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The present invention relates to a novel complex of
electronic register senders which may be employed in

electro-mechanical or electronic telephone exchanges.

Regarding stations within the same numbering plan
area, it 1s desirable in the interest of economy to permit

15

a calling party to dial only the called party’s telephone
- number (e.g., seven digits), and not a number of addi-
tional routing digits, to route the call to the proper ex-
change within the area. It is therefore necessary that
register senders be provided for storing the called party’s
telephone number, inspecting the number, and auto-
matically adding the proper routing digits so that opera-
tors are not required to set up the call.

The multiple register sender of the present invention

i1s utilized to replace a large number of prior art register
senders. A single delay line in a recirculation loop is

10

20

05

time division multiplexed with a large number of dial

pulse acceptors, which may be regarded for the purpose
of this disclosure as repeaters, each of which operates in
conjunction with a linefinder and a first selector to feed
dialed 1mpulses from the linefinder to the multiple reg-
ister sender and to forward reconstructed impulses from
the multiple register sender to the selectors. The data

from each dial pulse acceptor will be stored timewise

in a portion of the recirculating memory, which portion
is designated as a cell or register. Thus, the number of
cells or registers, each of which is associated with a

particular dial pulse acceptor, is derived from the “length”

of the line divided by the “length” of impulse informa-
tion and control data required for each register. Some
of the multiple register senders built in accordance with
the present invention utilize a single recirculating dynamic
storage loop for containing as many as forty-eight reg-
isters. Since intervals of time are utilized for dynamic
-storage instead of storage devices which exist physically,

as 1 the case of conventional register senders, the eco-

nomic advantages of the present invention are obvious:
It is, therefore, the principal object of the present in-

vention to provide a novel high-speed multiple register
sender which utilizes a single all electronic system for -

replacing a large number of prior art register senders,
thereby to effect considerable economic savings.

Further objects and advantages of the invention will
become apparent as the following description proceeds,

and the features of novelty which characterize the in-
vention will be pointed out with particularity in the claims

annexed to and forming a part of this specification.
For a better understanding of the invention, reference

‘may be had to the accompanying drawings in which:
FIG. 1A discloses a schematic diagram which may be
useful in the understanding of the overall operation of

the system: -
FIG. 1B discloses the make-up of a single recirculat-

ing cell;
FIG. 2 discloses a portion of the recirculation loop

including the half-adder bank and the buffer store;
F1G. 3 discloses a portion of the recirculation loop in-
cluding subtraction circuitry; -
FIG. 4 discloses a portion of the recirculation loop
including the main delay line store together with read-in

circuitry;
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FIG. 5 discloses a portion of an ancillary recirculation
path for the recirculation loop including the start-of-cell )
signal generator; - | |

FIG. 6 discloses the timing bit generator together with
circuitry for clearing particular cells:

FIG. 7 discloses time division multiplex cifcui_try. for -
sequentially coupling the dial. pulse_-acceptors_ to the in-

pulsing and outpulsing buses;

FIG. 8A discloses various. control circuits including -
circuitry for detecting the on-off hook states. of the in-
pulsing bus; |

FIG. 8B discloses steering circuitry for controlling the
insertion of dialed digits into the various digit stores
recirculating within the main delay line store: |

FIG. 9 discloses.control circuitry for altering the count
rate of the impulse analyzer counter; "

FIG. 10 discloses processor control circuitry for con--
trolling access times of the translator and processor stores:

FIG. 11A discloses the digits sent store together with
control circuitry for controlling spill-out of dialed digits
into the outgoing digit store:

FIG. 11B discloses the outgoing digit store together
with.ancillary control circuitry; o
FIG. 12A discloses a first portion of the translator:

FIG. 12B discloses a second portion of the translator:

FIG. 13 discloses outpulsing circuitry:

FIG. 14 discloses miscellaneous control circuitry;

FIG. 15 discloses a pulse diagram which will be help-
ful in the understanding of the manner- in which the
processor is accessed to the various recirculating cells;

FIGS. 16 and 17A disclose pulse diagrams which are
helpful in the understanding of the outpulsing process:

F1G. 17B discloses circuitry for writing in a binary

~thirteen into the digits sent store:

FIG. 18 discloses carry circuitry for the various timing
counters; =

FIG. 19 discloses 2 memory circuit which is utilized
to clear a particular cell upon the manifestation of a
twenty-seven-second time-out condition; and

FIG. 20 discloses a diagram which is helpful in plac-
ing most of the aforementioned figures together in a
meaningful physical pattern. o

Overall systems operation

Three-digit numbers will be employed in the specifica-
tion to identify components, the first digit or first and
second digits signifying the figure in which each is found.
Two-digit numbers beside a conductor indicate that a
timing bit is applied to that conductor every one-hundred
microseconds during the subinterval identified by the
number, | | - o

FIG. 1A schematically discloses twenty-five dial pulse
acceptors 101 (710 in FIG. 7) having outgoing and in-
coming terminals, a distributor 102 (712) which sequen-
tially couples each dial pulse acceptor 101 to the recircu-
lation loop which comprises main delay line store 103
(410 in FIG. 4) and buffer store 104 (212), among other
things.

In the particular embodiment of the present invention,

twenty-five recirculating cells (registers) are present in

the recirculation loop, each cell containing one-hundred.
subcells, as shown in FIG. 1B. The digits transmitted
from each dial pulse acceptor will be sequentially in-
serted into digit stores (subcells 23-56) contained within
its associated recirculating cell. Control circuitry 1is
provided for stepping distributor 102 so that each and
every dial pulse acceptor inserts information into (in-~
pulsing) and receives information from (outpulsing) its
particular associated cell. Each recirculating cell also
contains a digits sent store, an outgoing -digit store,



3

3,312,786

various counters, and a number of other control sections,

all of which will be explained in detail hereinafter.

Buffer store 104 is utilized primarily to forward recir-

culating data to the processor, examine the information

recirculating in the loop so that various control functions
may be carried out, and for changing the binary content .

of various recirculating subcells. Processor 106 is pro-
vided, which is time shared by all twenty-five recirculat-

ing cells, and 1is
outpulsing functions, which will
hereinafter. - | |
" The specific embodiment of

b'e_ described in detail

the present invention will

utilized to carry out the translation and

a4

numbers, after being _I_'ead__ into the multiple register
sender, are processed so that the first three numbers may

be translated into. routing numbers, as mentioned here-
inabove. Therefore, the recirculation loop may be

viewed as twenty-five cells or registers, each containing the

one-hundred subcells shown in FIG. 1B, which should be

continually referred to during the reading of the entire
specification. The movement of these twenty-five cells

- or registers through the recirculation loop is synchronized

~ with the sequential coupling of each of the twenty-five

10

receive a seven-digit numerical type impulse train

(XYZ-QRST) which is representative of a dialed tele-

phone number and will translate the first three digits into

six routing digits (ABCDEF) in translator 107 (FIGS.
12A and 12B). - Each of the six translated routing digits
are sequentially inserted into outgoing digit store 108

(1004) and are sequentially outpulsed by outpulsing

circuitry 109 (FIG. 13) and transmitted to the proper

dial pulse acceptor 101. The incoming numerical type
dial pulse trains are converted into binary -equivalents

upon insertion into the main delay line store 103. These
numbers are processed in processor 106 and remain in

binary form until they are reconverted into uniformly
reconstructed numerical pulse type dial impulse trains
by
109 is coupled to distributor 102, it is evident that the
dial pulse acceptors will also receive numerical pulse type

information from the multiple register sender to be for-
warded to step-by-step switching equipment. Digits -
sent store 111 (1106) keeps track of how many digits

have been outpulsed to perform various-control func-

tions, such as controlling the translation process. When

35 : . : ,

~ a function of data being produced by associated dial pulse
acceptors and by the processor. " -

the six routing digits, which result from the translation of

the first three dialed digits registered in the main delay

outpulsing circuitry 109. - Since outpulsing circuitry

20

29

‘dial pulse -acceptors to the various common buses of the

multiple register sender by virtue of a dial pulse acceptor

distributor. This distributor is directly controlled by

start-of-cell and start-of-frame markings which are perma-

nently written into each recirculating cell. When the

first cell emerges from the 2491-microsecond delay line
and is stepped into the readout shift register 210, a start-
of-frame signal is transmitted to the dial pulse acceptor
distributor 712 together with a start-of-cell signal which
causes the first dial pulse acceptor to be coupled to the
common buses. - As the second cell emerges from the
2491-microsecond delay line and after the first few sub-.
cells are inserted into readout shift register 210, a sec-
ond start-of-cell signal is produced which causes the dial
pulse acceptor distributor 712 to be stepped, thereby to

~decouple the first dial pulse acceptor and to couple the

second dial pulse acceptor to the common buses of the

~ multiple register sender. The remaining dial pulse ac-

30

line store, have been sequentially outpulsed, digifs sent
store 111 will commence to control spill-out control Cir-
cuitry 112 (FIG. 11A) which thereafter commences to

sequentially insert the spilled out dialed numbers con-
tained within the digit stores of the recirculating cells

into the outgoing digit store. Outpulsing of these

spilled out digits is sequentially carried out by out-

pulsing . circuitry 109, as in the case of roufing digits.
- previously sequentially -inserted into ‘the outgoing digit

store by translator 107. - | |
Basically, the operation of the specific embodiment

of the multiple register sender disclosed herein can be

broken down for the purposes of analysis into inpulsing,

~ processing, outpulsing,

tions of each of these operations will be found herein-

after under each heading. | A

| Iripu?sfng |

The multiple register sender of the present invention

“includes a r_e-c_:irculation' loop having a total recirculation
time of 2.5 milliseconds or twenty-five-hundred micro-
seconds. ‘The recirculation loop comprises the following

tandemly connected elements: a main delay line store

410, a readout shift register 210, a half-adder bank 213,

a buffer store 212, and a read-in shift register 412. The

read-in and readout shift registers are stepped each
microsecond so that each of twenty-five-hundred subcells

or twenty-five cells (comprising one-hundred subcells)
make the complete trip through the recirculation loop -

every twenty-five-hundred microseconds or 2.5 milli-
seconds. One-hundred subcells make up one cell, and
accordingly, there are twenty-five cells recirculating 1n
~ the recirculation loop. o

herein, twenty-five dial pulse acceptors are schematically

and clearing. General descrip-

In the embodiment Of the present invention disclosed -

40

ceptors are sequentially coupled to their associated cells
so that impulse information may be read in, retained, and
read out of the cells back into the appropriate acceptor.

- The various groups of subcells within each cell are sche-
matically disclosed in FIG. 1B. These groups of sub-
- cells may be regarded as subregisters for retaining binary

bits which are continually being altered, and which are

A first digit store (subcells 23—.26)- is utilized to store
information relative to the first dialed digit (first pulse

train) which is transmitted from a particular dial pulse

acceptor into its associated cell.  If the first dialed digit

- (first pulse train) is a five, for instance, the binary num-

" ber five will be built up within the first digit store (sub-

ol

 to carry out these functions.

