032 OAB 07 RYl * 0-PCO OAE
001 028 7 3 (12 011 OAB 08 TFG * M3 . M3
001 029 7 3 016 016 WIFF * 16 Stop TS .
001 030 7 3 016 016 WIFF * 16 Stop T
001031 7 3 016 018 WIFF * 16 Stop..... e I
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Table B~—Continued
Y X A B C D Symbol Order No. Order Address-E Address-F Comments Transfer to
002 000 4 8 006 031 NNRA 01 ST * DNS From NHNR
002 001 7 3 010 116 NNRA 02. SY * D-RN
002 002 1 0 003 056 NNRA 03 EX1 * D-0
002 003 1 0 003 058 NNRA 04 EX1 * D-1
002 004 7 3 0l1 060 NNRA 05 * N-1
002 005 7 3 000 076 NNRA 06 WY * N-RWD
002 006 4 8 000 002 NNRA 07 ST * NNRA
002 007 2 8 026 038 NNRA 0] T * NHNR-1
002 008 7 3 016 016 - .- WIFF * 16 : Stop
002 009 7 3 016 016 - . WIFF M 16 Stop
002 010 7 3 016 016 WIFF * 16 Stop
002 011 4 8§ 019 002 OAP 01 ST * OAV From OAL
002 012 1 0 000 042 OAP 02 RY1 * O0-DLC1
002 013 7 2 018 078 OAP 03 WFAY 18 0-D85-0 Transfer PC To DS5
002 014 7 2 019 080 OAP 04 WFAY 19 O-DS5-1
002 015 7 2 020 082 OAP 05 WFAY 20 0-DS5-2
002 016 7 2 021 08¢ OAP 06 WFAY 21 0-D85-3 -
002 017 7 3 012 011 OAP 07 TFG * 3 M3
002 018 7 3 016 016 WIFR * Stop T emmmmemeeen
002 019 7 2 018 094 OAV 01 WFAY 18 0-DS87-0 From QAP = eecmmeaenes
002 020 7 2 019 096 OAV 02 WFAY 19 O-D87-1
002 021 7 2 020 098 OAV 03 WFAY 20 0-D87-2 e
002 022 7 2 021 100 OAV 04 WFAY 21 0-D87-3
002 023 7 3 000 000 OAV 05 WOY * 0-Al -
002 024 2 8§ 0il 019 OAV 06 T * OTCA To Class Translation OTCA
002 025 7 3 016 016 WIFF * 16 Stop 7 emeeemceeee
002 026 7 3 000 064 OAZ 01 WoY * 0-D83-1
002 027 7 3 000 066 OAZ 02 WOY * 0-D83-2 -
002 028 7 3 000 068 OAZ 03 WoY * 0-DS3-3 .
002 020 7 3 001 112 OAZ 04 W1Y * O-TC
002 030 7 3 012 011 OAZ 05 TFG > M3 c——
002 031 7 3 016 016 WIFF =~ * 16 Stop
003 000 4 & 000 032. NNRB 01 ST * ONA From NHNR
003 001 7 -3 010 116 NNRB 02 SY * O-RN
003 002 1 0 003 048 NNRB 03 EX1 * 0-0
003 003 1 0 003 050 NNRB 04 EX1 * 0-1 ——-
003 004 7 3 Ol 060 NNRB 05 * N-1
003 005 7 3 000 080 NNRB 06 WOY * N-RWO0 _—
003 006 2 8§ 027 038 NNRB 07 * NHNR2 .
003 007 4 8 000 045 MTA 01 ST * MTB . From MAD
003 008 1 O 000 010 MTA 02 RY1 * M-IC3
003 009 2 & 020 054 MTA 0 T * AA To OR AIT Scan OAA
003 010 7 3 016 016 WIFFE * 16 Stop 0 eeemmeaeee
003 011 7 2 018 062 OAR 01 WFAY 18 0-DS3-0 —
003 012 7 2 019 064 OAR 02 WFAY 19 0O-D83-1 -
003 013 7 2 020 066 OAR 03 WFAY 20 0-DS3-2
003 014 7 2 021 068 OAR 04 WFAY 21 0-D33-3
003 015 7 0 022 05¢ OAR 05 RYFA 22 0-D82-0
003 016 7 O 023 056 OAR 06 RYFA 23 O-DS2-1
003 017 7 O 024 058 QAR 07 RYFA 24 0-DS2-2
003 018 7 O 025 060 OAR 08 RYFA 25 0-DS2-3
003 019 7 0 026 046 OAR 09 RYFA 26 0-DB81-0
003 020 7 O 027 048 OAR 10 RYFA 27 0-DS1-1 o
003 021 7 0 028 050 OAR 11 RYFA 28 O-DS1-2 e ceimmmmmmemmmmmmme e Ao mm | memea—leooo
003 022 "7 0 029 052 OAR 12 RYFA 29 0-DS1-3
003 023 "7 3 006 030 OAR 13 WOFA * 30
003 024 7 3 006 031 OAR 14 WOFA * 31
003 025 ‘4 8 020 032 OAR 15 ST * QOAS
003 026 3 3 007 012 OAR 16 SA MM
003 027 6 8 066 018 OAR 17 SSA * WH2 -
003 028 ‘0 0 018 007 OAR 18 MBO * A OAS
003 029 7 3 000 062 OAR 19 WoY M 0-DS3-0 -
003 030 "2 8 026 002 OAR 20 * OAZ
003 031 7 3 016 016 WIFE * 16 Stop - semememeea
004 000 "1 2 000 032 LPGA 01 RYI12 * L-TB MAC
004 001 1 2 000 034 LPGA 02 RY12 * L-TC MAC
004 002 1 2 000 036 LPGA 03 RY12 * L-TD MAC
004 003 1 1 004 038 LPGA 04 CY1A * L-LS Timer Equal To Zero LPGB
004 004 2 8 022 037 LPGA 05 * ZLA Subr. To Write TSN Into SA ZLA
004 005 7 3 007 031 LPGA 06 WIiFA * 31 Set TSSFF - - e
004 006 ~3 3 007 023 LPGA 07 SA TSS
004 007 "4 8 000 047 LPGA 08 ST * LPGD i e
004 008 1 O 004 040 LPGA 09 C * 1-PCO
004 009 '1 1 004 042 LPGA 10 CY1A C o L-PC1
004 010 1 0 004 044 LPGA 11 CY1 * 1~-PC2
004 011 1 O 004 046 LPGA 12 CY1 * 1-PC3
004 012 2 8 000 040 LPGA 13.T > ZTRBL Trouble
004 013 7 3 016 016 WIFF * 16 Stop
004 014 3 3 003 01l ELB [e] RA M3 Trom ELA
004 015 4 8 000 020 ELB 02 8T * ELD -
004 016 3 3 004 007 ELB 03 BG SA Remembers L1 Address 00000 @ ocoecencee
004 017 O 0 013 000 ELB 04 RFFO * 0 Recognizes Disconnect ELD
004 018 "1 1 006 021 ELB 05 RFAIA * 21 Recognizes Trunk Spots ETA
004 019 0 1 008 000 ELB 06 RCOA * * Recognizes Origination ELO
004 0260 7 3 012 011 ELB 07 TFG * M3 To Next L1 Or T1 M3
004 021 7 3 016 Ol6 oo ammmmeeeeee WIFF * 16 [375) < XS ——
004 022 7 3 016 016 WIFFE * 16 Stop . ssoemean
004 023 0 0 013 030 NDISIB 01 RF¥FO * OCOPS From NAA NTRBL
004 024 2 8 022 042 NDISIB 02 * DNBC To DR Seq DNBC
004025 7 3 001 050 LPGLD 01 W1Y * L-DC1 - —
004 026 7 3 001 048 LPGLD 02 WY * L-DCO o
oo4 027 2 8 000 019 LPGLD 03 T * LPA -
004 028 2 8 016 061 OTDAY ot T * ZENA From OTDAX ZENA
004 020 2 8 013 031 OTDAY 02 T * OZNA OZNA
004 030 2 '8 007 007 OTDAY 03 T * ONB1 ONB1
004 031 7 3 016 016 WIFF * 16 Stop e
005 000 7 3 00t 030 LPGB 01 W1Y * L-TA .
005 00L _7 3 001 032 LPGB 02 W1Y * L-TB
005 002 7 3 000 034 LPGB 03 W1Y > L-TC .
005 003 7 3 001 036 LPGB 04 W1Y * 1-TD : .
005 004 2 8 022 037 LPGB 05 T * ZLA Subr. To Write TSN Into SA ZLA
005 005 3 3 007 023 LPGB 06 G SA T3S - .
005 006 7 3 012 009 LPGB 07 TFG * T2 Main Program MAC
005 007 7 3 016 016 __ - WIFF * 16 Stop
005 008 7 O 027 020 ODAX ' 0l RYFA 27 0-OLE9 From ODA
005 009 7 0 028 022 ODAX 02 RYTA 28 0-0OLE10 e emm e m e mmamm e a———————
005 010 7 O 029 024 ODAX 03 RYFA 29 0-OLE1l
005 011 4 8 017 059 ODAX 04 ST * ODP -
005 012 3 3 007 005 ODAX 05 G SA ;]
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Symbol Order No.
ODAX 06
ODAX 07
OTDC 01
OTDC 02
OTDC 03
NOOG2A 01
NOOG2A 02
NOOG2A 03
NOOG2A 04
NOOG2A 05
NOOG2A 06
MAD 01
MAD 02
MAD 03
LPGK 01
LPGK 02
LPGK 03
LPGK 04
LPGK 05
LPGK 06
NOLOCX 01
NOLOCX 02
NOLOCX 03
NOLOCX 04
NAA 01
NAA 02
NAA 03
NAA 04
NAA 05
NAA 06
NAA 07
NAA 08
NAA 09
NAA 10
NAA 11
NAA 12
NAA 13
NAA 14
NAA 15
NAA 16
NAA 17
ONB 01
ONB 02
ONB 03
ONB 04
ONB 05
ONB 06
ONB 07
ONB-1 08
ONB 09
ONB 10
ONB 11
ONB 12
ONB 13
ELA 01
ELA 02
ELA 03
ELA-1 04
ELA 05
ELA 06
ELA 07
ELA 08
ELA 03
ELA 10
ELA 11
ELA 12
ELA 13
ELA 14
ELA 15
ELA 16
ELA 17
ONC 01
ONC-1 02
ONC 03
ONC 04
ONGC 05
ONC 06
ONC 07
ONC 08
ONC 09
ONC 10
ONC 11
ONC 12
ONC 13
ONC 14
ONC 15
NORLIA 01
NORLIA 02
NORLIA 03
NORLI1A 04
ONROY 01
ONROY 02

3,223,785

Table B.—Continued
Order

RSYO * O-LL
T * MAA
WIFF * 16
* WIFF * 16

ST > OTDD
RFAO * 19
T > OTDAX0
WIFF * 16
RFFO * 0COPS
G TIC TSB
SLA 8
G LA
SSA * NOOG2B
T * NPA
WIFF * 16
ST * MTA
RY1 > M-IC2

* LIt
WIFF * 16
woYy * L-PTA
w0y > L-ITA
woYy * L-A
SX * 44
woY * 64
TFG * T2
WIFF * 16
SLA 18 0

LA C
SSA * NOLIOD
T * NPA
WIFF > 16
WIFF * 16
WIFF * 16
sX * N-1
RYFA 18 N-NPAO
RYFA 19 N-NPAl
RYFA 20 N-NPA2
RYFA 21 N-NPA3
RYFA 22 N-NPA4
RYTFA 23 N-NPA5
RYFA 24 N-NPA6
RYFA 25 N-NPA7
RYFA 26 N-NPAS
RYFA 27 N-NPAS
RYFA 28 N-NPA10
RYFA 29 N-NPAIl
RYFA 30 N-NPA12
RYFA 31 N-NPA13
ST * ZTRBL
TFG * SA
WIFF « 16
ST * ZTRBL
RY1 * 0-D83-0
RY1 * 0-D§83-
RY1 * 0-DS3-3
ST * ONE-1
G BG A
RY1 * 0-DS3-1
G SA S
sT 80 0
G T1 C
SSA * NOLOIA

* ZNPA
T * ZRADB
WIFF *
G LA
SSA * ELB
G SA T2
RSLO2 * 34
RSLO2 * 36
RSLO2  * 38
RSLO2 * 40
RSLO2 * 42
RSLO2 * 44
RSLO2 ¥ 46
RSLO2 = * 32
ST * MAE
G S LA
RFA1 * 10
WI1FA * 10

LA S

* ELA-
WIFF * 16

BG LA
SX * 44
ST * ONE
RY1 ¥ 68
W1P > *
Wiy * 64
ST 4 2
G T1 TSA
G SA LS

SA TSB
SSA 16 1
G SA C
S5A * NOOG2A
T * PA
T > ZRADB
WIFF * 16
WIFF * 16
T * NSP
8X * 44
woYy * 70
T * NHNR
WIFF * 16
WIFP * 16
WIFF * 16
G BG M1
T * ZENA

Address-E  Address-F

78

Commerits

Ret To MP
Stop

Stop
From OTDA

Stop
From NAA

Transfer to

ODP
MAA

COND

Stop
From MAC

To OPLR IT Scan
Stop

Stop
COND

Stop
Stop
Stop

From MAC If 1 In NBI
Read Out NPA To SA

For Use Later
T To NPA Address

Stop
From ONA

ONE-1
SestCcoNA .
ZNPA
ZRADB
Stop e
From Main Program MAC o cmoeeoo
Sean Of Lines T'o Determine ELB
Change ELB
ELB
ELB
Scan Of Trunks To Determine ELB
Change ELB
ELB

Determ, Which Y Sean Is ON
Sets Up Y To 98

Stop
From ONA ONF

W1-T2
NTN For OG Trunk

Set CONB

Stop
Stop
From NAA

WO In T3

Hunt New Request
Stop

Stop

Stop
From ONRO




Table B.—Continued

Y X A B C D Symbol Order No. Order Address-E . Address-F Comments Transfer to
008 026 3 38 007 004 ONROY 03 G SA BG e emmmmmmeccmcmammmmmswmmmem—mccmme—e mme——eloes
008 027 7 3 005 000 ONROY 04 WI1P * * Put L Spots In Talking ~ —-cceeoeeee
008 028 7 3 013 000 ONROY 05 WoPC * * -
008 029 3 3 008 004 ONROY 06 G 1

008 030 2 8 012 047 ONROY 07 T * ONROX

008 031 7 3 016 016 _cccvmccmm cmmmcmemae—o WIFF * 16 Stop

009 000 7 0 025 118 OND 01 RYFA 25 O-CLN0 From. ONA ODP

009 001 7 O 026 120 OND 02 RYFA 26 0O-CLN1 Puts CLN In SA

009 002 7 O 027 122 OND 03 RYFA 27 O-CLN2 -
009 003 7 0 028 124 OND 04 RYFA 28 0O-CLN3

009 004 5 8 020 004 OND 05 SLA 20 4 SU RLC And RLA

009 005 8 3 007 027 OND 06 G SA RS .

009 006 3 3 007 026 OND 07 G SA TSA

009 007 3 3 006 024 OND 08 G LA -
009 008 6 8 017 008 OND 09 SSA * NORLI1A

009 009 2 8 009 029 OND 10 T * ZNPA ZNPA
009 010 7 3 012 011 OND 11 TFG * M3 3
009 011 7 3 016 016 WIFF * 16 Stop

009 012 3 1 028 028 OHAMX 01 HFA 28 28 From OHAM

009 013 3 1 029 029 OHMAX 02 HFA 29 29 -
009 014 3 1 030 030 OHMAX 03 HFA 30 30 _—
009 015 3 1 031 031 OHMAX 04 HFA 31 31

009 016 4 8 000 040 OHAMX 05 ST * ZTRBL

009 017 1 0 013 010 OHAMX 06" RFF1 * 10

009 018 1 0 013 011 OHAMX 07 RFF1 * 11

009 019 1 O 013 012 OHAMX 08 RFF1 * 12

009 020 1 0 013 013 OHAMX 09 RFF1 * 13

009 021 1 0.013 014 OHAMX 100 RFF1 * 14

009 022 0 0 013 015 OHAMX 11 RFFO * 15

009 023 7 3 012 010 OHAMX 12 F * M2

009 024 0 0 013 026 NOLO1D 01 RFF0 * DNOPS From NAA

009 025 5 8 002 000 NOLOLD 02 SLA 2 0 W 0001 In LS

009 026 3 3 006 028 NOLOID 03 LA LS

009 027 5 8 080 000 NOLO1D 04 SLA 80 0

009 028 3 3 006 024 NOLOID 05 G LA NC

009 029 6 8 024 011 NOLO1D 06 SSA * NOLO1E

009 030 2 8 008 026 NOLO1D 07 T * NPA

009 031 7 3 016 016 oo wuoon cocccammonas WIFF * 16

010 000 7 3 0il 054 ONROYS 0L 8 * L1

010 001. 7 2 006 040 ONROY5 02 WFAY 6 L-PCO

010 002 7 2 007 042 ONROYS5 03 WFAY 7 1-PC1

010 003 7 2 008 044 ONROYS 04 WFAY 8 L-PC2

010 004 7 2 009 046 ONROYS 05 WFAY 9 L-PC3

010 005 7 2 002 002 ONROYS5 06 WFAY 2 L-DS1-0

010 006 7 2 008 004 ONROYS5 07 WFAY 3 L-DS1-1

010 007 7 2 004 006 ONROYS 08 WFAY 4 L-D81-2

010 008 7 2 005 008 ONROYS 09 WFAY 5 L-DS1-3

010 009 7 2 018 010 ONROYS5 10 WFAY 18 L-D82-0

010 010 7 2 019 012 ONROYS 11 WFAY 19 L-DS82-1

010 011 7 2 020 014 ONROYS 12 WFAY 20 L-D82-2

010 012 7 2 021 016 ONROYS 13 WFAY 21 L-D82-3

010 013 7 2 022 018 ONROYS5 14 WFAY 22 L-D83-0

010 014 7 2 023 020 ONROYS 15 WFAY 23 L-DS3-1

010 0615 7 2 024 022 ONROYS 16 WFAY 24 L-DS83-2

00 016 7 2 025 024 ONROYS 17 WFAY 25 L-D33-3

010 017 7 2 026 066 ONROYS 18 WFAY 26 L-D34-0

010 018 7 2 027 068 ONROYS5 19 WFPAY 27 L-D84-1

010 019 7 2 028 070 ONROYS5 20 WFAY 28 L-DS4-2

010 020 7 2 029 072 ONROYS 21" WEAY 29 L-D834-3

010 021 7 3 001 074 ONROYS5 22 W1Y * L-DC2

010 022 2..8 022 038 ONROYS 23 T * NHNR

010 023 7. 8 016 016 womoceocoe mmmmemeemeoo WIFF *

010 024 7.0 028 090 NOLOAX 0l RYFA 28 0-DS6-2

010 025 7 0 029 092 NOLOAX 02 RYFA 29 0-DS6-3 R

010 026 3 3 007 025 NOLOAX 03 SA TSB G TLE To T8B

010 027 3 3 007 028 NOLOAX 0 G SA s G TLE To LS

010 028 3 3 0068 024 NOLOAX 05 G LA NC e e
010 020 6 - 8 013 01l NOLOAX 06 SSA * NOLO1B Next NPA

010 030 2 8 008 026 NOLOAX 07 T * NPA e e mmm e emmmmm——m——mm— e
010 031 7 3 016 016 __coooounon commmmmmeee WIFF * 16 Stop

0ll 000 2 8 020 020 DNBG 01 T * DSA From NDI1S2A

011 001 2 8 016 061 DNBG 02 T * ZENA Subr. To Write EN Into SA ZENA
011 002 3 3 004 008 DNBG 03 G BG M1 DR X Address

ol1 003 3 3 007 004 DNBG 04 G SA BG 11 Address

011 004 7..3 013 000 DNBG 05 WOPC * * 1.2 Spot

ol1 005 7 8 011 04 DNBG 06 8SX *

011 006 4 8 000 043 DNBG 07 ST * DNBGA

011 007 O O 000 096 DNBG 08 RYO * -96 T1 Spot

011 008 5 8 002 000 DNBG 09 SLA 2 [ OQutgoing Trunk TSN And

011 008. .3 3 006 023 DNBG 10 G LA T8S Reset ¥F

oll 016 3 3 008 004 DNBG-1 1 G M1 BG DR X Address

011 011 7 3 000 000 DNBG 12 WoY * D-A .

0i1 012 .2 8 022 038 DNBG 13 T * NHNR Request Network Hunt

011 013 0 O 013 030 NOLOI1B 01 RFFO * 0OCOPS From NAA

011 014 5 8 034 072 NOLOIB 02 SLA 34 72 T3 Spot Ring TRK

011 015 3 3 006 004 NOLO1B 03 LA BG

011 016 1 0 007 000 NOLOIB 04 RP1 *

011 017 3 3 004 026 NOLO1B 05 BG

011 018 3 3 029 025 NOLO1B 06 TIC

0i1 019 -5 8 018 000 NOLOIB 07 SLA 18

011 020 3 3 006 02¢ NOLOI1B 08 LA

J011 021, 6 8 028 03¢ NOLOIB 09 SSA *

011 022 . 2 8 008 026 NOLOI1B 10 T *

011 023 7 8 016 016 —cooiooocme mmmmeemmeoes WIFE *

011 024 0 O 013 030 NOLOILE 01 RFFO0 *

011 025 5. 8 010 000 NOLOIE 02 SLA 10

0il 026 3 3 006 028 NOLOIE .03 G LA

011 027 5 8 016 001 NOLOIE | "~ 04 SLA 16

011 028 3 3 006 024 NOLOIE 05 G LA
011 020 6 8 000 036 NOLOIE 06 SSA *

011 030 2 8 008 026 NOLOLE 07 T *
011 031 .7 3 016 016 _.__.._-_. e mmmmmmmme—e WIFF *

012 000 7 3 019 000 OHAM 01 H *

012 001 3 1 000 000 OHAM 02 HFA 0

012 002. 3 1 001 001 OHAM 03 HFA 1

012 003 3 1 003 002 OHAM 04 HFA 3

012 004 3 1 005 003 OHAM 05 HFA 5

012 005 3 1 006 004 OHAM 06 HFA 6

012 006 3 1 .007 005 OHAM 07 HFA 7




Symbol Order No:.
OHAM 08
OHAM 09
OHAM 10
OHAM 11
OHAM 12
OHAM 13
OHAM 14
OHAM 15
OHAM 16
OHAM 17
OHAM 18
OHAM 19
OHAM 20
OHAM 21
OHAM 22
OHAM 23
OHAM 24
OHAM 25
OHAM 26
OHAM 27
OHAM 28
OHAM 29
OHAM 30
OHAM 31
OTDA 01
OTDA 02
OTDA 03
OTDA 04
OTDA 05
OTDA 06
OTDA 07
OTDA 08
OTDA 09
OTDA 10
OTDA 11
OTDA 12
OTDA 13
OTDA 14
OTDA. 15
OTDA 16
OTDA. 17
OTDA 18
OTDA 19
OTDA 20
OTDA 21
OTDA 22
OTDA 23
OTDA 24
OTDA 25
OTDA 26
OTDA 27
OTDA 28
OTDA 29
OTDA 30
OTDA 31
ONRO 01
ONRO 02
ONRO 03
ONRO 04
ONRO 05
ONRO 06
ONRO o7
ONRO 08
ONRO 09
ONRO 10
ONRO 11
ONRO 12
ONRO 13
ONRO 14
ONRO 15
ONRO 18
ONRO 17
ONRO 18
ONRO 19
ONRO 20
ONRO 21
ONRO 22
ONRO 23
ONRO 24
ONRO 25
ONRO 26
ONRO 2
ONRO 28
ONRO 29
ONRO 30
ONRO e
ODA 01
ODA 02
ODA 03
ODA 04
ODA 05
ODA 06
ODA 07
ODA 08
ODA 09
ODA 10
ODA. 11
ODA 12
ODA 13
ODA 14
ODA 15
ODA 16
ODA 17
ODA 18
ODA-1 19
ODA 20

3,228,785

Table B.—~Continued

'Order

Address-E = Address-T

gl\"****«-*&**n****«-**«***u*g*

-

*«***mmwm**ﬁ*

‘82

Comments

Transfer to

Stop
From OTCA

REM Or-X Addr.

From OTDA-1

Stop
From Net Seq NOO G2B

Read L-A
Wlin L-A
WiIn L-1TA
W00In L-DC

W 0011 In L-T

WO IN L-PTA
W11N L-LS8
W TSN Into L-TSN

Gate T8N to TSS & SEL FOF
Subr, Writes X Add of OR
Into LA

W DS4 Into LA

Stop
From MARE

Writes OLE From BGT
To Small Access

Repeat Orders for
Second OR

oDp
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Table B—Continued
Y X A B C D Symbol Order No. Order Address-E ~ Address-F Comments Transfer to
015020 0 0 001 050 ODA 21 RX0 * 0-1 MAA
0156 021 7 0 018 002 ODA 22 RYFA 18 O-OLEO
015 022 7 0 019 004 ODA 23 RYFA 19 0-OLE1 From ODA-L  eemmeeeeeoe
015 023 7 0 020 006 ODA 24 RYFA 20 0O-OLE2
015 024 7 0 021 008 ODA 25 RYFA 21 O-OLE3
015 025 7 0 022 010 ODA 26 RYFA 22 0-OLE4 -
015 026 7 0 023 012 ODA 27 RYFA 23 O-OLES5 .-
016 027 7 0 024 014 ODA 28 RYFA 24 O~-OLES ———
015 028 7 0 025 016 ODA 29 RYFA 25 O-OLET
015 029 7. 0 026 018 ODA 30 RYFA 26 O-OLES
015 030 2 8 008 005 ODA 31 T * ODAX ODAX
015 031 7 3 016 016 WIFF 16 Stop . emeemeemeas
016 000 4 8 000 040 ONRL 01 ST * ZTRBL From net Seq NOLOIF  comvamennns
016 001 7 3 010 028 ONRL 02 SY * R-A
016 002 1 0 001 052 ONRL 03 RX1 * R-1 Read R-A
016 003 7 3 005 000 ONRL 04 WIP * * Wiin R-A
016 004 7 3 001 000 ONRL 05 WIY * R-LS Wtin R-LS
016 005 7 3 001 074 ONRL 06 W1Y * R-RTE1 W NTN Of Ring TRX In R
016 006 7 3 000 076 ONRL 07 WoY * R-RTE2
016 007 7 3 000 088 ONRL 08 W0Y * R-RTES
016 008 7 38 001 092 ONRL 09 WIY * R-RTE10
016 009 2 8 022 041 ONRL 10 T * ZRADA ZRADA
016 010 3 3 006 020 ONRL 1 G LA B
016 011 7 -0 .018 070 ONRL 12 RYFA 18 0-DB4-0 Write Sent Into SA. ~ eeemamees
016 012 7 0 019 072 ONRL 13 RYFA 19 0-DS4-1 —
016 013 7 0 02 074 ONRL 14 RYFA 20 0-DS4-2
016 014 7 0 021 076 ONRL 15 RYFA 21 0-DS4-3 -
016 015 7 0 022 078 ONRL 16 RYFA 22 0-DS5-0
0i6 016 7 0 023 080 ONRL 17 REYA 23 0-D85-1
016 617 7 0 024 082 ONRL 18 RYFA 24 0-DS5-2
016 018 7 0 025 08¢ ONRL 19 RYFA 25 0-D85-3
016 019 .7 0 026 08 ONRL 20 RYFA 26 0-DS6-0
016 020 7 0 027 088 ONRL 21 RYFA 27 0-DS6-1
016 021 7 0 028 090 ONRL 22 RYFA 28 0-DS6-2 —
016 022 7 0 020 092 ONRIL 23 RYFA 29 0-D86-3
016 022 7 8 011 052 ONRL 24 SX * R-1
016 024 2 8 007 050 ONRL 25 T * ZENB
016 025 3. 8 006 020 ONRL 2% G LA BX
016 026 7 3 000 000 ONRL-1 27 WOY * 0-Al WO0In Al
016 027 7 3 000 028 ONRL 28 W0Y . O-A2 W0 In A2 .
016 028 2. 8 016 061 ONRL 29 T * ZENA Subr. Which Writes OLE In SA
016 020 3 3 007 004 ONRL 30 G SA
016 030 2 8 005 059 ONRL 31 T * ONRLX
016 031 7 3 016 016 WIFF e 16 Stop
017 000 1 0 006 026 OTDA 01 RFAl * From OTDA-2_ s
017 001 4 8 008 059 OTDAX 02 ST * OTDD .
017 002 1 0 006 019 OTDAX 03 RFAl * 19
017 003 7 3 021 012 OTDAX-1 04 ST * 12 .
o7 004 7 3 012 012 OTDAX 05 TFG * MM
017 005 2 8 000 012 OTDAX 06 T * OHAM
017.006 1 0 006 009 OTDAX 07 RFA1l * 9
017 007 1 0 006 010 OTDAX 08 RFAlL * 10
017 008 1 O 006 003. OTDAX 09 RFALl * 3
017 009 0 O 006 002 OTDAX 10 RFAO * 2 -
017 010 7 3 007 030 OTDAX 11 WIFA * 80 0 e mmmemmmmc o m oo -
017 011 7 3 007 031 OTDAX 12 WIFA * Bl e mmmmmmm e —mmm e
017 012 3 3 007 004 OTDAX 13 G SA BG
017 013 4 8 008 059 OTDAX 14 ST * OTDD -
017 014 1. 0 007 000 OTDAX 15 RP1 * * OTDD
017 015 1 0 008 000 OTDAX 16 RCl1 * * .. OTDD
017 016 7 3 014 000 OTDAX 17 WiPC * > ——
017. 017 3 3 008 004 OTDAX 18 G M1 BG -
017 018 7 2 018 070 OTDAX 19 WFAY 0-DS4-0
017 019 7 2 019 072 OTDAX 20 WFAY 19 0-DS4-1
o017 020 7 2 020 074 OTDAX 21 WFAY 20 0-DS4-2
017 021 7 2 021 076 OTDAX 22 WFAY 21 0-DS4-3 -
017 022 7 2 022 078 OTDAX 23 WFAY 22 0-D85-0
017 023 7 2. 023 080 OTDAX 24 WFAY 23 0O-D85-1
017 024 7 2 024 082 OTDAX 25 WFAY 24 0-D85-2 - -
017. 025 7 2 025 08¢ OTDAX 26 WFAY 25 0-DB35-3
017 026 7 2 026 086 OTDAX 27 WFAY 26 0-DBS6-0 -
017 027 7. 2 027 088 OTDAX 28 WFAY 27 0-DB86-1
o017 028 7 2 028 090 OTDAX 29 WFAY 28 0-DS6-2
017 029 7 2 029 092. OTDAX 300 WFAY 29 0-DS6-3 -
017 030 2 8 028 004 OTDAX 31 * OTDAY . OTDAY
017 031 7. 3 016 016 - WIFF * 16 Stop —
018. 000 7- 3 016 016 WIFE * 16 Stop -
018 001 7 3 016 016 - WIFF * 16 Stop —
018 002 7 3 016 016 WIFF « 16 Stop ——
018 003 7 3 016 016 WIFF * 16 Stop _—
018 004 7 3 016 016 WIFE * 16 Stop ——-
018 005 7. 3 Ol6 016 WIFE * 16 Stop ——
018 006. 7. 3 016 016 WIFFE - 16 Stop -—
018 007 7 3 016 016 WIFF * 16 Stop -
018 008 7 3. 016 016 WIFF * 16 Stop -
018 009 7. 3 016 016 - WIFFE * 16 Stop -
018 010 7 3 016 016 WIFFE * 16 Stop .
018 011 7 3 016 016 - WIFFE * 16 Stop .
018 012 .7 3 016 016 - WIFF * 16 Stop .
018 013 -7 3 016 016 WIFF * 16 Stop _
018 014 7. 3 016 016 WIFF * 16 Stop -
018 015 7 3 016 016 WIFFE * 16 Stop -
018 016 -7 3 016 016 WIFF * 16 Stop _
018 017 7 3 016 016 WIFF * 16 Stop -
018 018 7 3.016 016 WIFE * 16 Stop -
018 019 . 7..3 016 016 - WIFF * 16 Stop _
018 020 7 3 016 016 WIFFEF * 16 Stop -
018 021 7. .3 016 016. . WIFFE * 16 Stop -
018 022 7. 3 016 016 WIFFE > 16 Stop _
018 023 7. 3 016 016 - WIFF * 16 Stop
018 024 7 3 016 016 WIFF * 16 Stop
018 025 7 3 016 016 WIFE * 16 Stop . e
013 . 026 7. 3 016 016 WIFF * 16 Stop . emmeeeeneaa
018 027 7 3 016 016 WIFFE * 16 Stop . e
018 028 .7 3 016 016. . - WIFFEF * 16 Stoo  aeieememees
018 029 7. 3 016 016 - WIFT * 16 Stop  aeeeeeeeeaa
018 030 7. 3 016 016 . WIFFE * 16 Stop e
018 031 7 3 016 016 _coomoonon oo WIFF * 16 Stop . emmeeeemaes
019.000 7 2 0i18 040 LPA 01 WFAY 18 1-PCO




,_.,,,,“M\,...,,;w\,woo\,mﬂmuooﬂ»&wco.&-vwmquwmwm\x\:\r\x\xqwuquwxx\1oo\xxxwqqqﬂ\x\rqqquu\x\ru\rxx\xqqqqqoo\m.qmmoux»—n»—n—amowsw»—u—n—n—lmm)—tq»&qqqqqﬂqqqﬂ P