59

cel!s 23-26). If the second dialed digit (second pulse
train) is a two, a binary two will be built up and stored

within fgh; second digit store (subcells 28-31). Subse-
-quent digits will be inserted into the remaining digit stores

or subregisters up to and including the seventh digit store

- (subcells 53-56). Various logic circuitry within the

multiple register sender operates in conjunction with the

implse. ana_lyzer_counter-.(_subce,lls 8-11), the forty-milli- :.
second counter (subcells 63-66), and control bits which

may. be contained within control subcells 6, 7, 11 and 14 -
| The first received impulse
produced by the first dial pulse acceptor causes a count-
of-two condition to be built up within the impulse ana- -
lyzer counter which, in effect, informs the multiple regis-
ter sender that this is, in fact, a true dialed impulse and

~ not a noise impulse. This causes the registration of a

60

65

one within the first digit store (subcells 23-26). A sec-
ond dialed impulse of the first pulse train will again cause
a count-of-two condition to be manifested and will cause
the binary number within the first digit store to be n-
creased from one to two. Therefore, if the first dialed

‘digit is a five (five impulses), the binary number five

will be built up within the first digit store. If a two-
hundred-and-five millisecond periocd elapses between the

~ last impulse registered in the first digit store, a count of

70

disclosed. For the purpose of the present invention,

these dial pulse acceptors may be regarded as sources Of
:nformation which serially transmit the dialed telephone
number to the multiple register sender. These telephone

75

one is inserted into the impulse steering distributor
counter (subcells 18-20). This causes a steering circuit
to be stepped so that the next received impulse is not
registered in the first digit store (subcells 23-26) but is
inserted into the second digit store (subcells 28-31).
Accordingly, if the second dialed digit is a two, the binary
number two will be manifested in the second digit store '
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and an interdigital pause of two-hundred-and-five milli-
seconds is again detected by the logic circuitry of the
multiple register sender and the count in the impulse
steering distributor counter is again increased by one so
- that the reception of the next dialed i
in the third digit store, etc.

Since the recycling time is 2.5 milliseconds, the process

of detection of an impulse, together. with ‘building up the
binary numbers in the digit stores (of a particular cell
associated with its acceptor) representing dialed digits,

occurs over a period representing many recirculations.
As each dial pulse acceptor is coupled to its associated

- cell every 2.5 milliseconds, it follows that the multiple

register sender can simultaneously accept and register

twenty-five seven-digit dialed numbers produced by the
twenty-five acceptars-in twenty or thirty-fseconds. 3

The circuitry disclosed in FIGS. 2, 3 and 4 includes a
primary recirculation-loop which comprises a delay line -

410, readout shift register 21¢, readout AND gates 211,
half-adder bank 213, buffer store 212, read-in AND gates
411, and read-in shift register 412. Delay line 410 has

an output lead 413 which is coupled to the input circuit

of register 218. On the application of a mark to lead

1pulse is registered

10

15

214 during various subcells or intervals within each cell,

the binary number present within the first four stages of
readout shift register 216 is applied to half-adder bank
213. A mark mmay be applied to add-conductor 215 at
this time which increases the binary number passing

25

through the half-adder bank by one.  This binary num-

ber, whether altered or unaltered, is applied to buffer

store 212, which thereafter stores the number for a cer--

tain number of subcells or subintervals, Upon the ap-

o0

plication of a mark to conductor 414, read-in AND gates

43X are enabled so as to read the aforementioned binary
‘number out of buffer store 212 and into the three stages
of shift register 412, and, in the case of least significant
digit, directly into delay line 410 through AND gate 416.

It should be noted that the total recirculation time of

any bit within a particular subcell is twenty-five-hundred-
44

microseconds. Let it be assumed that a bit has just been
inserted into delay line 410 by virtue of AND gate 418.
This bit will emerge from the delay line and will be ap-
plied to the sixth

stage 216 of the register six microseconds after the bit is

fed into the aforementioned sixth stage 217. The bit is
stored In the first stage 218 of buffer store 212 for three

microseconds and is read out of stage 218 immediately

thereafter, whereupon it passes through AND gate 417,

OR gate 418, and AND gate 416. |

It should be observed that a succeeding bit applied to

35

stage 217 of the register 210 over lead
413 two-thousand-four-hundred and ninety-one microsec-
onds later., This bit thereafter is stepped through read-
out shift register 210 and will be read out from the first

delay line 410 in the subcell adjacent the subcell con- .

bit will be inserted into the
‘er store 212 and will be stored

taining the aforementioned
‘second stage 2192 of the buf

in stage 219, while the first bit discussed in the previous

paragraph is stored in the first stage 218 of buffer store
212. When the first bit stored in stage 218 is directly
read back into delay line 410, as explained hereinbefore,
the second bit stored in the second stage 21¢ will pass
through AND gate 418 and OR gate 419 to be inserted

into the first stage 421 of read-in shift register 412.
this second bit passes

One microsecond thereafter,
through AND gate 422,
416, thereby to be

OR gate 418, and AND gate
reinserted into delay line 410.

It

05

60

65

should be noted that the tota] recirculation time of the

second bit is also twenty-five hundred microseconds. In
other words, although the second bit was inserted in delay

70
er store 212

line 410 one microsecond after the insertion of the first
bit, the second bit will be read out of the hu

simultaneously with the read out of the first bit. How-

ever, due to the fact that the second bit is inserted into
the first stage of shift register 412, this bit will be rein-

serted into delay line 416 one microsecond after the in-

75

- stored 1n flip-flop 221, subcell 3

sertion of the first bit which is applied directly to the de-
lay line 410. Accordingly, it should be apparent that the
recirculating bits are read into the delay line in the same
order that they are read out of the delay line, and that the -
delay time of any bit in any subcell is equal to twenty-
five ‘hundred microseconds. | |
As set forth in the general description, the recirculation
loop basically includes twenty-five registers which serve
twenty-five dial pulse acceptors, each of these twenty-
five registers consisting of one-hundred one microsecond -
subcells. As may be observed from an - inspection of
FIG. 1B, the words which represent various information
associated with processed calls are made up of four sub-
cells. For instance, the binary word (subcells 23-26)
representing the count of the number of impulses (nu-
merical type pulse train) received by the multiple register
sender to represent the first dialed digit being emitted by

- a particular dial pulse acceptor is stored in the first four

stages of readout shift register 210. The transfer of this
binary word from the readout shift register 210 into the
buifer store 212 occurs upon the application of the trail-
ing edge of control bit 23 which is applied to AND gates
211 over lead 214 during subinterval 23. This word,

- whether altered or unaltered, by the half-adder bank is
‘Inserted into buffer store 212. The word remains in -

buffer store 212 for three microseconds and is read out
of the store upon the application of the trailing edge of
control ‘bit 26 during the twenty-sixth subinterval. o
Reterring now to FIG. 7, twenty-five dial pulse ac-
ceptors 716 are schematically disclosed coupled to im-
pulsing bus 711, which will also be referred to as the on-

off hook bus. For the purpose of the present disclosure,

dial pulse acceptors 710 may be considered as sources of
trains of impulses which have been registered within the

dial pulse acceptors 710 and which represent dial pulse

information dialed by various subscribers. Dial pulse
acceptor distributor 712 may comprise a chain counter

or any other well known device for sequentially producing

mark signals on the twenty-five enabling leads, each of
which is coupled to an associated dial pulse acceptor. In
other words, the dial pulse acceptor distributor 712 se-
quentially couples the dial pulse acceptors to the impuls-
ing bus 711 so that the impulsing bus is time shared with
respect to dial pulse acceptors 718, o |
- FIG. 1B schematically discloses one hundred stbcells
which make up one of twenty-five cells each of which re-.
circulates in the recirculation loop every 2.5 millisec-
onds. The dial pulse acceptor distributor 712 is stepped

‘every one hundred microseconds so that each of the

20 :cell which is recirculating in the recirculation loop., As a .

~result, the impulses impressed upon on-off hook bus 711

twenty-five dial pulse acceptors 1s coupled to its associated

which are emitted by the second dial pulse acceptor 713
will be registered only in the second cell, -
~As shown in FIG. 1B, it may be observed that each cell
is marked in subcells 1-4. In addition, 2 matk is also
present in the one-hundredth subcell of the prior cell.
This condition is true for all cells recirculating in the -
register. However, a mark is only present in the fifth
subcell at the start of the frame Or, in other words, if the -
cell to be read out of delay line 41¢ 1s, in fact, the first
cell. These start-of-cell and start-of-frame signals may
be read into the recirculation loop by a strobing generator,
as 1s well known in the art. - |
At the beginning of the frame, subcell 1 is stored in
flip-flop 216 of readout shift register 219, subcell 2 is

and subcell 4 is stored in flip-flop 223. At this time, a
mark 1is present in the one-hundredth subcell of the
twenty-fifth cell, which means that this mark is stored in
flip-flop 423 which comprises a portion of read-in shift
register 412. This mark is impressed upon conductor 424
and 1s-applied to input terminal 510 of AND gate 511.

The marks present in the first four subcells cause the

remaining four input terminals of AND gate 511 also

is stored in flip-flop 222,
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to be marked so that a mark is applied to AND gate 512,
which mark indicates that a start-of-cell condition 18
present. It should be noted that this condition is unique
for each cell. The start-of-cell condition which is pro-

duced at the output terminal of AND gate 511 passes

through AND gate 512 during subcell 1 to be impressed
upon start-of-cell conductor 513, which conductor is con-
nected to the stepping circuit
tributor 712. Accordingly, the unique

dred microseconds, thereby to associate cach dial pulse
acceptor 710 with ifs associated recirculating cell..

Unlike cells 2—24, the first cell will, in addition to a
start-of-cell signal, also generate a start-of-frame signal.
This is accomplished by coupling the output of flip-flop
226 to a first input terminal of AND gate

input terminal of AND gate 228 so that a start-of-frame

‘mark is impressed upon conductor 238, which conductor .

is coupled to the dial pulse acceptor distributor'reset_cir-'
cuit which, in turn, causes a mark to be produced on the
first lead 714 to in turn couple the first dial puise ac-
ceptor to the buses, including on-off hook bus 711. This
action insures that distributor 712 is properly synchro-
nized with the recirculating cells within the recirculation

loop. : | | |
" FIG. 6 schematically discloses a timing bit generator

of dial pulse acceptor dis-
start-of-cell signal
causes the distributor 712 to be stepped every one-hun-
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228 via lead
229. Start-of-cell conductor 513 is connected to a second

20

25

3

Iet it be assumed that all of the information in the
multiple register sender has been cleared except, of course,
the start-of-cell and the start-of-frame marks which are
always present within the multiple register sender. Let
it also be assumed that only the first and twenty-fifth dial
pulse acceptors have trains of impulses to be fed into the
first and twenty-fifth cells, respectively. In the begin-
ning of the frame cycle, dial pulse acceptor distributor
712 is reset by the application of the start-of-frame -
mark to conductor 239, as explained hereinabove. The
start-of-cell mark is also applied to conductor 513 of dis-
tributor 712, thereby causing the first dial pulse acceplor
716 to be coupled to on-off hook bus 711. Let it be

‘assumed that a subscriber whose line circuit is associated
with dial pulse acceptor 710 has just gone off-hook less

than 2.5 milliseconds before the initiation of the new
frame. This action causes a mark to be impressed upon .
on-off hook conductor 711. This mark is applied to the
second input terminal of AND gate 426. At subinterval
7. a mark is applied by the timing bit generator of FIG.
6 to the first input terminal of AND gate 426 thereby to
produce a mark at the output of AND gate 426, which
mark - passes through OR- gate 427 to set flip-flop 423.

“This action miarks subcell 7, which is the on-off hook

subcell, as shown in FIG. 1B. This subcell will remain
marked as long as an off-hook mark 1s present upon on-

~ off hook bus 7i1.

which is utilized to control the timing of the various gates |

within the multiple register sender. This generator may

be a chain counter or any other well known high-speed

electronic stepping device. The one megacycle clock 611
the generator so that the

is coupled to the input circuit of

cenerator is stepped every microsecond.  Output leads

612 are numbered to indicate that a mark 1s produced on-
each lead once every one-hundred microseconds during a

particular subcell. For instance, a mark is produced on
lead 613 during the fourth subcell within each cell. If
the timing bit generator is a chain counter, the lead 613
would be coupled to the fourth stage of the counter. The
timing bit generator may comprise eight tandemly con-
nected flip-flops whose output circuits are coupled to a
binary-to-decimal translator matrix. The output leads
of the matrix correspond to leads 612. This structure is
not disclosed since it forms no part of the present inven-

tion and is well known to those skilled in the art of data

handling. Conductors 614, 616, 617 and 618 are wired
to the aforementioned translator matrix in such a way
that marks are produced on the various conductors

number of times during each one-hundred microsecond

period in contrast with leads 612. For instance, a mark

is produced on

eighty-sixth, ninety-first, and ninety-eighth interval within

30
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| conductor 614 during the sixth, eleventh,
sixteenth, twenty-first, twenty-sixth, thirty-first, thirty-
sixth, - forty-first, forty-sixth, fifty-first, fifty-sixth, sixty-
first, sixty-sixth, seventy-first, seventy-sixth, eighty-first,

55

‘each one-hundred microsecond period. In like manner,

numerous marks are produced on conductors 616, 617

and 618 during the subcells as indicated in FIG. 6 and
FIG. 1B. - | |

It may be noted at this fime that ‘three-digit numbers

are utilized in the various figures to designate structure,

- Why does the setting of flip-flop 423 during subinterval
7 cause the seventh cell to be marked? ~This may be
understood when it is appreciated that during the first
subinterval the start-of-cell marks are stored in fiip-flops
216, 221, 222 and 223. The start-of-frame mark or the
fifth subcell will be stored in flip-flop 226. 'The cell-in-

 processing mark will be stored in flip-flop 217. Accord-

ingly, at this time, the on-off hook subcell 7 is about 1o
emerge from delay line 410. One microsecond later,
subcell 7 will occupy flip-fiop 217, two microseconds
later, subcell 7 will occupy flip-flop 226, and SIX IiCro-

‘seconds later, subcell 7 will occupy the flip-flop 216.

Seven microseconds later this bit would be inserted mnto

flip-flop 423 if AND gate 433 remained enabled. It

should be apparent that the output terminal of AND
gate 426 could be connected to the second set terminal
of flip-flop 428 and the same result would be effected if
a mark was applied to the first input terminal of AND
gate 426 at subinterval 8 rather than subinterval 7.

It should be understood at this time. that the impulse
analyzer counter comprises subcells 8, 9, 10 and 11. Iis

“count, as represented by the binary number contained

within the subcells 8, 9, 10 and 11 is controlled as follows:
During the first frame period, lead 210, of FIG. 9,
will be marked during subinterval 6. This is because

lead 910 is coupled to output terminal 236 of flip-tlop |
217. Output terminal 236 will be marked where a binary

zero is stored in the sixth subcell. At this time, the cell-
in-processing subcell will not be marked. Accordingly,

AND gate 911 will cause a mark to pass through OR

B gate 912 to set flip-flop 913, which action in turn causes

the use of two-digit numbers indicate that a mark is

applied to a particular lead during a particular subinter-
val. For instance, a one is placed beside the second input
terminal of AND gate 512 mentioned hereinbefore in con-
nection with the genmeration of the start-of-cell signal.

This means that a mark is applied to AND gate 512 dur-

ing the time when the first subceil of each cell is present in

the first flip-flop 216 of readout shift register 210, which
‘is every one-hundred microseconds. In other words, the
second input terminal of AND gate 512, which bears the

70

" number one, is coupled to lead 619 of FIG. 6, which lead

is pulsed when the first subcell is present in the first
210. This interval

flip-flop 216 of readout shift register
is called the first subinterval. |

'AND gate 914 to be enabled. During the eight sub-

go interval, AND gate 914 produces a mark on add lead

916 which in turn is coupled to add lead 215. Ac-
cordingly, a binary count of one is registered in the im-
pulse analyzer counter. Flip-flop 913 1s thereafter reset
during subcell 9. | | o

Likewise, during the second frame, a count of two S

‘registered in the impulse analyzer counter. The registra-
tion of the count of two in the subcells 8-11 causes a

mark to be applied on binary-to-decimal converter out-
put lead 238, which is applied to the second mput terminal
of AND gate 239. Since the count of the impulse
analyzer counter is stored in the buffer store during sub-
interval 11, a binary one will be inserted into flip-ilop |
241 of buffer store 212 by virtue of the action of AND

~ gate 239, which causes the marking of the count-of-two -
5 | |

subcell 11, shown in FIG. 1B.
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f)uri'ng the third frame, a count-of-two mark will be
storde in flip-flop 217 during subinterval 9 and, accord-
ingly, since flip-fiop 217 is now set, leads 236 and 918
will no longer be marked and, as a result, the timing bit
produced at the second input terminal of AND gate 911
during the sixth subinterval will no longer be effective to
increase the count of the impulse analyzer counter every
frame, as was the case during the first two frames. ‘_

A free running forty-millisecond counter i1s provided,
which counter utilizes subcells 63-66, as shown in FIG.
I1B. The count in the forty-millisecond counter, which
1s running all the time, is always increased by one every
2.5 milliseconds or for each frame peried. Each counter
In each cell contains the same count during a particular
frame. This is accomplished by the application of a
mark during subinterval 63 to the second mput terminal
of OR gate 232 or add lead 916. This count (in each
cell) is automatically reset upon the sixteenth frame since
a binary 1-1-1-1 will be changed to a binary 0-0-0-0
by virtue of the operation of half-adder bank 213. The
reason that this counter is called 2 forty-millisecond
counter is that a mark is produced when a binary 1-1-1-1
1s contained within the counter (16X2.5). The count-
of-fifteen mark is produced on output lead 241 of binary-
to-decimal translator 240 every forty milliseconds, which
lead is connected to lead 917, of FIG. 9. The impulse
analyzer counter may be reset, regardless of the count
within the forty-millisecond counter, by the application
of a mark to reset counter lead $18 by the operation of
level change indicator 811. This lead 1s connected to reset
lead 234 of FIG. 2. Every forty milliseconds the mark
- produced by the timing bit generator, during subinterval
64, will pass throngh AND gate 918 to et flip-flop 919
which, in turn, produces a mark at the second input ter-
minal of AND gate €21 to insert a count into the impulse
analyzer counter. During the sixth subinterval, the mark
produced by AND wgate 821 causes flip-flop 213 to become
set which, in turn, causes
subinterval 8 to add lead
the count within the impulse analyzer counter to the count
of three. | |

To review briefly, a count of one is registered in the
Impulse analyzer counter during the first
of the full enabling of AND gate 911, A count of two
Is registered in the impulse analyzer counter during the
second frame so that the count of two within the impulse
analyzer counter indicates the five milliseconds have
elapsed. After the off-hook bus 711 has become marked,
the registration of a count of two within subcells 8-11
of the impulse analyzer counter causes AND gate 211 to
become disenabled. The count 1s thereafter increased to

three only after the passage of forty milliseconds, since

the setting of flip-flop 919 is necessary to increase the
count further by dint of the
In other words, the circuitry of FIG. 9 causes the impulse
analyzer counter to shift from a 2.5-millisecond count to
a forty-millisecond count rate afier a count of two. The
reason for this will be explained herein in connection with
the detection of the end-of-digit condition,
be appreciated that the count within the impulse analyzer
counter is cleared each time a change in the hook con-
dition is indicated by leve] change indicator 811. As a
result of the
upon the registration of

will commence to count the time interval of an on-hook
or off-hook condition which has newly -been manifested
on on-off hook bus 711. A leve] change indicator 811
registers a mark on on-to-off hook conductor 813 when
an on-to-off hook transient is produced on impulsing
bus 711. Level change indicator 811 produces a mark
on conductor 814 when an off-to-on hook transient is
produced on impulsing bus 711. Since leads 813 and
§14 are coupled to lead 810 through OR gate 816, a
mark is produced on lead 810 each time a transient

a mark to be applied during
216-215, thereby to increase.

operaticn of flin-flop 213.

resetting of the impulse analyzer counter -
a transient condition (change-
of-hook state condition), the impulse analyzer counter
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'ﬁip-ﬂop 826 will occur during

- buffer store

10
occurs regardless of whether the transient has an on-to-

off hook condition or an oii-to-on hook condition.
An on-to-off hook condition is detected as follows: as

an off-nook condition is manifested on impulsing bus

711, a mark is -applied to the second input terminal o
AND gate 817.

second input terminal of AND gate 818 owing to inverter
822 so that only AND gate 817 is partially enabled. A
fresh off-haok condition on impulsing bus 711 implies
that the on-to-off hook subcell 7 will be unmarked since
an on-hook condition prevailed on impulising bus 711
during the preceding The state of subcell 7 may
be deterted during subinterval © by connecting output
terminal 431 of flip-flop 428 to the first input terminal of
AND gate 821, as shown in FiG. 8.
bus 711 manifested an on-hook condition in the preceding
frame, a no-mark condition will be present in subcel] 7
and, accordingly, a mark will not be produced by AND
gate 821 during subcell subinterval 9 However,
tue of the operation of inverter 822, AND gate 817 causes

A no-mark condition is applied to the

Since the impulsing

by vir- -

a mark to be produced on the on-to-off hook conductor §

which mark is also produced on lead 810. Now lat it
be assumed that an off-to-on hook fransient has just
occurred in impulsing bus 711. Under these circum-
stances, on-to-off hock subcell 7 will be marked and im-
pulsing bus 711 will be unmarked. “Accordingly, AND
gate 821 produces a mark during subinterval 9
passes through AND gate 818 which is
virtue of the action of inverter 822,
terminal of AND gate 818 is
put terminal of OR gate 816,
to lead 810.

When an on-to-off hook condition is manifested on
Impulsing bus 711, a mark is produced on reset lead 819,
as explained hereinabove, thereby to reset the impulse
analyzer counter, - |

Two conditions are necessary for the registration of a
single dialed impulse.
tion must be manifested together with an indicated count
of two emanating from the impulse analyzer counter.
Upon the manifestation of the 1nitial oft-hook condition,
a count of two will not be present in the impulse analyzer
since this counter is resetting '
on-to-off or an off-to-on transient.
impulse received by the multiple register
a change in the level of bus 711 from of
As stated earlier, if this

now enabled by
Since - the output
connected to the second in-
a fransient mark is applied

The first dialed
sender will cause

on-hook condition persists for at
least five milliseconds, an impulse will, in face, be regis-
tered. If this on-hook condition exists for less than five
milliseconds. It is ignored since the Impulse is assumed
to be due to contact bounce or noise.
bus 711 reverts to the on-hook condition after initial ofi-
hook condition and remains on-hook for greater than five

milliseconds and then reverts to off-hook again, the regis-

which

Therefore, when

“An on-hook to off-hook condi-

upon the occurrence of an

-hook to on-hook.

tration of a single dialed impulse will be effected. Under |

these circumstances, a transient level change mark will

be produced on conductor 823 as explained hereinbefore.
A mark wili concomitantly

ductor 238 of the binary-to-decimal translator 246 and

subinterval 9 since AND
gate 817 is fully enabled at this time under these condi-
tions. Flip-flop 826 remains enabled until subinterval
36, at which time it is reset. AND gate 827 is fuily en-
abled during subinterval 14
cell 14 is marked. The marking of impulse-received sub-
cell 14 is carried out by causing the output lead 828 of
AND gate 827 to be connected to flip-flop 219 of the
through lead 242, OR gate 243, and half-
adder 244. The setting of impulse-recognition flip-flep
826, besides causing the marking of the impulse-received

subcell 14, also partially enables AND gate 829 until

subinterval 56.