Symbol Order No.
LPA 02
LPA 03
LPA 04
LPA 05
LPA 06
LPA 07
LPA 08
LPA 09
LPA 10
LPA 11
OTCA 01
OTCA 02
OTCA 03
OTCA 04
OTCA-1 05

TCA 06
OTCA 07
OTCA 08
OTCA 09
OTCA 10
OTCA 11
OTCA 12
OTCA 13
OTCA 14
OTCA 15
OTCA 16
OTCA 17
OTCA 18
OTCA 19
OTCA 20
ELD 01
ELD 02
ELD 03
ELD 04
ELD 05
DNN 01
DNN 02
DNN 03
DNN 04
DNN 05
DNN 06
DNN 07
DNN 08
DNN 09
DNN 10
DNN 11
DNN 12
DNN 13
DNN 14
DNN 15
DSA 01
DSA 02
DSA 03
DSA 04
DSA 05
DSA 06
DSA 07
DSA 08
DSA 09
DSA 10
DSA 1
ETA 01
ETA 02
ETA 03
ETA 04
ONG 01
ONG 02
ONG 03
ONG 04
ONG 05
ONG 06
ONRB 01
ONRB 02
ONRB 03
ONRB 04
ONRB 05
DTS 01
DTS 02
DTS 03
DTS 04
DTS 05
DTS 06
DTS 07
DTS-1 08
DTS 09
DTS 10
DTS 11
DTS 12
DTS-2 13
ELO 01
ELO 02
ELO 03
ELO 04
ELO 05
DTSA 01
DTSA 02
DTSA 03
DTSA 04
DTSA 05
DTSA 06
DTSA 07
DTSA 08

3,223,785

Table B—Continued
Order Address-E = Address-F Comments Transfer to
WFAY 19 L-PC1 -
WFAY 20 L-PC2 — -
WFAY 21 L-PC3 -
wWoY * L-PTA .
W1y * L-ITA -
W1iY * e O
wWoY * L-TB
Wiy * L-TC
W1iY * LD e
TFRG * T2 Main Program MAC
ST * OTCB From OPCOAV
STE * 12 e e
RY1 ’(*) OZ—OLES OTCB
* OHAM Hamming Check OHAM
RFAlL * 2 Check For Flat Rate ZTRBL
RFAl * 5 Class ZTRBL
RFAlL * 9 - ZTRBL
RFAl * 10 ZTRBL
T * ZENA ZENA
ST * ONF¥F. ... - -
RYO * 0-TC ONF
8T * ZTRBL oo
RY1 * 0-D8S3-0 ZTRBL
RY1 * 0-DS3-2 ZTRBL
RY1 * 0-DS3-3 ZTRBL
ST * OTDA
RYO0 * 0-D§3-1 OTDA
* OZNA OZNA
* ONE-1 _ --- ONE-1
WIFF * 18 Stop .
ST * ELE FromELB
SY * D-A —
RX0 > D-0 ELE
RX0 * D-1 ELE
TFG * M3 To Next L1 or T1 M3
WFAY 18 N-NPAO -
WFAY 19 N-NPA1
WFAY 20 N-NPA2
WFAY 21 N-NPA3
WEFAY 22 N-NPA4
WFAY 23 N-NPA5 R
WFAY 24 N-NPA6 -
WEFAY 25 N-NPA7
WFAY 26 N-NPAS -
WFAY 27 N-NPAS e
WFAY 28 N-NPAI10
WFAY 29 N-NPA1L . S
WFAY 30 N-NPA12
WFAY 31 N-NPAI13
TG * RA Return Address RA
SX * N-1 -
RYFA i8 N-RADO Disconnect Register X
RYFA 19 N-RADI1 Address
RYFA 20 N-RAD2
RYFA 21 N-RAD3
RYFA 22 N-RAD4
RYFA 23 N-RAD35
RYFA 24 N-RADS
sY * 5
[¢] SA BX .
TFG * RA Return Address RA
WIFF * 16 Stop s
M3 T1 FromELB ..
RC1 * * Reading T2 M3
Wip * * wiAtTL .
TFG * M3 M3
G LA BG From One .
W1y * O-RN
SX * N-1
Wiy * N-RW0
W0o0Yy @ * N-A
TFG * M3 M3
WIFF * 16 Stop .
SLA 1 64
G LA T88 From Net Seqg NOBYIB
T * ZRADA Subr. Which Writes X Add ZRADA
G LA BX OfORIntoLA = .
T * ONRI~1 -
WIFEF * 16 Stop
WIFF * 16 Stop
SLA * DTSA From MTB
G LA T2
sX * D-0 Disconnect Register One . ____
ST * DTS-1 .
RYO * D-DT DTS~1
CYo * D-TA DTS-1
CY12 * D-TB DTS-A
ST * DTS2
SX * D-1 Disconnect Register Two ~ __...______
RYO * D-DT DTS-2
CY0 * D-TA DTS2
CY1i2 * D-TB DTSA
T * MAE Main Program MAE
WIFF * 16 stop ..
8T * ELP FromELB
SY * 0-Al
RXO0 * 0-0 ELP
RX0 * 0-1 ELP
T * ZTRBL Trouble ZTRBL
WIFF * 16 top
G RA M1 FromDTS
ST * DTSE
RY1 * D-TG DTSE
woYy * D-DT
T * ZENA Subr. To Write EN Into SA ZENA
ST * DTSB
G SA 8
RS1 * * DTSB
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Table B.-—Continued
Y X AB C D Symbol Order No. Order Address-E = Address-F Comments Transfer to
022 014 3 3 020 010 DTSA 09 G BX M2 DRXAddress e
022 015 7 3 011 060 DTSA 10 8X * N-1 Network Register el
022 016 1 1 000 000 DTSA 11 RYIA * N-A DTSF
022 017 7 8 005 000 DTSA 12 W1P * * -
022 018 7 3 000 030 DTSA~-1 13 WoY * N-NT
022 019 4 8 005 058 DTSA 14 8T * DTSC - -
022 020 1 0 006 021 DTSA 15 RFAL * 21 Determines Line Or Trunk DTSC
022 021 3 3 007 028 DTSA i6 G SA LS
022 022 3 3 007 026 DTSA 17 G SA TSA
022 023 3 3 907 025 DTSA 18 G A TSB -
022 024 3 3 007 027 DTSA 19 SA RS
022 025 5 8 048 000 DTSA 20 SLA 48 0 —
022 026 3 3 006 024 DTSA 21 G LA NC SetTrace  eeeamm——-
022 027 6 8 020 043 DTSA 22 SSA * NDISTR .
022 028 2 8 005 020 DTSA 23 * N Subr. To Write SA In NPA DNN
022 029 3 3 010 007 DTSA 24 G M2 SA Write DR X AddressInto SA ...
022 030 2 8 000. 051 DTSA 25 T * DRD Subr. To Write RAD Into NR DRD
022 031 7 3 016 016 WIFE * 16 Stop s
023 000 1 2 000 032 LITA 01 RYI12 * L-TB MAE
023 001 1 2 000 034 LITA 02 RYI12 * 1-TC MAE
023 002 1 2 000 036 LITA 03 RYI12 * L-TD MAE
023 003 7 3 000 028 LITA 04 Y * L-ITA Timer Equal To Zero avceecmmnn
023 004 1 1 000 040 LITA 05 RY1A * L-PCO LITB
023 0056 1 0 000 042 LITA 06 1 * L-PCt LITB
023 006 1 0 000 044 LITA 07 RY1 * -PC2 LITB
023 007 1 O 000 046 LITA 08 RY1 * 1-PC3 LITB
023 008 7 3 012 009 LITA 09 TEG * T2 Main Program MAE
023 009 7 3 016 016 - WIFF * 16 Stop e
023 010 2 8 007 049 NRTKIB 01 T * NSP From NAA NSP
023 011 3 3 031 026 NRTKIB 02 G T1A TSA DN & OC Both Complete oo
023 012.7 0 003 050 NRTKIB 03 RYFA 3 N-TSNO RTNS . _ . . eeecamea
028 013 .7 O 004 052 NRTKIB 04 RYFA 4 N-TSN1 — e
023 014 7 0 010 054 NRTKIB 05 RYFA 10 N-T8N2 -
023 015 7 0 011 056 NRTXIB 06 RYFA 1n N-TNS3 _—
023 016 7. 0 012 058 NRTKI1B 07 RYFA 12 N-TB8N4
023 017 6 8 018 000 NRTEKIB 08 SSA 18 0 COND 8et Up
023 018 3 3 006 025 NRTKIB 09 G LA TSB G TSN To TSB
023 019 5 8 .03¢ 072 NRTKIB 10 SLA 34 72 T3 Of Ring TRK
023 020 . 3 3 006 004 NRTKIB 11 LA BG
023 021 . 7. 3 004 000 NRTKILB 12 WOP *
023 022 -3 3 007 024 NRTKIB 13 SA .
023 023 6 8 000 039 NRTKI1B 14 SSA * NRTXKIC o
023 024 2 8 008 026 NRTKIB 15 T * NPA NPA
023 025 0 O 013 030 NDRNIB 01 RFFO * 0COoPSs From NAA NTRBL
023 026 3 3 030 027 NDRN1B 02 G TIB RS e ——————— e mm e o s em—e e ——
023 027 5 8 016 004 NDRNIB 03 SLA 16 4 RLC e
023 028 3 3 006 024 NDRNI1B 04 G LA
023 029 6 8 003 060 NDRNIB 05 SSA * NDRNIC
023 030 2 8 008 026 NDRNIB . 06 T * A NPA
023 .031 7 3 016 016 WIFF * 16 Stop e
024 000 7 3 000 026 LITB 01 WiY * L-PTA i .
024 001 7 3 .001L 030 LITB 02 W1Y * L-TA o
024 002 7 3 000 032 LITB 03 WoY * 1-TB
024 003 7 3 000 034 LITB 04 WOY > L-TC
024 004 .7 3 000 036 LITB 05 WoY * 1L-TD
024 005 .7 3 012 009 LITB 06 TFG > T2 Main Program
024 006 -7 3 016 016 WIFF * 16 Stop
024 007 2 8 007 049 NDRNIA o1 T * NSP From NAA
024 008 3 3 031 027 NDRNIA 02 G TIA RS . 0C & DN Both Complete
024 009 5 8 016 004 NDRNIA 03 SLA 16 4 RLC
024 010 3. 3 006 024 NDRNIA 04 G LA NC
024 011 6 8 025 023 NDRNIA 05 SSA * NDRNI1B
024 012 . 2 8 008 026 NDRNIA 06 T * NPA
024 013 7 3 016 016 WIFF * 16 Stop
024 014 3 3 029 025 NDISTS 01 G TIC TSB From NDISTR
024 015 5 8 024 004 NDISTS 02 SLA 24 4 RLB & RLC
024 016 3 3 006 02¢ NDISTS 03 G LA NC
024 017 .6 8 016 062 NDISTS 04 SSA * NDIS2A o
024 018 2 8 008 026 NDISTS 05 T * NPA NPA
024 019 7. 3 016 016 WIFF * 16 Stop YT
024 020 6. 8 013 043 OPA 01 SSA * OPB From MTB  eian
024 021 3 3 007 009 OPA 02 G SA T2
024 022 4 8 026 02¢ OPA 03 ST * OPA-1
024 023 7 3 010 000 OPA 04 SY * 0-A1 _
024 024 -0 0O 00l 048 .OPA 05 RXO * 0-0 To Next OR OPA-1
024 025. 1 2 004 106 OPA 06 CYI2 * O-PSPD OPB
024 026 4 8 018 021 OPA-1 07 ST * DTS Repeats Orders For =~ s
024 027 7 3 010 000 PA 08 SY * 0-A1 NextOR e
024 028 0 O 001 050 OPA 09 RX0 * O- DTS
024 020 1 2 004 106 OPA 16 CY12 * O-PSPD OPB
024 030 2 8 018 021 OPA 17T * DTS DTS
024 031 -7 3 016 016 WIFF * 16 Stop -
025 000 1 0 .013 006 MAF 01 RFF1 * 6 MAE-L
025 001 -1 O 013 006 MAF 02 RFF1 * 6 MAE-1
025 002 .1 O 013 006 MAF 03 RFF1 * 6 MAE-1
025 003 1 O 013 0068 MAF 04 RFF1 * 6 MAE-1
025 004 1 O 013 006 MAF 05 RFF1L * 6 MAE-1
025 005 1 0 013 006 MAF 06 RFF1 * 6 MAE-1
025 006 - 1. 0 013 006 MAF 07 RFF1L * 6 MAE-1
025 007 1 0 013 006 MAF 08 RFF1L * 6 MAE-1
025 008 1 0 013 006 MAF 09 RFF1 * 6 MAE-1
025 009 1 O 013 006 MATF 10 RFF1 * 6 MAE-1
025 010 1 0 013 006 MAF i1 RFF1 * 6 MAE-1
025 011 1 0 013 006 MAF 12 RFF1 * 6 MAE-1
025 012 1 0 013 006 MAF 13 RFF1 * 6 MAE-1
025 013 -1 0 013 006 MAF 14 RFF1 * 6 MAE-1
025 014 1. 0.013 006 MAF 15 RFF1 * 6 MAET
025 015 1 .0 013 006 MAF 16 RFF1 » 6 MAE-1
025 016 1..0 013 006 MAF 17 RFF1 * 6 MAE-1
025 017 1 0 013 006 MAF 18 RFF1 * 6 MAE-1
025 018 . 1 0 013 006 MAF 19 RFF1 * 6 MAE
025 019 1 O 013 006 MAF 20 RFF1 * (i} MAE-1
025 020 1.0 013 006 MAF 21 RFF1 * 6 MAE-L
025 021 1 0 013 006 MAF 22 RFF1 * 6 MAE-1
025 022 1 0 .013 006 MAF 23 RFF1 * 6 MAE-1
025 023 1 0 013 006 MAF 24 RFF1L * 6 MAE-1
025 024 1. 0 013 006 MAT 25 RFF1 * 6 MAE-1
025.025 1 0 013 006 MAF 26 RFF1 * 6 MAE-1
025 026 1 O 013 006 MAF 27 RFF1 * 6 MAE-1
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Symbol
MATF

Order No.
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Table B—Continued

Order

Address-E =~ Address-F

E R ORI R R K K KN K XK

bﬂb—‘*#*
>

»

£ R X ® KTD ¥ E

********b&**‘l’
5

Fg

0-DS1-1

Comments Transfer to
MAE-1
MAE-1
MAE-1
Stop T L
FromosAB T
= ZENA
To Next OR M3
From Many Places ...
T To Main Program MAC-1
From NAA .
DNBNC
RLC T
NEA T
Stop T
FromoAB 7T
- ZTRBL
: OAE
OAE
- - ZTRBL
From NAA NSP
0C & DN Both Complete ~ ___________
RLB&RLC T T
- NPA
From NDISIA DSA
Tone Trunk TSN and Reset FF ...
Subr. To Write BN Into SA ZENA

L1 Address
L2 Spot

T3 Spot Tone Trunk
Request Network Hunt

Stop
From OAD OAB

Add 1 And Read DLC OAL
OAM

- OAN

e ZTRBL

Stop

From MAA, MAB, RAA  __17TTTT

Outpulsing Register =~ ______ .

P g e MAC

- LPGA
MAC
MAC

e MAC

Trouble ZTRBL

From NDIS1A. 11T

rRLC I
NPA

Stop

FromOAM T

- M3

Stop

FromOAE  ITTTTTTTC
OAP

- OAR

Transfer PCto DST ...
M3
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Table B.—Continued
Y X A B C D Symbol Order No. Order Address-E  Address-F Comments Transfer to
029 008 7 3 016 016 _ WIFF * 16 Stop - ememeemeees
029 000 7 3 011 060 ZNPA 01 SX * N-1 . :
020 010 7 3 000 030 ZNPA 02 W0Y * N-NT
020 0i1 7 2 018 002 ZNPA 03 WFAY 18 N-NPAO e emememmee
020 012 7 2 019 004 ZNPA 04 WFAY 19 N-NPA1 .
029 013 7 2 020 006 ZNPA 05 WFAY 20 N-NPA2
020 014 7 2 021 008 ZNPA 06 WFAY 21 N-NPA3
029 015 7 2 022 010 ZNPA 07 WFAY 22 N-NPA4
029 016 7 2 023 012 ZNPA 08 WFAY 23 N-NPAS5 oo ccmemmcmmmmmmme e m e o
029 017 7 2 024 014 ZNPA 09 WFAY 24 N-NPAG6 .
020 018 7 2 025 016 ZNPA 10 WFAY 25 N-NPA7 — PR
029 019 7 2 026 018 ZNPA 11 WFAY 26 N-NPAS -
029 020 7 2 027 020 ZNPA 12 WFAY 27 N-NPA9 oo
029 021 7 2 028 022 ZNPA 13 WFAY 28 N-NPA10 —
020 022 7 2 029 024 ZNPA 14 WFAY 29 N-NPA1llL -
029 023 7 2 030 0260 ZNPA 15 WFAY 30 N-NPAL2 e cmmmcmmmmccmccccmmmmmmee—s ——m—m——eeno
029 024 7 2 031 028 ZNPA 16 WFAY 31 N-NPA13 .
029 025 7 3 012 003 ZNPA 17 TFG * RA -- RA
020 026 7 3 016 016 - ooooomvun comameommeos WIFF * 16 Stop  emeeemeaee-
020 027 4 8 012 045 ELP 0L ST * OSA From ELO oo
020 028 0 O 014 028 ELP 02 RYNO * 0-A2 OSA
020 029 4 8 027 029 ELP 03 ST * ELP Keeps OR TransferThe Same ~ ——cooemenen
029 030 7 3 012 003 ELP 04 TFG * RA e RA
9290 031 7 3 016 016 WIFF * 16 Stop  eeme—eeeee-
030 000 4 8 026 028 OAM 01 8T * OAQ From OAE O
030 001 1 O 000 044 OAM 02 RY1 * 0O-DLC2 J— OAO
030 002 7 2 018 054 OAM 03 WFAY 18 0-DS2-0 Transfer PC To O-D82  cevmemeean
030 003 7 2 019 056 0OAM 04 WFAY 19 O-D821 e m e ———
030 004 7 2 020 058 OAM 05 WFAY 20 0-D32-2 -
030 005 7 2 021 060 O0AM 06 WFAY 21 0-D§S2-3 .
030 006 7 3 012 011 OAM 07 TFG * M3 M3
030 007 .7 3 016 016 WIFF * 16 Stop . emmemeeeees
030 008 4 8 014 006 MAC 01 ST * NAA Trom OPLR Pulse Generation =~ = coooomnoan
030 009 1 O 013 028 MAC 02 RFF1 * 28 Check For Network Break In NAA
030 010 7 3 011 062 MAC-1 03 * M-1 .
030 011 4 8 028 005 MAC 04 ST * MAD e mmm—————— e mmmm———— o mmo—mmmme
030 012 1 0 002 002 MAC 05 EY1 * M-TF Perform Timing Functions MAD
030 013 4 8 022 040 MAC 06 ST * MAE et cmm—mccmemmm—mmmmmen Soeos—emeee
030 014 0 O 004 004 MAC 07 CYO0 * M-ICO Add 1 To Interval Counter. MAE
030 015 .0 0 004 006 MAC 08 CYo * M-IC1 Counts 20 Intervals MAE
030 016 7 3 001 002 C 03 Wiy * M-TF And Reeycles =000 cmeemeeee-
030 017 O O 004 008 MAC 10 CY0 * M-IC2 MAE
030 018 0 O 004 010 MAC 11 CYO0 * M-IC3 MAE
030 019 5 8 032 096 MAC 12 SLA 32 96 Set To Address Of First L1~ —caroimans
030 020 2 8 014 007 MAC 13 T * ELA SUP Scan Of Lines And TRKS ELA
030 021 7 3 005 000 ELE 01 WIP * . From ELD. s
030 022 7 .3 001 026 ELE 02 WiY e D-DT
030 023 7 3 000 032 ELE 03 W0Y * D-TG
030 024 7 3 000 028 ELE 04 WOY * D-TA
030 025 7 3 000 030 ELE 05 WoY * D-TB -
030 026 2 8 007 050 ELE 06 * ZENB Subr, Which Writes OLE
030 027 3 3 007 004 ELE 07 SA BG In DR.
030 028 7 3 004 000 ELE 08 WoP * * WwWoInLiOrT1
030 020 7 3 014 000 ELE 09 WIPC * > W1InL2Or T2
030 030 7 3 012 o1l ELE 10 TFG * M3
030 031 7 3 0186 016 . WIFF * 16 Stop
031 000 7 2 018 070 OAN 01 WFAY 18 0-D84-0 From OAE
031 001 7 2 019 072 QAN 02 WFAY 19 0-DS4-1
03L 002 7 2 020 074 OAN 03 WFAY 20 0-DS4-2
031 008 7 2 021 076 OAN 04 WFAY 21 0-DS4-3
031 004 7 3 o012 011 OAN 05 TFG * 3
03l 005 7 3 016 016 . WIFF * 16 Stop
031 006 6 8 010 030 DNS - 01 SSA * MAC-1 From NNRA
031 007 8 3 007 008 DNS 02 G SA Ml - -
031 008 3 3 020 010 DNS 03 G BX M2 Diseonnect Reg. X Addr. s
031 009 2 8 016 061 DNS 04 T * ZENA Subr. To Write EN Into SA ZENA
031 010 7 3 011 060 DNS 05 SX * N-1 Network Register Address = eooooeee-
03L 011 2 8 018 022 DNS 06 * DTSA-1 . DTSA-1
031 012 7 3 016 016 WIFF * 16 Stop -
031 013 3 3 004 006 OZNA o1 BG LA REM Or X Address
031 014 7 3 011 060 OZNA-1 02 SX * N-1 -
031 015 4 8 027 033 OZNA 03 ST * OZNB .
031 016 .1 O 000 00D OZNA 04 RY1 - N-A OZNB
031 017 7 3 005 000 OZNA 05 WI1P - * - —— e
031 018 7 3 012 003 OZNA 06 TFG * RA RA
031 019 7 3 016 016 WIFF * 16 Stop . mmmoeemeee
031 020 2 8 016 061 DNBD 0L * ZENA Subr. To Write EN Into SA ZENA
031 021 7 3 000 000 DNBD 02 WoY * D-A -
031 022 3 3 007 004 DNBD 03 SA BG L1 Spot Address ~ eecmeeceees
031l 023 7 3 013 Q00 DNBD 04 WoPC * * I28pot ~ . sosezrooees
031 024 2 8 022 038 DNBD 05 * NHNR Request Network Hunt NHNR
031 025 4 8 018 021 NTT 01 ST * DTS From MTB e
031 026 7 3 0l1 060 NTT 02 8X * N-1 o
031 027 O O 000 000 NTT 03 RYO * N-A DTS
031 028 4 8§ 000 040 NTT 04 * NTRBL -
031 020 1 O 004 030 NTT 05 CY1 * N-NT NTRBL
031 030 2 8 018 021 NTT 06 T * DTS - S
031 031 7 .3 016 016 WIFF * 16 Stop ____ emecmeeees
032 000. 6 8 010 030 ONA 01 SSA * MAC-1 From NNRB = cemmmmeeem
032 001 3 3 007 011 ONA 02 SA M3 -
032 002 4 8 000 007 ONA 03 8T * ONB
032 003 2 8 016 061 ONA 04 * ZENA ZENA
032 004 1 0 000 112 ONA 05 RY1 * 0-TC ONB
032 005 1 1 000 108 ONA 06 RYIA * 0-0GC ONC
032 006 O 1 000 104 ONA 07 RY0A * o-DT OND
032 007 3 3 004 006 ONA 08 BG LA Rembember Or X Address = ecomeecwme-
032 008 4 8 004 021 ONA-1 09 ST * ONG
032 009 7 3 011 044 ONA 10 SX * 44
032 010 1 0 000 070 ONA 11 RY1 - 70 - ONG
032 011 7 8 005 000 ONA 12 W1P « WiInT3 eeemmmnee
032 012 3 3 007 028 ONA 13 G SA LS
032 013 3 8 007 026 ONA 14 G A TSA
032 014 4 8 080 000 ONA 15 ST 80 0 Set CONA  eemmmmcenen
032 015 3 3 002 024 ONA 16 G 1 —
032 016 6 8 021 050 ONA 17 SSA . NODTIA
032 017 . 2 8 009 029 ONA 18 T * CNPA Writes NODTIAInNR ZNPA
032 018 2 8 013 058 ONA 9 T * ZRADB Writes Or X Addr In NR ZRADB
032 019 7 3 016 016 .. WIFF > 16 Stop  emmeemeeees
032 020 4 8 029 036 OAS 01 ST * OAW
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Table B.—Continued
Symbol Order No. Order Address-E = Address-F Comuments Transfer to
0AS 02 SSA * WES ——-
OAS 03 MBI * SA
OAS 04 881 * WH7 -
0AS 05 MBI * SA
0OAS 06 SSA * MU6
0AS 07 MBI * A
0AS 08 T * OTDD1
WIFF * 16 Stop
WIFF * 16 Stop
WIFF * 16 Stop
WIFF * 16 Stop
ONF o1 T * OZNA From OTCA
ONF 02 T * ONC1
000A 01 SSA 127 127 -
000A 02 TFG * RA
000A 03 SSA 127 127
000A 04 TFG RA
OO00A 05 SSA 127 127
O00A 06 TFG * RA
O0O0A 07 SSA 127 127
000A 8 TFG * RA
000A 09 SSA 127 127
000A 10 TFG * RA
000A 11 8SA 127 127
O00A 12 TFG * RA
000A 13 SSA 127 127
000A 14 TFG * RA RA
000A 15 SSA 127 127
000A 16 TFG * RA RA
O000A 17 SSA 127 127
O000A i8 TFG * RA RA
000A 19 SSA 127 127
000A 20 TFG * RA RA
RABX 01 SSA * NRTKIA NPA For Network ...
RABX 02 * R-1
RABX 03 G BX LA e
RABX 04 SX * N-1
RABX 05 T * NRAD W NPA & X Addr In NP, NRAD
OZNB 01 W1Y * N-RWO FromOZNA
OZNB 02 LA BG Puts Or X AddressInBG ~ __.________
OZNB 03 W1Y * O-RN
OZNB 04 TFG * M3
________________________ WIFF * 16 Stop
WIFF * 16 Stop
WIFF * 16 Stop
000B 01 SSA 2 127
000B 02 TFG * RA
000B 03 SSA 127 127
000B 04 TFG *
000B 05 SSA 127 127
0008 06 TFG RA RA
0O0OB 07 SSA 127 127
000B 08 TFG RA RA
000B 09 SSA 127 127
000B 10 TFG * RA RA
000B 11 SSA 127 127
000B 12 TFG RA RA
000B 13 SSA 127 127
000B 14 TFG * RA RA
000B 15 SSA 127 127 .
000B 16 TFG * RA RA
000B 17 SSA 127 127
000B 18 TFG RA RA
000B 19 SSA 127 127
000B 20 TFG * RA RA
________________________ WIFF * 16 Stop [,
NOLO1C 01 RFFO * DNOPS From NAA NTRLB
NOLO1C 02" RYFA 19 N-CLNO
NOLO1C 03 RYFA 20 N-CLN1 09 o e
NOLO1C 04 RYTFA 26 N-CLN2 e
NOLO1C 05 RYFA 28 N-CLN3
NOLO1C 0 G T1A TSB -
HOLO1C 07 G SA TSA - -
NOLO1C 08 T e NOLOCX e
________________________ WIFP * 16 Stop
MTC 01 W1Y * M-T6 From MTB
MTC - 02 T * DTS To Disc Reg 0.3 Sec. Timing
000C 01 SSA 127 127
000C 02 TFG RA RA
000C 03 SSA 127 127 .
000C 04 TFG * RA RA
000C 05 SSA 127 127 o -
000C 06 TFG * RA RA
000C 07 SSA 127 127 -
000C 08 TFG RA RA
000C 09 SSA 127 127
000C 10 TFG * RA RA
000C 11 SSA 127 127
000C 12 TFG * RA L RA
000C 13 SSA 127 127 e
000C 14 TFG * RA RA
000C 15 SSA 127 127 -
000C 16 TFG * RA RA
000C 17 88SA 127 127
000C 18 TFG * RA RA
000C 19 SSA 127 127 e e
20 TFG - RA
NOBYI1A 01 RFFO * OCOPS From NAA ’ NTRBL
NOBYI1A 02 G TIC T - -
NOBYI1A 03 SLA 1 coNno
NOBY1A 04 G A C -
NOBYIA 05 SSA * NOBY1B -
BONY1A 06 T * A NPA
MAB 01 8T * LPG FromMAA
MAB 02 EYO * M-RS To Prog For OPLR Pul Gen LPG
MAB 03 T * RAA To RR Prog For Answer RAA
________________________ WIFF * 16 Stop [
NOLO1¥ 01 RFFO * OCOPS From NAA NTRBL
NOLOIF 0z T * ONRL To OR Seq -ONRL




6
7
[
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
2
3
5
3
6
2
7
7
7
7
0
2
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
7
7
7
7
7
7
7
7
7
7
6
7
[
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
6
7
7
4
1
1
1
7
4
3
2
7
0
2
6
7
6
7
6
7
6
7
6
7
6
7
6
7
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Symbol Order No.
000D 01
000D 02
000D 03
000D 04
000D 05
000D 06
000D 07
000D 08
000D 09
000D 10
000D 11
000D 12
000D 13
000D 14
000D 15
000D 16
000D 17
000D 18
000D 19

00D 20
NDRN2A 0l
NDRN2A 02
NDRN2A 03
NDRN2A 04
NDRN2A 05
NDRN2A 06
OAW 01
OAW 02
NODTIB 0L
NODTI1B 02
O0O0E 0L
OOOE 02
O0OO0OE 03
OOOE 04
O0O0E 05
OOOE 06,
QOO0O0E 07
OOOE 08
O0O0OE 09
QOOE 10
OOOE 11
OO0O0E 12
O0QO0E 13
OOO0OE 14
O0O0E 15
O0OOE 16
O0O0OE 17
O0OOE 18
O0O0OE 19
OOO0OE 20
ZLA 0l
ZLA 02
ZLA 03
ZLA 04
ZLA 05
ZLA 06
ZLA 07
ZLA 08
ZLA 09
OOOF 01
O0OF 02
OOO0OF 03
O0OOF 04
OQOF 05
OOOF 06
O0O0F 07
000F 08
000F 09
OOOF 10
O0O0F 11
OOOF 12
O0OF 13
O0OF 14
OO0OF 15
O0QO0F 16
OO0OF 17
O0OF 18
OOOF 19
OQOF 20
NHNR 01
NHNR 02
NHNR 03
NHNR 04
NHNR-1 05
NHNR-2 06
NHNR 07
NHNR 08
NHNR 09
NRTXiIC 01
NRTXI1C 02
000G [
000G 02
000G 03
000G 04
000G 05
000G 06
000G 07
000G 08
000G 09
000G 10
000G 11
000G 12
000G 13
000G 14

3,223,785

Table B.—Continued

Order

Address-E Address-F

127
*
127
x
127
*
127
*
127
*
127
*
127
*
127
*

127
*
127
*
127
*

127
*

RA

Transfer to

From NAA
0C & DN Both Complete
RLC

Stop

RW Ringing Reg.
RW Disconnect Reg.
RW Originating Reg.