be produced upon output con-

and the impulse-received sub-
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The purpose of steering circuit
increase the count in the various number counters (sub-
cells 23-57) upon the manifestation of each impulse-
recognition signal. In other words,
dialed by a subscriber. associated with a particular dial
pulse acceptor is five, the five impulse-recognition signals,
‘which cause the setting of flip-flop 826 five times, must be
counted in the first digit number store (subcells 23-26).
This number five will be present in binary form in bufier
store 212 during subintervals 23-26, as shown in FI1G. 1B.
Digits thereafter dialed by the subscriber and’ associated
with the second dialed number must be inserted and
counted in the second digit number
31).
31 which, in turn, is controlled by
ing zero, present 1n the impulse steering distributor count-
“er (subcells 18-26). The number present in the impulse

831 is to initiate or.

if the first number

3,312,786
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interdigit pause will be detected, thereby to cause a count
of one to be inserted into the impulse steering distributor

counter. As explained hereinbefore, an off-hook condi-

10

steering distributor counter will be present in binary form -

in the buffer store during
‘FIG. 1B. The inputs to the first tier AND gates of
steering circuit 831 are connected in various permutations

to the output leads of the flip-flop 832, as symbolically in-
dicated in FIG. 3.
of AND gate 848 is connected to the left-hand terminal
of flin-flop 834, the second input terminal is connected to
" the left-hand terminal of flip-flop 835, and the third
input terminal 13 connected to the left-hand output ter-
minal of flip-flop 836. 'The left-hand terminals of flip-

flops 832 will be marked 1n the reset or binary Zzero

«tate. On the other hand, the right-hand terminals of

these flip-flops will be marked |
or in the binary one state. T hese comments appiy

equally as well to the connections between the binary-to-

decimal translator 240 and the flip-flops of the buffer

" Flip-flops 832 receive and
<tore the binary number present in the impulse steering
distributor counter during the nineteenth subinterval by
virtue of AND gagtes 837, 841 and 843. The first ter-

store, discussed hereinbefore.

minal of the first AND gate 837 is connected to the output

rerminal of flip-flop 241 over lead 838-246. In like man-
ner, the first input terminal of AND gate 841 is connected
to flip-flop 219 of buffer store 212 over conductor 942

subintervals 18-20, as shown in

For instance, the first input terminal

when the flip-flops are set

20

29

terpreted to be an interdigital pause.

time §ince impulse-received

‘mark to be produced on

tion of two-hundred-and-five milliseconds or longer is In-
_ It will be remem-
bered that the impulse analyzer counter is reset upon each
on-to-off - hook, or off-to-on hook transient; therefore,
the trailing edge (on-to-off hook transient) of the last
dialed impulse of the first digit will clear the impulse
analyzer counter so that the stage is set for determining
the presence of a two-hundred-and-five millisecond off-
hook condition. The count of two indicates the passage

store (subcells 28—  of five milliseconds and the registration of the count of

This steering proces is controlled by steering circuit -
the number, includ-

seven will indicate the passage of two-hundred-and-five
milliseconds since the count rate of the impulse analyzer
<hifts to the forty-millisecond rate after a count of two,
as explained hereinbefore. As the second input terminal
of AND gate 856 1is connected to the count-of-seven
AND gate of binary-to-decimal translator 240 over lead
857249, a mark will be produced at the output terminal
of AND gate 856 during subinterval 9. This mark is
forwarded to AND gate 858 which is enabled at this
subcell 14 is marked (sub-
cell 14 is not marked upon initial off-hook). A mark
in subcell 14 during the ninth subinterval will cause a
lead 220 of flip-flop 217, which
tead is connected to input terminal 853 of AND gate

- @58, Since the output terminal of AND gate 858 is cou-

30

 flip-flop 861 is reset during the

. thereby to forward a mark over conductor

39

the set terminal of end-of-digit flip-flop 861, the
mark is produced on end-of-digit conductor 862 and re-
mains on end-of-digit conductor 862 until end-of-digit
fifty-sixth subinterval.
863 is fully enabled,
864-215 to

be manifested in the impulse.

pled to

During subinterval 18, AND gate

cause a count of one to

 steering distributor counter.’

40

247. The first input terminal of AND gate 843 1s con-

nected to the output terminal of fiip-flop 220 over conduc-
subinterval 19, the

tor 846-225. Accordingly, during
binary number in bufier store 212, which represents the
count in the impulse steering distributor counter, will be

inserted into flip-flops 832, which are all reset during sub-

interval 27 over lead 847. | |
As mentioned hereinbefore, AND gate §29 is partially
“enabled upon the recognition of an impulse (flip-flop
‘826 is set). The first dialed impulse will, of course, be
asscciated with the first

counter and none of the flip-flops 832 are set during sub-
interval 23. Since AND gate 848 will produce a mark
where a zero is stored in the impulse steering distributor
counter (all input terminals of AND gate 848 are con-
nected to the binary z€ro terminals of flip-flops 832), a
mark will be produced in the output terminal of AND
gate 851 during the twenty-third subinterval and will

pass through OR gate 852 and partially enabled AND

gate 829 and will be inserted into the first digit store,
thereby to cause a count of one to be inserted into
first digit store. This 1s _
the output terminal 853 of AND gate
215, thereby to set flip-flop 218. The second received
impulse will cause a second mark to be produced In the

output circuit of AND gate 829 to reset flip-flop 218 and

set flip-flop 219 by the action of half-adder 213 to reg-
ister a binary two. Registration of subsequently received
impulses of the first digit continues in like manner. -
Now let it be assumed that the particular dial pulse
acceptor which is in communication with the multiple
register sender finishes transmitting the first digit.

dialed digit. Therefore, the count
of zero is present in the impulse steering distributor

" The count is increased upon the receipt
of the second digit until

o0

55

60

the
accomplished by connecting
§29 to add lead

- 872-231.

70

of AND gate 867 during

~ -again increased by
is disenabled and AND

" this embodiment of the present

Upon the setting of impulse-recogniﬁon flip-flop 826

upon receipt of the first impulse of the second digit,

AND gate 867 of steering circuit 831 is partially enabled,
and AND gate 851, which was previously enabled during
the receipt of the first digit, is disenabled owing to the
count of one in the impulse steering distributor counter.
Accordingly, a mark is produced at the output terminal
‘gubinterval 28 and passes
partially enabled AND gate
§29 to cause a count of one to be inserted into the sec-
ond digit store, since the subcells comprising this store
are present in the buffer store during subinterval 23.
of each impulse
_ an end-of-digit signal is again
detected by AND gate 856, as described hereinbefore.
The count in the impulse steering distributor counter 1s
one and, as a result, AND gate 867
oate 869 becomes enabled so
are inserted into the third

through OR gate 852 and

that further received digits |
digit store. This process continues
digits are inserted into all seven of the digit stores of
invention. It should be
noted that upon the setting of end-of-digit flip-flop 861,
AND gate 871 is fully enabled during the fourteenth
subinterval to cause the erasure of the impulse-received
it in subcell 14. This is accomplished by connecting
the output terminal of AND gate 871 to the reset ter-
minal of flip-flop 219 of buffer store 212 over lead
In this manner, a new impulse-received bit
must be registered in subcell 14, as previously . explained,

‘before a subsequent end-of-digit condition can be regis-

tered. Without this feature, the off-hook condition would
step the steering circuit without further receipt of im-
pulses. o | | -'
o ~ Processing

The disclosed embodiment of the p_rese.n't invention re-
ceives and remembers a seven-digit number from each
dial pulse acceptor 718. The first three digits dialed by

An 75 the subscribers associated with each dial pulse acceptor

until all of the dialed
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could be the exchange number of the called party situ-
ated within the same area but located in another city or
town. ‘These three digits are fed into the translator,
shown in FIGS. 12A and 12B. The translator translates
these three digits into six routing digits which are sequen-
tally outpulsed to set up an intra-area route. After

these six digits have been sequentially outpulsed, to set

up the route, the seven digits dialed by subscribers as-
sociated with dial pulse acceptors 710 are utilized to
- actuate switching circuitry at the called exchange to
finally complete the call. If the multiple register sender

10

were utilized for inter-area traffic, a ten-digit store would

be provided to accommodate the area code which could
be translated into a series of routing -digits. As dis-
cussed hereinbefore, the digits dialed by the subscribers
are represented by numerical pulse type trams, as pro-
duced by standard present-day dial telephones. These
numerical pulse trains are translated into binary numbers

15

which are sequentially built up within seven digit stores

comprising subcells 28-5§ of each recirculating cell.
Since there are only one processing store and one transla-
tor, the recirculating cells are sequentially accessed to
the translator so that the first three digits dialed into the
multiple register sender and contamed within the first
three digit stores are transferred out of the particular
cell accessed to the translator and are inserted into binary
stores within the translator. The three four-bit stores
are utilized to select or enable one out of one-thousand
route cards within the translator. The route cards to-
gether with a decimal-to-binary converter and a stepping

circuit are physically arranged to provide for the encod- -

g of the six-digit number. Each one of the six trans-
lated routing digits are inserted sequentially into an out-
going digit store which is electrically associated or ac-
cessed with subcells 93-98 of each ceil. See FIG. 1A.
After the six routing digits associated with a particular
recirculating cell are sequentially outpulsed, as will be
- explained hereinafter under “Outpulsing,” the digits sent
store, which is accessed to subcells 3861, will cause
spill-out to occur. Before outpulsing commences, the
digits sent store within each recirculating cell is set at
the number thirteen in this particular embodiment of
the present invention since thirteen digits are to be trans-
mitted by the multiple register sender back through as-

sociated dial pulse acceptors (six routing digits plus seven

conventional numbers for selecting the subscriber at a
particular exchange). When the first of six roufing digits
encoded in the translator is- inserted into the outgoing
digit store in binary form, the stage is set for the out-
pulsing of this first routing digit. As each impulse of
this first routing digit is reconstructed by the outpulsing
circuitry of FIG. 13 and transmitted to the appropriate

dial pulse acceptor, the binary number contained within |

the outgoing digit store is reduced by one so that, after
a time, the count within the outgoing digit store reaches
zero. This, of course, will only occur after numerous
recirculations of the particular cell. When the . count
in the outgoing digit store reaches zero, the binary thir-
teen contained within the digits sent store is reduced to
a binary twelve. This action causes the count; which
will be inserted in the route card steer store of the trans-
lator (F1G. 12B), to be reduced from seven to six, which

sets the stage within the translator for the encoding of |

the second routing digit. See FIG. 17A. This second
routing digit is inserted in binary form into the outgoing
digit store and outpulsing of the second routing digit is
carried out. Qutpulsing of the third, fourth, fifth, and
sixth routing digits is thereafter accomplished until a
count of seven is registered in the digits sent store. The
registration of a count of seven in the digits sent store
prevents the remaining digits from obtaining access to
the translator since the translator is no longer required.
as routing has already been set up. The remaining seven
digits are sequentially spilled out, or sequentially in-
serted, into the outgoing single digit store where the

20

_ . 14
outpulsing of these digits is carried out without transia-
tion. In other words, after the sixth roufing digit is out-
pulsed, the binary number contained within the first digit
store (subcells 23-26) is inserted into the outgoing digit
store (subcells 93-96) by virtue of logic circuitry as-
sociated with the digits sent store.. The first digit is out-
pulsed and, when a count of zero is registered in the out-
going digit store to indicate that the first digit stored
within the first digit store is completely outpulsed, the
count within the digits sent store is reduced from. seven
to six. This action causes the binary number stored
within the second digit store (subcells 28-31) to be
spilled out into the digits sent store so that the second
digit may be outpulsed. After the second digit is fully
outpulsed, the count within the digits sent store is again
reduced by one and this action causes spill-out of the
third digit. All digits are thereafter spilled out until the
seventh digit is outpulsed, at which time the particular
cell is cleared or erased so.that this cell may be utilized
to again handle a fresh call. - |
In order to perform the aforementioned operations
swiftly and in an economical manner, the processor, which -

18 disclosed in FIGS. 10, 11A, 11B, 12A and 12B and
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which includes the digits sent store, the outgoing digit -
store, and the translator, is sequentially accessed to each
of the twenty-five recirculating cells. FEach recirculating
cell contains certain subcells which enable and control
access of each recirculating cell to the common processor
at various times to carry out translation and outpulsing.