Stop
© From NAA
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Symbol Order No.
000G 15
000G 16
000G 17
000G 18
000G 19
000G 20
DTSE 01
DTSE 02
DTSE 03
DTSE 04
DTSE 05
DTSE 06
DTSE 07
DTSE 08
DTSE 09
ZTRBL 01
ZTRBL 02
000H 01
000H 02
000H 03
000H 04
000H 05
000H 06
000H 07
00O0H 08
000H 09
000H 10
000H 11
000H 12
000H 13
000H 14
000H 15
Q00H 16
000H 17
O000H 18
O00H 19
O000H 20

B 01
MAE 02
MAE-1 03
MAE 04
LPGL 01
LPGL: 02
LPGL 03
LPGL 04
LPGL 05
NOBY1B 01
NOBY1B 02
000K 0l
000K 02
000K 03
000K 04
000K 05
000K 06
000K 07
000K 08
000K 09
000K 10
000K 11
000K 12
000K 13
000K 14
000K 15
000K 16
000K 17
000K 18
000K 19
000K 20
ZRADA 01
ZRADA 02
ZRADA 03
ZRADA 04
ZRADA 05
ZRADA 06
ZRADA 07
ZRADA 08
ZRADA 09
OTCB 01
OTCB 02
O00L 0L
0O00L 02
O00L 03
000L 04
OO0OL 05
OOO0L 06
000L 07
0O00L 08
000L 09
000L 10
000L 11
000L 12
O00L 13
0O00L 14
O0O0OL 15
000L 16
O0O0L 17
000L 18
000L 19
000L 20
DNBC [0F
DNBC 02
DNBC 03
DNBC 04
DNBC 05
DNBC 06
DNBC 07

8,223,785

Table B.—~Continued

Order

Address-E = Address-F

127
*
127
¥

P2 3 )
B}

S

¥R E KRR RN X K

* g
B LD
PN

127
*

2B
=9

D) % ¥CO=IDUNCILD # ¥t

*t %
82
3

Comments Transfer to
127 -
RA RA
127
RA RA
127
RA RA
T1 FromDTSA
D-TM Return Address M1
D-DT
ZENA Subr. To Write EN Into SA ZENA
BG T1 Address
* T2 Spot Outgoing Trunk
68 T3 Spot Qutgoing Trunk
M1 Return Address
16 Stop
16 -
16
127
RA - RA
127 - e
RA RA
127 ——
RA RA
127
RA RA
127 -
RA RA
127
RA RA
127 _
RA RA
127 -
RA RA
127 -
RA RA
127 -
RA RA
MAE-1 -
yAF - MAT
ODA To OR DP Scan ODA
L-DS3-0 Write Digit In D83 Into SBA. . ___..__
I-D83-1
L-DS3-2 -
L-DS3-3 .
LPA ggbr. To Write Digit In PC LPA
op o
DNOPS From NAA NTRBL
ONRB To OR Seq ONRB
127
RA RA
127
RA RA
127
RA RA
127 —
RA RA
127 -
RA RA
127 _
RA RA
127 -
RA RA
127
RA RA
B S S S e
RA RA
127
RA RA
N-l e e
N-RADO
N-RAD1
N-RAD2
N-RAD3 —
N-RAD4
N-RADS
N-RAD6
RA
16 Stop
61 -
OTCA1 OTCAl
127 -
RA RA
127
RA RA
127
RA RA
127 [
RA RA
127 -
RA RA
127 -
RA RA
127 -
RA RA
127
RA RA
127
RA RA
127 RA
RA - -
DSA From NDIS1B DSA
DNED .
D-EN3 Determining BIT Of EN DNBD

0 Outgoing Trunk TSN And




3,228,785,

Table B.—Continued

Y X A B C D Symbol Order No. Order Address-E Address-T' . Comments . Transfer to
042 029 3 .3 006 023 DNBC 08 G LA T3S

042 030 2 8 022 038 DNBC 03 T * NHNR Request Network Hunt

042 031 7 3 016 016 - WIFF * 16 Stop

043 000 3 3 004 011 DNBGA 0 G BG M3 1 Address

043 001 1 1 008 000 DNBGA 02 RCIA * * Read T2 Spot

043 002 7 3 014 000 DNBGA 03 WIPC * * T2 Spot Outgoing Trunk

043 003 5 8 002 000 DNBGA-~1 04 SLA 2 Outgoing TSN And Reset T

043 004 3 3 006 023 DNBGA 05 LA T8S  aeeen-

043 005 3 3 008 004 DNBGA-2 06 G Mi BG DR X Address

43 006 7 3 001 026 DNBGA 07 WI1Y * D-DT

043 007 7 3 001 032 DNBGA 08 W1Y * D-TG

043 008 7 3 001 03¢ DNBGA 09 W1Y * D-TM . ——

043 009. 3 3 011 007 DNBGA 0 G M3 SA T1Address  emceeseeen
043 010 2 8 007 050 DNBGA 1T * ZENB Subr. To Write OGT Into DR ZENB
043 011 2 8§ 022 038 DNBGA 12° T > NHNR Request Network Hunt NHNR
043 012 7 3 016 016 e cccmmmmmo WIFF * 16 Stop

043 013 3 3 003 011 OPB 0 G RA M3 From OPA. Remembers OR

043 014 7 3 001 112 OPB 02 W1Y * O-T'C i ccmccccmcemcecmamc—mccmmm e

043 015 4 8 025 04 OPB 03 ST * OFPC -

043 016 1 0 000 040 OPB 04 RY1 * O-DLCO

043 017 1 0 000 042 OPB 05 RY1 * 0-DLC1 Ut S

043 018 1 0 000 044 OPB 06 RY1 * O-DLC2 — ————-

g43 019 7 .3 012 Ol PB 07 TFG * 3 -

043 020 4 8 008 051 NDISTR 01 8T * DNBNL From NAA.

043 021 0 0 013 030 NDISTR 02 RFFO * OCOPS - -

043 022 3 3 02 027 NDISTR 013 G TIC S

043 023 3 3 029 006 NDISTR M G TIC -

043 02¢ 4 8 014 024 NDISTR 05 ST * NDISTS e oo cmrccscemmmmms—m—cmm—mmm= Coossoooo e
043 0256 1 0 006 011 NDISTR 06 RFA1 * 11 0 For A Side 1 For B NDISTS
043 026 3 3 029 026 NDISTR 07 G TIC TSA . P,
043 027 5 8 020 004 NDISTR 08 SLA 20 4 RLA&RLC  eeeceeeeaen
043 028 3 3 006 024 NDISTR 09 LA

043 029 6 & 000 053 NDISTR 10 SSA * NDISIA

043 030 2 8 008 026 NDISTR 1 T * NPA

043 031 7 3 016 016 .oooeooome mommmmmeeoo . WIFF * 6

044 000 4 8 010 011 DNBGB 0L ST * DNBG1

044 001 7 3 o011 021 DNBGB 02 SX * L-1

044 002 0 0 000 000 DNBGB 03 RYO h L-A

044 003 5 8 000 000 DNBGB 04 SLA 0 0

044 004 7 O 002 052 DNBGB 05 RYFA 2 L~TSNO

044 005 7 O 003 054 DNBGB 06 RYFA 3 L-TS8SN1

044 006 7 0 004 056 DNBGB 07 RYFA 4 L-TSN2

044 007 7 0 005 058 DNBGB 08  RYFA 5 1-TS8N3

044 008 .7 O 006 060 DNBGB 09 RYFA 6 L-TSN4 .

044 009 7 O 007 062 DNBGB 10 RYFA 7 L-TSN5 i [,

044 010 7 . 0 008 064 DNBGB 11 RYFA 8 L-TENBE oo ccc et

044 011 6 8 002 000 DNBGB 12 SSA 2 0 OGT TSN

044 012 3 3 006 012 DNBGB 13 LA MM ——s .
Q44 013 4 8 * ZTRBL . - -
04 014 0 O * SA Match OGT TSN And TSN In ZTRBL
044 015 7 '3 * I-A [
044 016 7 3 * L-DCO - -
044 017 7 3 * L-DCI

044 018 7 3 * L-PTA

044 019 7 3 * L-ITA -

044 020 4 8 * DNBGA-1

g44 021 1 0 * LS e DNBQA-1
044 022 2. 8 * DNBGA-2 i eciccmcmmmr s —mm e DNGBA-2
044 023 7. 3 » 16 Stop

044 024 7 3 * 16 Stop

044 025 7 3 * 0-D83-0 From OPB. Busy Type

044 026 7 3 001 064 OPC 02 W1Y * 0-D83-1 Call Into DS3

044 :027 7 3 .000 066 OPC 03 W0Y * O-DS3-2 e e

044 028 7 3 000 068 OPrPC 04 WOY * 0-D33-3

044 020 7: 3 000 000 OFC 05 WoY * O=A1l e emmmmm e e mmmmemmmem——mmee  mmTo—oeeee
044 030 2 8 011 019 OPC 06 T * OTCA To Class Translation OTCA
044 031 7 3 016 016 o ocemmee mcemmeeeens WIFF * 16 Stop . mmmeeeen—as
045 000 4. 8 025 031 MTB 01 8T * NTT From MTA accmeaeaae-
045 001 0 0 004 012 MTB 02 CYo * M-TO0 To NR 200 ms. Timing NTT

045 002 4 8§ .018 021 MTB 03 ST * DTS cemcmmm—mmmmmm e ameee .

045 003 1 0 002 024 MTB 04 EY1 * M-T6 Counting 100 ms. Periods DTS

045 004 6 8 000 035 MTB 05 SSA * MTC Counts To100 And  ceemmamaoee
045 005 3. 3 007 009 MTB 06 SA T2 Recycles — aeo—ooeeeee
045 006 0 2 004 014 MTB 07 CYO02 * M-T1 -——. MTC

045 007 0. O 004 016 MTB 8 CYO0 * M=-T'2 e ecmccemmme—mmccmm e e = DTS
045.008 0 O 004 018 MTB 09 CYo * M-T3 ... DTS

045 009 0 2 004 020 MTB 10 CY02 * M-T4 MTC

045 010 0 0 Q04 022 MTB 11 CYO0 * M-T8 = e asmmemmmemmm—ececmmemmm—ao e DTS

045 011 2 8 020 024 MTB 12 * OPA To OR PD Scan OPA

045 012 2 8 007 050 OSA 01 * ZENB From ELP ZENB
045 013 7 38 000 106 OSA 02 WoY * O-PSPD .
045 014 7 3 000 108 OSA 03 WoY * 0-0GC e mmmmeccccmmcrmmemcme—Remean emmee—mesa
045 015 7. 3 000 112 OSA 04 WOY * O-TC - -

045 016 7 3 000 040 OSA 05 WOY * O-DLCO - -
045 017 7. 3 000 042 OSA 06 W0Y * 0O-DLC1 ——-

045 018 7 3 000 044 OSA 07 W0Y * 0O-DLC2 —— -
045 019 7 3 000 032 OSA 08 W0Y * 0O-PCO

045 020 7 3 000 034 OSA 09 WoY * O-PC1 _— -
045 021 7 3 000 036 OSA 10 WO0Y * 0O-PC2

045 022 7 3 000 038 OSA 11 WoY * 0O-PC3

045 023 7 3 001 026 OSA 12 WiY * O-LL — —
045 024 7 8 001 028 OSA 13 W1Y > 0-A2 - .

045 025 7 3 00L 104 OSA 14 W1Y * o-DT .

045 026 3 3 004 006 OSA 15 -G BG LA Rem. Or X Address

045 027 3 3 007 004 OSA 16 G SA BG SUB.G. TolLl

045 028 7 3 014 000 OSA 17 WiPC * * WilIn L2 -

045 020 2. .8 014 031 OSA 18 T * OZNA-1 .- OZNA-1
045 030 2 8 008 032 OSA 19 T * ONA-1 Net. Initiat. Act. DT ONA-1
045 031 7 3 018 016 __ooooromcoe cocememoeene WIFF * 16 Stoo aemeemeeaes
046 000 1 0 013 006 MAG 01 RFF1 * 6 MAE-1
046 001° 1 0 013 006 MAG 02 RFF1 * 6 .. MAE-1
046 002 1 O 013 006 MAG 03 RFF1L * 6 MAE-1
046 003 1 O 013 006 MAG 04 RFF1 * 6 -~ MAE-1
046 004 1. 0 013 006 MAG 05 REF1 * [} MAE-1
046 005 1 O 013 006 MAG 06 RFF1 * 6 . MAE-1
046 006 1 0 013 006 MAG 07 RF¥F1 * 6 - ~em- MAE-1
046 007 1 0 013 006 MAG 08 RFF1 > 6 e mmmmmmm—— MAE-1
046 008 1 0 013 006 MAG 09 RFF1 * 6 eeceeeemmcmccmmmmmmm—eemmmamceameeeen MAE-1
046 009 1 O 013 006 MAG 10 RFF1 * 6 . MAE-1
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Symbol Order No.
MAG 11
MAG 12
MAG 13
MAG 14
MAG 15
MAG 16
MAG 17
MAG 18
MAG 19
MAG 20
MAG 21
MAG 22
MAG 23
MAG 24
MAG 25
MAG 26
MA.G 27
MAG 28
MAG 29
MAG 30
MAG 31
LPGD 01
LPGD 02
LPGD 03
LPGD 04
LPGD 05
LPGD 06
LPGD 07
LPGD 08
LPGD 09
LPGD 10
LPGD 11
ONROX 01
ONROX 02
ONROX 03
ONROX 04
ONROX 05
ONROX 06
ONROX 07
ONROX 08
ONROX 09
ONROX 10
ONROX 11
ONROX 12
ONROX 13
ONROX 14
ONROX 15
ONROX 16
ONROX 17
ONROX 18
ONROX 19
LPGE 01
LPGE 02
LPGE 03
LPGE 04
LPGE 05
LIT 01
LIT 02
LT 03
LIT 04
LIT 05
LIiT 06
LIT 07
LIT 08
LIT 09
LIT 10
ONROZ 00
ONROZ 02
ONROZ 03
ONROZ 04
ONROZ 05
ONROZ 06
ONROZ 07
ONROZ 08
LPGF 0l
LPGF 02
LPGF 03
LPGF 04
LPGF 05
LPGF 06
N§P 0L
NSP 02
NSsp 03
NSP 04
NSP 05
NSP 06
NSP 07
NDIS3A 01
NDIS3A 02
NDIS3A 03
NDIS3A 04
NDIS3A 05
NDRN2B 01
NDRN2B 02
NDRN2B 03

3,223,785

Table B.—Continued

Order

WIFF
RFF0
G

SLA

Address-E = Address-F

A R R N N R R R ]

5

PTROONRIRRNTERRNIDNNEDOD

Comments Transfer to
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-~1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAE-1
MAH
stop
LPGE
LPGE
LPGE
LPGTF
LPGL
Write Digit In DS1Into SA ...
Subr. To Write Dig. In PC LPA
Step
Stop
Main Program MAC
FromMAD
MAE
LITA
MAE
B
AR
Trouble ZTBRL
Stop .
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Write Digit in DS2 Into SA. LPPG
ggbr. To Write Digit In PC LPA
op s
From6Places .
DN Not Finished If 0 MAC-1
OC Not Finished If 0 MAC-1
NTRBL
NTRBL
T To Return Addr
From NDIs2a. .
NPA
Stop .
From NAA NTRBL
RLC .
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Table B.~—Continued
Y X A'B C D Symbol Order No. Order Address-E~ Address-F Comments Transfert o
040 023 3 3 005 024 NDRN2B 04 G LA NC
049 024 6 8 003 060 NDRN2B 05 SSA * NDRNIC
049 025 2 8 008 026 NDRN2B 06 T NPA NPA
049 026 4 8 028 035 MAA 01 ST * MAB From ORDP Scan = ceeeemmeeo
049 027 7 3 011 062 MAA 02 8X * M-1
049 028 1 0 013 008 MAA 03 RFF1 * 8 MAB
0490 029 7 3 001 000 A 04 WIY * M-RS
040 030 2 8 010 028 MAA 05 T * LrG To Prog For OPLR Pul Gen LPG
049 031 7 3 016 016 . WIFF * 16 Stop- T eemmeeeeee
050 000 4 8 000 006 LPGG 0L ST * LPRG
050 001 0 O 002 074 LPGG 02 EYO * 1~DC2
050 002 7 0 018 066 LPGG 03 RYFA 18 1-D84-0 -
050 003 7 0 019 (068 LPGG 04 RYTFA 19 L-DS4-1 e
050 004 7 0 020 070 LPGG 05 RYFA 20 L-DS4-2
050 006 7 0 021 072 LPGG 06 RYFA 21 L-D84-3
050 006 2 8 025 004 LPGG 07 * LPGLD
050 007 7 2 018 002 ZENB 01 WFAY 18 Z-ENO FromELE e
050 008 7 2 019 004 ZENB 02 WFAY 19 Z-EN1
050 009 7 2 020 006 ZENB 03 WEFAY 20 Z-EN2
050 010 7 2 021 008 ZENB 04 WFAY 21 Z-EN3
050 011 7 2 022 010 ZENB 05 WFAY 22 Z-EN4
050 012 7 2 023 012 ZENB 06 WFAY 23 Z-EN5
050 013 7 2 02¢ 014 ZENB 07 WFAY 24 Z-ENG6 ——
050 014 7 .2 025 0l6 ZENB 08 WFAY 25 Z-EN7
050 015 7 2 026 018 ZENB 09 WFAY 26 Z-EN8
050 016 7 2 027 020 ZENB 10 WFAY 27 Z-EN9 .
050 017 7 2 028 022 ZENB 11 WFAY 28 Z~-EN10
050 018 7 2 0290 024 ZENB 12 WFAY 29 Z-EN11 .
050 019 7 3 012 003 ZENB 13 TFG * RA RA
050 020 7 3 016 016 R WIFE * 6 top. 7 ceoeecenaa
050 021 0 0 013 030 NODTIA 01 RFF0 * QCOPS From NAA NTRBL
050 022 . 5 8 044 070 NODTIA 02" SLA 44 0 Address of DT Trunk ool
050 023 3 3 006 025 NODTIA 03 LA TSB  ecccemmrcmmmmmmmam e mmmamm
050 024 3 3 029 026 NODTIA 04 TIC TSA
050 025 5 8 018 000 NODTIA 05 SLA 18 COND . ememeeeee
050 026 3 3 006 024 NODTIA 06 LA [ & 2 ———
050 027. 6 8 000 037 NODTIA 07 SSA * NODT1B Next NPA
050 028 2 8 008 026 NODTIA 08 * A
050 029 .7 3 016 016 WIFF * 16 Stop
050 030 7 3 016 016 - WIiFF * 16 Stop
050 031 7 3 016 016 WIFF * 6 Stop
051.000 7 2 018 03¢ DRD 01 WFAY 18 N-RADO
051 001 7 2 019 036 DRD 02 WFAY 19 N-RAD1
051 002 7 2 020 038 DRD 03 WFAY 20 N-RAD2 -
051 003 7 2 021 040 DRD 04 WFAY 21 N-RAD3 -—-
051 004 7 2 022 042 DRD 05 WFAY 22 N-RAD4
051 005. 7 2 .023 044 DRD 06 WFAY 23 N-RADS5
051 006 7 2 024. 046 DRD 07. WFAY 24 N-RAD6 -
051 007 7 3 012 008 RD 08 TFG * M1 Return Address M1
051 008 2 .8 020 020 DNBNL 01 * DSA From NDISTR DSA
051 003 2 8 016 061 DNBNL 02 * ZENA Subr. To Write EN Into SA ZENA
051 010 7 3 000 000 DNBNL 03. WoY * D-A
051 0i1 3 3 007 004 DNBNL 04 G SA BG LiAddress - emmmemmena
051 012 7 3 013 000 DNBNL 05 WOPC * * I28pot . mcmecenaa
051 013 2 8 022 038 DNBNL 06 * NHNR Request Network Hunt NHNR
051 014 2 8 020 020 DNBR o1 T * DSA From NDRNI1C DSA
051 015 2 8 016 061 DNBR 02 * ZENA Subr. To Write EN Into SA ZENA
051 016, 7 3 000 000 DNBR 03 W0Y * D-A
051 017 3 3 007 004 DNBR 04 SA BG L1 Address
051.018 .7 3 013 000 DNBR 05 WOPC * * L2 Spot
051019 7 .3 011 052 DNBR 06 SX * R~1 Ringing Register
051.020. 7 3.000 028 DNBR 07 WOY * R-A
051 021 7 .3 000 000 DNBR 08 WO0Y * R-LS
051 022 7 3 000 040 DNBR 09. WOY * R-TAQ oo
051 023 7. 3 000 042 DNBR 10 WoY * R~-TAlL
051 024 7 3 000 044 DNBR 11 WoY * R-TBO .
051 025 7 3 000 046 DNBR 12 WoY * R-TB1
051 026 7 3 000 116 DNBR 13 WoY * R-RN -
051 027 2 8 016 061 DNBR 14 T * ZENA Subr. To Write CDE Into SA ZENA
051 028 8 3 007 004 DNBR 15 SA BG L1 Address  eedmaeaan
051 029 7 3 013 000 DNBR 16 WOPC * * I28pot 0 eaieieeas
051 030 2 §8.022 038 DNBR 17 * NHNR Request Network Hunt NHNR
051 031 7 3 016 0i6 WIFF * 16 Stop e
052 000 1 O 013 006 MAH 01. RFF1 * 6 MAE-1
052 001 1 0 013 006 MAH 02 RFF1 * 6
052 002 1 O 013 006 MAH 03 RFF1 * 6
052 003 1. 0 013 006 MAH 04 RFF1 * 6
052 004 1 O 013 006 MAH 05 RFF1 * 6
052 005 1 O 013 006 MAH 06 RFF1 * [}
052 006 1 O 013 006 MAH 07 RF¥F1 * 6
052 007 1 O 013 006 MAH 08 RFTF1 * 6
052 008 .1 O 013 006 MAH 09 RFF1 * 6
052 009 1 O 013 006 MAH 10 RFF1 * 6
052 010 1 O 013 006 MAH 11 RFF1 * 6
052 011 .1 0 013 006 MAH 12 RFF1 * 6
052 012 1 0 013 006 MAH 13 RFF1 * 6
052 013 1 O 013 006 MAH 14 RFF1 * 6
052 014 1 0 013 006 MAH 15 RFEF1 * 6
052 015. 1 0 013 006 MAH 16 RFF1 * 6
052 016 1 0 013 006 MAH 17 RFF1 * 6
052 017 1 0.013 006 MAH 08 RFF1 * 6
052 018 1 0 013 006 MAE 19 RFF1 * ]
052 019 .1 0 013 006 MAH 20 RFF1 * 6
052 020 1 O 013 006 MAH 21 RFF1 * 6
052 021 1 O 013 006 MAH 22  RFF1 * 6
052 022 1 0 013 006 MAH 23 RFF1 * 6
052 023 1 O 013 006 MAH 24 RFF1 * 6
052 02¢ 1 0 013 006 MAH 25 RFF1 * 6
052 025 1 O 013 006 MAH 26 RFF1 * 6
052 026 1 O 013 006 MAH 27 RFF1 * 6
052 027 1 O 013 006 MAH 28 RFF1 * 6
052 028 1 .0 013 006 MAH 29 RFF1 * 6
052 029 1 0 013 006 MAH 30 RFF1 * 6
052 030 2 .8 000 057 MAH 31 : * MAT
052 031 7..3 016 016 WIFF * D
053 000 2 8 007 049 NDISIA oL T * NSP From NAA N8P
053 001 3 3 030 006 NDISIA 02 G TIB LA 0OC & DN Both Complete . oo..
053.002. 4 8 021 027 NDISIA 03 ST * DNB T e e crcmmmmmmmmen m—mmmm—ee
053 003 0 0 006 012 NDISIA 04 RFAO * 12 e e ———— DNBT
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Symbol Order No.
NDISIA 05
NDIS1A 06
NDISIA 07
NDISIA 08
NDISIA 09
NDISIA 10
NDISIA 11
NDISIA 12
ONE 01
ONE 02
ONE 03
ONE 04
ONE 05
ONE 08
ONE-1 07
ONE 08
ONE 09
ONE 10
ONE 11
ONE 12
ONE 13
ONE 14
ONE 15
ONE 16
ONE 17
ONE 18
ONE 19
RAA 01
RAA 02
RAA 03
RAA 04
RAA 05
RAA 06
RAA 07
RAA 08
RAA 09
RAA 10
RAA 11
RAA 12
RAA 13
RAA 14
RAA 15
RAA 16
RAA 17
RAA 18
RAA 19
OAA 01
OAA 02
OAA 03
OAA 04
OAA 05
OAA 06
0OAA-1 07
OAA 08
OAA 09
OAA 10
OAA 11
RAB 01
RAB 02
RAB 03
RAB 04
RAB 05
RAB1 06

AB 07
RAB 08
RAB 09
RAB 10
RAB 11
RAB 12
RAB 13
RAB 14
RAB 15
RAB 16
RAB 17
RAB 18
RAB 19
RAB 20
RAB 21
RAB 22
RAB 23
RAB 24
RAB 25
RAB 26
RAB 27
RAB 28
RAB 29
RAB 30
RAB 31
RAC 01
RAC 02
RAC 03
RAC 04
NOLOI1A 01
NOLO1A 02
NOLO1A 03
NOLOIA 04
NOLO1A 05
NOLO1A 06
NOLOIA 07
NOLOI1A 08
NOLO1A 09
NOLOI1A 10
NOLO1A 11
NOLO1A 12

3,223,785

Table B.—Continued

Order Address-E =~ Address-F
ST * NDIS1C
RFAL * 4
G TIB RS
G TIB TSA
SLA 20
G LA
SSA *

T *
G LA B
woY *
W1iY *
WY *
woYy *
WLY * o-TC
8X * 44
ST * ONG
RY1 * 70
wip * *
ST 4 2
G T1 TSB
G SA LS
G SA TSA
ST 80 0
G T1
SSA *
T : NPA
WIFE * 16
ST * LPG
SX * R-1
RYO * R-LS
RYFA 2
RYFA 3
RYFA 4 R-CDE2
RYFA 5
RYFA 6
RYFA 7
RYFA 8
RYFA 9
RYFA 10
RYFA 11
RYFA 12 R-CDEI10
RYFA 13 R-CDEI1L
* RAB
LA S
RS1 * *
T * LPG
WIFP * 16
SSA * OAB
G SA T2
ST * OAA-1
SY * 0O-A1l
RX0 * 0-0
CY12 * O-AIT
sT * MARE
SY * 0-A1
RX0 * 0-1
CYi2 * O-AIT
T * MAE
WIFF * 16
wWoY * R-LS
X * N-1
RY1A * N-A
T * LPG
T1 M3
W1Y * N-A
WoY * N-NT
SX * -1
RYFA 18
RYFA 19
RYFA 20 R-RTE2
RYFA 21
RYFA 22
RYFA 23
RYFA 24
RYFA 25
RYFA 26 R-RTES
RYFA 27
RYFA 28
woY * R-A
SLA 20
G SA TSA
G SA RS
G LA NC
S LA
WI1FA * 14
WIFA * 15
LA BG
W1P * *
WoPC * *
* RABX
WIFF *
Wiy *
8X * R-1
W1Y * R-RN
* LPG
WITE * 16
RFF0 * OCOPS
TIC SA
WFAY 9
WFAY 20
WFAY 26
WEAY 28
RYFA 18
RYFA 19
RYFA 20
RYFA 21
RYFA 22
RYFA 23

Comments Transfer to
""" NDIsi¢™
RLA &RLC =
From ONC
R-T3 Of Busy Trunk 7T ¢
1-T3

NTN Of Busy Trunk

. ZNPA
ZRADB

Stop
FromMAB T
1f0 RR Is Inactive PG
Read OutCcDE
11 CDE Has Answered RAB
. LPG
Stop .
FromMTA
To Next OR OAA
_____ - OAB
Repeats Orders For ...

ext OR
Stop
From RAA

Check Network Activity

Read Out RTE

Order Network RLA & RLC

Gate RTE To TSA
Gate RTE To RS

To Reach L1 Spot

W1L1CDE
WoL2CDE

Stop

Stop
From NAA

Trunk No.
Put CLNIn NR

Read Out Reg. Addr.
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Table B.—Continued
Y X A B C D Symbol Order No. Order Address-E Address-F Comments Transfer t0
056 017 7 0 024 046 NOLOIA 13 RYFA 24 N-RAD6  _onoe-- ——- - -
056 018 5 8 016 001 NOLOIA 14 SLA 16 1 CONBSetUp  emeeemaeee
056 019 3 3 007 004 NOLOIA 15 G SA BG N e ——_—
056 020 7 0 018 070 NOLOIA 16 RYFA 18 O-DS4-0 ool - —
056 021 7 O 019 072 NOLO1A 17 RYFA 19 0-D54~-1 - - e mmmmccmmam mmmmemmameo
056 022 7 0 020 074 NOLOIA 18 RYFA 20 0-~DS4-2 - - U -
056 023 7 0 021 076 NOLOILA 19 RYFA 21 0-DS4-3 - - R
056 024 - 7 0 022 078 NOLOIA 20 RYFA 22 O-DS5-0
056 025 7 0 023 080 NOLOIA 21 RYFA 23 0-D85-1
056 026 7 0 024 082 NOLOIA 22 RYFA 24 0-DS5-2
056 027 7 O 025 084 NOLOIA 23 RYFA 25 0-D85-3
056 028 7 0 026 086 NOLOIA 24 RYFA 26 0-DS6-0
056 020 7 0 027 088 NOLOIA 25 RYFA 27 0-DS6-1
056 030 2 8 024 010 NOLOIA 26 T e NOLOAX
056 031 7 3 016 016 _coomoecnon cmaceooomano WIFE * 16
057 000 1 O 013 006 MAJ 01 RFF1 * 6
057 001 1 0 013 006 MAJ 02 RFF1 * 6
057 002 1 0 013 006 MAJ 03 RFF1 * 6
057 003 1 0 013 006 MAJ 04 REF1 * 6
057 004 1 -0 013 006 MAJ 05 RFF1 * 6
057 005. 1 0 013 006 MAJ 06 RFF1 * 6
057 006 ‘1 0 013 006 MAJ 07 RFF1 * 6
057 007 1 0 013 006 MAJ 08 RFF1 * 6
057 008 1 0 013 006 MAJ 09 REF1 * 6
057 009 1 0 013 006 MAJ 10 RFF1 * 6
057 010 1 O 013 006 MAJ 11 RFF1 * 6
057 011 1 O 013 006 MAJ 12 RFF1 * 6
057 012 1 O 013 006 MAJ 13 RFF1 * 6
057 013 "1 0 013 006 MAJ 14 RFF1 * 6
057 014 1 0 013 006 MAJ 15 RFF1 * 6
057 015 1 0 013 006 "MAJ - 16° RFF1 * 6
057 016 1 0 013 006 MAJ 17 RTFF1 * 6
057 017 1 0 013 006 MAJ 18 RFTF1 * 6
057 018 1 0 013 006 MAJ 19 . RFF1 * 6
057 019 1 0 013 006 MAJ 20 RFF1 * 6
057 020 1 0 013 006 MAJ 21 REF1 * 6
057 021 1 O 013 006 MAJ 22° RFF1 * 6
057 022 1 O 013 006 MAJ 23 RFF1 * 6
057 023 "1 0 013 006 MAJ 24 RFF1 * 6
057 024 1 0 013 006 MAJ 256 REF1 * 6
057 025 1 O 013 006 MAJ 26 RFF1 * 6
057 026 1 O 013 006 MAJ 27 RFF1 * 6
057 027 "1 0 013 006 MAJ 28 RFF1 * 6
057 028 1 O 013 006 MAJ 29 RFF1 * 6
057 029 1 0 013 006 MAJ 30. RFF1 * 6
057 030 2 8 000 025 MAJ 31 T * MAF
057 031 7 8 016 016 _coeocmare momroommeeos WIFF * 16 Stop
058 000 7 3 000 000 DTSB 01 WO * D-A Trom DTSA
058 001 3 3 007 004 DTSB 02 G SA BG L1 Or T1 Address
058 002 7 3 005 000 DTSB 03 Wip * * L1 Or T1 Spot
058 003 7 3 013 000 DTSB 04 WOPC * * L2 Or T2 Spot
058 004 7 3 012 008 DTSB 05 TFG * M1 Return Address
058 005 3 3 007 026 DTSC 01 SA TSA From DTSA
058 006 5 8 020 000 DTSC 02 SLA 20 0 RLA
058 007 3 3 006 024 DTSC 03 LA -
058 008 6 8 024 026 DTSC 04 SSA * NDISIT - .
058 009 2 & 005 020 DTSC 05 T * DNN Subr. To Write NPA Into NR DNN
058 010 3 3 010 007 DTSC s G M2 SA DR X Address - . cmeemceee--
058 011 2 8 000 051 DTSC 07 T * DRD Subr. To Write RAD Into NR DRD
058 012 7 3 016 016 .. ocoocoin cmmmmmmmeas WIFE * Stop emememmeee
058 013 7 2 002 034 ZRADB 01 WFAY 2 N-RADO -
058 014 7 2 003 036 ZRADB 02 WFAY 3 N-RAD] e cmmccmme e
058 015 7 2 004 038 ZRADB 03 WFAY 4 N-RAD2
058 016 7 2 005 040 ZRADB 04 WFAY 5 N-RAD3 -
058 017 7 2 006 042 ZRADB 05 WFAY 6 N-RAD4 e e m e mmmm———————————
058 018 7 2 007 044 ZRADB 06 WFAY 7 N-RADS -
058 019 7 2 008 046 ZRADB 07 WFAY 8 N-RAD®6 —- -
058 020 7 8 012 0i1 ZRADB 08 TFG * M3
058 021 2 8 020 020 DNBNC 01 * DSA From NDISIT DSA
058 022 7 3 001 02 DNBNC 02 W1Y * D-DT -
058 023 7 3 001 032 DNBNC 03 WiY * D-TG
058 02¢ 7 3 000 03¢ DNBNC 04 WOY * D-TM -
058 025 2 8 022 033 DNBNC 05 T * NHENR Request Network Hunt
058 026 7 3 016 016 WIFF * 16 Stop -
058 027 7 3 016 016 - WIFE * 16 - Stop -
058 028 7 3 016 016 - - WIFE * 16 Stop .
058 020 7 3 016 016 _. WIFE * 16 Stop .
058 030 7 3 016 016 WIFF * 16 Stop _
058 031 7 3 016 016 ——- . WIFF * 16 Stop -
059 000 7 3 001 076 DTSFEF 01 W1Y * N-RWD From DTSA -
050 001" 3 3 010 004 DTSFE 02 G M2 BG Disconnect Register X -
050 002 7 3 001 116 DTSF 03 W1Y * D-RN ess e
050 003 7 3 012 008 DTSF 04 TFG * M1 Return Address
059 004 7 3 016 016 - .. WIFF * 16 Stop
059 005 7 3 005 000 ONRLX 01 WiP * * Willn L1
050 006 7 3 013 0000 ONRLX 02 WorC * * W0 In 12
050 007 2 8 022 038 ONRLX 03 * NHNR Adv To Next NR Req NHNR
059 008 3 3 008 004 OTDD 0l M1 BG From OTDA-3&1&20TDC (oo
059 009 7 3 000 062 OTDD-1 02 W0Y * 0-DS83-0 . .. [
059 010 7 3 001 064 OTDD 03 W1Y * 0-DS3-1
059 011 7 3 000 066 OTDD 04 WOY * O0-DS83-2 e - -
059 012 7 3 000 068 OTDD 05 WOY * 0-D83-3 I
059 013 7 3 001 112 OTDD 06 WiY * O-TC
059 014 2 8 016 061 OTDD 07 T * ZENA
050 015 2 8 013 031 OTDD 08 T * OZNA
059 016 2 8 018 053 OTDD 09 T * NE-1
050 017 3 3 003 011 ODP (8 RA 3
050 018 7 3 000 030 ODP 02 WoY * O-AIT
050 019 3 3 011 002 ODP 03 M3 1
059- 020 0 0 004 026 ODP 04 CYOQ * O-LL
050 021 4 8 026 059 ODP 05 ST * ODP1
059 022 0 0 004 032 ODP 06 CYO * 0-PCO
059 023 0 0 004 03¢ ODP 07 CYO * O-PC1
0590 024 0 O 004 036 ODP 08 CY0 * 0O-PC2
059 025 7 3 020 038 ODP 0 CY * 0-PC3 _—
059 026 3 3 011 002 ODP-1 10 M3 T1 - -
059 027 O O 002 104 ODP 11 EYO * o-DT To Next OR M3
050 028 2 8 0i3 031 ODP 12 * OZNA To Network Request OZNA
059 029 3 3 006 004 ODP 13 G LA BG Puts ORX AddIn BG = ccemeeneena
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Table B.—~Continued

Symbol Order No, Order
ODP 14
________________________ WIFE

WIFF
- WIFFR
WIFF
NDRN1C 01 RFFO
NDRNIC 02 T
R WIFF
NOOG2B 01 RFFO
NOOG2B 02
WIFF
NRAD 01 WFAY
NRAD 02 WFAY
NRAD 03 WFAY
NRAD 04 WEAY
NRAD 05 WFAY
NRAD 06 WFAY
NRAD 07 WFAY
NRAD 08 WFAY
NRAD 03 WFAY
NRAD 10 WFAY
NRAD 11 WFAY
NRAD 12 WFAY
NRAD 13 WFAY
NRAD 14 WFAY
NRAD 15 WFAY
NRAD 16 WFAY
NRAD 17 WFAY
NRAD 18 WFAY
NRAD 19 WFAY
NRAD 20 WFAY
NRAD 21 WFAY
NRAD 22 TFG
WIFF
________________________ WIFF
WIFF
WIFF
WIFF
WIFF
WIFER
WIFE
- WIFF
WIFP
WIFF
________________________ WIFE
________________________ WIFF
ZENA 01 RYFA
ZENA 02 RYFA
ZENA 03 RYFA
ZENA 04 RYFA
ZENA 05 RYFA
ZENA 06 RYFA
ZENA 07 RYFA
ZENA 08 RYFA
ZENA 09 RYFA
ZENA 10 RYFA
ZENA 11 RYFA
ZENA 12 RYFA
ZENA 13 WIFA
ZENA 14 WiFA
ZENA 15 TFG
WIFP
WIFER
WIFF
________________________ WIFF
________________________ WIFER
WIFF
________________________ WIFF
- WIFF
________________________ WIFF
- WIFFR
WIFF
________________________ WIFF
WIFF
NDIS2A 01 T
NDIS2A 2 G
NDIS2A 03 ST
NDIS2A 04 RFAQ
NDIS2A 05 ST
NDIS2A 06 RFA1L
NDIS2A 07 G
NDIS2A w8 G
NDIS2A 09 SLA
NIDS2A 10 G
NDIS2A 11 SSA
NDIS2A 12 T
WIFF
WIFF
WIFF
WIFF
WIFF
________________________ WIFF
WIFF
WIFF
WIFF
- WIFP
WIFF
WIFF
WIFF
WIFF
WIFF

Address-E = Address-F

COIOUTMCOND # # # ¥ % % % % * # %

I EE R E E R E R E R

Stop
Stop
Stop
Stop

From NAA
DR Seq

Stop

From NAA
To OR S8eq

Stop

110

Comments
NR DT Taken Down

Transfer to
OND

Transfer To LPG Or MAC-1
Stop

Tran
Tran
Tran
Tran
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop

Stop
Tran
Tran
Tran
Tran
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop

From NAA

DNBG

RLB

& RLC

Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
Stop
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Table B—Continued
Y X A B C D Symbol Order No. Order Address-E = Address-F Comments Transfer to
063 011 7 3 016 016 ocoommmioone cmmcmmmmmaeo WIFF * 16 Stop
063 012 7 3 016 016 —ocommmmme cmmcmmmemem WIFT * 16 Stop
063 013 7 3 016 016 WIFF * 16 Stop
063 014 7 3 016 016 - - WIFF * 16 Stop
063 015 7 3 016 016 - WIFEF * 16 Stop
063 016 7 3 016 016 _._ - WIFF * 16 Stop
063 017 7 3 016 016 - WIFF * 16 Stop
063 018 7 3 016 016 .ccucmemmuce commmicdo—ne WITFE * 16 Stop
063 019 7 3 016 016 oo memeom ~icimemoiee- WIFFEF * 18 Stop
063 020 7 3 016 016 - _. WIFF * 16 Stop
063 021 7 3 016 016 .ooccmoococn oo WIFF * 16 Stop
063 022 7 3 016 016 - WIFF * 16 Stop
063 023 7 3 016 016 ... -iii.ii- 2i2 WIFF « 16 Stop
063 024 7 3 016 016 - WIFF M 16 Stop
063 025 7 3 016 016 22 - WIFF * 16 Stop
063 026 7 3 016 016 - WIFF * 16 Stop
063 027 7 3 016 016 — - WIFF * 16 Stop
063 028 7 3 016 Ol6 __ - WIFF * 16 Stop
063 029 7 3 016 016 WIFF * 16 Stop
063 030 7 3 016 016 - WIFFE * 16 Stop
063 031 7 3 016 016 o lile- WIFF * 16 Stop - -

As set forth -herein and described, the operation of
the system in setting up a call, is in response to the
various sequences of orders making up the operational
program of the system as described and set forth in de-
tail herein.

As will be described, each of the orders is read out
of the flying spot store and entered upon the flip-flops
of the order word register in the comimon control or the
director portion of the system and then the order trans-
lated and checked and the system conditioned to execute
the order. Following each and every order, either the
EPO or CTR pulse is generated. If the EPO pulse is
generated as determined by the various gate circuits,
the order entered upon the order word register flip-flops
is executed and the flying spot store advances so that
the next succeeding order will be read out and the
above process repeated. If, on the other hand, the CTR
pulse is generated at the end of any order entered upon
the order word register flip-flop, then this order so
entered upon the flip-flops is discarded and not em-
ployed at this time to control the operation of the sys-
‘tem, instead an address of an order to which the control
is to be transferred is supplied to the flying spot store
together with the transfer order or signal and the flying
spot store then reads out the order to which the control
is to be transferred. Thereafter this order and subse-
quent orders of the mew sequence will be employed to
control the system until the operation will be either re-
turned to the first sequence or transfer to a still different
sequence in the manner described herein. In all events,
an EPO pulse or CTR pulse is generated following the
entering of each order and the checking and translation
‘thereof in the common control circuits. Where it takes
two operational cycles to fully execute one of the orders,
an EPO pulse is generated following the order and the
next succeeding order read out from the flying spot store.
At the end of the entering of this second order and its
translation, the operations required by the first order
have been completed so that if the first order requires a
CTR pulse, such pulses will be generated. If such a
pulse is not required, then another EPO pulse is gen-
erated and the second order executed. If a CTR pulse
is generated, the second order is discarded and the trans-
fer made as described.

The director or common control portion of the system
is shown in detail in FIGS. 13 through 64 and 20A, 20B
and 20C when arranged as shown in FIGS. 143 and 144.
This common control portion of the system controls and
coordinates the operation of the flying spots store shown
in detail in FIGS. 79 through 96, the barrier grid store
"and monitor circuits shown in FIGS. 65 through 7 8, the
administration center shown in FIGS. 97 through 106,
and the switching network shown in FIGS. 107 through
142.

The common control portion of the system is further
divided into individual circuits to facilitate the under-
standing and description of the system and its mode of
operation. FIG. 144 shows the arrangement of FIGS. 13

20

25

30

35

40

45

50

55

60

65

70

75

through 64 and 20A, 20B and 20C of a common control
portion of the system and in addition shows various com-
ponent parts of this and the figures on which these com-
ponent parts are shown in detail.

ORDER WORD REGISTER CIRCUIT—FIGS.
20 AND 21

As described herein, during the usual and normal op-
eration of the system except for translations, the orders
received from the flying spot store are entered upon the
order word register circuit. Orders may be also inserted
in the order word register circuit manually by means of
switches in a control panel in the administration center.
The order word register circuit comprises the 20-P0 and
four groups of flip-flops, flip-flops 20-A6 through 20-A2,
20-B0, 20-B1, 21-C0 through 21-C4, and 21-D0 through
21-D$. These flip-flops are employed to enter the re-
spective A, B, C and D.portions of the order as described
herein. In each case only the first and last, or first, last
and intermediate omnes of the flip-flops are designated in
FIGS. 20 and 21. However, in the exemplary system
described herein the flip-flops are all provided and are all
substantially the same and connected in manners similar
to the manner in which those shown are connected. ‘The
outputs of all of these flip-flops except the 20-P0 flip-flop
go directly to the order translators, shown in FIGS. 16,
17, 18 and 19. The 20-B, 21-C and 21-D flip-flops,
which flip-flops are set by the corresponding parts of the
order, may be gated to the bus access circuit by appropri-
ate orders as described herein. These orders cause the
associated gates to become activated to gate these flip-
flops to the corresponding conductors of the bus access
circuit as described herein.

A PARITY CHECK CIRCUIT—FIGS. 204,
20B AND 20C

The output of the order word register circuits of FIGS.
20 and 21 in addition to being transmitted to the trans-
lator circuits and through various gate circuits is also
transmitted to the various “And” gate circuits of FIGS.
20A, 20B and 20C. These “And” gate circuits are ar-
ranged to perform a parity check upon the setting of the
order word register flip-flops in response to each of the
orders entered thereupon. Thus, the parity check circuit
is arranged to provide a positive output on one output
conductor if an even number of the order word register
flip-flops of FIGS. 20 and 21 are set in their “1” states.
Positive voltage is applied on another output conductor if
an odd number of order word register flip-flops of FIGS.
20 and 21 are set in their “1” states.

In addition, other circuits are provided to indicate that
an EPO pulse should be generated. If the parity check
circuits indicate an odd namber of “1’s” entered upon the
order word register flip-flops of FIGS. 20 and 21, and
that an EPO pulse would normally be generated at this
time, the common control circuits will cause the order
entered upon the order word register flip-flops to be re-
ordered from the flying spot store since an odd parity
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check indicates that the order was not properly entered
upon these flip-flops.

If an even parity check is indicated and an EPO pulse
is to be generated, then the common control circuits will
generate such an EPO pulse and cause the system to ad-
vance to the next order of the sequence or program.

If the circuits indicate that a CTR pulse should be
generated subsequent to the entering of the order upon
the order word register flip-flops of FIGS. 20 and 21,
then the parity check circuits are not employed since the
order entered upon the order word register flip-flops at
this time is discarded. Instead, the CTR pulse is gen-
erated independently of the operation of these parity
check circuits.

FLYING SPOT STORE ADDRESS
REGISTER—FIG. 42

The amplifier circuits which transmit address informa-
tion to the flying spot store when required, as described
herein, are also connected to flying spot store address
register flip-flops 42-1X1 through 42-1X7 and 42-1Y0
through 42-1Y6 of FIG. 42, thus registering the same
address in these flip-flops as transmitted to the flying spot
store. The setting of the X flip-flops 42-1X1 through
42-31X7 may be later modified by an adder circuit shown
in FIGS. 54 and 55 which adds 2 to the binary number
register in these flip-flops in response to each advance
pulse transmitted to the flying spot store in response to
a EPO pulse.

The outputs of these flying spot store address register
flip-flops may be gated to the return address register to
record X and Y addresses of the next succeeding order of
a sequence from which a transfer is made in response to
a CTR pulse. When desired, as described herein, 2 may
be added to the binary number from the flying spot store
address register flip-flops when they are gated to the cor-
responding X flip-flops of the return address register on
direct transfers in response to a direct transfer.

ADD 2 CONTROL—FIGS. 54 AND 55

FIGS. 54 and 55 show the circuit details of the add 2
circuit which is employed to add 2 to the number entered
upen the X flip-flops of the flying spot store address con-
trol register or to add 2 to the number transmitted from
these flip-flops to the corresponding X flip-flops of the
return address register. On orders which are not direct
transfers and which are followed by an EPO pulse and
then a second order read out before transfer may be
made, 2 is not added to the binary number of the X flip-
flops in the flying spot store address register when this
information is entered upon the return address register.
On direct transfers, however, 2 is added upon the trans-
fer of this information so that the X and Y addresses
of the next succeeding order in the sequence from which
the transfer is made will be entered upon the flip-flops
of the return address register. As described herein, pro-
vision is made to operate the common control and thus
the system one step at a time by manual control and also
automatically. The flying spot store has a time-out pro-
vision which causes a beam location to be changed after
it has remained at one spot for a predetermined time.
Sirice common control is unable to tell whether the beam
has changed its location in response to this time-out fea-
ture, it is necessary to properly control and direct the
beam when the step button is next operated by readdress-
ing the flying spot store. On non-transfer orders, the
beam is automatically directed to the next adjacent order
in the flying spot store so that 2 is added to the number
entered on the X flip-flops 42-1X1 through 42-1X7 of
the flying spot store address register. The add 2 control
circuits shown in FIG. 54 and FIG. 55 comprise a large
plurality of gate circuits and operate to change the setting
of the X address flip-flops in the manner described herein.
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RETURN ADDRESS REGISTER OF FIG. 41

The flip-flops 41-3X1 through 41-3X7 and 41-3Y0
through 41-3Y6 of the return address register together
with the controlling gate circuits are shown in FIG. 41.
These flip-flops are set, as described above, either directly
from the flying spot address register of FIG. 42 or from
these registers through the add 2 control circuits of FIGS.
54 and 55. The outputs of the flip-flops of this register
can be gated to the bus access circuit conductors by
appropriate orders or to the flying spot store address con-
trol for the purpose of returning the program to the suc-
ceeding order in the sequence from which the transfer pre-
viously was made. When these flip-flops are gated to
the bus access circuit, they are shifted one place to the
left because this bus access circuit is shifted one place to
the right when it is employed to transmit address infor-
mation to the flying spot store.

ACCESS REGISTERS—FIGS. 35, 36, 37, AND 38

In the exemplary embodiment described herein, two
access registers are provided, one designated a large ac-
cess register shown in FIGS. 35 and 36 and the other,
as described, a small access register and shown in FIGS.
37 and 38. The flip-flops of these access registers may
be set in four different ways. First, each flip-flop may be
individually set or reset by the orders WI1FA and WOFA,
the designation and selection of each flip-flop to be set
or reset is controlled by the D part of the order word
and the translation thereof; second, the various conduc-
tors of the bus access circuit can be gated to the flip-flops
of either the large access register or to the flip-flops of
the small access register; third, on translation words from
the flying spot store, the flying spot store output leads
are gated directly to the small access register flip-flops
of FIGS. 37 and 38 or directly to the input of the flip-
flops of the large access register; and fourth, information
from any storage spot in the barrier grid store can be
transferred to an individual access register flip-flop by
the orders RYFA and EYFA. In this case, the particular
flip-flop which is to be set or reset is controlled by a
translation of the C memory leads which in turn were
set by the information recorded in the C portion of th
order. ’

The outputs of these flip-flops are used for three dif-

" ferent purposes. First, the decision order RFA reads an

individual flip-flop which is designated by the translation
of the D portion of the order which is the same D trans-
lation used to set or reset the individual flip-flops. The
individual lead thus activated causes the common memory
flip-flop to be set or reset in the miscellaneous memory.
Second, the flip-flops may be gated to the bus access cir-
cuit conductors in parallel in response to several different
orders. Third, the setting of the individual access register
flip-flops may be transferred to storage spots of the bar-
rier grid store by the order WFAY. The particular flip-
flop is selected by the C gate translator in response to the
information recorded in the C portion of the order. The
output of the specified flip-flops is then employed to con-
trol the character of information to be recorded in the
specified spot or location in the barrier grid store,

The large access register comprises the X flip-flops
35-6X0 through 35-6X8 and the Y flip-flops 36-6Y0
through 36-6Y8 shown in FIGS. 35 and 36, respectively.
The small access register comprises flip-flops 37-7X2
through 37-7X8 and 38-7Y0 through 38-7Y6 shown in
FIGS. 37 and 38, respectively. The associated control
and gates for controlling both the input and output of
these flip-flops are also shown in the respective FIGS. 35
through 38.

FLYING SPOT STORE ADDRESS CONTROL—FIGS.
43, 44, 45, 56 AND 57

The gates of the flying spot store address control are
activated when it is desired to transfer the flying spot store
from one sequence of orders to another or when it is
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desired to transmit address information to the flying spot
store. There are several conditions under which it is de-
sired to make transfers, first are the conditional transfers
in which an address from either the first or second trans-
fer registers is to be employed to indicate the order to
which transfer is to be made by the flying spot store.
The condition of the- transfer flip-flops 34-TR1 and 34-
TR2 determine which of the transfer registers of FIGS.
58 and 59 or 48 is to be employed. The generation of
a CTR pulse, as described herein, causes the address in-
formation and the transfer indication to be transmitted to
the flying spot store. The outputs from the flip-flops of
these transfer registers are gated directly to the flying spot
address control cable conductors rather than over the
cable conductors of the bus access circuit, thus permitting
other information to be transmitted over the bus access
cable conductors at this time. The leads from the transfer
registers used for the X part of the address are shifted one
place to the right because the significant bits in the reg-
ister location and in the flying spot store address location
differ as described herein.

In direct transfers the new address is obtained from
some other register including the order word register over
the conductors of the bus access circuit. Under these
conditions a direct transfer lead partially activates the
gates which connect the outputs of these flip-flops to the
individual conductors of the bus access circuit. If an EPO
pulse follows a direct transfer order the bus is then gated
to the flying spot store. The same shift of the bus access
conductors is made as for the conditional transfers.

When it is desired, a special gating pulse can be em-
ployed to cause the flying spot store to transfer to an ad-
dress which is manually set up on switches in the ad-
ministration center control panel. This arrangement will
permit the repetition of these portions of the program.

When the common control is stopped, the flying spot
store may be manually operated to any arbitrary location
by properly setting the keys or switches to the administra-
tion center. FIGS. 43, 44, and 45 show the detailed cir-
cuits of the flying spot store address control for the X por-
tion of the address, FIGS. 56 and 57 show the corre-
sponding circuits for the Y portion of the address.

FLYING SPOT STORE CONTROL AND FLYING
SPOT STORE TRANSLATION CONTROL—FIG. 46

These circuits comprise a group of gates and flip-flops
which normally send an advanced pulse to the flying
spot store from non-transfer orders in response to the
EPO pulse generated by the EPO pulse gating circuits of
FIG. 62 and pulse generator circuits of FIG. 49. These
circuits also send a transfer pulse under direct transfer
orders and those decision orders which result in a CTR
gating pulse. In addition, there are several special con-
ditions which require pulses to be transmitted to the
flying spot store. First, during the reading of a transla-
tion word, advance and transfer pulses must be trans-
mitted to advance the flying spot store in order to get the
second half of the translation and then to transfer back
to the program area or program order after the transla-
tion word or information has been completely received
from the flying spot store. Again, when a recycling
count of a specified number of orders is completed and
the transfer is to be made back to some predetermined
program address in the flying spot store, a transfer pulse
must be transmitted to the flying spot store. Third, when
the system is controlled by manual stepping the -common
control transfer operations are required so that a transfer
signal must be transmitted to the flying spot store which
causes the beam to be moved to a specified address or
location within the store. Fourth, if an address is in-
serted manually, the transfer indication is given to the
flying spot store.

Whenever the flying spot store is caused to transfer,
the common control portion of the system must wait until
the flying spot store sends a new order word to the com-
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mon control and also for the additional time required
for interpretation or translation and checking of this new
word. When the manual controlled operation is em-
ployed, the common control clear key is operated and the
circuit may be started or restarted.

During. the manual control of the system and also
after each of the five-millisecond regeneration periods,
the flying spot store beam may not be at the address
where it was previously set. In order to readdress the
beam to the proper or desired location, the common
control circuits cause a pretransfer signal and X and Y
address signals to be transmitted to the flying spot store.
However, the common contro] has recorded the address
of the last word received from the flying spot store in the
flying spot store address register so that this address may
be used at this time. In order to reach the next adjacent
order or word, the address in the flying spot address con-
trol circuit is thus gated to the flying spot store circuit
with 2 added to the X part of the address. A similar
situation is made when a translation word is taken from
the flying spot store, but in this case the program address
to which the flying spot store beam is to be returned is
stored in the return address register, therefore, the output
of the return address register flip-flops is gated directly
to the flying spot store when all of the translation infor-
mation has been obtained and it is desired to return to the
next program word or order.

When a transfer is to be made to a translation word or
portion of the flying spot store storage plates, “1’s” are
entered in certain of the end flip-flops of the first transfer
register in response to an STE order which in turn acti-
vates a translation conductor when the first direct transfer
order is received thereafter from the flying spot store and
the flip-flop 46-TRL1 is set in its “1” state. The flying
spot store circuits are then directed to the location of the
first portion of the translation. In the “1” state, the
46-TRL1 flip-flop prevents the translation word from
being entered into the order word register and instead
directs it to the flip-flops of the small access register of
FIGS. 37 and 38. When the flying spot store has com-
Pleted the transmission of the first half of the translation,
it sends a cycle-complete control signal to the common
control-and this in turn actuates the flip-flop 46-TRL2 to
its *“1” state, which in turn causes an EPO pulse to be
generated, and this in turn transmits an advance pulse to
thfz flying spot store. The flying spot store then trans-
mits the second half of the translation word and with the
flip-flop 46-TRL2 set in its “1” state, the second half of
the translation is entered upon the flip-flops of the large
access register of FIGS. 35 and 36. The flip-flop 46—
TRL3 is then set in its “1” state and upon the generation
of ‘ghe next. clock pulse the address in the return address
register of FIG. 41 is transmitted to the flying spot store
tggether with a transfer pulse which transfers the opera-
tion back to the program portion of the storage plates
and the end flip-flops in the first transfer register of FIGS.
58 and 59 are reset to a “0” state as are the flip-flops
46-TRL1, 46-TRL2 and 46-TRL3 indicating the trans-
lation action is completed.

When the manual control is employed, 2 common con-
trol clear key is actuated to make sure that the translation
flip-flops are in their “0” or normal state before circuit
operation gates are started.

HAMMING-CHECK MEMORY—FIG. 29

The program orders HBG and HFA are employed to
read the barrier grid store or one of the access register
flip-flops and change certain of the Hamming-check flip-
flops 29-10 through 29-15, as described herein, if a “1” is
read out upon reading either a specified spot in the bar-
rier grid store or a specified one of the flip-flops.

The flip-flop 29-15 is a parity check flip-flop and this
is operated in respeonse to each “1” read out during a
Hamming-check operation while the other flip-flops 2910
through 29-14 will be actuated to change their state
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depending upon the information stored in the C memory
register flip-flops in response to the information recorded
in the C portion of the respective Hamming-check orders.
The output of the check flip-flops is then read or deter-
mined individually in response to REF orders. They
will all be reset simultaneously to their “0” states by a
non-decision order, HR.

NETWORK CONTROL REGISTERS—FIGS. 26, 39,
AND 52

A number of network selector registers are provided
for transmitting suitable information to the various por-
tions of the network to properly control the operations
within the network portion of the system. These regis-
ters are provided to either send address information to
the concentrator portion or to the distribution portion of
the network and to send orders to these respective por-
tions of the network indicating the type of operation to
be performed. FIG. 26 shows the line selector register
comprising the flip-flops 26-28X2 through 26-28X8 and
26-28Y ¢ through 26-28Y4 which are employed to select
the line in the line concentrator portion of the network.
Flip-flops 26-27X2 through 26-27X8 and 26-27Y90
through 26-27Y3 comprise the concentrator release
selector and are employed to designate a particular con-
centrator trunk to be released. The flip-flops 52-26X2
through 52-26X8 and 52-26Y0 through 52-26Y3 are
employed to designate a trunk on the A side of the dis-
tribution network, while the flip-flops 52-25X2 through
52-25X8 and 52-25Y0 through 52-25Y3 comprise the
B distribution trunk network selector and are employed
to designate a trunk on the B side of the network. By
means of these network registers, information is trans-
mitted to the respective networks so that these networks
will apply a predetermined potential condition to the
desired line, trunk or circuit.

The flip-flops 39-24X3 through 39-24X8 and 39-24Y0
through 39-24Y2 comprise a network control order reg-
ister, which flip-flops are employed to transmit signals
to the network indicating the type of operation to be
performed with respect to the addresses designating the
lines or trunks transmitted substantially concurrently to
the network from the other network selector registers
described above. ~All of these network registers have the
desired address or order information entered upon their
flip-flops by having their inputs gated to the respective
conductors of the bus access circuit. The outputs of
other registers must be gated to the bus access circuit to
supply the necessary information for transmission to the
respective network control register flip-flops.

CONTROL PULSE GATES AND PULSE
GENERATORS-—FIGS. 49, 62, 63 AND 64

FIG. 62 shows a gating circuit for generating or con-
trolling the generation of an EPO pulse, the output of
these gates are then transmitted to the EPO pulse gen-
erator of FIG. 49. Similarly, FIG. 63 shows the gate
circuits for generating or controlling the generation of a
CTR pulse, which pulse is in turn transmitted to the CTR
pulse generator of FIG. 49, As described herein, these
pulses control the execution of the various orders and
transfers from one group of orders to another, and in
effect decide as to whether an EPO pulse is to be gen-
erated or a CTR pulse. The outputs of these pulse gen-
erators extend to substantially all of the common con-
trol circuits and control the operation of these circuits.
A CTR pulse which is a conditional transfer pulse results
from a decision order. The decision is made during the
operating cycle following the one in which the order is
received. The decision is controlled by the order mem-
ory flip-fiops of FIGS. 33 and 34 and the miscellaneous
flip-flops of FIG. 32. In addition, certain other condi-
tions must necessarily be fulfilled before a CTR pulse can
be generated. These conditions include: (1) a clock
pulse must be received, (2) the clock pulse must be re-
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ceived during the part of the 5-millisecond main pro-
gram cycle which is assigned the common control action,
(3) all previous transfer operations must have been com-
pleted, (4) the recycling operation indicated by flip-flop
182-WU7 must not cancel the order just received from
the flying spot store, and (5) the common control must
be operating under automatic control or if operating
under manual control the step key must have been oper-
ated.

For decision orders the same input is required to gen-
erate an EPO pulse, but of course, the inpuis are con-
nected to the various gates in a different manner and the
gates are connected in part differently. In addition, EPO
pulses are generated on non-decision orders which are
indicated by all of the memory flip-flops being reset to
their “0” states. The transfer flip-flop must also be set
to its “0” state indicating that no transfer is being made.
In addition, if a translation has been started, an EPO
pulse is employed to cause the flying spot store to advance
from the first half to the second half of the translation
word. Thus, the flip-flops 46-TRL1 and 46-TRL2 cause
an EPO pulse to be generated at the proper time. In
addition, the same common conditions as enumerated
above for a conditional transfer pulse are also required.
One other gating pulse is generated in the common con-
trol equipment designated MM. This pulse is used to
cause the flying spot store to recycle to a preset address
after a predetermined number of cycles have been com-
pleted. An external counter activates a recycle lead after
a predetermined number of cycles and sets the flip-flop
101-WU7 in its “1” state. This, as indicated before, in-
hibits an EPO or CTR pulse and causes an MM pulse
to be generated by the tube 64-27 shown at the top of
FIG. 64. This pulse readdresses the flying spot store and
resets the flip-flop 161-WU7 to its “0” state. FIG. 64
also shows a cycle-complete flip-flop 64-CYCC which
is set in its “1” state in response to each CTR, or MM
pulse and on each direct transfer, DTR, and prevents
generation of any one of these pulses until it is reset to
its “0” state by the flying spot store at the end of the
cycle thereof initiated by a transfer pulse sent to the fly-
ing spot store in response to the CTR or MM pulses.
No further action takes place at the common control
circuits until this flip-flop is again set in its “0” state.

ORDER MEMORY AND MISCELLANEQUS
MEMORY—FIGS. 33, 34, AND 32

The order memory shown in FIGS. 33 and 34 com-
prises a group of flip-flops which are employed to control
the generation of an EPO or CTR pulse, as described
above, when the orders require more than one operating
cycle for completion. It is necessary to record the oper-
ations to be performed so that this information may be
available during the second cycle. The various flip-flops
shown in the drawing are set in their “1” states by the
various orders and are reset by an inverter connected
to the reset lead. Thus all of the order memory flip-
flops, except the specified ones, are reset by each EPO
pulse. They are also reset by any order, which results
in a CTR pulse being generated and this removes the
record of any previous order from the system upon any
conditional transfer. It is also desirable to be sure that
these flip-flops are also set in their “0” states when plac-
ing the system in operation by operating the clear key.
The miscellaneous memory flip-flops shown in FIG. 32
are employed to record in the common control portion
of the system readings obtained from the barrier grid
store and the scanner and various flip-flops employed for
controlling the system. The corresponding miscellane-
ous memory flip-flops are activated to their “1” states as
a response to reading a “1” by the barrier grid store and
the scanner or from some other flip-flop, and are set in
their “0” states by reading a “0” from the designated
device.
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When the scanner is read, the scanner output is entered
upon the flip-flop 32-S and then its setting is transferred
to the flip-flop 32—SM at the end of the cycle so that this
reading is recorded for operations during the next cycle.
The translated output from the D gates select the flip-flop
outputs and gate circuits which transmit these outputs in
response to the proper orders to the common flip-flop
32-FFR.

TRUNK SIGNAL SELECTOR REGISTER—FIG. 40

This register like the network selector registers, de-
scribed above, is included in the common control draw-
ings for practical reasons rather than functional reasons.
Information is gated from the bus access circuits to this
register by means of the gate circuits included therewith
as shown in FIG. 40 under control of the various circuits
and pulses of the director or common control portion of
the system. The output of this register goes directly
to the trunk signaling circuit selector input.

TRUNK SIGNAL SELECTOR—FIG. 53

Like the trunk signal selector register, the trunk signal
selector circuits have been included in the common con-
trol portions of the system in order to facilitate showing
of the cooperation between these circuits and the rest
of the common control system. The trunk signal se-
lector circuits of FIG. 53 cooperate with the trunk sig-
nal selector register of FIG. 40 and cause signals to be
transmitted to the specified trunk in response to addresses
entered upon the trunk signal selector register from the
common control circuits.

START-STOP STEP CONTROL CIRCUITS—FIG. 61

Means are provided to stop the operation of the pro-
gram and various switching circuits when they are being
operated under automatic control. Under each of these
circumstances, the operation may be stopped and trans-
ferred to a step control wherein each operation may be
controlled by a key. In addition, the system may be
again started manually by proper key operation. In order
to manually stop the system, it is only necessary to operate
keys in the control panel or in the administration center.
This causes two flip-flops to be set in their “1” states.
These flip-flops are the 61-M-STOP flip-flop and the
61-MAN flip-flop.. The 61-M~STOP flip-flop in being
set to its “1” state merely lights a lamp but the 61-MAN
flip-flop inhibits the generation of gating pulses, and as
a result the circnit will remain quiescent until some
further action is taken by an operator or an attendant.

The program and the automatic common control cir-
cuits are arranged to cause the circuit to stop automatical-
1y by the order W1FF (16). This order, when executed
by the common control circuits, causes the flip-flops 61—
P-STOP and 61-MAN to be set in their “1” state. The
61-P-STOP flip-flop causes a lamp to light and the 61—
MAN flipflop inhibits the generation of gating pulses
so long at it is in its “1” state, thus stopping the opera-
tion of the system as before.

In order to manually step the control portion of the
system, a switch on the control panel must be set to its
manual position and the other key must be operated
once for each step. Operation of the step key generates
a pulse to set the flip-flop 6§1-STP1 which will allow the
61-STP2 flip-flop to be set by the next clock pulse when
it arrives during the following period of time assigned
to the common control operation. With the 61-STP2
flip-flop set in its “1” state, the flip-flop 631-STP3 is set in
its “1” state by the next clock pulse. With the flip-flop
61-STP3 in its “1” state, potential is applied to a con-
ductor ‘extending to the gating pulse circuits of FIGS.
61 and 62, which will permit one EPO pulse or one CTR
pulse to be generated so the circuit connection dependent
upon the order entered upon the order word register cir-
cnits of FIGS. 20 and 21 or entered in the order word
memory will be executed at the same time the 61-STP3
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flip-flop is set in its “0” state to stop the generation to
further gating pulses.

A similar set of steps must be followed in starting the
automatic operation of the system from a stop condition.
A control switch must be first set in the AUTO position
and then the start key must be operated. As a result,
a pulse is transmitted over the start lead which sets both
the flip-flop 61-STP1 and the 61-AUTO-START flip-
flop in their “1” states. The 61-STP1, 61-STP2 and
61-STP3 flip-flops go through the above-described cycle
of operations causing a single gating pulse to be gen-
erated. However, with the AUTO-START key set, the
final operation resets the 61-MAN flip-flop to its “0”
state which action permits the automatic generation of
gating pulses and thus the automatic operation of the
system. The 61-M-STOP or the 61-P-STOP flip-flops
are reset to.remove the lamp indications and instead an
AUTO lamp is caused to light.