Each recirculating cell, the contents of which repre-
sent information fransmitted from associated dial pulse.
acceptors, is sequentially accessed to the processor every
62.5 milliseconds. It will be recalled that a single re-
circulation of each cell within the multiple register sender -
takes 2.5 milliseconds. After a particular cell, such as
the second cell, is accessed to the translator so that read-
in of information contained within the cell occurs, the
processor bit 6, which is the cell-in-processing bit, is
marked. The other recircultaing cells do not have bit 6

marked. Cell-in-processing bit 6 earmarks the cell so .

that no other cell may gain access to the processor. In
FIG. 15, marking of bit 6 together with the transfer of
information from cell 2 into the processor is schematically
indicated. This earmarks cell 2 so that only cell 2 may
be accessed to the processor. During the next frame,
bit 6 is recognized by the processor and read out from the
processor back into the second cell is accomplished. The -
processor has, therefore, been associated with cell 2 for.
one frame period, or a period of 2.5 milliseconds. Bit 6
1s erased from cell 2 at this time and cell-in-processing
subcell 6 of cell 3 is marked. At this time, information : -
contained within cell 3 is read into the processor. 2.5

milliseconds thereafter, information read into the proc-

essor 1s read back into cell 3 and the bit within cell-in-

processing subcell § is erased and the cell-in-processing
subcell of cell 4 is marked. As a result, a “Jump counter”
or distributor arrangement is provided for sequentially -
transferring information from each recirculating cell and
returning that information back 2.5 milliseconds there-
after while accessing the next cell. Since there are twenty- .
five recirculating cells and each cell is accessed to the =
processor for 2.5 milliseconds, it follows that each cell
1s accessed to the processor every 62.5 milliseconds -
(2.5x125). - o
If a particular cell has been accessed to the translator
so that the first three digits are inserted into the address
stores within the translator, subcell 15, the cell-in-trans-

lator subcell, is marked. This earmarks subcell 15 in a

similar manner as cell-in-processing bit 6 earmarks the
cell accessed to the processor. Upon subsequent recog--

-nition of the marked cell in translator subcell 15, a trans-

lated routing number is read out of the translator and
reinserted back into the cell and outpulsed. The cell-in-
translator subcell 15 has been marked and the translator
is cleared so that it may be accessed to another cell which
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carries a request-for-translation bit in subcell 21. Since

the translator cannot be accessed to a particular cell un-

less the processor is concomitantly accessed to this cell,

3,312,786

it follows that if only one cell contains a request for trans- |

lation, then the translator Is accessed to this cell every

62.5 milliseconds, just as the processor is accessed to this
cell every 62.5 milliseconds. However, should two cells
carry a request for translation, the translator would be
accessed to each cell every one-hundred-and-twenty-five
milliseconds because the second cell would be accessed
to the translator before the first cell which has been ac-

cessed is reaccessed. In other words, access of particular

recirculating cells to the rranslator is based on traffic
and is not accessed to the
seconds, as in the case of the processor.
many recirculating subcells request translation,
‘the translator may take as
(62.5%25). However, this is not in the least detrimental
since, in order for the translator to
encode the first routing digit, the first three dialed digits
must first be registered in the multiple register sender and
this generally takes several seconds. o
Let it be assumed that the cell-in-processing bit 6 of
the first cell is marked as disclosed in FIG. 15. When
the first cell has arrived at the bufer store, a mark will be
produced at the output terminal of flip-flop 216, of FIG.
2, during subinterval 6 to denote that bit 6 of the first cell
has been marked.
1008, of FI1G. 10, during subinterval 6 and causes proces-

sor transfer enable flip-flop 1001 to become set. At this

‘Therefore, if

translator every 62.5 milli-

access to
much as 15,625 seconds

10

15

become effective o -
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This mark passes through AND gaie |
30

time, a mark is forwarded over lead 1008’ to cause flip-flop .
218 to become reset, thereby erasing bit 6 from cell 1. The
setting of flip-flop 1001 also seis the stage for marking cell-

* in-processing bit 6 in cell 2 when cell 2 arrives at the buf-

 fer store one-hundred microseconds later. At this time,
~ timing bit 6 applied to lead 1608’ passes through AND
cate 1006, which is enabled by the prior setting of flip-
flop 1001, and sets flip-flop 216 to mark subcell 6 in cell 2.
Timing bit 6 also reseis flip-flop 1001 for one-hundred
" microseconds at this time via lead 1008’’’. This produces
" the above-described jump counter effect.

As mentioned hereinabove, when the first cell emerges
from the main delay line store, processor transfer en-
able flip-flop 1001 is set and remains set for one-hundred
microseconds until terminal 1008’ is again marked by
timing bit 6. The marking of lead 1001’ partiaily en-
‘ables readout AND gates 1107 and 1118, of FIG. 11A,

so that binary information stored within digits sent store
1104 is reinserted into cell

1106 and outgoing digit store
1. See FIG. 15. At subinterval 56, flip-flop 1119 18 set
by timing bit 56 so that readout AND gates 1118 are
fully enabled to transfer the binary digits contained with-

in the digits sent store through OR gates 1117, OR gates
310, half-adder 320, AND gates 330, and OR gates 418, 55
 translator is possible, the first input terminal of AND gate
- 1611 will be marked at |
translation bit 21 just written into subcell 21 will cause

419, 429 and 427 back into read-in shift register 412.
This transfer
as AND gate 340 is
bit generator. Therefore,

into the digits sent store of cell 1 which is contained
within subcells 58-61, as shown in F1G. 1B. |

At subinterval 64, flip-flop 1119 is reset, thereby 10

disenable AND gates 1118 and to re-enable AND gates
1107. Accordingly, when AND gates 330 are re-enabled
during subinterval 96, the binary number stored within
outgoing digit store 1104
1107, OR gates 1117, OR gates 310, half-adder 320, and
AND gates 330 to be reinserted into read-in shift register
412 so that the contents of the outgoing digit store 1104

will actually occur during subinterval 61,
coupled to lead 618 of the timing
| a binary number contained -
within digits sent store 1106 of the processor is reinserted

39

- six routing digits which are
‘appropriate dial
40

o0

stores. In addition, flip-flop

- of the digits sent

to be written into subcell 21.

. 16

circulating cell 1, processor free flip-flop 1102 has been
set by prior timing bits 96 so that processor free conductor
1862’ is unmarked and, accordingly, the read in of in-
formation from cell 1 into the processor is not possible
since the various read-in gates (1110, 1121, 1124) are
disenabled. At subinterval 99, just after read out from
the processor into cell 1 has been accomplished, a mark
is produced by AND gate 1107 (1601’ is marked) to
cause clear-processor bus 1107’ to be marked, which
causes the flip-flops within digits sént store 1106 and out-
going single digit store 1104 to be reset to clear these
| 1104, flip-flop 1163, and
flip-flop 1102 are set and flip-flop 1116 becomes reset.
Processor-free flip-flop 1102 is set so that processor-free
conductor 1102’ becomes marked and remains marked -
for the next ninety-seven milliseconds, which will be the
period when information 1is read into the processor from
cell 2, as will be explained hereinafter. During succeed-
ing subinterval 59, AND gate 1110 is enabled to enable
readout conductor 1110’°, thereby to enable read-in AND
gates 1121. Since the contents of the digits sent store

of the second cell (subcells 58—61) are present within

the buffer store 212 during subinterval 39, the contents
| store are read into the digits sent store
1106 of the processor at this time. The enabling of the
processor-free conductor 1002’ also causes gate 1124 to
be partially enabled so that the binary number contained
within subcells 93-96 is inserted into outgoing digit store
1104 during subinterval 94.  One frame period later, bit
6, which has been written into cell-in-processing subcell

6, causes the read out of cell 2 back into the delay line

as explained here-

and cell 3 is accessed to the processor,
2 to the

inabove in connection with the accessing of cell
Processor. - | - T |

" As mentioned hereinabove, the first three dialed digits
contained within any of the recirculating cells are sequen-
tially inserted into the translator and are translated into
sequentially outpulsed to the
pulse acceptor to set up a given intra-area
long distance route. The stage is set for the translation
process by writing in a bit in the request-for-translation
cubcell 21. ‘OR gate 873 is coupled to the first, second,
and third AND gates of steering circuit 831, as shown
in FIG. 8B. The output terminal of OR gate 873 is con-
nected to the first input terminal of translation-request
AND gate 872. The actuation of end-of-digit flip-flop
861 further enables AND gate 872 so that, at subinterval

19, a mark is forwarded by translation-request AND gate -

872 to lead 255 of the buffer store thereby to set flip-flop

request-for-translation bit 21
The mark produced by

241 which, in turn, causes

" OR gate 873 is also utilized to enable AND gate 716,

60
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passes through AND gates

cell, which outgoing digit store is contained within sub-

‘cells 93-97, as shown in FIG. 1B. _ .
_ During the aforementioned period when information
~ is being read out of the processor and read back into re-

75

~which sets the stage

vaich for parallel outpulsing of the first
three dialed digits, as will be explained in detail herein-

after. e |
‘If the processor 1s free and, therefore, access to the

subinterval 19. * The request-for-

request-for-translation flip-flop 1004 to become set, which
action marks the request-for-translation bus 1005. Two
microseconds later, a mark passes through AND gaie
1005’, during subinterval 21, and causes the resetting of
buffer store flip-flop 218, thereby to erase the request-for-

translation bit in subcell 21. The request-for-translation

bus 1005 is connected to the third input terminal of AND
gates 1202, 1204, and 1204. These AND gates are uti-
tized to control the transfer of the binary digits in the
first three digit stores (dialed digits) into binary stores

| 70 1215 of the translator. The translation-request bus is also

is reinserted into the outgoing digit store of the first coupled to AND gate 1211 to partially enable AND

‘gates 1212 which cause the binary number stored in the

digits sent store to be inserted into the route card steer-
ing circuit. If the translator is, in fact, free, flip-flop -
1296 will be set to cause translator—free_ bus 1206" to be
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marked. The marking of translator-free bus 1206’ fur-
ther enables translator read-in AND gates 1202, 1203 and
12¢4. These AND gates are also partially enabled by

binary eight lead 1105” which is connected to digits sent

store 1106.