CLOCK CONTROL CIRCUITS—FIGS. 61 and 64

In the system described herein, the storage information
in the barrier grid store is regenerated by control circuits
shown in the barrier grid meonitor circuit described
herein. In order to implement this arrangement, two
pulse generators are provided, one which generates a
pulse every five milliseconds and the other a pulse every
15-microseconds. The 15-microsecond pulse is used to
start the regenerating circuits in the monitor. The moni-
tor circuit counts a predetermined number, which is 64,
in the exemplary embodiment described herein of the 15-
microsecond pulses. These pulses regenerate a portion
of the barrier grid store and display the contents of the
regenerate portion or some other portion of the barrier
grid store.

During the time the orders entered on the other word
register in the common control circuits do not direct the
barrier grid store to read out a specified storage spot and
either regenerate, change, erase or store any information
in such a storage spot, each of the 15-microsecond clock
pulses causes an RGN pulse to be transmitted to the
barrier grid store monitor circuits. These pulses cause
the various storage spots in the barrier grid store to be
either regenerated one at a time and in sequence, or else
they cause specified storage spots to be read out and
displayed on a monitor tube as described.

When an order entered upon the order word register
of the common control portion of the system directs a
specified storage spot in the barrier grid store to be read
out and then either regenerated, changed, erased, or other
information stored therein, then the clock control circuits
of FIGS. 61 and 64, suppress the transmission of an
RGN pulse to the barrier grid store circuits. Instead,
the BPO or CTR pulse causes the desired signals to be
transmitted to the barrier. grid store circuit through the
monitor circuits in the manner described herein. When the
barrier grid store is directed to read out a specified stor-
age spot, then the flip-flop 61-RGIND is also operated to
its “1” state, which is employed to control the barrier
grid monitor circuits and the clock control circuits. When
the succeeding order does not direct the barrier grid store
to read out any specified storage spot, the 61-RGND flip-
flop will be restored to its “0” state and the transmission
of RGN pulses to the barrier grid monitor circuit re-
sumed. This monitor circuit then responds to these
succeeding RGN pulses and causes the storage spots in
the barrier grid store to be regenerated one at a time and
in sequence until another order is entered upon the order
word flip-flops which requires some storage spot to be
read out and regenerated or changed, at which time the
regeneration is again suspended while the barrjer grid
tube reads out the specified storage spot or spots.

When the common control circuits have performed all
of the desired operations during any of the five-milli-
second cycles of the main program prior to the end of
the five milliseconds;, the beam within the flying spot
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store tube is' directed to a rest or idle position and the
last order entered upon the order word register flip-flops
of FIG. 20 and FIG, 21 is repeatedly employed until the
end of the five millisecond time interval at which time
a five-millisecond clock pulse is obtained over the con-
ductor 5 MSCL from a lower part of the FIG. 64. This
clock pulse then causes a pretransfer pulse to be trans-
mitted to the flying spot store together with the address
of a desired storage spot. The flying spot store there-
. upon reads out the specified spot and transmits a cycle-
complete pulse to the clock circuits. Thereafter these
circuits operate in the manner described wherein the
EPO, CTR, or MM pulses are generated following each
of the orders entered upon the order word register in
response to the fifteen-microsecond clock pulses. In ad-
dition, RGN pulses are transmitted to the barrier grid
store monitor circuit concurrently with the generation of
these other pulses when the orders do not require that
the barrier grid store read out information previously
stored in the specified storage spots.

FIRST TRANSFER REGISTER—FIGS. 58 and 59

In order to transfer the beam in the flying spot store
to new addresses in response to either direct transfer or
in response to conditional transfer orders, it is meces-
sary to transmit signals designating the new address or
location of the next desired order word in the flying
spot store. The first transfer register flip-flops of FIGS.
58 and 59 are provided to store the desired location of
the next order in the flying spot store when it is desired
to direct the beam within the store to some other ad-
dress or location not immediately following the address
or location employed or directed by the previous order
received from the flying spot stors. As described herein,
the addresses are word locations rather than the ab-
solute location within the flying spot store because the
flying spot store requires that the X address specified in
the transfer register be multiplied by 2 before being
transmitted to the flying spot store. Information is en-
tered upon flip-flops of the first transfer registers of FIGS.
58 and 59 over the bus access circuit from either the

order word register or some other flip-flop group. How--

ever, in response to certain decision orders, I may be
added to the Y address before a transfer is effected by
means of the Add 1 control circuits of FIG. 60. Also
the end bits X0, X1, Y7, and Y8 may be set to repre-
sent any desired combinations under direct control from
the D portion of the order word by means of an STE
order. The above action must be performed before
transferring to the translation portion of the system. As
scon as the translation order STE is executed, the end
bits are automatically set upon the designated flip-flops
of the first transfer register as indicated by the program.

The output of this register may be gated to the bus
access circuit to transfer the information entered therein
to another register or to the flying spot store address con-
trol on direct transfers. For conditional transfers the
output leads from the first transfer register of FIGS.
58 and 59 are gated directly to the address control con-
ductors of the flying spot store control circuits. The end
bits ¥7 and Y8 are then translated to indicate that a
transfer to a translation word or portion of the flying
spot store is desired.

FIRST TRANSFER REGISTER ADD 1 CIRCUIT—
FIG. 60

The Add 1 circuit of FIG. 60 comprises a plurality of
gate circuits which are employed to add 1 to the Y ad-
dress portion of the addresses entered upon the Y flip-
flops 59-2Y 0 through 59-2Y8 of the first transfer regis-
ter when it is desired to change the address to which the
flying spot store is directed if a transfer is ordered by
the common control circuits.
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BARRIER GRID ADDRESS REGISTER—FIGS. 22
AND 23

The flip-flops of this register 22-4X2 through 22-4X8
and 23-4Y90 through 23-4Y6 are employed to store the
partial or complete addresses to which the barrier grid
store circuits are to be directed. Information may be
gated to the inputs of the flip-fiops of this register from
the bus access circuit either directly or through the Add
1 circuit as described herein, In the barrier grid address
register circuits the X flip-flops may be controlled in-
dependently of the Y flip-flops. In other words, either
the X flip-flops or the Y flip-flops may be independently
set or reset or they may be both concurrently set or
reset. This arrangement is provided so that either an
X address or a Y address may be obtained from an
order and the other portion of the address to control
the barrier grid store obtained from either the Y or the
X fiip-flops of this register. The Add 1 control shown in
FIG. 24 is employed to add 1 to either the X part or the
Y part of the address stored in this register and the sum
put to the back portion of the register. The outputs of
the flip-flops of the barrier grid store address register
circuits can be gated to the bus access circuit only. How-
ever, the gating circuits are arranged so that one of the
bits, Y5, which is the second most significant bit in the
Y address may be complemented in being transmitted to
the bus access circuit, in order to designate a different
storage position in the barrier grid store, as described
herein.

ADD 1 CONTROL—FIG. 24

The Add 1 control circnit of FIG. 24 comprises a
plurality of gate circuits which may be employed to add
1 to the number from upon either the X or Y part of an
address previously entered upon the flip-flops of the bar-
rier grid store address register on FIGS. 22 and 23 and
the sum then again entered upon the proper group of
flip-flops of this register.

BARRIER GRID STORE ADDRESS AND READ-
WRITE CONTROL—FIG. 25

FIG. 25 shows a plurality of gate circuits which are
actuated by the order word translator of FIGS. 16
through 19 and are employed to gate the bus access cir-
cuit to the address conductors of the barrier grid moni-
tor circuit and also to gate the read-write order control
conducters to this circuit. Thus, when it is desired to
read and regenerate, read-write or read and change, or
read information stored in the barrier grid store, the ad-
dress information together with the type of operation de-
sired is gated to the bus access circuit from the barrier
grid address register circuits of FIGS. 22 and 23 or partly
from these circuits and other register circuits and then
the bus access circuit is gated through the gate circuits
of FIG. 25 to the corresponding conductors extending to
the barrier grid store circuits through the barrier grid
monitor circuits as described herein.

SCANNER ADDRESS REGISTER—FIGS. 27 AND 28

When it is desired to scan any of the lines or trunks,
the scanner equipment number or address of the lines or
trunks must be first entered upon the flip-flops of the
scanner address register shown in FIGS. 27 and 28. In
addition, this register may be used as a general storage
register when not employed to control the scanning. The
information to be entered upon these flip-flops is gated to
the flip-flops from the bus access circuit, which in turn has
gated to it information entered upon some other regis-
ter or from the order word register. During the super-
visory scan of lines and trunks, the bus access circuit is
used for other purposes so that the RSL order, the D
portion of which specifies a new scanner address, is
gated directly from the D flip-flops of the order word
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register to the X flip-flops 27-5X2 through 27-5X8 of
the scanner address register of FIG. 27.

The output of the flip-flops of this register extend di-
rectly to the inputs of the scanner for use when it is de-
sired to address or designate a specific line or trunk to
be scanned. The outputs of this register may also be
gated to the bus access circuit in response to suitable pro-
gram orders.

LINE AND TRUNK SCANNER—FIGS. 14 AND 15

FIGS. 14 and 15 show certain details of the exemplary
diode scanner employed to respond to line and trunk ad-
dresses rteceived from the scanner address register of
FIGS. 27 and 28 and to provide a path from the speci-
fied line to. the scamner output circuits and amplifier,
thus providing an output signal which is dependent upon
the condition of the designated line or trunk.

MEMORY REGISTERS—FIGS. 47 AND 50

FIG. 47 shows the set of M1 memory flip-flops 47-8X9
through 47-8X8 and 47-8Y9 through 47-8Y8. FIG. 50
shows the M2 and M3 memory flip-flops 59-18X2 through
50-10X8 and 56-10Y® through 50-18Y6 and 50-11X2
through 50-11X8 and 50-11Y® through 59-11Y6. Each
of these groups of flip-flops comprise a storage memory.
The information may be entered upon these sets of flip-
flops from the bus access circuit in response to appropriate
orders. This information thus stored upon these registers
is available at a later time for transmission over the bus
access circuit in response to other program orders.

THE SECOND TRANSFER REGISTER OF FIG. 48

The second transfer register is similar to the memory
registers of FIG. 50 and in addition, the outputs from
the flip-flops of their register extend directly to the flying
spot store address control circuits for use in response to
those decision orders which specified that if a transfer
is to be made to a new flying spot store address, the new
address is to be obtained from the second transfer register.

PARALLEL MATCHER AND MEMORY MATCH
REGISTER—FIGS. 30 AND 31

The memory match register on FIG. 31 comprises a
group of flip-flops 31-12X2 through 31-12X8 and 31—
12Y9 through 3i-12Y6 which are similar to the memory
register flip-fiop groups of FIG. 50. In addition, the
outputs of these flip-flops may be gated to.the parallel
matcher circuit of FIG. 30. Thus, the information en-
match register of FIG. 31. The X part only may be
gated to the bus access circuit may be matched against
the information entered upon the flip-flops of the memory
match register of FIG. 31. The X part only may be
matched, the Y part only may be matched, or both the X
and Y parts may be concurrently matched. To perform
a matching operation, the desired flip-flop group is gated
to the bus access circuit which directly connects to the
parallel matching circuit of FIG. 30. Either half or all
of the flip-flops of FIG, 31 are gated to the parallel match
circuit by the same order. In case a mismatch is ob-
tained from the parallel matching circuit, the flip-flop
30-FGM in FIG. 30 is set in its “1” state. The output
of the flip-flop is connected to the gating puise control
circuits of FIGS. 62 and 63 to control the generation of
either an EPO or CTR pulse. The flip-flop 36-FGM is
reset to its “O” state by the gating pulse following the
one by which it is set in its “1” state. As a result two
matching orders cannot be employed in succession with-
out some other order intervening.

" ORDER TRANSLATOR—FIGS. 16, 17, 18 AND 19

The order translator of FIGS. 16 through 19 comprise
a diode translating circuit which is directly connected
to the outputs of the order word register flip-flops of FIGS.
20 and 21. The logical arrangement of this translator
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is’ controlled by the voltage drop and current carrying
capacity of the various gating circuits employed therein.
In the exemplary embodiment described herein, not more
than two of these can be placed in any series path before
signal regeneration is necessary. Timing requirements
lifnit the number of regeneration stages which may be used
in succession in this part of the circuit. As shown in these
figures, each of the A, B, C, and D portions of the order
may be individually translated and in addition certain
combinations of certain information entered in the various
portions of the order may be translated and cause or ap-
ply potentials or pulses to predetermined output conduc-
tors. The output conductors have been designated by the
information recorded in the various portions of the orders,
thus the A® through A3 conductors have a positive voltage
applied to them in response to.the 0, 1, 2 or 3 recorded in
the A portion of the order being translated. In addition
the AG1 conductor has positive potential applied to it
in response to either a 0 or 1 recorded in the A portion
of the order. The information recorded in the B, C, and
D portions of the order may be similarly translated. In
addition, conductors such as 3, 0 have positive potential
applied to them in response to an order which has a 3
recorded in the A portion and 0 in the B portion. Con-
ductors such as the one designated 01, —, 18 have positive
potential applied to them by each of the orders having
1 or O recorded in the A portion and 18 recorded in the
C portion independently of the information recorded in
either the B or D portions. of the order. This manner
of designating the output conductors from the translator
facilitates the understanding of the operation of the
circuit and the system.

C ORDER MEMORY—FIG. 29

FIG. 29 in addition to showing the Hamming-check
memory circuits also shows a group of C order memory
flip-flops wihch are employed to record the C portion of
certain orders which require that the C portion of the
order be employed in the operating cycle following the
cycle in° which the order was received from the flying
spot store. The Hamming-check orders comprise one
type of such orders. Information is entered upon these
flip-flops from the C flip-flops in the order word register
under control of gate circuits shown in FIG. 29 which
respond to certain orders as described herein. Certain
orders also require that the five bits of the C portion
entered in these C order memory flip-flops be translated
to one out of thirty-two output leads. Such a translator
is shown connected to the output of the C order memory
flip-flops in FIG. 29.

NETWORK OUTPUT CONTROL—FIG. 13

FIG. 13 shows a plurality of gate circuits which are
activated under control of translated orders and are em-
ployed to gate the output of the network identifiers and
other network outputs to the common control circuit.
The network identifiers cause storage flip-flops in the
networks to be set or reset and the output conductors
from these flip-flops are then transmitted to certain flip-
flops in the network under control of the gate circuits
in the network output control circuits to FIG. 13. The
office’ concentrator network control circuit and the dis-
tribution network control circuits also transmit to the
common control circuit information regarding the com-
pletion of orders, the success or failure of execution of
the order, and the busy condition found at network ter-
minals. Here again, certain network flip-flops are actu-
ated in response to the various orders and then the in-
formation or output of these flip-flops are again gated
to the common control circuits in the network output
control. For example, when either the concentrator por.
tion of the network or the distribution portion of the net-
work finishes the execution of a network order or op-
eration, positive voltage is placed on the corresponding
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OPE lead, which leads or conductors are periodically
tested by the common control circuits. If either of these
leads is found to have positive voltage applied to it,
the common control circuit then transfers to a network
control sequence of orders and then in response to this
sequence may transmit another order to the network con-
trol circuits or dismiss the network control circuits as
described herein,

BUS ACCESS CIRCUIT AND FLYING SPOT
STORE OUTPUT MONITOR—FIG. 51

The flying spot store output monitor circuit of FIG. 51
comprises a group of flip-flops which are employed to
transmit signals to the administration center or monitoring
panel indicating the character of each of the elements or
binary bits of each order read out to the flying spot store,

The bus access circuit of FIG. 51 comprises a group of
amplifier circuits inserted in each of the bus access con-
ductors. As described herein, these bus access Y and Y
address conductors or ciruits extend to substantially all
of the common control circuits. Certain of the X ad-
dress conductors are gated to outputs of flip-flop groups
which output are then transmitted through decoupling
diodes or gate circuits to the amplifiers of FIG. 51.
“These decoupling diodes or gate circuits are shown ad-
jacent the individual circuits where the outputs are con-
nected to the bus access circuit cable. In addition, various
inputs to various flip-flop groups are also connected to the
bus access circuit. These inputs are then connected to
the outputs of the bus access amplifiers of FIG. 51. Thus,
the bus access circuit in addition to providing a common
highway or group of cable conductors in interconnecting
the individual flipflops or circuits with corresponding
flip-flops of other groups or circuits also provides ampli-
fication or gain in each one of the conductors to insure
the proper and high-speed operation of the various flip-
flop groups when information is to be transmitted between
them. In addition, the bus access circuits have suitable
decoupling gates or diodes connected to their input circuits
and such decoupling devices may also be conmected to
their output circuits when desired, These decoupling
devices are shown adjacent the individual circuits from
which pulses are received or to which pulses are trans-
mitted while the amplifiers are shown in the upper por-
tion of FIG. 51.

FLYING SPOT STORE

An exemplary embodiment of the flying spot store cir-
cuit in outline form in FIG. 12. The flying spot store
circuit is employed as the more permanent memory device
of the exemplary telephone system described herein in
detail. 'This flying spot store circuit has stored in it all
of the orders which control the various operations of the
system which series of orders are sometimes called the
“system logic.”

Briefly, referring to FIG. 12, the flying spot store circuit
comprises a cathode ray tube 12-10. This tube com-
prises an electron gun 12-11 and X electrostatic deflec-
tion plates 12-12 and Y deflection plates 12—13.

The electron gun 12-11 causes a beam of electrons to
be emitted and directed towards the end of the cathode ray
tube. The gun structure also causes the electron beams to
be sharply focused on a small spot on the end of the tube,
The end of the tube is coated with a phosphor which
creates a small source of light at the point where the elec-
trons impinge upon the phosphor. By deflecting the
beam in the X and Y directions this source of light may
be caused to move over the face of the tube in a well
understood manner.

A plurality of optical systems are located adjacent the
end of the cathode ray tube and receive light from the
tube. There are three types of optical systems provided,
one type having cylindrical lenses such as 12-28 which
are employed to accurately position the electron beams
and thus the spot of light in accordance with input in-
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formation as will be described. The input information
is in the form of an X and a Y address, thus two of the
cylindrical lens optical systems are provided, one for con-
trolling the X deflection or position of the spot of light in
combination with the X input. address and the other for
controlling the Y deflection or Y position of the spot
of light in combination with the Y input address.

The second type of optical system comprises nine output-
information optical channels or systems located around
the two deflection optical systems.

The third type comprises an intensity monitoring photo
tube 12-47 and related system. The elements of the
various optical systems or channels are represented sym-
bolically herein by individual lenses, each of which may
comprise a plurality of lens elements. Various lens for-
mulas may be employed as desired so long as these lens
systems form actual images of the spot of light in an
image plane. The images in the image plane should be
positioned accurately relative to the position of the spot
of light on the end of the cathode ray tube. Thus, in the
information channels, 9 such image planes are employed,
one in each of the 9 information optical channels.

A storage plate is positioned at each of the various
information image planes. This storage plate is arranged
to have a large plurality of spots thereon, arranged in a
coordinated array. Fach of the spots in the exemplary
embodiment described herein may have either one or the
other of two different light transmitting properties or
characteristics. Either the spot is transparent or it is
opague. Thus the information is stored in binary form.
While any suitable designations and different characteris-
tics may be employed in any desired combination, the
dark or opaque spots will be designated “0” while the
transparent portions will be designated “1” in the exem-
plary embodiment described herein.

Thus, in FIG. 12 the lens 12-28 represents the lens
system which is employed to focus an image of the spot
£2-18 on the face of the cathode ray tube 12-19 upon
the order or information plate 12-29. Likewise the lens
12-32 represents a lens system which is employed to
project ancther image of the same spot 12-18 upon the
order or information plate 12-33. In a similar manner,
7 other optical systems project an image of the same spot
12-18 upon 7 other order or information plates, all illus-
trated diagrammatically in FIG. 12. Thus, as the spot 12—
18 is moved over the face of the tube 12-10 as will be
described, the images of this spot projected on the respec-
tive order or information plates are moved in a corre-
sponding manner over the order or information plates and
are transmitted through these plates or not, depending
upon the character of the respective spots of the respective
plates.

The light transmitted through the information plate 12—
29 is gathered by the lens systems 12-30 and transmitted
to a photo-sensitive device 12-31.

Here again the lens 12-30 represents a suitable type
of lens system which gathers light from the code plate
12-29 and focuses it on the photo-sensitive device 12-31.
In the exemplary embodiment described herein the photo-
sensitive device 12-31 is a photo multiplier tube in com-
bination with a suitable amplifier. The output of all of
the photo sensitive devices 12-31, 12-35, etc. of the 9
information channels extends to the information sampling
circuit 22-39 as will be described hereinafter.

The controlling or positioning channels in the center
are arranged somewhat differently. Here the lens systems
such as 12-28 and 12-21 include cylindrical lenses and
are designed to receive light from the spot 12-18 and
direct a line of light on to the respective code plates 12-26
and 12-27. Thus, for controlling the X deflection, the
lens system 12-21 changes the spot of light 12-18 into a
vertical line and projects this vertical line on to the code
plate 12-27. The vertical line covers the code plate in
vertical Y direction irrespective of the Y location of the
spot 12-18 on the face of the tube 12-1¢. However, the
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X position of the line on the code plate 12-27 accurately
follows the X position of the spot 12-18 on the face of
the tube 12-18. In other words, as the spot 12—-18 moves
around the face of the tube 12-18, a vertical line extend-
ing from the top to the bottom of the code plate 12-27
moves horizontally across this plate.

Similarly for the Y deflection control, the cylinder lens
system 12-20 projects a horizontal line on the code plate
12-26 which line extends horizontally across the plate
irrespectively and independently of the X location of the
light spot on the face of the tube 12-16. In this case,
however, the vertical position of the line of the code plate
12-26 accurately follows the vertical Y position of the
spot of light 12—18 on the face of the tube 12-19.

In place of the gathering lens systems such as 12-30
and 12-34 shown in the information optical chanmels,
light gathering plastic elements 12-23 gather the light
transmitted through the code plate 12-27 and transmit
it to the X deflection photo multiplier cells 12-25. Sim-
ilarly the plastic elements 12-22 gather the light from the
code plate 12-26 and transmit it to the Y control photo
multiplier cells 12-24. The bank of photomultiplier cells
12-23 is connected to the horizontal input servo control
circuit 12-16 and this in turn is conmected to the input
horizontal integrating and deflection amplifier system 12—~
14. Similarly the Y deflection photo multiplier cells
12-24 are connected to the vertical input servo system 12—
17 which in turn is connected to the input vertical integrat-
ing and deflection amplifier 12-15.

Thus, as the spot of light 12-18 is caused to move
over the face of the cathode ray tube 12-10, images of
this spot move over each of the 9 order or information
plates, and line projections from the spot move over the
two code plates.

As described herein, the flying spot circuits are con-
trolled by X and Y addresses which are in the form of
binary numbers. Likewise. information is stored in a
binary form and generally comprises the orders. Each of
these orders may be thought of as an 18 bit binary word
or 18 digit binary number. As described herein each of
the orders may be employed to designate some part, or all
of either or both of the X or Y address binary numbers.
Thus in the exemplary embodiment set forth herein, the
orders comprise 18 binary digits or bits, while the X and
v addresses each comprise 7 binary digits or bits.

The X and Y code plates are arranged in the form of
a 7 digit binary code so that 7 photomuliiplier tubes 12~
25 are required for controlling the X deflection of the spot
of light and 7 photomultiplier tubes 12-24 are provided
for controlling the Y deflection. As shown in FIG. 150
the vertical deflection code plate 12-26 is thus arranged
with 7 vertical lines of spots. The spots in each of the
lines has either one or the other of two different light
transmitting properties as described with reference to the
information storage plates.. The dark or opaque spois
are arbitrarily designated “0’s” while the light transmitting
spots are designated “1’s.” Inasmuch as 7 lines of spots are
provided, one for each of the 7 binary digits or bits of the
Y address, a total of 128 separate, distinct and discrete
spots are provided in each of the rows of spots. The
image from the spot 12-18 in the form of a line falis
across each one of these columns of spots in each one of
the 128 vertical positions, thus the output of the respective
photomultiplier tubes 12-24 is at all times in the form
of.a code representing the Y position of the spot of light
on the face of the tube. Likewise the output of the X
photomultiplier tubes 12-25 comprises a code which at all
times represents the X location of the spot of light on the
face of the tube 12-10. The X deflection code plate is
similar to the Y deflection code plate shown in FIG. 150
except that it is rotated through ninety degrees.

‘While the spots in each of the 7 horizontal lines in the
X code plate may be arranged to form any desired 7 bit
code including the binary number code, the so-called
Gray or reflected binary code may be more advantageous-
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lv employed. As set forth in U.S. Patent 2,632,058 issued
March 17, 1953 to F. Gray, such reflected binary codes
have the property of changing only ome code element
from position to position. In other words, the beam in
moving from an X address of 8 to 9 causes the line to move
across the plate 12-27 from position 8 to S and as a result
the output from only one of the photomultiplier tubes 12—
25 changes. Similarly in moving from any one position
to an adjacent position, the output from only one of the
photomultiplier tubes changes. This form of code is par-
ticularly suitable for translating positions such as the posi-
tion of the spot of light into a code representing this
position because false codes are mnot momentarily gen-
erated during the stepping of the beam or spot of light
and thus during the transition from one cocde group to
the next.

Thus during normal operation, the beam within the
tube 12186 is not turned off and the spot 1218 is moved
over the face of the tube as will be described. Asa result,
the output of the two sets of photomultiplier tubes 12-24
and 12-25 comprise codes which designate the exact lo-
cation of the spot on the face of the tube. If the position
of the spot changes; then the output of these - photo-
multiplier tubes change into a corresponding manner.

If during rest or trouble conditions or special situa-
tions, the beam comes to rest for too long a period, means
are. provided to direct the beam to a special location so
that it does not burn out-any of the area or spots of the
phosphor on the end of the tube.

The output of the respective X and Y banks of photo-
multiplier tubes are connected to the corresponding input
servo circuits 12—16 and 12-17. The horizontal input
servo, for example, is then connected to the horizontal
integrating amplifier 12-14, which in turn is connected
to the horizontal deflecting plates 12—12.

The horizontal input servo circuit 12-16 is a combined
digital matching or coincidence circuit and a linear servo
circuit for controlling the defiection of the electron beam
within the tube 12-10 and thus controlling the X position
of the spot of light 12-18 on the face of the tube. The
digital portions of the circuit 12-16 are similar to the ar-
rangement described in patent application of R. W. Ketch-
ledge, Serial No. 581,175, filed April 27, 1956, and more
particularly the arrangement described therein for com-
paring the digits of a Gray code with digits of binary num-
bers, both representing the various positions of the spot
such as 12-18 on the face of a cathode-ray tube.

The cutput of the servo circnit 12-16 is of one char-
acter, polarity, or magnitude when the input binary num-
ber is, for example, greater than the number represented
by the Gray code from the photomultiplier tubes, and is of
a different character, polarity, or magnitude when the in-
put binary number is less than the number represented by
the number of the Gray code from the photomultiplier
tubes. The integrating amplifier 12-14 is arranged so
that so long as one of the input conditions is applied to
its input terminals, this output voltage continues to change
in a given direction in any desired manner, usually at a
constant or linear rate, whereas if the input is of the op-
posite character, then the output of this amplifier changes
in the opposite direction but in the same or a different
manner, again usually at a constant or linear rate. Thus,
by connecting the output of the horizontal servo circuit
12-16 to the input of the integrating amplifier 12-14, the
spot 12-18 may be caused to move in the direction so as
to cause the Gray code to approach and ultimately rep-
resent the same number as the input binary code received
from the horizontal input register 12-37.

As pointed out above, as the spot of light moves from
one specified position to another in the X direction for
example, the character of the code elements from the
photomultiplier tubes 22-23 changes one element at a
time for each code position. As the position of the spot
approaches the position specified by the input X address,
the coincidence of matching of the various cede elements
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tends to increase in number. As the spot approaches the
specified position and the last code element of the Gray
code changes, or tends to change to the coding representing
the same number as the input binary number of X address,
the output from the servo circuit 12-16 also tends to
change in character so that if this change were completed,
the direction of the deflection of the electron beam and
thus the direction of the movement of the spot would be
reversed. As a result, the spot would tend to oscillate back
and forth over one or more positions. In order to prevent
such hunting or oscillation, the various code element chan-
nels in the servo mechanism are arranged to be of the
transmission type and the output gates likewise so ar-
ranged. Thus, so long as a number of the various code
elements or digits of the input binary number and the
Gray code do not correspond, the servo circuit 12-16
operates on a digital basis, but when coincidence is ap-
proached and the last one of the Gray code elements
changes so the two numbers come into correspondence,
then the servo circuit 12-16 tends to turn off or change its
output gradually so that it only partially changes from one
character to the other. As a result the beam stops with
the image of the spot of light or the line therefrom project-
ed on the code plate 12-27 substantially between the
change in character from one code position to the other.
If the beam progresses too far in one direction, the output
from the corresponding photomultiplier tube 12-25
changes and in turn causes the output of the servo circuit
12-16 to make a corresponding change in its output,
which in turn causes the integrating amplifier to tend to
change the deflection of the beam to return the spot to
position or equilibrium. If the spot moves too far, then
the output of the photomultiplier tube reverses the output
of the integrating amplifier also changes in the reverse
direction to tend to restore the beam to its position of
equilibrium.

Thus, the beam tends to come to rest at a position of
equilibrium jointly defined by an X address code and the
code plate 12-27. This position is defined in the code
plates in such a mannper that the other images of the spot
12-18 on the information plates 12-29, 12-33, etc., is
substantially centered on one of the information spots or
positions.

The Y deflecting circuits ‘operate in substantially the
same manner as described above with respect to the X de-
flection circuits except that the beam and spot of light
are moved up and down rather than horizontally.

With this arrangement the magnitude of the various sup-
ply voltages and other changes in circuit constants and
parameters do not materially affect the positioning of the
‘beam or spot of light in response to the various input ad-
dresses. In other words, the beam will be directed to the
proper storage spots in response to the respective addresses
of these spots independently of changes in magnitude of
the supply voltages and independently of changes in cir-
cuit and tube constants or parameters.

The flying spot store circuits as shown in FIG. 12 are
arranged to cooperate with the common control circuits.
The flying spot store receives signals representing X and
Y addresses from the common control and also certain
order signals. In addition the flying spot store sends var-
ious signals to the common control circuits. Thus, at the
beginning of a series of orders or beginning of a program
or subprograms, as will be described herein, the com-
mon control circuits transmit signals representing the X
and 'Y addresses of the first order of a series of orders to
the flying spot store. In addition, the common control
sends a transfer signal order to the flying spot store. ‘These
signals cause the flying spot store to transfer or change the
position of the spot of light 12-18 to the spot specified by
this address in the manner described above. After the
spot arrives at the specified address, the images of the spot
on the 9 information plates either cause light to be trans-
mitted through these plates or not, to the photomultiplier
tubes 12-31, 12-35 etc. Then corresponding signals or in-
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formation is transmitted to the sampling circuit 12-39.
This information is then stored on 9 output flip-flop cir-
cuits. Inasmuch as each order comprises 18 binary bits,
as pointed out above, and inasmuch as there are only 9
information plates, the 9 flip-flops thus positioned repre-
sent only half of the order. As a result the program cir-
cuits 12-41 advance and cause the spot to be moved one
space in the X direction so that after the beam has moved
to this adjacent spot and the corresponding images of the
spot are likewise moved to the adjacent spots on the in-
formation storage plates, the information recorded in these
adjacent spots is then employed to set a second set of 9
flip-flops in accordance with the information recorded in
this adjacent set of spots on the information plates. The
setting of the two sets of 9 flip-flops by the information
sampling circuit 12-39 then represents the information of
the specified order and such information is then trans-
mitted to the common control circuits. Thereafter and
during the time the common control circuit is responding
to this order in the manner described herein, the program-
ming circnits 12-41 again cause the beam to be stepped
to the next succeeding position and in addition cause the
output flip-flops to be reset to their “0” states. After
the beam has been positioned to its third position, the first
set of 9 flip-flops are again set and the beam advanced to
its next adjacent spot where the second set of 9 flip-flops
are then set, At this time the flying spot store has set
on the output flip-flops of the output register 12-40 the
next adjacent or second order of the series, these orders be-
ing arranged in series adjacent one another in a horizontal
direction on the face of the tube. The beam is then ad-
vanced again in 'the X direction to the next set of spots.
At this time the-flying spot storage circuits send a cycle-
complete signal to the-common control circuits indicating
that flying spot -circuits have advanced as far as possible
until additional signals are received from the common
control circuits.

The common control circuits may send either one of
two different kinds of signals to the flying spot store, If
the next order in the sequence of orders being employed
is desired, the common control circuits will send an ad-
vance order or signal to the flying spot store. The flying
spot store circuits in response to the advance order cause
the order set on the output flip-flops of register 1240 to
be transmitted to the common control circuits. Then the
flip-flops in this circuit are reset to “0” and the first nine
output flip-flops set in accordance with the information
stored in the corresponding spots on the nine information
plates. Spot 12-18 is then moved again to the next ad-
jacent spot in the X direction and the second set :of nine
flip-flops in the output register circuit 12-40 positioned in
accordance with the second part of the order recorded on
the nine information plates. The beam is then again ad-
vanced and the flying spot store circuits then send a cycle-
complete signal te the common control circuits.

After the common control circuits have responded to
the previous order, they may again send an advance sig-
nal to the flying spot store circuits and the above cycle of
operation is then repeated.

As will be described herein, either at the end of a se-
quence of orders or at different times during the various
sequences of orders, the common control circuit may cause
the flying spot store to shift to a different sequence of or-
ders. In this case, instead of transmitting an advance sig-
nal to the flying spot store X and Y address signals, a
transfer signal is transmitted to the flying spot store. In
this case the order previously set upon the flip-flops in
the output register circuit 12-40 is discarded and these
flip-flops restored to their “0” state.

Thereafter, the flying spot store circuits respond as de-
scribed above in response to a transfer order and direct
the beam to the new location, read out the first order and
transmit it to the common control circuits and then read
out the second ‘order and store it on the flip-flops in the
output information sampling circuit. Thereafter a cycle-
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complete signal is transmitted to the common control cir-
cuits. Next, eithér an advance signal or another set of
X and Y address signals and a transfer signal will be re-
ceived from the common control circuits and the flying
spot store responds to these signals in the manners de-
scribed above.

As pointed out above, provision has also been made to
move the beam to a special target to prevent burning of
the phosphor in case it remains stationary for too long 2
period of time. In addition, under these circumstances,
alarms are activated.

In addition an exposure control circuit is provided for
permitting the various orders to be recorded on the in-
formation plates photographically, after which the plates
are developed and then employed in the manner described
above. Also various test circuits and equipment are pro-
vided for testing the overall flying spot store circuits as
well as the various components thereof. ,

FIG. 149 shows an exemplary arrangement of a plu-
rality of series or sequence of orders which have been
devised for controlling the switching system described
herein. FIG. 149 represents the various locations of the
spot 1218 on the face of tube 12-10, as well as the corre-
sponding positions of the 9 images of this spot on each
one of the 9 information plates such as 12-29 and 12-33.

As shown in FIG. 149, 64 horizontal lines of storage
spots are provided. These horizontal rows are designated
0 through 63 so that the Y addresses may direct the beam
within tube 12-10 and thus the spot 12-18 to any one of
these 64 different Y locations.

As shown in FIG. 149, there are 32 different X loca-
tions designated 0 through 31. In the actual tubes, how-
ever, there are 64 such spots or X locations. However,
it requires two X locations for each order as described
‘above so that only 32 different orders, each requiring two
X addresses or two X locations, may be stored along in
one horizontal row of spots.

FIG. 149 represents the location of the orders on all
9 information storage plates 12-29, 12-33, etc. The in-
formation or binary bits stored in their respective loca-
tions on each of these plates will in general be- different,
but the FIG. 149, nevertheless, clearly specified the se-
quence and the particular orders at the specified loca-
tions on the respective storage plates. For example, the
first order of the LPG sequence of sub-routine orders has
a Y address of 28 and an X address of 10, These X and
Y addresses are represented as decimal numbers in FIG.
149. It is to be understood, however, that the signals
representing these addresses as actually transmitted to
the flying spot store will be 7 digit binary numbers. The
first order of this sequence for a Y address of 28 and an
X address of 10 has one of the bits of this order stored
at the specified position in each of the 9 storage plates
and a second bit stored in the next adjacent X position on
each one of these plates, making a total of 18 bits. The
Y position specified is the true and exact Y position of
28. With respect to the X position, however, the actual
numbered position of the spot having X order position of
10 specified in table B will be Spot No. 20 and the second
X position will be Spot No. 21. Thus, this first order of
the LPG sequence is located in two spots, in each of the
9 plates, the first spot having the Y address of 28 and
an X address of 20, the second spot having a Y address
of 28 and X address of 21. All of these 18 spots on the
9 plates are represented by the one position on FIG. 149
having a Y of position 28 and an X position of 10.

As shown in FIG. 149, the entire storage area of each
of these storage plates is not employed in the exemplary
embodiment described herein. The areas not employed to
store orders are shown in FIG. 149 by the cross section
lines. These areas have recorded in them predetermined
codes or orders which are employed to actnate alarms to
indicate to attendants that trouble has developed which
has caused the beam to be misdirected to areas or spots
not employed to record orders,
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The locations of the various orders, and the information
stored at these locations, as shown in table B and in FIG.
149 are in decimal notation. However, it is to be under-
stood that this information is all recorded in the orders
and employed in the system in a binary number system.
The correspondence between the decimal and binary num-
bers is well known and need not be repeated. As de-
scribed herein and shown in FIG. 149, the various se-
quences of orders are arranged in different horizontal
rows. These sequences in FIG. 149 have the same des-
ignations as shown in the Table B.

The circuit details of the various components of the
flying spot store represented in FIG. 12 are shown - in
FIGS. 79 through 96. FIG. 79 and the left-hand por-
tion of FIG. 85 show the horizontal input register flip-
flops and FIGS. 80 and 86 show the horizontal servo cir-
cuits. FIG. 81 and the left-hand portion of FIG. 87 show
the vertical input register and flip-flops and FIGS. 82 and
88 show the corresponding vertical servo circuits. FIG.
83 shows the program or control circuits, while FIG. 84
shows the output register flip-flop circuits. FIG. 90 shows
the horizontal integrating amplifier and FIG. 91 shows
the vertical integrating amplifier. - FIG. 92 shows the cir-
cuit details of one of the horizontal output information
photomultipliers and related amplifiers and shows the cor-
responding connections to 6 other similar circuits. FIG.
93 shows the test circuit. FIG. 94 shows the horizontal
deflection amplifier and FIG. 95 shows the vertical deflec-
tion amplifier. FIG. 96 shows one channel of the ver-
tical output control photomultiplier and shows the cor-
responding connections to the 6 other similar correspond-
ing vertical output photomultipliers. FIG. 89 shows one
of the output information photomultiplier tubes, related
circuits and output amplifier and indicates the connections
of the other 8 of these circuits to the output flip-flops
shown in FIG. 84.

The X address signals and information are received
from the common control circuits over the cable 79-43.
This cable has individual conductors in it, designated
X6-0, X0-1, through X5-0 and X5-1. These conduc-
tors extend to the input register flip-flops 79-10, 79-11,
79-12, 79-13, 79-14 and 85-10. Each set of address
signals causes a positive voltage or pulse to be applied
to one or the other of the “0” or “1” input conductors to
each of the different input register flip-flops, thus positive-
ly positioning each of these flip-flops in response to each
of the input addresses received from the common con-
trol circuits. The Y input register flip-flops are similar
to those shown in FIGS. 79 and 85 and are shown in
FIGS. 81 and 87. Each of the input register flip-flops has
an S or set “1” input and an R or reset or set “0” input.

A positive pulse applied to the set “1” input causes the
flip-flop to be set in its “1” state. A positive pulse ap-
plied to reset input causes the flip-flop to be set in its
“0” state. Each one of these flip-flops also has a third
input, designated C which is employed to change the
setting of every flip-flop. In the flip-flop is set in its “0”
state and a positive pulse is applied to its C. input, the
flip-flop will change to its *“1” state. If the flipflop is
already set in its “1” state and a positive voltage or posi-
tive pulse is applied to the C input, the flip-flop is then
actuated to its “0” state.

Fach of these flip-flops has two output conductors, one
designated ‘A and the other A’. If the flip-flop is set in
its “1” state, a relatively high positive voltage will be
applied by the flip-flop to its “1” or A output while a
relatively low or negative voltage will be applied to its
“0” or A’ output. Conversely, if the flip-flop is set in
its “0” state, then-a relatively high voltage is applied to
its “0” or A’ output, while a relatively low or negative
voltage-is applied to its “1” or A output.

As described herein, the pulses transmitted to and from
the common control are positive or positive-going and
the pulses then employed to set the incoming register
flip-flop are positive pulses, Likewise, the pulses trans-
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mitted from the flying spot store circuits to common con-
trol are positive or positive-going. Within the flying spot
store circuits the various pulses are negative or negative-
going. Also in the exemplary embodiment set forth here-
in, the address signals are all inverted or reversed by the
incoming address flip-flops. In other words, each time the
pulse is obtained on the reset lead which resets the flip-
flops to “0,” a negative-going pulse is obtained on the “1”
output terminal of the address fip-flops. Each time a
positive pulse is received over the set “1” input leads of
the flip-flops, a negative-going impulse or voltage is ap-
plied by the flip-flop to the “0” or A’ output terminal. In
other words, all of the incoming “I’s” are changed to
“0’s” and all of the incoming “0’s” are changed to “I’s.”
Consequently, the numbers represented by the outputs of
these register flip-flops are the 1s complement of the
input numbers. In other words, in response to signals
representing an X address of 11 in coming to the flip-flops,
the output of the flip-flops with the changed notation
described above will represent 63 minus 11, or 52, all in
the binary notation.

The outputs of these incoming address flip-flops are
connected to the respective digit circuits of the servo con-
trol circuits. As described herein, 7 digit addresses are
employed in the system so that 7 of these digit servos
are provided. The highest denominational order digital
8ervo circuit is represented by rectangle 86-10, The next
highest denominational order digital servo circuit is shown
in detail in rectangle 86—11. The circuits of the digital
servo for the third highest denominational order are shown
in full in rectangle 80-19. The remaining circuits are
shown by rectangles 80-11, 80-12, 80-13 and 80-14.

The horizontal output circuits represented by the photo-
multiplier tubes 12-25 in FIG. 12 are shown in FIG. 92.
Here the circuit of the photomultiplier and its related out-
put amplifier for the least significant code element is
represented in rectangle 92-18. The succeeding code
elements in order of their significance are employed to
actuate the similar circuits in rectangles 93-11 through
92-16. Inasmuch as all of these circuits are substan-
tially identical, the details have been shown only once.
Each of these circuits includes a photomultiplier tube of
any suitable type, designated 92-20 in FIG. 92. This
tube is connected in a conventional multivoltage supply
circuit and has its output connected to the grid of the
amplifier tube 92-21.

The output from the plate or anode is connected to the
test circuit in FIG. 93 and in addition also extends to
one of the inputs of the corresponding single digit servo
logic circuits shown in FIGS. 80 and 86.

When light is transmitted through the horizontal code
plate 12-27 and falls upon the various photomultiplier
tubes such as $2-20, an amplified current flows in the
output circuit of this tube. While an 11 stage photo-
multiplier tube is represented in FIG. 92, any number of
stages may be employed, as may be desired. ‘Upon the
receiving of light by the photo cathode an amplified
current flows through the output end of resistor 92-23.
As a result, the lower terminal of this resistor becomes
more negative since the source of voltage 92-25 con-
nected to the photo cathode is a much larger negative
voltage than the negative voltage 92-24 connected to
the output end of the photomultiplier tube 92-20. This
output voltage is' in turn amplified by the single stage
amplifier tube 92-21 and adapted to the output conductor
extending to the test circuit and also to the respective
single digit servo logic circuits shown in FIGS. 80 and 86.
The output amplifier tube 92-21, of course, reverses the
phase or polarity of the signal so that when light shines
on the photomultiplier tube 92-20 and a negative output
pulse is obtained therefrom, the output from the tube
92-21 is a positive pulse. The anode voltage supply for
the tube 82-21 is the negative source of voltage 92-24
connected to the cathode while the anode is connected
through the output resistor 92-22 to ground.
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The output of each of the horizontal photomultiplier
channels represented by photo cells 12-25 in FIG. 12
and by the rectangles $2-1¢ through 92-16, inclusive in
FIG. 92 is compared with the input address information
stored in the input horizontal register flip-flops shown in
FIGS. 79 and 85 which are described above.

The comparing circuits comprise the single digital servo
logic circuits shown in FIGS. 80 and 86. These circuits
are similar to the circuits described in FIGS. 3 and 4
of the above identified patent application of R. W. Ketch-
ledge.

In the exemplary embodiment described herein, pro-
vision is made for employing a 7 digit address and 7
output photomultipliers 12-25 as described above. The
highest denominational order, however, is not employed
in the exemplary embodiment described in detail herein.
Only the remaining 6 denominational orders are em-
ployed.

Thus, the comparing circuit of the most significant digit
or bit actually employed to control the horizontal posi-
tion of the beam within the tube and thus the spot of
light on its face, is represented within the rectangle 86-11.
The next significant comparing circuit is shown within
rectangle 86-10. The circuits shown within these two
rectangles are substantially the same but the connections
to the control circuits differ slightly. The remaining com-
paring circuits §0-11, 80-12, 80-13, 8¢—14 designated
single digit servo-logic circuits on the drawing are all
substantially like the arrangement shown within rectangle
80-10 and are connected to the external control circuiis
in substantially the same manner as the circuits within
rectangle 89-10 are connected to the control circuits,

The output of the photomultiplier tube circuit or chan-
nel 92-16 is connected to the inner or control grid of
tube 86-17.

In the arrangement shown in FIG. 86, tubes 86-17 and
86-18 are employed to respond to the output of the sixth
or highest photomultiplier channel. These tubes are pen-
tode tubes but the suppressor grid of tube 86-17 is con-
nected to a negative source of voltage so that substan-
tially all the current from the cathode goes to the screen
grid and substantially none to the anode thereof. The
suppressor grid of tube 86-18 is permanently connected
to a source of more positive bias voltage, with the result
that most of the current within this tube which leaves the
cathode and is controlled by the main or first grid, flows
to the main anode thereof.

The tubes 86-17 and 86-18 have their cathodes con-
nected together and in turn connected to a common cath-
ode resistor 86-28. The control grid of tube 86-18 is
connected to a source of bias voltage which is controlled
by the intensity monitor circuit 12-48 which is shown
in greater detail in FIG. 85, The intensity monitor cir-
cuit includes a photomultiplier tube 12-47 shown in both
FIGS. 12 and 25. As shown in FIG. 12 this tube is lo-
cated adjacent the end of the cathode-ray tube 12-10.
The light from the spot 12-18, in addition to illuminat-
ing the various information optical systems and the ver-
tical and horizontal deflection control optical paths or
systems, is also employed to illuminate this intensity con-
trol photomultiplier tube 12-47. Thus, the output of this
tube is dependent upon the intensity of the light emitted
by the spot 12-18. Thus, if the phosphor on the end of
the tube 12-16 varies from location to location, the inten-
sity of the output from the monitoring phototube 12-47
also changes in a corresponding manner.

This tube is shown in detail in FIG. 85 and is similar
to the other photomultiplier tubes for the information
channels and also for the X and Y address control chan-
nels. The tube 12-47 has the potential applied to the
next to the last two output anodes through Zener diodes
represented at 85-29 and 85-30 in FIG. 85. The output
of the photomultiplier intensity monitor tube 12-47 is
connected to the control grid of the amplifying tube 85-23
and the output of this tube, in turn, is connected to the
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grid of the cathode follower tube 85-28. The output of
this tube in turn is connected to the control grid of tube
8618 and corresponding electrodes of other tubes of
other of the servo-logic circuits for the other X and Y
digits. Thus, this biased potential is changed in a re-
verse manner since the tube $5-23 causes a reversal in
phase or output from that applied to its input. Thus, if
the intensity of illumination falls off, the output current
from the photomultiplier tube falls with a result that the
grid of tube 85-23 becomes more positive since less cur-
rent flows through the output impedance 85-32 with the
result that more current flows through the tube 85-23 so
its output voltage is reduced, and this in turn reduces the
current flowing in the output cathode resistor of tube
85-28, thus reducing the bias or making it more nega-
tive as applied to the control grids of the tubes similar
to 86-18.

The bias control monitor circuit of FIG. 85 in addi-
tion to being controlled by the monitor photomultiplier
tube 12-47 and amplifier tube 85-23 in the manner . de-
scribed herein, is also controlled by the input X and Y
register flip-flops. Thus, the output of the amplifier cir-
cuit 85-22 in addition to extending to the “And” gate
85-15 is also applied to a condenser 85-24 through the de-
coupling resistor and voltage divider 85-33. Thus the
charge on the condenser 85-24 is controlled by the out-
put of the amplifier 85-22. If this output is more nega-
tive for an interval of time, then the voltage of condenser
85_24 becomes more negative. If, on the other hand,
the output of this amplifier is more positive, then the volt-
age of the upper terminal of this condenser becomes more
positive. So long as the voltage of the upper terminal of
this condenser is less positive than the output of the am-
plifier tube 85-23, the voltage on this condenser does not
control a bias potential applied to the tubes such as 86-18.
However, if and when a voltage of the upper terminal of
condenser 85-24 becomes more positive than the output
of tube 85-23, then the voltage of this condenser is em-
ployed to control a bias voltage applied to the servo-logic
tubes, such as 86-18. Poténtiometer 85-31 is also pro-
vided and this together with the diode 85-34 prevents
the voltage on the upper terminal of condenser 85-24
from becoming more positive than a predetermined volt-
age determined by the setting of the potentiometer 85-31.

In a similar manner the output of the corresponding
amplifier from the vertical or Y address flip-flop is em-
ployed to control the condenser 85-25. The voltage on
the upper terminal of this condenser is similarly cou-
pled to the grid of tube 85-28 through the diode 85-26
so that the output of the tube 85-23 cannot become more
positive than the voltage on the upper terminal of this
condenser. Likewise the voltage on the upper términal
of this condenser cannot become more positive than the
voltage determined by the setting of potentiometer 85-11
due to the clamping action of the diode 85-12. Thus the
output of the monitor tube 85-23 controls the bias volt-
age so long as this bias voltage remains below or more
negative than the voltage of the upper terminal of either
condenser 85-24 or 85-25. In case this voltage tends
to become more positive, it is clamped at the voltage de-
termined by the voltage of the upper terminal of either
condenser 8524 or 85-25 depending upon which one is
less positive. Thus during normal operation a bias volt-
age applied to the grid of tube 86-13 and corresponding
tubes of the other servo-logic circuits is controlled to a
value which is about half way between the voltage ap-
plied to the control grid of tube 86-17, when no light
falls on the photo-cathode of the corresponding photo-
multiplier tube from the circuit 92-11, and the voltage ap-
plied to this control grid of tube 86-17 when light does
fall on the photo-cathode of the corresponding photomul-
tiplier tube of circuit 92-11. Thus when no light falls
on the photomultiplier cathode the grid of tube 86-17 is
more positive so current flows from its cathode to its
screen grid. As a result, its cathode and the cathode of
tube 86-18 are sufficiently positive so that current flow
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through tube 86-18 is substantially cut off. When light
falls on the photomultiplier tube cathode the grid of tube
86-17 becomes more negative, the voltage of its cath-
ode and the cathode of tube 86-18 falls to a lower value,
and tube 86-18 starts to conduct current between its cath-
ode and its main anode. As a result the voltage of the
main apode will be reduced at this time and apply a
reduced voltage to the grid of the left-hand section of
tube 86-19. The left-hand section of tube 86-19 oper-
ates as a cathode follower and in turn applies 2 more
negative voltage or pulse through the diode 86-24 to the
grid on the left-hand section of tube 86—20. The diode
86-24 comprises one input while the diodes 86-23 and
85-22 each provide two other inputs of an “Or” circuit.

As set forth in the above-described Ketchledge appli-
cation, the “Or” circuit has an input from the output of
the photomultiplier tube of the flying spot store, an input
from the mext higher denominational order comparing
circuit, and also an input from the inverse of the cor-
responding denominational order flip-flops of the input
address register. The input from this comes from the
highest denominational order flip-flops 85-10 and is ap-
plied to the left-hand grid of tube 86-21. This tube in
turn operates as a cathode follower and applies a voltage
from its cathode through another one of the diodes 86-22
of the “Or” circuit to the control grid of the left-hand sec-
tion of tube 86-20. In the stage of the highest denomi-
national order, the third input to the “Or” circuit is not
employed so that the grid of the right-hand section of
tube 8620 is grounded. Likewise the grid of the right-
hand section of tube 86-21 is also grounded in the high-
est denominational order comparing of single digital
servo-logic circuits employed.

The outputs of the cathode followers comprising the
left-hand section of tube 86-19 and the left-hand section
of tube 86-21 are connected to the respective diodes
86-26. and 86-25, which diodes comprise an “And” cir-
cuit, the output of which is connected to the control grid
of ‘the right-hand section of tube 86-19. This section
also. operates as a cathode follower tube and relays a
voltage to the single digital servo-logic circuits of the next
lower significance.

The output of the left-hand section of tube 86-20 is
connected to one of the diodes 80—16 of the “And” circuit
which controls tube 80-15.

As described in the above-identified Ketchledge appli-
cation, if the number or position represented by the in-
put X address is greater than the number or position rep-
resented by the then existing output code from the photo
multipliers 123-25, then the output will be obtained from
the “And” circuit 80-16. If instead the number repre-
sented by the input address entered upon the input address
flip-flops of FIGS. 79 and 85 is less than the number or
positions represented by the then existing output from the
photomultipliers 12-28, then no- output will be obtained
from the “And” circuit 80-16.

As explained. in the above-identified Ketchledge appli-
cation, it is necessary to provide additional features in
the succeeding comparing or single digital servo-logic cir-
cuits.

As shown in FIG. 80, the inputs to the suppressor grids
of tubes 80-17 and 80-18 are connected to the output of
the flip-flop 85-18 which is controlled by the digit of the
next higher denomination order. The control grid of tube
80-17 is connected to the output of the photomultiplier of
the fifth borizontal code channel. The tubes 80-17 and
80-18 in this case, as well as in all of the succeeding lower
denominational order single digital servo-logic circuits
comprise the inclusive “Or” circuit described in the above-
identified Ketchledge application. The circuits of the
single digital servo-logic circuit 86-10 thereby operate
substantially the same as described above with reference
to FIG. 86 except that the brids of the right-hand sections
of tubes 80-26 and 80-21 are now connected to the out-

put of the right-hand section of tube §6-19, Thus, if a
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“1” output is obtained from the single digital servo-logic
circuit 86-11, a “1” will also be transmitted to each of
the succeeding lower denominational order single servo-
logic circuits.

The output of the tube 86-15 is connected over con-
ductor 80-28 to an integrating amplifier shown in FIG.
90 and this in turn is connected to the horizontal deflec-
tion amplifier of FIG. 94 which comprises the horizontal
deflection plates 12—12 of the tube 12-18. The tube 12—
19 is shown in FIG. 95 as well as in FIG. 12.

The integraiing amplifiers shown in FiG. 90 are pro-
vided to move the beam within the tube in one direction
so long as a signal of one character received from the
tube 80-15 is applied to its input. When signals of the
opposite character are applied to this input, then the
integrating amplifier drives the beam and thus the spot
of light in the opposite direction. Provision has also
been made to apply an intermediate input to the horizon-
tal amplifier to hold the beam stationary and to accurately
position the beam and thus the spot of light so that the
correct information will be obtained from the storage
system. The integrating amplifier shown in FIG. 90 com-
prises in fact two such integrating amplifiers, one for
the direct-current components of the input signals and
the other for the alternating-current components. The al-
ternating portion of the amplifier comprises tube 90-10.
The input from the conductor 88-28 is applied to the con-
trol grid of the tube 90-10 through the coupling condenser
90-11 which permits only the alternating components
to be applied to this grid. In addition, the alternating-
current components are transmitted through the wave
shaping network 90-12 and then applied to the grid of
this tube. The output of the tube is coupled through the
capacitor 90-13 to the grid of the right-hand section of
the output tube 80-14. This section operates as a cath-
ode follower, as will be described.

The output from tube 98-10 is also coupled through
the capacitor 98-13 through the resistor 94-15 to the in-
tegrating condenser 90-16 and then through the resistor
90-17, back to the input conductor 8¢-28, thus forming
a negative feedback loop which includes the integrating
condenser 90-16. Thus, so far as applying alternating cur-
rents are concerned, tube 96-10 operates as a single
stage amplifier connected to operate as an integrating
device.

The integration of the direct-currént components of
the incoming signal comprise the remaining amplifier
tubes 90-18, 90-19, 90-20, 90-21, 90-22 and the left-
hand section of tube 99—14. The input from the conduc-
tor 86-28 in addition to being coupled through the ca-
pacitor 9611 and network 96-12 to the grid of tube 90-10
is also coupled through the resistors 90-17 and $0-24
to the tube 90-28. The output of this tube is in turn
connected to the grid of tube 99-21 through coupling
and shaping networks, as shown.

Tubes $6-18, 90-19, 96-20 and 9021 are triode tubes
connected as differential or phase inverting amplifiers.
The tubes 99-18 and 90-28 are connected as a differen-
tial or phase inverting amplifier with their cathodes con-
nected together and to the common cathode resistor 90—
25. The grid of tube 98-18 is connected to a fixed volt-
age or biased potential which may be adjacent to poten-
tiometer $8-27. The tubes 90-19 and 90-21 are also
connected as a differential or phase inverting amplifier
with their cathodes connected together and to the com-
mon resistor 90-26.

The tubes 90—18 and 90-19 are provided to improve
the stability of this amplifier and to prevent or decrease
drift in this output due to small variations in the sup-
ply voltages, characteristics, circuit elements and param-
eters. The output of tube $6-21 is coupled through ad-
ditional shaping networks to the control grid of tube
90-22 and the output of this tube in turn coupled to the
control grid of the left-hand section of tube 90-14. The
cathode of the left-hand section of tube 96-14 is in turn
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connected to the integrating condenser 90-16 which in
turn is connected to the input resistors 9617 and 90-24.
Thus the integrating condenser $8-16 is also connected
in the feedback loop of the direct-current amplifier com-
prised of tubes 96-18, 90-19, 90-26, 90-21, 96-22 and
the left-hand section of tube 90-14. The diodes %6-28
and 96-29 are provided for clamping the voltage across
the integrating condenser $0-16. In other words, if the
voltage across this condenser $6-16 becomes more posi-
tive than the clamping voltage of diode 99-28, this diode
becomes conducting and prevents a further rise in the
voltage. Similarly, if the voltage across this condenser
9016 decreases below the clamping voltage of the diode
96-29, then this diode becomes conducting and main-
tains the output at substantially the clamping voltage.
Diodes 90-30 and 99-31 are so called “Zener” diodes and
are employed in connection with the potentiometers 90—
32 and 90-33 to control the respective clamping voltages
and thus the voltage limits across the condenser.

As shown in the drawing, the direct-current amplifier
comprising tubes 90-18, 96-19, 9¢-2¢, 90-21, 90-22 and
the left-hand section of tube $0-14 are all direct con-
nected, thus providing an accurate control of the direct-
current output level of the cathode of the left-hand section
of tube 90-14.

Integrating amplifier having input resistors and con-
densers connected in a negative feedback loop are known
and understood. Such amplifiers are described, for ex-
ample in Sections 18.5, 18.6 and 18.7 beginning on page
648 of a book entitled “Waveforms,” volume No. 19
of the Massachusetts Institute of Technology Radiation
Laboratories Series and published by McGraw-Hill Book
Co. in 1949.

The output of the cathode of the left-hand section of
tube 90-14 in addition to being connected to the inte-
grating condenser 90-16 is also connected through the
resistor 9015 to the grid of the right-hand section of
tube 99-14. Thus the direct-current component and al-
ternating-current component of the integrated input signal
are combined on the grid of the right-hand section of
tube 90-14. This section operates as a cathode follower
and accurately repeats this integrating output to the input
of the deflection amplifier shown in FIG. 94.

A stabilizing resistor 90-34 is connected across the
integrating condenser 96-16 which stabilizes the gain of
the direct-current amplifier portion of the integrating sys-
tem and also functions to stop the integrating action of
the amplifier and maintain its output at a stationary
value when an intermediate input voltage is received from
the conductor 80-28 as is described herein.

The deflection amplifier shown in FIG. 94 comprises
the amplifier tubes 94-1¢, 94-11, 94-12, 94-13, 94-14
and 94-15. The tube 94-11 operates as a phase in-
verter tube and has a cathode resistor 94-2¢ in common
with the cathode of tube 94-16. As a result, the volt-
age changes applied to the grid of tube 94-16, in addi-
tion to being amplified by this tube and applied to the
grid of tube 94-12, also cause an opposite change of volt-
age of substantially the same magnitude to be generated
in the output of tube 94-11 and applied to the control
grid of tube 94-13. The two tubes 94-12 and 94-13
operate as a cathode follower stage.

A negative feedback connection comprising network
94-19 is also connected from the cathode of tube 94-12
to the input of control grid of tube 94-10. This negative
feedback connection is provided to render the amplifier
circuit insensitive to changes in supply voltages, tubes and
circuits constants, etc. In addition it increases the ac-
curacy with which the incoming wave form is repeated
in an output circuit. The outputs of tubes 94-12 and
94-13 are also connected to the control grids of the re-
spective amplifier tubes 94-14 and 94-15, which tubes
further amplify the deflection voltages and apply them
to the deflection plates 12-12 of the cathode-ray tube
12-10. Thus the voltage applied to one of the deflec-
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tion plates is caused to vary in the same manner as the
voltage applied to the grid of tube 9410 while the volt-
age applied to the other deflection plate is caused to vary
by the same amount but in the opposite direction, thus
maintaining a balanced deflection voltage on the tube de-
flection plates so that the focus of the electron beam on
the phosphor is not altered as the position of the beam
varies from location to location.

Similarly circuits are shown in FIGS. 81, 82, 87, 88,
91, 95 and 96 for controlling the deflection of the beam
and thus a spot of light in the vertical or Y direction.
These circuits correspond to the horizontal control cir-
cuits of FIGS. 79, 80, 85, 86, 90, 94 and 92, respectively,
and, except as described herein, operate in substantially
the same manner as described above.

In addition to the seven digit or bit X address and
the seven digit or bit Y address, other control signals
are transmitted to the flying spot store from the common
control circuits. For example, a TR signal accompanies
each X and Y address transmitted to the flying spot store
circuits. The TR pulse, together with the X and Y ad-
dress signals, are transmitted to the flying spot store when
it is desired to direct the beam to the new location and
thus a new sequence of orders. _

At other times, an advance or ADV pulse is trans-
mitted to the flying spot store when it is desired to ad-
vance these circuits and cause a succeeding order of the
sequence then being employed to be read out from the
flying spot store to the common control circuits. In ad-
dition, the flying spot store circuits are arranged to send
a CYCC pulse to the common control circuits indicating
that the flying spot store circuits have completed a cycle
of operation and are thereafter awaiting further signals
from the common control circuits.

Assuming first that a TR signal is transmitted to the
flying spot store circuits with an X address and a Y ad-
dress, which X and Y addresses and signals designate
the location of the first portion of the first order of a
sequence of orders such as the first portion of the first
order of the LPG sequence, which has an actual X ad-
dress of 20 and a Y address of 28. However, as shown
in FIG. 149 and in Table B, the X address is 10, one-half
of 20, since there are two spots for each order. The de-
fiecting control circuits operate in the manner described
above and cause the beam within the cathode-ray tube to
be directed to the location of the first portion of this
order in the manner described above.

The TR signal is transmitted to the flying spot store
circuits simultaneously with these X and Y addresses over
the TR conductor 83-1¢. This signal is transmitted
through the “Or” circuit 83-54 to the set “1” or S input of
the flip-flop 8311 and to the set “1” input of the gate
generator 83-14 and also through the “Or” circuit 83-12
and then over the set “0”’ conductor §3-13 and through
the “Or” circuit $4-18 to reset the upper row of flip-flops
of the output registers of FIG. 84. The flip-flops 84-11,
84-12 and 84-13 are represented by rectangles in FIG.
84. The remaining six of this first group of nine output
register flip-flops are included within the rectangles 84-15
and 84-16. These flip-flops are thus restored to their
“0’’ setting when the TR pulse is received.

With flip-flop 83-11 set in its “1” state, the “And” cir-
cuit 83-16 is prevented from operating while the “And”
circuit 83-15 is partially conditioned so that it will oper-
ate and transmit a pulse in response to a pulse from the
“And” circuit 83-17 when such a pulse is transmitted
thereto as will be described presently.

The gate generator 83-14 is a monostable circuit which
when actuated to its “1” state, as described above, re-
mains in this state for a predetermined interval of time
and then automatically returns to its “0” state without
receiving any further input pulses or signals. When this
circuit is actuated to its “1” state, a negative pulse is gen-
erated within the circuit on its “0” or A’ output, but this
pulse is ineffective at this time,
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The constants of the circuit are adjusted so that the cir-
cuit will remain in its “1” state for a period of time
sufficient to permit the beam within the cathode-ray tube
12-1® to be moved from one corner of the storage area
to the opposite corner. Thus, this gate circuit remains
in its “1” state for a period of time sufficient to permit the
beam to move the maximum distance.. At the end of this
time interval, the gate generator 83-14 automatically re-
turns to its “0” state at which time a positive output pulse
is gemerated on its “0” or A’ output. This pulse is then
transmitted through the decoupling device 83-20, “Or”
circuits 83-21 and 83-22 to the delay device 83-23.

The delay device 83—23 may be any suitable type of de-
lay device including electrical delay networks having
lumped elements or constants or it may be an electrical
delay line having distributed constants such as a transmis-
sion line or it may be an acoustic delay line or any suit-
able magnetic delay line or device. This delay line
usually comprises an electrical delay line and is arranged
to provide a delay of approximately 0.75 microsecond.

At the end of this delay interval a positive pulse will
be transmitted from the delay device 83-23 and then
through the “Or” gate 83-24 and over the sampling con-
ductor 83-48, to each of the nine information channels.
The positive pulse transmitted over this sampling conduc-
tor thus passes through a diode such as 89-1¢ to the in-
ner control grid of tube 83-11, thus conditioning this tube
for conduction under control of the output of the photo-
multiplier tube 82-13. As shown in FIG. 89, a photo-
multiplier tube, such as 89-13, is provided for each of
the nine information channels. The first of these tubes
is shown in detail in rectangle 89-17 and the last repre-
sented by the rectangle 89-16. Each of the nine informa-
tion channels includes substantially the same equipment as
that showr in the rectangle 89-17, which comprises the
photomultiplier amplifier tube 89-13, the amplifier tube
29—-12, the gating tube 8%--11 and output amplifier tube

514,

As described above, with reference to the address
channels, each of the nine output channels is provided
with a photomultiplier amplifier tube represented in FIG.
12 by the tubes 12-31 and 12-35 etc. Each of these
tubes receive the light transmitted through one of the
nine information storage plates as described above.
Thus, if the image of the spot 12-18 on the information
plate 1229 falls upon a dark or opaque spot or area, no
light will be transmitted through this plate to the photo-
amplifier cell £2-31, which is assumed to be the same
cell as designated 89-13 in FIG. 89.