As shown in FIG. 17A, a bit will be stored in the binary

eight flip-flop of the digits sent store as long as the en-
coded routing digits are being outpulsed. As soon as
the count of seven is registered in the digits sent store,
that is, as soon as the first six routing digits have been
outpulsed, a “not-eight” condition will be manifested n
the digits sent store so that a mark is no longer present on
binary eight conductor 1165, thereby to prevent further
translation to take place.
1262 and 1204 are now fully enabled by a translation-
request condition, a binary eight condition, and a transla-
tor-free condition so that the first dialed digit, the second

Translator read-in AND gates

10

15

dialed digit, and the third dialed digit are sequentially in-
serted into flip-flops 1215 of the translator during subin-

tervals 24, 29 and 34, respectively. As is obvious in the
drawing, this is accomplished by sequentially enabling the
three groups of AND gates 1214, shown in FIG. 12A,
which couple buffer store 212 to flip-flops 1215 via OR
gates 310. Flip-flops 1215’ are coupled to a first digit
translation tree 1219. The output terminals of flip-flops
1215" are coupled to tree 1223 and the output terminals
of flip-flops 1215" are coupled to tree 1222. These trees
could be conventional relay trees which are utilized to
‘mark one of ten output leads depending upon the binary
address submitted to the tree. Of course, any type of
binary-to-decimal converter could be utilized in place of
trees 1219, 1221 and 1222. A “three-dimensional” ma-
trix 1229 is connected to the output terminals of the
three trees. Since there are ten possibilities in the X-
address, ten possibilities in the Y-address, and ten possi-
bilities in the Z-address, it follows that the three-dimen-
sional matrix 1220 provides for one-thousand Cross-points
which are selected in accordance with the three-digit bi-
nary-decimal code (first three dialed digits) inserted into
the translator. Such a matrix is disclosed in U.S. Patent
No. 3,077,580. A nonlocal call route card 1224 is sche-
matically disclosed in FIG. 12B. Route card 1224 has
an enabling bus 1225, which is marked if cross-point con-
ductor 1223 js marked. This action causes AND gates
1229, which are affixed to the route card, to be partially

enabled. = It should be understood that a particular route

card 1s enabled by the marking of a particular cross-point
in the three-dimensional matrix 1220. A local call route
card 1233 is shown connected to cross-point 1233".

- since AND gate 1211 has already been partially en-
abled by the translator-free condition and by the transla-
tion-request condition, the contents of the digits sent store

(subcells §8-62) pass through AND gates 1212 upon the -
production of a mark at the output terminal of AND gate

1211 at subinterval 59, and is inserted into route card
steering fiip-flops 1213. The output terminals of flip-flops
1213 are coupled to tree 1231 so that the binary number
stored within flip-flop 31213 is converted into a decimal
equivalent. Since this is the first step in the translation
process, the digits sent store will contain the number
thirteen so that tree 1231 causes the first AND gate 1229
to be fully enabled. - This action, in turn, causes a mark

to be forwarded to a particular input lead of decimal-to-

- binary converter 1226. | |

. It should be understood at this time that one decimal-
to-binary converter 1226 may be provided for the one-
thousand or less route cards. The mark produced by the
first AND gate 1229 is supplied to the uppermost input
terminal of decimal-to-binary converter 1226, shown in
- the drawings. It should be understood that if another
route card (not shown) is selected by the marking of a

different cross-point, the full enabling of its first or upper-

most AND gate will quite possibly cause a mark to be

applied to another input terminal of decimal-to-binary
converier 1226, such as the fifth input terminal. ' In oth-
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er words, each route card has a different scrambling pat-
tern affixed thereto so that various binary numbers (six
routing digits) are produced sequentially by the sequen-
tial .enabling of the AND gates affixed to the route cards

- by the route card steering circuit, which circuit would be

common to the one-thousand route cards. |

‘The request-for-translation condition concurrently pres-
ent with the translator-free condition and the processor--
free condition causes a bit to be written into cell-in-trans-
lator subcell 15 just before information is inserted into
flip-flops 1215 of the translator. Accordingly, AND gate
1012 is fully enabled during subinterval 18 and a mark is
forwarded over conductor 1461 which causes flip-flop 428
of read-in shift register 412 to become set. Sixty-two and
one-half microseconds later, when the- processor is again

- accessed to the particular cell which has just received the

first three digits to be translated, the cell-in-translator bit
written into subcell 15 will cause a mark to be produced
In the output terminal of AND gate 1009, thereby to cause
this cell-in-translator bit to become erased by virtue of
conductor 1069” (flip-flop 220 becomes reset). At this

instant, translator-clear flip-flop 1083 becomes set, there-

by to mark translator-clear bus 1603’. This mark is for-
warded over conductor 1603’ to partially enable AND
gate 1208 mn FIG. 12B. Accordingly, during subinterval
74, AND gates 1209 are enabled via AND gate 1208 so
that the first translated number, which was previously set
up sixty-two and one-half milliseconds previously, passes
through OR gates 1103, of FIG. 11B, and is inserted into
outgoing digit store 1104. Twenty-two microseconds
thereafter, AND gates 336 are enabled during subinterval

96 and the first translated digit is inserted into the out-

going digit store (sub-cells 93-98). The marking of
translator-clear bus 1003’ partially enables AND ‘gate

1217. During subinterval 96, flip-flops 1215 are reset -

and flip-flops 1213 of the route card steer are also reset,
thereby to clear the translator. The reset lead coupled to
the output terminal AND gate 1217 also causes flip-flop
1206 to change its state so that translator-free bus 1206’
Is again marked so that the translator is made available
for further translation. |
It should be remembered that during the one-hundred .
microsecond period when the first three digits were read
into the translator, flip-flop 1206 was set by virtue of AND

gate 1267 so that other data could not be inserted into

the translator during the intervening 62.5-millisecond

period.

Translator-clear flip-flop 1003 is reset when a mark is
applied by AND gate 1187 to the clear-processor bus-
L107" after the translated number is reinserted into the
outgoing digit store during subinterval 96. | |

Accordingly, it should be understood that information
i1s read into the translator, held for 62.5 milliseconds
(twenty-five frames), and read out of the translator so
that the translator is processing data in a particular cell
for a period of 62.5 milliseconds. -

© Qutpulsing

~ After the first translated routing digit is inserted into
the outgoing digit store, outpulsing commences. The
digits sent store (subcells 58-61) will contain a binary
thirteen (as shown in FIG. 17A). After the reconstruc-
tion and application of the first impulse to the outpulsing
bus, to be explained in detail hereinafter, the count within
the outgoing digit store, which represents the first trans-
lated routing digit, will be reduced by one. Upon the re-
comstruction and application of a second impulse to the
outpulsing bus, the count within the outgoing digit store
will be again reduced by one. When the count within the

outgoing digit store reaches zero, the number contained

within the digits sent store will be reduced by one. This
reduced number is inserted into the group card steering
flip-flops 213, as mentioned hereinbefore, to enable the
second AND gate 1229 of each route card and, accord- .
ingly, the second routing digit is encoded in the same way
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that the first routing digit was encoded. After all six
routing digits are encoded and outpulsed, a count of seven
will be present in the digits sent store (subcells 58—-62),

as indicated in FIG. 17A. A binary “not-eight” condi-
tion in this particular cell prevents further information .
) being fed into the translator, as discussed herein-

fro

before, and the translator is accordingly out of the picture

regarding this particular cell. The seven dialed -digits
contained within the digit stores (subcells 23-56) are
now ready to be outpulsed. - |

Outpulsing or spill-out of the dialed 'digit_s' within a

particular cell is substantially similar to the outpulsing of

10

translated routing digits. The first dialed digit contained
within subcells 23-26 is inserted into the outgoing digit -

store through a steering circuit, of FIG. 11A, which is not

operative when the translated routing numbers emerging

15

from: the translator are fed into the outgoing digit store..

The first dialed digit inserted into the outgoing digit store.

is outpulsed in the same way as the translated routing |

digit. After the count in the outgoing digit store Teaches
zero, a count is again subtracted from the digits sent store.

20

This action affects the steering circuit so that the second -

dialed digit contained within subcells 28-31 is inserted

into the outgoing digit store to be outpulsed in the same.

way as the first dialed digit and the preceding six routing.

digits. Finally, the seventh dialed digit contained within

25

subcells 53—-56 is outpulsed after the third through sixth

dialed digits, and the particular cell 1s cleared so that it

may handle a fresh call. | o .
FIG. 17B discloses a circuit for causing the binary num-

ber thirteen to be inserted into the digits sent store when

a particular cell commences to receive dial pulses from

its associated dial pulse acceptor. As explained herein-
before, release register subcell 13 is marked by AND gate
891 upon the manifestation of the first on-to-off hook
condition on the impulsing bus. This mark indicates that
the cell has been taken up and is retained until it is de-
sired to clear the cell, as explained in detail hereinafter.
When a particular cell is to be cleared atter outpulsing has
been completed or upon the detection of a 27-second
time-out condition, or a final -on-hook condition, register
release bit 13 is erased and remains erased until the cell
is again taken up by receiving a first dialed impulse. |

~ Gates 1703, 1704 and 1706 have their output terminals
coupled via isolation diodes 1707 to the set terminals of
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binary eight, binary four, and the binary one flip-flops of -

buffer store 212 to cause the binary number thirteen to be
written into the digits sent store (during subinterval §9) .

of a particular cell upon the detection of a newly marked
release register bit 13 by AND gate 17¢01.

terminal 253 of the binary one flip-fiop 218 of bu

A The upper in-
put terminal of AND gate 1701 is coupled to the output -
fer store

20 . _
cell. As described hereinabove, marks will be produced
at the output terminals of AND gates 1703, 1704 and

1706 during subinterval 59 so as to insert the binary num-

ber thirteen into the digits sent store just after bit 13 has

been written into a particular cell. Control flip-flop 1712
s associated with the first cell and control flip-flop 1712

is associated with the twenty-fifth cell. Twenty-three addi-
tional control flip-flops (mot shown) are also employed
to operate in conjunction with the AND gates. Dial pulse
acceptor distributor 712 is coupled, as shown, to sequen-
tially enable the various AND gates. AS discussed herein-
before, dial pulse acceptor distributor 712% recycles every
2.5 milliseconds so that cne-hundred millisecond marks
are sequentially produced on the output leads 714.

" Now let it be assumed that a bit has been detected by
AND gate 1701 in the thirteenth subcell of the first cell
This action causes a binary thirteen to be inserted into
the digits sent store of the first cell, as described herein- -
above. In addition, AND gate 1705 causes a mark to
be applied to conductor 1707 which, in turn, passes
through partially enabled AND gate 1713, thereby to set

flip-flop 1712. It should be noted that flip-flop 1712’ will

not be set at this time since the lower input terminal of
AND gate 1713’ is not marked because only the first out-
put terminal of dial pulse: acceptor distributor 712 1s

‘marked at this time. As a result of the setting of flip-flop

1712, AND gate 714 becomes fully enabled, thereby to

~ inhibit gates 1763, 1764 and 1706. Until bit 13 is erased

from the first cell, flip-flop 1712 will remain set so as to .
prevent a binary thirteen to become inserted into' the
buffer store until the cell is cleared and a freshly marked
subeell is again detected by AND gate 1701, This is s0
even though gate 1701 continues forwarding markes to
gates 1703, 1704 and 1706. | |

" Now let it be assumed that register release subcell 13

~ is erased, thereby to clear the cell. At this time, AND

gate 1716, which has its upper input terminal connected
to the “not” side of flip-flop 218, will cause enabled AND

‘gate 1717 to reset flip-flop 1712 which, in turn, removes

the aforementioned inhibit condition from gates 1703,
1704 and 1706. As long as the first cell is not -again
taken up so that subcell 13 remains unmarked, flip-flop

1702 will not become set. However, once a fresh mark
has been inserted into subcell 13, flip-flop 1702 will be-

come actuated, thereby to again cause a binary thirteen
to be inserted into the digits sent store. It should be

noted that since flip-flop 1712 became reset and has not
- yet become. set by virtue of AND gate 1705, a no-inhibit

- condition exists and a binary thirteen may be written into

50

212. Accordingly, during subinterval 13, AND gate 1701

will cause flip-flop 1762 to become set when a marked

release register subcell 13 is first detected.