Conversely, if there is a light or transparent area or
spot on plate 12-29 at the specified address location, then
light will be transmitted through this plate at this time
and through the lens system 12-38 to the photomultiplier
tube 12-31 which is designated 8%-13 in FIG. 89.

If light falls upon the photosensitive cathode of this
tube, then current flows in the output resistor 89-19 with
the result that the output anode becomes more negative
and this negative voltage or pulse is applied to the con-
trol grid of the amplifying tube 89-12. Consequently,
the current flow through this tube is decreased or inter-
tupted with the result that a positive output voltage or
pulse is obtained from its anode circuit. Thus the opera-
tion of the photomultiplier tube 89-13 and amplifier tube
89-12 for each of the information channels is similar to
the operation of the photomultipler tubes and correspond-
ing amplifier tubes in the address channels as described
above. The output of the amplifier tubes for the informa-
tion channels is coupled to an “And” gate circuit com-
prising tube 89-11. Thus, the anode of tube 89-12 is
coupled to the suppressor grid 85-18 of the tube 8%-11.
When this suppressor grid is negative no current will
flow to the anode. Likewise, when the inner or control
grid of this tube is negative, no current flows to the anode
of this tube. When both these grids are positive, cur-
rent flows to the anode of this tube, = Thus, when positive
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voltage is applied to the inner grid of tube 89-11, and
if the image of the spot is on a transparent spot or por-
tion of the storage plate, a positive voltage is also applied
to the suppressor grid 89-18 so that current flows through
the anode circuit of this tube. The output of the tube
89-11 is coupled to the transformer or pulse coil 89-20
to the control grid of the output tube 89-14 and the ont-
put of this tube in turn is coupled to the ountput trans-
former 89-15. As a result, when the sampling conduc-
tor is pulsed as described above, a pulse is obtained from
the output transformer 89-15 and transmitted over the
conductor CH-1 to the flip-flop 84-11. Thus, conductor
CH-1 is connected to the input of this flip-flop, thus set-
ting this flip-flop in its “1” state in accordance with the
“1” recorded at the specified address location of the stor-
age plate 12-29. If on the other hand a “0”* had been
recorded in the specified spot on this plate, then no light
is transmitted through the plate to the photosensitive
cathode of tube 12-31, with the result that no output
current flows in its current circuit. Consequently, the
output anode will be at a higher positive voltage, thus
permitting current to flow through the amplifier 8§9-12
with the result that the voltage of the anode of this tube
is at a low or somewhat negative value so that a sufficient-
ly Jow voltage is applied to the suppressor grid 89-18 of
the tube 89-11 to interrupt the anode current going
through this tube. As a result, no output pulse is ob-
tained from the output transformer 89-15. Consequent-
ly the flip-flop 84-11 remains in its “0” state since a “0”
was stored in the information plate 12-29 at the specified
location. The diode 89—16 connected across the output
‘winding of the output transformer 8915 is poled in such
a direction as to not interfere with the output pulse ob-
tained from this transformer as described above. On
the termination of this pulse, however, the diode §9-16
becomes conducting if the output voltage becomes more
negative than ground potential, thus preventing the trans-
mission of any negative pulses over the conductor CH-1
which might interfere with the operation of the system.

In a similar manner, each of the other eight informa-
tion flip-flops in the upper row of FIG. 84 are similarly
positioned under the control of information stored on the
other eight information storage spaces or spots. The
sampling conductor 83-48 extends to the other “And”
gate tubes similar to tube 89—31. Consequently the out-
puts from the information channels are obtained sub-
stantially simultaneously and the corresponding flip-flops
84-11, 84-12, 84-13, etc. are substantially simultaneous-
ly set in accordance with the information stored in the
corresponding spots on the nine information storage plates.

The positive pulse from the delay device 83-23, in
addition to being transmitted through the “Or” circuit
83-24 and over the sampling conductor 83-48 as de-
scribed above, is also transmitted to the delay device
83-25. This delay device may be of any type referred
to above and is provided with a delay interval of 0.15
microsecond. This delay interval is provided to aliow
sufficient time for the sampling pulse to become effec-
tive on the gate tubes such as 89—-11 and cause the flip-
flops 84-11, 84-12, 84-13, etc., to be set in the manner
described above. After ample time has thus been pro-
vided for setting these flip-flops, a positive pulse is ob-
tained from the delay device 83-25 and transmitted
through the “Or” gate 83-26 and also to the delay device
83-27.

The pulse transmitted through the “Or” gate 83-26
Is transmitted over the subtract 1 conductor §5-19
through the “Or” gate 85-16 to the subtract “And” gates
85-13, 79-20, 7919, 79-18 and 79-17 and also to the
delay device 78-09. These “And” gates are conditioned
in accordance with the previous setting of the input X
address register flip-flops so that the pulse transmitted
over this subtract conductor 85-19 causes the input X
address flip-flops in FIGS. 79 and 85 to be actuated to
represent an X address of one less than the address orig-
inally received from the common control circuit,
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The subtracting of 1 from the setting of the input X
register flip-flops is accompanied by changing the setting
of the first or lowest denominational flip-flop by the sub-
tract pulse over conductor 85-19 after the transmission
through the delay device 78-09. If this flip-flop is in
its “0” state prior to the application of the pulse to the
change conductor, then positive voltage is applied to its
“0” or A output and transmitted through the amplifier
79-15 and delay coil 7924 and applied to the left-hand
input of the “And” circuit 79-17. Consequently, a
change pulse will be transmitted from this “And” circuit
to the second denominational order flip-flop, thus chang-
ing this flip-flop. As before, if this flip-flop was pre-
viously in its “0” state, it will now be changed to its “1”
state and in addition a change pulse transmitted to the
next succeeding higher denominational order flip-flop.
This process is repeated uniil a flip-flop is encountered
which is in its “1” state. This flip-flop will be changed
in the manner described above since the previous flip-flop
was in its “0” state. However, the next succeeding and
higher denominational order flip-flops will not be changed
because a pulse will not be transmitted from the amplifier
such as 79-15, 79-16, 79-26 or 85-21 to the next succeed-
ing amplifier. Thus starting with the lowest denomina-
tional order flip-flop, this flip-flop is changed. If it was
previously in a “0” state, the next succeeding higher flip-
flop is changed, whereas if it was in its “1” state none of
the succeeding flip-flops is changed. In this manner a
1 is subtracted from the X address representation orig-
inally entered upon the input register flip-flops 79-1¢,
79-11, 79-12, 79-13, 79-14 and 85-10.

As described above, the input flip-flops change the
address received from the common control circuit to the
I’s complement. Consequently, when 1 is subtracted
from this 1’s complement, it is equivalent to adding 1 to
the address received from the common control, As a
result, the beam is stepped one position towards a loca-
tion having one higher number in the X direction and
thus to the right as viewed in FIG. 149. In other words
the beam is then directed to the position of the second
half of the order.

As described above, the output from the “Or” circuit
83-21 is transmitted through the “Or” circuit 83-22 to
the delay device 83-23. In addition the output from the
“Or” circuit 83-21 is transmitted to the set “1” input of
the flip-flop 83-34 with the result that this flip-flop is set
in its “1” state. As a result a high negative voltage is
applied to one of the inputs of the “And” gate 83-17, thus
preventing operation of this gate at this time. On the
other hand, a more positive voltage is applied to one of
the inputs of gate 83—18 from the “0” or A’ output of the
flip-flop 83-34 with the result that this “And” gate is
partially conditioned for operation. During the time the
beam within the cathode-ray tube is being moved to the
new location, which is the next adjacent spot as described
above, a positive pulse will be transmitted from the delay
device 83-25 through the two delay devices 83-27 and
83-29 in succession to the other input of the “And”
circuit 83-18, with the result that a positive output is ob-
tained on the shift conductor. This positive pulse is then
transmitted through the decoupling gates 84-17, 84-18,
and 84-19 to the “And” gates 84-25, 84-26, 84-27, etc.,
with the result that the setting of the flip-flops 84-11,
84-12, 84-13, etc., is transferred to the lower row of out-
put flip-flops 84-21, §4-22, 84-23, etc.

The output from the decoupling gate 84-19, in addi-
tion to being transmitted through the “And” gates corre-
sponding to 84-25, 84-26, 84-27 in the channels repre-
sented by rectangle 84-16, is also transmitted to the delay
device 84-20. This delay device may be of any type
refered to above and is provided with a delay of approxi-
mately 0.1 microsecond. At the end of this delay interval,
which insures ample time for the transfer of the setting
of the flip-flops 84-11, 84-12 and 84-13, etc. to the lower
group of output flip-flops 84-21, 84-22, 84-23, etfc, a
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positive going pulse from the delay device §4-20 is trans-
mitted through the “Or” circuit 84-10 and then over the
set “0” conductor to the set “0” input of the flip-flops
84-11, 84-12, 84-13, etc., thus restoring these flip-flops
to their “0” states where they will be ready to receive the
second set of nine binary bits comprising the order.

The positive potential applied to set the flip-flop 83-34
in its “1” state as recited above, is also transmitted to the
decoupling device 83-32 and delay device 83-33. Delay
device 83-33 is provided with a delay interval which al-
lows ample time for the beam within the cathode-ray tube
to be shifted to the next adjacent X location and the flip-
flops 84-11, 8412, and 84-13, etc. to be reset to the “0”
state as described above. - At the end of this delay in-
terval a positive pulse will be obtained from delay device
83-33 and transmitted through the “Or” circuit 83-22 to
the delay device 83-23.

After an.additional 0.75 microsecond delay, a positive
pulse is again transmitted from this delay device to the
delay device 83-25 and also over the sampling conductor
83-48 through the “Or” gate 83-24. The beam is now
resting on the next adjacent X location or spot under the
control of the deflection system described above. Conse-
quently, when a positive pulse is applied to the “And”
gate circuits of the information channels comprising tube
89_11 and the corresponding tubes in the other channels,
the upper row of flip-flops 8411, 84-12, 84-13, etc., of
the output register are again set, this time in accordance
with the second portion of the order as, for example, the
second portion of the first order of the LPG sequence re-
ferred to above.

As described above, a positive voltage was obtained
from the output of the delay device 83-29 and transmitted
over the shift conductor to the decoupling gate circuits
84-17, 84-18 and 84-19. In addition, the positive pulse
obtained from the delay device 83-29 is also transmitted
through the delay device 83-30, which is provided with
a delay interval of 0.2 microsecond, to the reset or set “0”
input of the fiip-flop 83-34. The delay device 83-30 is
provided with a delay interval which allows ample time
for a shift pulse to be transmitted to the “And” circuits
84-25, 84-26, and 84-27 to shift the setting of the flip-
flops 84-11, 84-12 and 84-13 to the Jower set of flip-
flops 84-21, 84-22, 84-23, etc., as described above.

With the flip-flop 83-34 restored to its “0” setting, a
high negative voltage is applied to one of the inputs of
the “And” circuit 83-18, thus preventing further opera-
tion of this circuit at this time. A more positive voltage
is now applied to one of the inputs of the “And” circuit
83-17, thus partially conditioning this “And” circuit for
operation.

After the second sampling pulse is transmitted over the
conductor 83—48 and the second portion of the order set
upon the flip-flops 84-11, 84-12 and 84-13 as describad
above, positive voltage transmitted from the delay device
83-23 is also again transmitted through the delay devices
83-25 and 83-27 to the other input of the “And” circuit
83-17. As a result; a positive voltage is obtained from the
output of this “And” circuit and transmitted to one of
the inputs of the “And” circuits 83-15 and 83-16.

Tnasmuch as the flip-flop 83-11 is now set in its “1”
state as described above, the “And” circuit §3—16 is con-
ditioned for conduction. Consequently, a positive voltage
is obtained from this “And” circuit in response to the
positive voltage applied thereto from the “And” circuit
83-17. This positive voltage is transmitted to the gate
generator circuit 83—49.

The gate generator 83-49 is similar to the gate genera-
tor 83-14 except that the constants are chosen so that
the generator 83—49 will remain in its “1” state for about
five microseconds instead of for approximately 25 or
more microseconds for the gate generator 83-14.

As in the case of the gate generator 83-14, the actua-
tion of the gate generator 83-49 to its “1” state tends {0
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apply a negative voltage or pulse to the A’ output fer-
minal. This negative pulse, however, is not transmitted
by the “Or” circuit 83-37. At the end of the delay in-
terval of this device, it will automatically restore itself
to its “0” state and cause a positive pulse to be transmitted
from its A’ or “0” output. This pulse is then transmitted
through the “Or” gates 83-37 and 83-36 to the read-out
conductor 83-50¢ extending to the “And” circuits §4-28,
84-29, 84-30, 84-31, 84-32, and 84-33, through the de-
coupling gate circuit 84-35. This read-out pulse is also
transmitted through the decoupling gate circuits 84-36 and
84-37 to the corresponding “And” circuits included with-
in the rectangle 84-15 and 84-16. As a result, pulses
are transmitted over the information conductor cable 20—
18 back to the order word register of FIGS. 20 and 21.
These pulses represent each of the eighteen bits of the
first order now set upon the output register flip-flops of
FIG. 84. Thus, the information requested by the addresses
and TR signals transmitted from the common control cir-
cuit to the flying spot store, is now transmitted back
to the common control circuits.

The positive potential from the gating circuit 83-49
transmitted through the “Or” gate 83-37 and the “Or”
gate 83-36 is also transmitted to the “Or” gate 83-21
and to the delay device 83-51. After the delay interval
of approximately 0.15 microsecond, which insures ample
time for the pulse from the flip-flop 83-11 and “And”
gate 83-16 to be transmitted as described above, the
positive pulse from the output of the delay device 83-51
is transmitted to the reset or set “0” input of the flip-flop
83-11, thus restoring this flip-flop to-its “0” state. As a
result a relatively high negative voltage is applied to one
of the inputs of the “And” circuit 83-16, thus preventing
further operation of this “And” circuit at this time. In
addition a -more positive voltage is applied to one of
the inputs of the “And” circuit 83-15, thus partially con-
ditioning this circuit for operation as will be described
presently.

The positive pulse obtained from the. delay device
83_51 as described above, in addition to being applied
to the reset terminal of flip-flop 83-11 is also transmitted
through the “Or” circuit 83-12 to the set “0” conductor
83-13. From the set “0” conductor, this positive pulse
is transmitted through the “Or” circuit 84-10 and thus
to the reset or set “0” input terminals of the register
flip-flops 84-11, 84-12 and 84-13, etc., of the output
register.. Consequently, after the first order is trans-
mitted to the common control circuits as described above,
the upper row of flip-flops in the output registers of
FIG. 84 are again reset to “0” in preparation for respond-
ing to the next order.

The positive potential applied to the input of the “Or”
circuit 83—21 at this time is again transmitted through
this circuit to the “Or” circuit 83-22 and to the set “1”
input of the flip-flop 83-34, thus again setting this flip-flop
in its “1” state. As a result, the “And” circuit 83-138
is again partially conditioned or prepared for operation
while the “And” circuit 83—17 is prevented from operat-
ing at this time.

Furthermore, the positive pulse from the “Or” gates
83_21 and 83-22 is applied to the delay device 83-23 and
also to the delay device 83-33 through the decoupling gate
circuit 83-32.

Thus a positive pulse is transmitted from the delay
device 83-23 through the “Or” circuit 83-24 a second
time, causing the first nine spots of the second order to
control the setting of the flip-flops 84-11, 84-12 and
84-13. A second positive pulse is also transmitted
through the delay device 83-25 to the delay device 83-27
and also to -the “Or” gate circuit 83-26. The pulse
transmitted through “Or” gate circuit 83-26 a second
time is transmitted over the substract lead 85-1% and
then through the “Or” gate circuit 85-16 to the subtrac-
tion gate circuit in FIGS. 79 and 85, with the result that
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a second 1 is substracted from the setting of the input X
address flip-flops of FIGS. 79 and 85. As a result the
beam within the cathode-ray tube is again caused to
move to the next adjacent spot in the X direction. As
before, the substraction of a 1 from the output setting of
these flip-flops is equivalent to adding a 1 to the input
address as described above. Consequently, the beam is
moved to the next adjacent spot to the right as viewed
in FIG. 149 and thus to the second half of the second
order of the LPG sequence under the conditions assumed
above.

Again, as before, after ample time has been allowed
for the beam to arrive at the new location and to be
accurately centered upon the specified spot, a positive
voltage is again obtained from the output of the delay
device 83-33 and transmitted through the “Or” circuit
83-22 and delay device 83-23 to the “Or” circuit 83-24
and to the delay device 83-25. This is the third time
such a positive voltage is obtained from the delay device
83-23 in response to the address signals and a TR pulse.

As before, the positive pulse is transmitted through
the “Or” circuit 83-24 and over the sampling conductor
$3-48 to the “And” gate tubes of the information chan-
nels. Consequently, the information recorded in the coz-
responding spots on the information plate will now be
set upon the flip-flops 84-11, 84-12, 8313, etc., of the
output register. In addition, the positive pulse from the
delay device 83-23 in transmitted through the delay device
83-25 for the third time and then through delay device
83-27 and decoupling device 83-28 and delay device
83-29 through the “And” gate $3-18. As a result, a
second pulse is obtained from this “And” gate and trans-
mitted over the shift conductor to the decoupling gates
84-17, 84-18 and 84-19 as described above. The pulses
transmitted through these decoupling gates then condition
the “And” gates 84-25, 84-26 and 84-27, etc., which in
turn cause the setting of the flip-flops 84-11, 84-12, and
84-13, etc,, in accordance with the first portion of this
second order, to be transferred to the lower group of
nine flip-flops 84-21, 84-22, 84-23, etc. of the output
registers shown in FIG. 84.

The positive pulse from the delay device 83—29 is also
transmitted through the delay device 83—39 to the set “0”
or reset input terminal of flip-flop 83-34, thus restoring
this flip-flop to its “0” state after the delay interval of
the delay device 83-30 which provides ample time for the
transmission of the shift pulse and the shifting of the
information recorded in the upper row of {lip-flops to the
lower row of flip-flops of FIG. 84. In addition, the posi-
tive voltage transmitted through the decoupling gate cir-
cuit 84-19, in addition to being applied to the transfer
“And” gates in rectangle 84-16, but not shown, is also
transmitted through the delay device 84-29 to the “Or”
gate 84-10. The delay device 84-20 provides ample
time for the transfer of the set from the first row of flip-
flops to the lower row of flip-flops and then the pulse
transmitted therefrom and through the “Or” gate 84-19
again sets the flip-flops of the upper row to “0.”

The third pulse obtained from the delay device 83-25
is also transmitted through the “Or” gate circuit 83-26
and over the substract conductor §5-I9 and through the
“Or” gate 85-16 to the substract “And” gates 85-13,
79-20, 79-19, 79-18, 79-17 and delay device 79-09,
to cause a 1 to be substracted from the setting of the
input X address flip-fiops for the third time. As a result,
the beam within the cathode-ray tube is again deflected
to the next adjacent X address or X spot and thus to the
second half of the second order of the sequence LPG,
for example, as assumed above.

During the time the beam is thus being positioned
the positive voltage applied to the set “1” input terminal
of the flip-flop 83-34 is also being transmitted through
decoupling device 83-32 and delay device 83-33. This
delay device is provided with sufficient delay so that ample
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time is allowed for the beam to thus be positioned on the
second half of the second order.

At the end of this delay interval a positive voltage is
obtained from the output of the delay device 83-33 and
transmitted through the “Or” gate circuit §3-22 to the
delay device 83-23. After the beam has been fully posi-
tioned and accurately centered on the spot, a positive
voltage is obtained from the delay device 83-23 for the
fourth time and transmitted both to the “Or” circuit $3-24
and to the delay circuit 83-25. The voltage from the
“Or” circuit 83-24 is then transmitted over the sampling
conductor 83-48 to the “And” gate comprising tube 89-11
and the corresponding tubes in the other information
channels with the result that the information recorded
in this fourth spot, namely, the second portion of the
second order is now read out and stored upon the flip-
flops 84-11, 84-12, and 84-13.

In addition, after ample time for these operations has
elapsed, a positive pulse is transmitted through the delay
device 83-25 and through the “Or” circuit 83-26 and
over the subtract 1 conductor 85-19 through the “Or”
gate circuit 85-16 to again subtract 1 from the setting
of the X address input register flip-flops. As before, the
beam is now caused to move to the next adjacent X ad-
dress in the manner described above. In addition, the
positive voltage from the delay device 83-25 is trans-
mitted through the delay device 8327 to the input of the
“Or” gate 83—17, which is now conditioned for conduc-
tion as described above and then to the inputs of the
“And” circuits 83-15 and 83-16. The “And” circuit
83-15 is now conditioned for conduction as described
above because the flip-flop 83-11 has been restored to its
“0” state. Consequently a positive pulse is now trans-
mitted to the common control circuits indicating that the
cycles of operation of the flying spot store have been
completed and require additional orders from the com-
mon control. ‘

Thus, in response to a set of X and Y address signals
together with a TR signal from the common control cir-
cuits, the flying spot store circuits first restore or set the
upper half of the output register flip-flops to their “0”
state and then position the beam within the cathode-ray
tube to the address specified by the X and Y address sig-
nals. Images of this beam are thus correspondingly posi-
tioned on each of the nine information plates. There-
after a sampling pulse is transmitted to the information
channels and the information stored in the correspond-
ing positions of each of the nine information storage
plates read out and stored upon the upper set of nine out-
put flip-flops. Next the shift pulse is transmitted which
causes the information stored on these upper flip-flops to
be transferred to the lower or first set of flip-flops in the
output register circuit and the flip-flops in the upper row
reset to their “0” state. In the meantime, a 1 has been
subtracted from the output set of the input X address flip-
flops and the beam then directed to the next adjacent
spot. Then a second sampling pulse is transmitted to
the information chanels and the information recorded in
this second spot read out and transferred to the upper
set of output register flip-flops of FIG. 84. Thereafter
the output gate circuits are energized and the information
contained in the first order transmitted to the common
control circuits. After this order has been thus read out
to the common control circuits, the upper row of flip-
flops 84-11, 8412, and 84-13, etc., of the output register
flip-flops is again reset to “0.” In the meantime a 1 is
again subtracted from the output of the X register flip-
flops and the beam caused to move to the next adjacent
spot in the X direction. After the beam has thus been
positioned and accurately centered on this spot, another
sampling pulse is transmitted to the “And” gate tubes of
the information channels and the information recorded
in the next spot comprising the first half of the second
order is read out and entered upon the upper row of flip-
flops of FIG. 84. This information is then transferred
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to the lower row of flip-flops, and the upper row of flip-
flops again reset to their “0” state. Thereafter the beam
is again moved to the next spot in the X direction and
the information recorded on these spots read out and
entered upon the upper row of flip-flops of the output
register of FIG. 84. In the meantime the beam is caused
again to move to the next adjacent X spot and a pulse
is transmitted over the cycle-complete conductor to the
common control circuits. :

Thus in response to a set of address signals and a
TR signal, the first order at the address specified by the
address signals, is transmitted to the common control
circuits. The next order is read out from the storage
plates and entered upon the output register flip-flops and
a cycle-complete signal transmitted to the common con-
trol circuits. In addition, the beam is caused to move to
the spots storing the first half of the third order. There-
after the flying spot store circuits remain in the condition
described until additional signals or orders are received
from the common control circuits in the manner described
herein.

As described herein, the common control circuits usual-
1y send either one or the other of two different kinds of
orders to the flying spot store circuit. One type is the
transfer order which comprises a positive voltage or pulse
on the TR conductor in addition to the signals represent-
ing the X and Y addresses or locations of the first portion
of the first order of a sequence. The operation of the
flying spot store in response to such an order is as de-
scribed above. In addition, the common control may
transmit to the flying spot store circuits an advance order
which comprises a positive voltage or pulse on the ADV
conductor 46-17. This order causes the flying spot store
circuits to advance and read out the next order in the
sequence of orders then being employed to control the
system.

In the above description, it was assumed that the trans-
fer order accompanied a Y address of 28 and an X order
address of 10, as shown in FIG. 149, designating a first
order of the LPG sequence of orders.

As previously pointed out, the X address of 10 for this
order has an X storage spot address of 20. However,
in order to simplify the disclosure and facilitate its under-
standing, the X address of the orders will be referred to
as order addresses as shown in FIG. 149 and in Table B.

After the circuits have advanced, as described above,
and read out the first order of this sequence to the com-
mon control circuits and a cycle-complete pulse has also
been ‘transmitted to the common control «circuits, as de-
scribed above, after the second order has been entered
upon the output register flip-flops of FIG. 84, and the beam
within the cathode ray tube directed to the first storage
spot of the third order, assume that the common control
circuits transmit an advance order or a positive pulse
over the ADV conductor 46—17.

This positive pulse is transmitted to the “Or” circuits
83-37 and 83-36 to the read out conductor 83-50. As
a result, a positive pulse is then transmitted through the
decoupling gate circuits 84-35, 84-36 and 84-37 and
then to the output “And” gate circuits 8428, 84-29,
84-30, 84-31, 84-32 and 84-33 for three of the order
bits or digits and through the other “And” circuits in-
cluded within the rectangles 84—15 and 84-16 as described
herein. As a result, the second order of the LPG se-
quence is then stored upon the output register flip-flops of
FIG. 84 and is thus transmitted to the common control
circuits substantially as soon as the ADV pulse is re-
ceived. Then, while the common control circiuts are re-
sponding to this order, the flying spot store circuits will
advance, as will be described, in preparation for receiving
a subsequent order from the common control circuits.

The positive potential of the conductor 83-45, in addi-
tion to being transmitted over the read out conductor
$3-50 is also transmitted from the “Or™ gate circuit 83-37
to the “Or” gate circuit 83-21 and to .the delay device
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83.51. The delay device 83-51 is provided with a delay
of approximately 0.15 microsecond to allow sufficient time
for the order set upon the output register flip-flops of FIG.
84 to be fully transmitted to the common control circuits.
At the end of this delay interval, a positive pulse is trans-
mitted from the delay device 83-51 to the set “0” or reset
input terminal of the flip-flop 83-11 thus actuating this
flip-flop to its “0” state if it had previously been set in its
“1” state, or maintaining it in the “0” state if it had been
previously set in a “0” state, as assumed above. .The posi-
tive pulse from the delay device 83-51 is also transmitted
through the “Or” circuit 83-12 and then over the set “0”
conductor 83—13 and through the “Or” circuit 84-19 to set
the upper row of output register flip-flops such as 84-11
84-12, 8413 etc., to their “0” states so that they will be
in condition to respond to the first portion of the next
order.

The positive potential transmitted from the “Or” circuit
83-37 to the “Or” circuit 83-36 is also transmitted
through the “Or” circuit 83-21 to the input of the “Or”
circuit 83-22 and to the set “1” input terminal of the
flip-flop 83-34. The flip-flop 83-34 is thus set in its
«1” state where the “And” circuit 83-17 is prevented from
operating and the “And” circuit 83-18 conditioned for
operation, as will be described.

The positive voltage applied to the “Or” circuit 83-22
is transmitted to the delay device 83-23. This device is
provided with a delay of 0.75 microsecond which allows
sufficient time for the upper row of output register flip-
flops in FIG. 84 to be reset to their “0” state. At the
end of this delay interval a positive pulse is transmitted
from the delay device 83-23 and through the “Or’ gate
83-24 to the sampling conductor 83-48 and then to the
«“And” gate tube of each of the output information chan-
nels, this causing the upper row of oufput register flip-
flops of FIG. 84 to be set in accordance with the infor-
mation stored on the storage spots of the information
plates at the location of the first portion of the third order
in the LPG sequence. As described above, the beam is
directed to this location at this time so that upon re-
ceiving the sampling pulse the information thus recorded
on these information plates is transferred to the corre-
sponding output register flip-flops.

The positive pulse from the delay device 83-23 in addi-
tion to being transmitted through the “Qr” circuit 83-24
to the sampling conductor 83-48 is also transmitted
through the delay device 83-25. The delay device 83-25
is provided with a delay interval sufficiently long to in-
sure that ample time is provided for seiting the upper
row of output register flip-flops in accordance with the
information stored on the storage spots at the location of
the first half of the third order of the LPG sequence.
After this delay interval, a positive pulse will be trans-
mitted to the “Or” gate circuit 83-26 and also to the delay
line or device 83-27. The positive pulse transmitted
through the “Or” gate 83-26 is transmitted over the sub-
tract 1 conductor 85-19 and then through the “Or” cir-
cuit 85-16 to the subtract 1 “And” gates of the flip-flops
of the X input register. This pulse is also transmitted
through the delay device 79-09 to the lowest denomina-
tional order flip-flop circuit 79-18, thus insuring that this
flip-flop will change its position last. As a result, the
beam within the cathode-ray tube is moved to the storage
spot having stored thereon the second half of the third
order of the LPG sequence.

Meanwhile, the positive voltage from the delay de-
vice 83-25 is also transmitted to the delay device 83-27,
the decoupling gate 83-28, the delay device 83-29 to
the “And” gate circuit 83-18. As described above, this
“And” circuit 83—18 was previously conditioned for con-
duction when the flip-flop 83-34 was set in its “1” state.
The positive pulse thus obtained from the “And” gate cir-
cuit 83—18 at this time is then transmitted through the
decoupling gate circuits 84-17, 84-18 and 84-19 to the
shift “And” gate circuits 84-25, 84-26, 84-27, etc. causing
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the settings of the upper row of output register flip-flops
84-11, 84-12, 84-13, etc. to be transferred to the lower
row of output register flip-flops 84-21, 84-22, 84-23,
etc. In addition, the positive pulse from the decoupling
gate circuit 84-1% is also transmitted through the delay
device 84-20.

The output of the delay device 83-29, in addition to
being transmitted through the “Or” circuit 8318 is also
transmitted through the delay device 83-3@ to the reset
or set “0” input terminal of the flip-flop 83-34, thus re-
storing this flip-flop to its “0” state after ample time has
been allowed for a shifting pulse to be transmitted to
the shift “And” gates as described.

After ample time has been allowed for the transfer
of the settings of the upper row of flip-flops representing
the first half of the third order to the lower row of flip-
flops of FIG. 84, the positive potential from the delay de-
vice 84-20 is transmitted through the “Or” circuit 84—10
to set the upper row of output register flip-flops 84-11,
84-12, 84-13, etc. in their “0” states, thus preparing
these flip-flops for responding to the second half of the
third order of the LPG sequence.

In the meantime, after the beam has been properly
positioned on the storage space recording the second half
of the third order, and the upper row of output register
flip-flops in FIG. 84 are restored to their “0” state, posi-
tive potential applied to the input of the delay device 83—33
from the “Or” circuit §3-21 through the decoupling net-
work 83-32 will have been transmitted through this delay
device to the lower input of the “Or” circuit 83-22. As a
result, a positive voltage is again transmitted through
the delay device 83-23 and the “Or” gate 83-24.

The positive voltage obtained from the output of the
“Or” circuit 83-24 is again applied to the “And” gate
tube circuits of each of the information channels as de-
scribed and as a result the information stored in the
spots of the second portion of the third order of the
LPG sequence is employed to set the upper row of out-
put register flop-flops 84-11, 84-132, 84-13, etc.

In addition, the positive voltage from the delay device
83-23 is transmitted through the delay device 83-25 to
the subtract 1 conductor 85-19 and through the “Or” gate
85-16 to the subtract 1 “And” gates and delay device
79-0% of the X address register input flip-flops of FIGS.
79 and 85. As a result, the settings of these flip-flops are
changed so that the input now represents one less which
is equivalent to an input address of 1 more than the set-
ting previously represented. As a result, the beam is
moved to the next adjacent X address spot but remains
at the same Y address. Consequently the beam will now
be moved to the spots for the first half of the fourth order
of the LPG sequence.

The output of the delay device 83-25 is also trans-
mitted through the delay device 83-27 to the upper in-
put of the “And” circuit 83-17. This “And” circuit is
now conditioned for conduction due to the restoration
of the flip-flop 83-34 to its “9” state as described above.
Consequently, the positive voltage obtained from the out-
put of this “And” circuit is transmitted through the “And”
circuit 83-15 to the cycle-complete conductor 6410 ex-
tending to the common control circuits. It will be re-
called that the fiip-flop 83-i1 was positioned in its “6”
state so that the “And” gate 83-15 was partially con-
ditioned and thus becomes fully operative at this time and
transmits the cycle-complete pulse to the common control
circuit.

Thus, in response to the first transfer order the flying
spot store circuits transmit the first order of the specified
sequence, set the second order on the output register
flip-flops and direct the beam to the location of the first-
half of the third order of the specified sequence. In
response to a succeeding advance order, the second order
is read out, the third order set upon the output register
flip-flops, and the beam advanced to the location of the
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first half of the fourth order, while the common control
circuits are responding to the secord order.

If another advance order is then received, the third
order will be read out and the fourth order stored on the
output register flip-flops and the beam directed to the lo-
cation of the spot for the first-half of the fifth order
during the time the common control circuits are respond-
ing to the third order. Thus, while the common control
is responding to one order, the flying spot store is pre-
paring to transmit the information of the next succeeding
order of the sequence being employed to the common con-
trol circuits. By thus providing the above-described over-
lap operation, wherein the flying spot store circuits are
reading out into the output register flip-flops one order,
while the common control circuits are responding to a
previous order, the speed of operation of the system is
increased.

When it is desired to transfer the operation of the
system to another sequence, either during or at the end
of a given sequence of orders, another transfer order
will be received from the common control circuits and,
as a result, the flying spot store circuits will respond as
described above to the transfer order. In this case, the
order previously read out from the information storage
plates and entered upon the output register flip-flops, in
the manner described herein, is discarded and not em-
ployed to further control the operation of the system at
that time. Of course, the sequences of orders are so
arranged that the probability is appreciably greater at each
possible transfer that an advance order will be received
from the common control instead of a transfer order,
thus further tending to increase the speed of operation
of the system.

As described herein, at certain times during the main
program it is not necessary to employ the flying spot
store for appreciable intervals of time. At these times it
is undesirable to permit the spot of light and thus the
electron beam to remain stationary at one location on
the phosphor end of the tube. If the beam remains
stationary at one spot for too long a period, a phosphor
is burned or becomes defective and then when it is later
desired to direct a beam to this spot, the intensity of
light is insufficient or is greatly reduced. To overcome
this difficulty the beam is directed to a rest position at
these times. The rest position is not used for the storing
of any information and may be provided with an ad-
ditional interval target to intercept the beam.

In the exemplary embodiment described herein, a rest
pulse is transmitted from the common control portion of
the system to the flying spot store when it is desired to
thus move the beam to the rest position. This pulse is
transmitted over the REST conductor 83-56 and then
through the input or impedance matching transformer
83-66 and then to the “Or” gates 83-48 and 83-39,
These “Or” gates are provided for time-out operation, as
will be described hereinafter.

The REST pulse is also transmitted from the trans-
former 83-68 over the conductor 83-59 to one of the in-
puts of each of the “Or” circuits 87-106 and 87-1i. The
pulse transmitted through the “Or” circnit 87-11 is then
transmitied to the corresponding decoupling diode of
each of the set “0” inputs of the input X address flip-flops
of FIGS. 79 and 85, thus setting each of these flip-flops
in its “0” state.

Likewise, the outiput of the “Or” circuit 87-10 is
transmitted to the decoupling diode 87-15 and then to the
corresponding decoupling diode of each of the inputs of
the Y address flip-flops except flip-flop 87-26, thus re-
storing these flip-flops to their “0” state. Asa result, the
integrating and deflection to amplifiers are set into op-
eration in the manner described herein and cause the beam
to be deflected or directed to the 0,0 location, which is
the rest position. At this position the beam may be inter-
cepted by a special electron target or a mask mark placed
upon the exterior of the cathode-ray tube comprising the
flying spot store.
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With all of the input X address flip-flops of FIGS. 79
and 85 set in their “0” state, a positive pulse will be
obtained from the output of the buffer amplifier 85-22
indicating that all of the flip-flops are in their “0” state.
This output pulse is transmitted to one of the inputs of
the “And” gates $5-15 and also to the voltage divider
resistor 85-33 and then to clamping diode 85-27 which
tends to clamp the bias applied to the servo-logic ampli-
fiers in FIGS. 80 and 86 which tends to hold them in their
“Q” state or to Teguire a more positive light signal to
actuate them from the “0” state, thus insuring that upon
the completion of the rest interval, the movement of the
beam from the rest position will not be delayed.

In a similar mannper with all of the Y address input
flip-flops, except flip-flop 87-26, in FIGS. 81 and 87 set
in their “0” states, positive voltage will be obtained from
the last amplifier 87-16. This positive voltage is ob-
tained in response to all of the previous stages being
set in their “0” state in the manner described herein. The
positive voltage of this amplifier is transmitted to the
“And” gate 87-30 and to the input of the amplifier tube
87-12.

With positive voltage from the amplifier 87-16 ap-
plied to the grids of tube §7-12, voltage drop across the
anode resistor of this tube becomes sufficient to cause
the small neon or gaseous conduction tubes 87-13 and
87-14 to become conductive and light up.

The tubes 87-13 are located adjacent the horizontal
control photomultipler tubes, such as represented in
FIG. 92. As described above, when the beam is directed
to the O position, substantially no light is obtained from
the end of the flying spot store cathode-ray tube, and
thus none is transmitted to the various optical systems
including the horizontal and vertical control optical sys-
tem. As a result the photomultiplier tubes receive no
light from the flying spot store tube during the rest in-
terval.

While in normal operation, these tubes respond very
rapidly to changes in illumination, during periods of no
illumination the number of free electrons in the tubes
falls to such a low value that the first response is to be
somewhat erratic.  As a result, by locating one of the
neon tubes 87—-13 adjacent to each one of the photomul-
tiplier tubes, a sufficient residual illumination is main-
tained on their cathodes so that the tubes will respond

at substantially maximum speed when it is desired to’

resume operation.

Similarly one of the tubes 87-14, which is lighted at
this time in the same manner as tubes 87-13, is located
adjacent each of the vertical photomultiplier amplifier
tubes shown in FIG. 96. As a result, the cathode of
this tube receives sufficient illumination so that the tube
will respond rapidly at the termination of the rest interval.

The transmission of the rest pulse to the “Or” circuits
83-39 and 83-46 condition the time-out. circuits in the
manner described above.

During the rest period the beam is directed to 0,0
location which is at one corner of the storage area so
that when it is desired to resume operation it will require
appreciably more time to properly locate the beam at
a specified address. In order to provide this additional
time a PTR pulse is received from the common control
circuits over conductor 83-57. This pulse is transmitted
through the coupling and matching transformer 83-61
and applied to the “Or” circuits §3-39 and 8§3-40 and
also to the gate generator circuit 83-58. This pulse sets
the gate generator circuit 83-58 in its “1” state where
it remains for a predetermined interval of time and then
automatically restores itself to its “0” state. Upon auto-
matically returning to its “0” state, a positive pulse is
obtained from its ‘A’ output and transmitted through the
“Or” circuit 83-54 to the set “1” input of the flip-flop
83-11. Thereafter, this pulse causes the circuits to re-
spond in the same manner as they respond to a transfer
pulse received over the TR transfer conductor 83-10.
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Thus the circuits respond to this pretransfer pulse
received over the conductor 83—57 in substantially the
same manner as they respond to a transfer pulse received
over conductor 8§3-10, except that the additional delay
time of the gate generator circuit 83-58 is provided for
timing the operation to allow sufficient time to move
the beam from its 0 O position to the location specified
by the X and Y address signals received simultaneously
with this pretransfer pulse.

Time-out circuits and apparatus are provided which
are operated in case of trouble or at other times when
the beam within the cathode-ray tube of the flying spot
store remains at rest for too long a period of time. The
time-out circuits are arranged to move the beam to the
rest position in a manner similar to the rest pulse. These
circuits and apparatus include the “Or” circuits 83-39,
83-40, the blocking oscillator 83-55 and timing circuit
83-41, pulse generator 83-42, the “And” circuit 83-43,
flip-flop 83-44, amplifier tube 83-64 and indicating neon
lamps 83-62 and 83-63. The “Or” circuit 83-39 is
employed to restore the flip-flop 83-44 to its “0” state.
At this time, a relatively large negative voltage is ob-
tained from its “0” or A’ output which is applied to
the grids of the tube 83-64 over conductor 83-52, thus
cutting off this tube with the result that the lamp 83-63
is lighted in a circuit from ground connected to its
cathode and then through resistance to positive voltage.
This time tube $3-62 is extinguished, thus indicating
normal operation of the flying spot storage circuit and
equipment.

Each time a rest pulse, a pretransfer pulse PTR, or
an exposure pulse EXP is received a positive pulse is
transmitted to both “Or” circuits §3-39 and 83-46. The
positive pulses transmitted to the “Or” circuit 83-39 reset
or tend to Teset the flip-flop 83—44 to its “0” state. Pulses
are also transmitted through the “Or” circuit 83-40 to
the multivibrator circuit 83-55. - The multivibrator cir-
cuit 83-55 in turn repeats a pulse of uniform and short
duration to the timer circuit 83-41. So long as pulses
are thus received by the timer circuit at shorter intervals
of time than the delay time of this circuit, which is from
one to seven milliseconds, no output is obtained from
the timer circuit 83-41.

As described herein, each transfer pulse and each
advance pulse requires that the flying spot store beam
be directed to two adjacent addresses. The first one
designating the first spot of a given order and a second
one the second spot of this order. As a result, the lowest
denominational order address flip-flop circuit 79-19 is
changed from its “0” state to its “1” state for each order
read out. As a result, each time this flip-flop is changed
from either its “1” state to its “0” state, or from its “0”
state to its “1” state, a positive pulse is transmitted
through the “Or” circuit 79-27 from either its A or A’
output and then over conductor 79-28 to the lower-
most input of the “Or” circuit 83-46¢ over the ACT con-
ductor. Thus pulses are continually transmitted through
this “Or” circuit 83-48 so long as a transfer pulse, ad-
vance pulse, pretransfer pulse, a rest pulse, or an ex-
posure pulse are received by the flying spot store. All
of these pulses are transmitted through this “Or” circuit
and cause pulses to be transmitted by the blocking oscil-
lator 83-85 to the timer circuit 83-41. As a result,
so long as the flying spot store circuit is active and re-
ceiving and responding to various orders transmitted to
it from the common control, the output from the timing
circuit 83-41 remains at a low value near ground poten-
tial. All this time, however, a pulse generator §3-42
is transmitting a continuous series of pulses to the “And”
circnit 83-43. These pulses do not cause any output
from the “And” circuit at this time because the output
of the timer circuit 83-41 is at a low value near ground
potential. However, when trouble develops none of the
above pulses, such as advance pulses, transfer pulses,
etc., are received from the common: control circuits for
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the time-out interval of the timer circuit 83-41 so the
output of this timer circuit will become positive. This
positive output is applied to the “And” circuit 83-43.
As a result, the next pulse received from the pulse gen-
erator 83-42 causes a positive pulse to be obtained from
the “And” circuit 83-43 and transmitted to the set “1”
input of the flip-flop 83-44, thus sctting this fip-flop
in its “1” state. As a result, a less negative or more
positive voltage is obtained from the A’ output of this
flip-flop and applied to the grids of tube 83-64 over
conductor 83-52. This tube starts to conduct current
with the result that the voltage drop across the anode
resistor 83-65 is increased to such a value that a dis-
charge will be initiated through the trouble neon lamp
83-62. 1In addition, the discharge flowing through the
lamp 8§3-63 is interrupted, thus indicating a trouble
condition.

A positive pulse from the “And” circuit 83-43, in
addition to being transmitted to the set “1” input of the
flip-flop 83-44, is also transmitted over conductor 83-53
to the lower input of “And” circuit 87-17 and the upper
input of the “Or” circuits 87-18 and 87-11. Under the
conditions now assumed, negative voltage through the
normal contacts of the key §7-18 is transmitted to the
upper input of the “And” circuit 87-17 at this time. Con-
sequently, no output will be obtained from this “And”
circuit.

Positive voltage from the conductor 83-53 is applied
to the upper input of the “Or” circuit 87-11 and then is
transmitted through this “Or” circuit to the correspond-
ing set “0” input of each of the X address input flip-flops
through decoupling diodes in the same manner as when
a rest pulse is received as described above. As a result,
all of these flip-flops are set in their “0” state. Likewise,
a positive voltage will be transmitied through the “Or”
circuit 87-18 and the decoupling diode 87-15 to the set
“C” input of each of the Y address input flip-flops except
flip-flop 87-26 thus restoring these flip-flops to their “0”
state. The setting of these flip-flops to their “0” state
actuates the integrating and deflection amplifiers and
directs the beam to its O position. In addition, as de-
scribed above, when a rest pulse is received, a positive
pulse will be received from the final buffer amplifier
85-22. Positive output from this amplifier controls the
output of the intensity monitor circuit in FIG. 85 in the
manner described above so that ample time will be pro-
vided to move the beam from the rest position when
the trouble condition has been corrected.

The positive output from the amplifier §7-16 is trans-
mitted to the grids of tube 87-12, thus causing current
to flow through this tube of sufficient magnitude so that
the voltage drop across the anode resistance is sufficient
to light the neon lamps 87-13 and 87-14 associated with
the X address and Y address photomultiplier tubes of
FIGS. 92 and 96. These tubes maintain a low level
of illumination on the cathode of the respective photo-
multiplier tubes so that these tubes will accurately and
rapidly respond to changes in illumination when required
at the termination of the trouble or rest condition as
described above.

After the flying spot store has timed out and the
beam directed to its O position, a pretransfer pulse will
be received over conductor 83-57 to set the flying spot
store into operation and thus set the system into opera-
tion. The operation in response to this pretransfer pulse
is substantially the same as described above after the rest
interval has terminated.

When it is desired to check the operation of the flying
spot store after the circuits have timed out in the manner
described above and flip-flop 83-44 set in its “1” state,
switch §7-18 will be momentarily operated. As a result,
negative voltage is removed from the upper input of
the “And” circuit 87-17 so that when positive voltage
is again applied to its lower input over conductor §3-53,
due to the next succeeding pulse from the pulse generator
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83-42 which is transmitted through the “And” circuit
83-43, positive voltage is applied to the right-hand input
of the “And” circuit 8724 and also transmitted over
the conductor 87-25 to the upper input of the “Or”
circuit 83-49, and then through the blocking oscillator
83-55 to the timer circuit 83—-41. As a result, this time-
out circuit is restored to its inactive state so that positive
voltage will be removed from the right-hand input of
“And” circuit 83-43. Consequently, no more pulses of
the pulse generator 83-42 will be transmitted at this
time from the “And” circuit 83-43 to the “And” circuit
§7-17 or 87-24.

However, as described above, the operation of the
time-out circuits cause the flip-flop 87-26, as well as all
of the other X and Y input address flip-flops, to be
reset to their “0” state. Consequently, negative voltage
is removed from the A output of this flip-flop and after
a short delay of 0.01 to 0.05 microsecond of the delay
device 87-27, a more positive voltage is applied to the
left-hand input of the “And” circuit 87-24. Conse-
quently, upon the application of the pulse from “And”
circuit 87-17 to the right-hand input of this “And”
circuit, as described above, positive voltage will be ob-
tained from the “And” circuit 87-24 and employed to
set the fiip-flop 87-26 in its “1” state. As a result, nega-
tive voltage is removed from the A’ output of this flip-
flop. Then with switch 87-23 operated, pulses from
the output transformer 87-28 will be transmitted through
the “And” circuit 87-29 at this time. These pulses
originate in the multivibrator circuit comprising tubes
87-1% and 87-20. The output of the tube 8$7-19 is
then transmitted through the cathode follower tube 87—21
to the output tube 87-22. This tube causes pulses of
short duration to be transmitted through the output coil
or transformer 87-28. The rate at which the pulses are
transmitted is controlled by the constants of the multi-
vibrator circuit comprising tubes §7-19 and 87-20.

Output pulses from the “And” circuit 87-29, in re-
sponse to the pulses from the transformer 87-28, are
transmitted over conductor 85-20 and through the “Or”
circuit 85-16 to the right-hand input of each of the sub-
traction control gate circuits 79-17, 79-18, 79-19, 79-20
and 85-13. Inasmuch as all of the input flip-flops
were previously set in their “0” states by the time-out
circuits as described, application of the pulse to the
right-hand inputs of these “And” circuits set all of these
flip-flops in their “1” states. The pulse from the “Or”
gate 85-16 is also transmitted through the delay device
79-89 to the changing or complementing input of the
first of the flip-flop circuits of the X input register. Thus,
this flip-flop is also set in its “1” state at this time after
the delay interval of 0.05 microsecond of the delay device
79-09. As a result, the beam within the tube 12-10
is moved from the X address of 0 to the X address of 63.

The positive pulse on conductor 85-2¢ is also trans-
mitted to the delay device 85-17. However, during the
delay interval of this device, the input register flip-flops
will be set to their “1” state so positive voltage is re-
moved from the output of amplifier 85-22 and the up-
per input of “And” gate 85-15. Consequently, no
output will be obtained from this “And” gate at this
time.

Then in response to the next pulse from the trans-
former 87-28 another pulse will be obtained from the
“And” circuit 87-29 and transmitted through the “Or”
circuit 85-16 to all of the subtract 1 “And” gates as
described above. In this case, however, all of the input
flip-flops are in their “1” state so that the only flip-flop
changed will be flip-flop circuit 79-18 after the pulse
has been transmitted through the delay device 79-09.
At this time, the beam will then be directed to the spot
X address of 62 and a Y address of 0.

In this manner, the spot is successively directed to
each of the succeeding X addresses of the first row of
storage spots in the flying spot store.
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After the spot has been moved successively to each
of the X addresses in the first row, all of the input flip-
flops will again be returned to their “0” state so that
positive voltage will be obtained from the amplifier
85-22 and transmitted to the “And” circuit 85-%5. This
pulse, which caused these flip-flops to return to their
“0” states, is also transmitted through the delay device
85-17 to “And” gate 85-15. At this time all of the
flip-flops of the X address register of FIGS. 79 and 85
will be again set in their “0” state, so positive voltage
is obtained from the amplifier 85-22 as described.
Consequently, the pulse from the “And” circuit 87-28,
in addition to being transmitted to the “Or” circuit
§5-16, is transmitted through the delay device 85-17
and then to the “And” circuit 85-15. As a result,
positive voltage will be obtained from the output of this
“And” circuit and transmitted over conductor 85-18 to
the input of all of the subtract 1 “And” gates of the Y
address flip-flops. As a result these flip-flops are changed
from the “0” state to their “1”-state and the beam
moved to the Y address of 63. Thus, at this time, the
beam is directed to a Y address of 63 and to an X ad-
dress of 0.

In response to each of the succeeding pulses received
from transformer 87-28, the beam is successively stepped
to.an X address of 63 and then over all of the X ad-
dresses of the top row having a Y address of 63. There-
after, the beam is moved down one row by a subtrac-
tion of 1 from the Y address flip-flops in a manner de-
scribed above. In this fashion the beam is caused to
scan or automatically and successively step over each
of the storage positions of the flying spot store. If the
beam satisfactorily traverses or scans all of these spots,
it will then be returned to the X address of O and the
Y address of 0, ie., its rest position.

The pulse over conductor 85-18 which returns all of
the input Y address flip-flops, except flip-flop 87-28, to
their “0” states is also transmitted through the additional
delay device 81-11 and then to the “And” circuit 87-30.
At this time all of the input Y address flip-flops will
be in their “0” states and a positive output obtained
from the output of the buffer amplifier 87-16. The out-
put of this amplifier is applied to the other input of the
“And” circuit 87-30. Consequently, a positive  pulse
from this “And” circuit is applied to the C input of flip-
flop 87—26 which causes this flip-flop to change its state
from its “1” state to its “0” state. As a result, a more
negative voltage from its A’ output is applied to the
left-hand input of the “And” circuit §7-29, thus dis-
abling this “And” circuit and stcpping the above-de-
scribed scanning operations after one scan.

During the time the beam is thus being stepped, the
X flipflop of circuit 79-19 is continually being changed
from its “1” state to its “0” state and then from its “0”
state to its “1” state so that pulses are continuously ap-
plied over the ACT conductor 79-28 and “Or gate 8340
and through the blocking oscillator 83-55 and to the
timing circuit 83—-4i. Consequently, the timing circuit
is now maintained in its inactive state. However, when
the beam returns to its rest position the timing circuit
is. again actuated in the manner described above.

Thus, by observing the beam to determine whether it
scans the entire storage area or whether it stops at some
particular X and Y addresses, an indication is given as
to whether the trouble may be within the flying spot
store or in some other place in the system. If it is de-
sired to have the beam continually scan the various
storage positions instead of coming to rest after one scan,
then the start key 87-18 or a key similar to this key
will be locked in its operated position. Under these
conditions, when the timing circuit 83—41 again applied
positive voltage to its output the above-described scan-
ning cycle will be repeated and the above cycles of opera-~
tion continually repeated so long as the start key 87-18
is maintained operated and the trouble condition persists.
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Tf at any time a pretransfer order is received from the
commion control portion of the system, normal operation
of the system is resumed since the input X and Y
address flip-flops will be set in accordance with input X
and Y signals from the common control. Under these
circumstances, the start key 87-18 will be released and
normal. cperation of the system resumed.

BARRIER GRID STORE

The circuit details for the varicus components of the
barrier grid store and the barrier grid store monitor
circuits are shown in FIGS. 65 through 78, inclusive.
FIGS. 151 and 152 show the storage spot assignments
of the various storage registers and other storage spaces
of the storage spots in the barrier grid tube.

The barrier grid tube is shown in FIGS. 3 and 65, hav-
ing an envelope 65-10. This tube is provided with a
cathode-ray beam forming structure comprising a cathode
65-11 located at one end thereof. The beam forming por-
tion also includes grid 65-12 which is employed to turn
the beam on or off. If the grid 65-12 is made sufficiently
negative with respect to the cathode, the electrons are
prevented from passing from the cathode to the focusing
and accelerating anodes thus turning off the beam. When
this grid is more positive, the electrons may pass from the
cathode into the beam forming electrodes and be accel-
erated toward the opposite end of the tube. The beam
forming and focusing electrodes are represented by the
anodes and focusing elements 65-23, 65-24, 65-13 and
65-14. From these elements the beam passes between
horizontal or X deflecting plates 63-16 and then between
the vertical or Y deflecting plates 65-17. Both the X and
Y deflections of the beam are controlled by the electro-
static potential supplied to the corresponding deflecting
plates. The beam then passes through the hollow col-
lecting electrode 65-18 without striking this electrode and
then impinges upon an insulating target of mica or other
suitable dielectric material 65-19. A barrier grid 65-20
is placed before the dielectric target and is provided with
a fine mesh structure having fine apertures therein.

Following the mica or dielectric material 65-19 a back
plate is provided designated 65-21.

Briefly, the tube operates to form a beam of electrons
and focus them in a small spot on the target. The beam
may be turned on or off by means of the grid 65-12 as
described above. Usually, the spot will include or cover
a plurality of the apertures in the barrier grid 65-20.
The beam is then directed to the various positions on the
target by means of the voltage differences applied be-
tween the X deflecting plates in a manner similar to the
manner in which the beam is directed to different posi-
tions on the screen of any cathode-ray tube employing
electrostatic deflection, of which cathode-ray oscilloscope
tubes are common examples.

The electrons strike the front of the target dielectric
material or mica 65-19 with sufficient force to dislodge
secondary electrons. These secondary electrons are, for
the most part, collected by the barrier grid. Some of them
escape the barrier grid and travel backward to the hollow
collector electrode 65-18 and are employed for read-out
purposes as well be described presently.

If the charge on the front of the target area is more
positive than the barrier grid then this charge will be
neutralized by the negative charges on the electrons im-
pinging upon it and also by the return of the secondary
electrons emitted, since the potential of this small area of
the dielectric material is more positive than the barrier
grid. Consequently, the secondary. electrons from this
area of the target are repelied by the voltage or potential
of the barrier grid and caused to return to the front sur-
face of the dielectric material, thus causing the particular
area to which the beam is directed to have the positive
voltage neutralized. Under these circumstances, the volt-
age of this area will assume substantially the same voltage
as the voltage of the barrier grid.
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Conversely, if the area on the dielectric material is
charged more negatively, then the secondary electrons
will be emitted in great numbers tarough the barrier grid
and since each such electron carries a negative charge, it
will leave the charge on the front of the diclectric less
and less negative until the equilibrium potential is again
established which as before will be substantially the same
potential or voltage as the voltage of the barrier grid.

Each of the storage spots may be thought of as a small
condenser, the front electrode of which is charged on the
front of the dielectric material forming the target. This
area assigned for each storage element is slightly larger
than the diameter or cross section of the spot or beam
of electrons directed to the target. Furthermore, suitable
space is provided between each of the various spots so
that they may be charged to different potentials, as will
be described herein, without materially interfering one
with another. In the arrangement employed in the pres-
ent invention each one of the storage spots is arranged to
store either one or the other of two different charges or
voltage conditions. If a beam is directed to a preassigned
spot in the storage area and the back plate 65-21 main-
tained at a zero or reference potential, then the corre-
sponding spot on the front of the dielectric material 65—19
will assume the voltage or potential of the barrier grid
at this time. This potential is called a 0 in the present em-
bodiment of this invention.

If, instead of maintaining the back plate at the 0 or
reference potential it is maintained at a voltage or po-
tential more positive than before, when the beam is di-
rected to the reference spot, then the front surface of
the dielectric material at the spot at which the beam is
directed will again be charged to the potential of the
barrier grid. In this case, however, the potential differ-
ence between this spot and the back plate is different
than before. If now the beam is turned off and the po-
tential of the back plate is restored to its initial, 0, or ref-
erence voltage, the voltage of the corresponding spot on
the front of the dielectric material will correspondingly
be reduced, assuming of course that the beam is turned off
after it has previously charged the front of the dielectric
material to the potential of the barrier grid as described
above. Consequently, now the particular spot in ques-
tion is charged more negatively than the spot was previ-
ously charged. This more negative charge represents a
“1” in the exemplary embodiment described herein.

When it is desired to read out the spot the beam is
then redirected to the particular spot in question and the
electrons which escape to the collector electrode 65-18
are employed to control the circuits as described herein.
If a “0” had previously been recorded in the spot then
a predetermined number of secondary electrons will be
emitted from the spot and be accelerated to the barrier
grid. Also a predetermined number will escape to the col-
lector electrode 65-18. Upon the other hand had a “1”
previously been stored in this spot, a greater number of
secondary electrons will escape on the surface and thus
a greater number will escape to the collector electrode
thus giving rise to a larger pulse of negative current when
a “1” is recorded in this spot. This pulse of greater am-
plitude is employed by the circuits to indicate that a “1”
was previously stored in this spot.

Thus the voltage of the spot is returned substantially
to the voltage of the barrier grid when the spot is read
out independently of the condition stored in a given spot.
Thus after a spot is read out a “0” is stored in this spot.
In other words the read-out is destructive of the poten-
tial or information previously stored in this spot so that
this information must be regenerated and restored in this
spot at this time when and if it is so desired.

Furthermore when adjacent spots are read or written
upon, some of the electrons from the spots escape to the
adjacent spots and thus tend to change the charge on these
adjacent spots. Consequently it is necessary to repeatedly
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regenerate all of the storage spots in the barrier grid tube.
In the exemplary embodiment described herein these
spots are all repeatedly regenerated under control of the
monitor circuit as will be described.

An exemplary barrier grid tube structure suitable for
use in the barrier grid store is described in an article
entitled “Digital Memory in Barrier-Grid Storage Tubes”
by M. E. Hines, M. Chruney and J. A. McCarthy pub-
lished in The Bell System Technical Journal, vol. 34, No.
6, November 1955, pp. 1241-1264.

As described herein the barrier grid tube is employed
as the temporary or short term storage of memory ele-
ments of the system. As described above, this tube is a
binary storage device having a storage element upon
which either one or the other of two different electrostatic
charges may be stored in a large plurality of separate and
discrete spots.

As described herein in the exemplary embodiment of
this invention, two such spots in the barrier grid store area
are assigned to each of the subscribers’ lines, and three
such spots are assigned to each of the trunk circuits. The
line spots are called L1 and L2 spots. In addition, other
series of storage spots within the barrier grid storage tube
are employed to register various information necessary to
establish and complete connections through the system.
Other series of spots are employed for timing purposes
and to control the main program.

FIG. 151 represents the storage area of the dielectric
or operator grid surface of the tube. In the exemplary
embodiment set forth herein the portion of this area actu-
ally employed is shown in cross section. This includes the
Y addresses of 0 to 127 and X addresses of 32 to 64. The
X and Y addresses, as set forth herein, are employed to
identify each and every one of the storage spots. Thus,
a Y address and an X address, when transmitted to the
operator grid tube circuits, will cause the beam to be
directed to the specified spot and read out the informa-
tion stored therein and regenerate a change or write the
desired information therein, as is described herein. FIG.
152 shows an amplified view of the shaded portion of
FIG. 151. The black spots in FIG. 152 represent each of
the storage areas actually employed in the exemplary em-
bodiment described herein. As shown in FIG. 152, each
of the storage spots has even X and Y addresses. Of
course, if it is desired to store more information and thus
provide more line spots for more lines and trunk circuits
and more register spaces, the odd numbered spots may
also be employed as may be desired. The use of only
the even numbered spots and the small number of lines
shown in the drawing for the specific embodiment dis-
closed herein is to simplify disclosure and thus reduce the
complexity of the drawing, description and the number of
orders and other equipment necessary to describe, com-
prehend and to clearly understand the objects and features
of this invention and their mode of operation of the vari-
ous component structures thereof.

The line spots as shown in FIG. 152 have X addresses
of 32 to 46 and Y addresses of 64, 66, 96 and 98. In ad-
dition, two originating registers, designated OR, are
shown, having X addresses of 48 and 50, each including
64 spots having even Y addresses of 0 through 126. A
ringing register, designated RR, and having an X address
of 52 is employed to control ringing, as will be described
herein. . This register includes 49 spots having even Y
addresses from O through 92, 102 and 116. In addition,
an outpulsing register, designated OPLR, is provided for
controlling the transmission of signals to other central
offices. This register is provided with 38 spots having
even Y addresses of 0 through 74, while the register and
all the spots thereof have an X address of 54. Two dis-
connect registers, designated DR, are provided and have
X addresses of 56 and 58 and include 19 spots having
even Y addresses of 0 through 34 and 116. A network
register having an X address of 60 is provided for con-
trolling and recording the operations of the switching
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network. This register, as shown in FIG. 152, designated
NR, has 49 spots having even Y addresses of 0 through
96. In addition, a main-program storage space or register
is provided, designated MP and having an X address of
62. This tegister space is provided with 13 storage spofs
having even Y addresses of 0 through 24. As set forth
in the above-identified patent, these spots are not directly
visible to the eye, nor is the character of the information
stored therein so observable. Nevertheless, either a “1”
or a “0” may be stored in each and every one of the
spots upon the storage element of this tube without inter-
ference from and without interfering with the other stor-
age spots or the information stored therein.

The functional designations of the various spots of
the various registers of the barrier grid storage tube are
shown in the following Table C:
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180
struction or type of operation to be performed by the
barrier ‘grid store is to read and write “1” in the storage
spot or elemental area specified by the X and Y addresses.

The X and Y address information while referred to
herein as decimal numbers is supplied to the barrier grid
store by means of seven-digit binary numbers which num-
bers are the equivalent of the decimal numbers referred
to herein. The output information from the barrier grid
store comprises either a “1” or a “0” which is obtained
by reading the specified spot and indicates the nature of
the charge or information previously stored in the spot
in question.

Moreover as described herein the information stored
in each of the storage spots is periodically read out and
regenerated and restored. In the exemplary system set
forth herein this regeneration of the spots is under the

Table C.——Barrief grid storage tube register layout

“D” Code RR OPLR DR NR MP “D” Code
(Absolute) (Y-ADDR) (Y-ADDR) (Y-ADDR) (Y-ADDR) (Y-ADDR) (Absolute)

0 | O-Al._ ... |RLS .. |LA o} DA A e e T 0

2 - 2

4 - 4

6 - 6

8 - 8
10 - 10
12 N 12
14 - - 14
16 - - 16
18 - - 18
20 - R 20
22 - - 22
24 - - 24
20 - - 26
28 - - 23
30 - - 30
32 - - 32
34 - - 34
36 - - 36
38 - - 38
40 | O-DLCO._._. - 40
492 | O-DLC-1..__. - 42
4 | O-DLC=2__... - 44
46 | O-DSI1-0_..._ - 46
48 | O-DS1-1l_.. .. _ 48
50 | O-DS-2._.__ - 50
52 | O-DSI-3..__.. - 52
54 | O-D32-0..____ - 54
5% | O-DS2-1 __._. - 56
58 | O0-DS2-2._____ - 58
60 | O-DS2-3._.._ - 60
62 | O-DS3-0...... - 62
64 | O-DS3-1.__.__ - 64
66 | O-DS3-2______ - 66
68 | 0-DS3-3_____.| R-CGE-10.._| E-DS84-1 o feemeemimno | N7 BN o} o oo e o mm e 68
70 | O-DS40_..._| R-CGE-11 | B-DS4-2 || TNy 70
72 | 0-DSt-1_.__| R-RTEO.___| L-D84-8. |t DL BN oo oo oo 72
74 | 0-DSa2 | R-RTE-1 . | L-DC2u | e | N7 oo m o oo 74
76 | O-DS84-3.___ | R-BRTE-2. | [ommmmm oo | N S oo o m o m e m 76
78 | O-DS50. | R-BTE-3 . |ecemmomrommn | msmm oo VY oo oo o 78
80 80
82 82
84 84
86 86
88 88
90 90
92 92
94 94
96 96
98 98
100 100
102 102
104 104
106 106
108 108
110 110
112 112
114 114
116 116
118 118
120 120
122 122
124 124
126 | O-RCO. ..o 126

The input information to the barrier grid store com-
prises the X address and Y address of the particular spot
fo be read and then regemerated or written in and also
four different instructions. One instruction is to read
and regenerate the spots specified by the X and Y ad-
dresses. Another instruction is to read and change or
reverse the spot specified in the X address. Still another
instruction is to read and write “0” in the spot specified
by the X and Y address information. The fourth in-
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joint control of the common control system and the bar-
rier grid store monitor circuits.

Furthermore in order to prevent undesirable increase in
spot size due to writing “1’s” on top of “I’s” already
written in the barrier grid store at the various address
positions, the circuits have been arranged so that in re-
sponse to incoming directions and orders the circuits first
read out the character of the spot previously stored
therein. The reading out process together with the sub-