Since the output terminal of flip-flop 1702 is connected

to the first input terminals of gates 1703, 1704 and 1706,

marks will be produced at the output terminals of each |
of these gates during subinterval 59, thereby to insert the
binary number thirteen into the digits sent store. - Con-

ductors 241’, 229" and 218'" are, in fact, the set terminals
of the buffer store flip-flops. Since the binary number

within the digits sent store is continually reduced during

processing and is utilized for various control purposes, it
is important that the circuitry of FIG. 17B only write the

60

‘the digits sent store. Of course, the aforementioned proc-

ess is identical for cell 25 which is associated with flip-
flop 1712’, and for all intermediate cells associated with
similar circuitry, not shown. | | S
~ Each impulse applied to the outpulsing bus is recon-
structed by means of the impulse reconstruction counter
(subcells 88-91) together with impulse going subcell 98.
FIG. 13 discloses logic circuitry which operates in con-

~ junction with the impulse reconstruction counter and the

impulse-going subcell 98 together with the free running
forty-millisecond counter (subcells 63-66) and the six-

~ hundred millisecond interdigital pause counter (subcells

68-71). A single reconstructed impulse comprises

~ twenty-four bits, or marks, which are separated from each

65

binary number thirteen once into the digits sent store

just after release register bit 13 1s marked when the cell
is taken up. Therefore, it is imperative that no further
marks be produced at the output terminals of gates 1703,

1704 and 1766 until bit 13 is erased upon clearance and
~ thereafter rewritten into release register subcell 13. This
is insured by the circuitry disclosed in the lower half of

FIG. 17B. Flip-flops 1712 and 1712 are utilized in con-
junction with ancillary circuitry for memorizing whether
or not bit 13 has already been written into a particular

. equip

“other by a period of 2.5 milliseconds. This pulse train

is integrated before application to step-by-step switching
went coupled to the associated dial pulse acceptor so

~ that the train, in effect, will register a single count. The
- impulses making up the pulse train of FIG. 16 are gen-

70

‘erated by the application of bit 98 to an input terminal of
~ AND gate 1306, FIG. 13, which gate is enabled at partic-

 ular times when outpulsing is desired. The reconstructed

79

impulses have a pulse width of sixty milliseconds. The
time period between impulses within a particular digit is =
forty milliseconds. ~Interdigital pauses are, of course, con-- -
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siderably longer. Every twenty milliseconds, an impulse

is applied to the impulse reconstruction counter (subcells
88-90). When a count of two is registered in the im-

pulse reconstruction counter, a bit is written into im-
pulse-going cell 98.
outpulsing, the aforementioned pulse train is generated.

When a count of five is detected in the impulse recon-
struction counter, this indicates that one-hundred milli-
seconds has elapsed and impulse-going bit 98 is erased.

This process is indicated in FIG. 16.
An impulse reconstruction counter drive for forwarding
the twenty-millisecond carry pulse from the forty-milli-

second counter into the impulse reconstruction counter
is disclosed at the bottom of FIG. 13. AND gate 1321

has a first input terminal connected to output terminal 249

of the binary-to-decimal translator 240. When a count of
seven is registered in the forty-millisecond counter, a mark

will be produced at the output terminal of AND gate
1321 to set flip-flop 1322. Since the datum point of the.

counter 1s taken at a count of fifteen, that is, the count of
fifteen represents zero time passage, the count of seven

will represent the passage of twenty milliseconds since

the counter must first pass through zero before a one is
registered therein (2.5 milliseconds times eight equals
twenty milliseconds). In this connection it will be re-

called that the count in the free running forty-millisecond
counter is increased by one during every 2.5-millisecond
pulse on its out-.
put terminal during subinterval 88 and, since the output
terminal is connected to add lead 215 of the buffer store,:

the count within the impulse reconstruction counter will -
There-

frame. AND gate 1323 produces an i

be increased by one every twenty milliseconds.
fore, it follows that after the passage of forty millisec-

onds, a mark will be produced at the output terminal

0of AND gate 1323 which will set flip-flop 1324, thereby to
partially enable AND gate 1319. During subinterval

98, a bit will be written into subcell 98. This is accom-

It the stage is otherwise set for
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The six-hundred-millisecond interdigital pause counter -
is driven by pulses which are produced every forty milli--
seconds by the forty-millisecond counter. FIG. 18 dis-
closes.circuitry for applying carry pulses from one counter -
to the next. A mark is produced at the output terminal
of AND gate 1801 every forty milliseconds. This is be-
cause a mark is produced at the upper input terminal of
AND gate 1801 upon a count of fifteen within the forty-
millisecond counter (sixteen times 2.5 equals forty milli-
seconds). By enabling AND gate 1801 during subinter-
val 64, AND gate 1801 will, in effect, be electrically
coupled to the forty-millisecond counter. - The upper in-
ut terminal of AND gate 1801 is coupled to count-of-
fifteen output terminal 241 of the binary-to-decimal trans-
lator 248. Since the output terminal of AND gate 1801
is coupled to a set terminal of flip-flop 18062 and since
Its output terminal 18€3 is coupled to the upper input

‘terminal of AND gate 1804, it follows that a forty-milli-

second carry pulse will pass through AND gate 1804 dur-
ing subinterval 68 and will be applied to add lead 215 of
the buffer store so as to increase the count within the six-
hundred millisecond interdigital position counter by one
every forty milliseconds. As mentioned hereinbefore,

‘when a count of fifteen has been reached in the six-hun-
dred millisecond counter, a bit is written into start-sending

digit subcell 91 so as to further enable the impression of
the pulse trains upon the outpulsing bus, as shown in
FIG.: 16B. - - |
The purpose of AND gate 1311 is to examine the con-
tents of the six-hundred millisecond counter and to pro-

- duce an output pulse every six-hundred milliseconds; that

I

18, every time a count of fifieen has been. accumulated in
the six-hundred millisecond counter. This is accom-
plished by connecting the Aanput terminal of AND gate
1311 to the count-of-fifteen output terminal 241 of the
binary-to-decimal translator 240. The production of a

- mark as the output terminal of AND gate 1311 causes

plished by connecting the output terminal of AND gate

1319 to the set terminal of flip-flop 217. After a count

of five is registered in the impulse reconstruction counter, :

or the passage of one-hundred milliseconds has ‘taken
place, a mark will be produced on the output terminal of
AND gate 1326, thereby to set flip-flop 1327, which

action, in turm, partially enables AND gate 1318. Dur-
‘ing subinterval 98, a mark is produced in the output termi-

nal of AND gate 2318 and causes a one to be erased from

40

impulse-going subcell 98. This is accomplished by con- -

necting the output terminal of AND gate 1318 to the reset
terminal of flip-flop 217." The setting of flip-flop 1327

- also partially enables AND gate 1329 which, during in-

terval 89, causes a mark to be applied to the reset bus

230 so as to reset the impulse reconstruction counter. It

- can now commence to count to two to establish the lead-
ing edge of the next impulse. |

It should be noted at this time that merely writing in

a bit in impulse-going subcell 98 after forty miliiseconds
and erasing the bit from subcell 98 after the passage of

one-hundred milliseconds, does not in and of itself cause -

50

_ ditions, if a bit has

pulse trains to be produced -on the outpulsing bus, as -

shown in FIG. 16. The production of these impulses on

the outpulsing bus requires the insertion of a binary ons

60

into subcell 91, which is designated as thest&rt—sanding

digit subcell.  The marking of subcell 91 indicates that the

interdigit period is over. In other words, after a first
digit, represented by a plurality of impulses (pulse trains),

- 1s outpulsed, it is necessary to provide a six-hundred milli-.

second 1nterdigit pause so that the step-by-step switching
equipment has time to get set to accept the second digit,
or differentiate between one digit and the next. ‘There-
fore, an end-of-digit condition causes the six-hundred
- millisecond interdigital position counter to be reset and,
after a six-hundred millisecond interval, a bit is written
into subcell 91 to enable outpulsing of the subsequent
digit. | - o |
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1316. Since AND gate 1316 is set to

of-two condition

flip-flop 1313 to become set, thereby to partially enable

AND gates 1316 and 1317. During subinterval 96, a

mark is produced at the output terminal of AND gate
1317, which mark is forwarded to conductor 255 thereby

to set flip-flop 241 which, in effect, marks subcell 91,

One microsecond later, a mark is produced at the output
terminal of read subcell 91 AND gate 1331 so as to set
flip-flop 1332 due to subcel] 21 being marked. The lower -
input terminal of AND gate 1331

AND gate 1366 is partially enabled to set the stage for
outpulsing. The setting of flip-flop 1313 also causes a .
mark to be produced at the output terminal of AND gate
| buffer store reset
bus 215, the reconstruction counter (subcells 88-90) is
reset o zero, as shown in FIG. 16. | - |

For the time being, let it be assumed that a mark con--

dition is present at the output terminal of inverter 1304

and that flip-flop 1332 is now set owing to the read out
of a bit in subcell 91 by flip-flop 1332.  Under these con-
been written into subcell 98, these -
bits will be read by AND gate 1306 and will be impressed
upon the outpulsing bus. Since each cell recirculates
every 2.5 milliseconds, bit 98 will be impressed on' the
outpulsing bus, as shown in FIG. 16B. | .

To recapitulate briefly, the manifestation of a count-
initiates the pulse train, shown in FIG.
16, providing that inverter 1304 (to be discussed herein-
after) does not inhibit outpulsing and provided that start-

‘sending digit subcell 91 is marked (interdigital period is
- of a count-of-five condition

over). The manifestatio

causes impulse-going bit 98 to be erased so that the pulse

train ceases to be impressed upon the outpulsing bus be-
‘cause the uppermost input terminal of AND gate 1306 is

no longer marked. At this instant, it is necessary to sub-
traf_:t one from the count within the -outgoing digit store.
T'his is accomplished by the above-mentioned mark condi-
tion of inverter 1304, which partially enables AND gate
1336, together with the marked condition at.the output:

: _ is connected to output
terminal 261 of fip-flop 241. Accordingly, outpulsing



terminal of flip-flop 1332. Since a count-of-five condi-

tion has just caused flip-flop 1327 to become set, AND

gate 1336 is further enabled so that during subinterval

06 a mark is forwarded to subtract-bus 360 of half-adder
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tion of a request-for-translation condition by flip-flop
1004. Accordingly, it is necessary 1O rewrite the re-

‘the buffer store, thereby to rewrite

- _ 24

nected to end-of-digit bus 1133." During subinterval 21,
a mark is produced on the output terminal of AND
pate 1406 and is impressed upon the conductor 255 of
the request-for-transla-

320. It should be recalled at this time that the con- 5 tion bit into subcell 21. | -
tents of the outgoing digit store will be applied to half- Subsequent. routing digits are outpulsed in the same
added 320 during subinterval 96 so that subtraction takes  manner as the first digit. The outpulsing process, de-
place. o | : | |  gcribed hereinabove, involved only one of the twenty-five
- The second impulse, disclosed in FIG. 16, is generated  cells. However, since the processor is sequentially ac-
in the same manner as the first impulse and, upon cessa- g cessed to all of the twenty-five cells, it may well be that
tion of the second impulse upon the manifestation of a  all twenty-five cells are concurrently outpulsing directive
count-of-five condition, the count. within the outgoing information to their associated dial puise acceptors.
digit store will again be reduced by one soO that we are Now, let it be assumed that the sixth and last routing.
constantly keeping track of the number of impulses which- digit has been fully outpulsed. At this time, a count of
have been impressed upon the outpulsing bus. 15 seven will be manifested in the digits sent store. See
Now let it be assumed that the count within the out- - FIG. 17A. It is true that a request-for-translation bit
poing digit store 1104 reaches the count of one.. Accord--  will be rewritten into subcell 21 upon the completion of
ingly, a mark will be produced at the output terminal of ~ the outpulsing of the sixth routing digit. However, this
AND gate 1128 and at subinterval 79 a mark will be for-  will have no effect since a “not eight” condition is mani-
warded by AND gate 1131 to conductor 255’ of the 90 fested in the digits sent store so that lead 1105 is no
buffer store to cause flip-flop 220 to become set. This Jonger marked and access 1o the translator is accordingly
action causes the marking of subcell 80, which is desig- blocked by the disenabling of AND gates 1202, 1293 and
nated as the (outgoing digit store) “was one” subcell. 1204, As a result, no further data will be forwarded
When the cell under consideration, which has just had erom the transiator through OR gates 1103 into the out-
its subeell 80 marked, is again accessed to the processor, 25 going digit store. _ - |
this “was one” mark is forwarded by conductor 1132 to  The stage is now set for sequentially spilling- out the
partially enable AND gate 1163, the function of which dialed digits contained within the digit stores (subcells
is to read “was one” bit 80. The second input terminal 23-56). The digits sent store 1105 together with AND
of AND gate 1109 is coupled to the processor-free bus  gates 1122 and 1138 are utilized to-sequentially spill out
so that during subinterval 79 “was one” fiip-flop 1116 1s 30 the dialed digits into the outgoing digit store. The first -
set. When the last impulse is outpulsed, a count of zeto . dialed digit contained within the first digit store (subcells
:s manifested: in outgoing digit store 1164 and, accord- ~ 23-26) is spilled out into the outgoing digit store. The
ingly, the output terminal of AND gate 1127 is marked outpulsing of this first spilled out digit occurs in the same
to partially enable AND gate 1126. If the “was one” manner as the outpulsing of the translated routing digits.
flip-flop is set at this time, a mark is forwarded (twenty- 35 When the first spilled out digit is fully outpulsed, the
five frames after the setting of “was one” flip-flop) by ount within the digits sent store is reduced by one; that
AND gate 1126 over the end—-of-digit_ bu31133 to the iS, from seven to SiX, and the second dialed digit-co:n_
input terminal of AND gate 370. Since AND gate 370 tained within the second digit store (subcells 28-31) is
is further enabled during subinterval 61, it follows that transferred into the outgoing digit store and outpulsed.
the end-of-digit condition will cause the count within the 40 The third, fourth, fifih, sixth and seventh digits are there-
digits sent store to be reduced by one since the contents ~  after sequentially spilled out and outpulsed in like manner.
of the digits sent store will pass from the bufler store The binary-to-decimal converter 1139 has seven output.
through half-adder 320 during subinterval 61. There- leads, each of which partially enables an associated gate -
fore, the manifestation of the first end-of-digit condition 1122, as shown in FIG. 11A. ‘The binary input to con-
will cause the count within the digits sent store to be re- 4 verter 1139 is obtained from flip-flops 832 of the impulse
duced from thirteen to twelve, as indicated in FIG. 17A. distributor disclosed in FIG. 8B. The significance of this
" The marking of the output terminal of AND gate 1127, arrangement is that AND gate 11227 is partially enabled
which indicates the manifestation of a zero count within to effect spill out of the first dialed digit only after dial-
the outgoing digit store, causes a mark to be produced at  ing of the first dialed digit has been completed. That is,
the output terminal of AND gate 1134 which is forward- 5, only if the impulse distributor is at least in the process
ed by conductor 1136 to the resct terminal of flipsflop ~ of causing the second or subsequent digits to be inserted
220, thereby to erase the bit formerly writien into the = into the digit stores. “Similarly, only if the dialing of
“was one” subcell so that flip-iop 1116 will not again be - the second dialed digit - has been completed will gate
actuated until a new bit is written into the “was one” sub- - 1122-6 be partially enabled by convertcr 1139 to effect
cell. Since an end-of-digit condition has been manifested g5 spill out of the second digit. Without converter 1133,
by the marking of end-of-digit bus 1133, it is necessary - gpijll out of incompletely impulsed digits might occur.
at this time to erase the start-sendi_ng bit_-in subcell 91; SO Upon an end-of-digit zero count condition in the out-
“that outpulsing cannot occur until. a six-hundred mﬂl_l—'_ o0ing digit store 1104 (1138 is marked), upon manifesta-
'second interdigit pause 'I'Eas nocqurred_ and sl}bc'ell'gl. agail- - g of a count of seven in the digi-t's sent store and upon
TECELves d mm‘k*“g by wrtu_e-qf the operation of ﬂ 1p~ ﬂop_. 60 concurrent manifestation of a condition which indicates
1313 and AND gate 1317, which operation was discussed h P | MR Mt |
: g . o - v at the impulsing of the first digit has been completed,
hereinabove. This erasing is accomplished by connecting b 24 ok will b Lod by A
end-of-digit bus 1133 to the set terminal of flip-flop 1482 at subinterval 24, a mark will be appucc oy ND gate
so that AND gate 1403 is partially enabled. The output. 1122'7 to the .enablmg terminals Gif AND gates 11.3.3 |
terminal of AND gate 1403 is connected to the reset ter- 4 through OR gate 112?-?11(1:' accordingly, the first digit
minal of flip-flop 241 over conductor 1404 so that during which 1s -_contamed__mthm- the buffer store during sub-
subinterval 90 the start-sending digit bit formerly writ- interval 24 will pass through AND gates 1138 and will
ten into subcell 91 is erased. = I - | be inserted into the outgoing digit store 1104 via OR
~'As discussed previously, the request-for-translation bit - pates 1163. The outpulsing of this first dialed digit pro-
91 is erased by virtue of AND gate 1835 upon the detec- f'70 “ceeds in the same manner as the out-pulsing of the frans- -

lated routing digits. When outpulsing of this first dialed
digit is completed, an end-of-digit (outgoing digit store

- quest-for-translation bit after the complete outpulsing = zero) condition will be manifested to partially enable -
of the first or subsequent routing digits. 'This 1s effected = AND gate 1122 once more., The count within the digits
by AND gate 14006 which has its first input terminal con- 75 sent store is reduced from seven to six and, accordingly,
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AND gate 1122-6 is partially enabled by virtue of the
marking of lead 1122-6’ and if the impulsing of the sec-
ond dialed digit has been completed (the binary two out-
put conductor of converter 1139 is marked), a mark will

be forwarded by AND gate 1122-6 to the enabling ter- -
minals of AND gate 1138 through OR gate 1123, which

mark will occur during subinterval 29 instead of subin-
terval 24, which was previously the case where the first
digit was spilled out. During subinterval 29, the contents
of the second digit store (subcells 28-31) are present in

the buffer store and, accordingly, the second dialed digit

will pass through AND gates 1138 and will be inserted

into outgoing digit store 1104 via OR gates 1103. After

the outpulsing of the second digit, subsequent sequential
spill out of the remaining digits will occur owing to the

10

15

sequential operation of AND gates 1122-5 through AND

gate 1122-1. | .
Individual input terminals of AND gates 1122 are cou-

pled through a standard binary-to-decimal matrix (not
shown) contained within the digits sent store so that the.
manifestation of a count of seven in the digits sent store

20

partially enables AND gate 1122-7. Similarly, manifes-

tation of a count of six in the digits sent store enables
AND pgate 1122-6 and the other AND gates 1122 are

sequentially enabled as the count is reduced further within
The above-mentioned binary-to-

the digits sent store.
decimal matrix could be similar to the binary-to-decimal
transiator AND gates 240 together with their respective
connections to the output terminals of the
buffer store. |

Cell clearance

- The circuitry of FIG. 6, operating in conjunction with
the register release subcell 13, is utilized to control the
clearance of individual cells of information contained
therein when the cell is to be released. Therefore, re-
lease register bit 13 is marked when it is desired to re-
tain data within the associated cell and is erased when
clearance of the associated cell is desired. This mark
- will be retained in subcell 13 until the cell is to be cleared
upon the manifestation of a final on-hook condition, a
twenty-seven second time out condition, or when the last
digit is spilled out by the outgoing digit store. If a sub-

flip-flops of the

25
- 4, passes through OR gate 622 to set flip-flop 621. There-

a0

40

scriber removes his handset from its associated cradle and, |

efore dialing has commenced or is completed, takes no
action for a period of twenty-seven seconds, the cell which

45

is assigned to the dial pulse acceptor associated with said

subscirber is cleared so as not to te up the cell.. This
is called a twenty-seven second time out condition.

Upon the manifestation of an initial off-hook condition
on impulsing pulse 711, flip-flop 899 is set since its set
terminal is connected to the on-to-off hook conductor
613 of level change indicator 811. The set of flip-flop
898 causes the full enablement of AND gate 891 so that
a mark is transmitted to set terminal 218 of the right-
hand flip-flop of buffer store 212 during subinterval 13.

This action causes release register subcell 13 to become

marked.

- Let it be assumed that subcell 13 has just been marked
pursuant to the manifestation of an off-hook condition
upon off-hook bus 711 for a particular cell. This par-

ticular cell emerges once again from the main delay line -

store 410. Flip-flop 621, of FIG. 6, will become set by
- the application _
val 4, which mark passes through OR gate 622. The first
input terminal 623 of AND gate 624 becomes marked
owing to the setting of flip-flop 621. This mark continues
to be applied to terminal 623 as the above-mentioned cell
passes through buffer store 212 and, accordingly, timing
bits 6, 11, 16, 21, 26, 31, 36 .
via Jead 614 to enable data to

be read out of buffer store

212 and to be reinserted into read-in shift register 412,

as discussed hereinbefore.
AND gate 624 also enables
marks to

This mark applied to enable
AND gate 626, which causes
be impressed on conductor 618 during subin-

of a mark to its set terminal at subinter-

. . 86, and 91 are applied

Cr
o

60

~ ond counter, where

70

75

240, a mark will be

- counter during subinterval 73.

At this ti
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tervals 61 and 96 so that data passing through subtraction
half-adder 328 also is allowed to continue recirculating

- through the system, all as explained hereinbefore.

Now let it be assumed that the final on-hook condition
i8 detected for this cell and, consequently, release register
bit 13 is erased by virtue of the full enabling of AND
gate 881. Under these circumstances, a mark will be
produced on “not bit 13” lead 218", which is connected
to the “not” binary one output terminal of flip-flop 218.
As a result, AND gate 627 becomes. fully enabled during
subinterval 13, thereby to cause a mark to pass through
OR gate 628 which causes flip-flop 621 to become reset

-and remain reset until subinterval 64 when a mark passes

throngh OR gate 622 to again set flip-flop 621. Accord-
ingly, between subinterval 13 and subinterval 64, AND

- gates 624 and 626 become disenabled, thereby to prevent

the recirculation of data occupying subcells 13-61 so as
to partially clear the cell. . When AND gate 627 produces
a mark, this mark also causes flip-flop 631 to become set
and, accordingly, during subinterval 68, AND gate 632
becomes fully enabled thereby to cause a mark to pass
through OR gate 628 to again reset Hip-flop 621 so as to
again -disenable AND gates 624 and 626. These gates
remain disenabled until the next cell emerges from the
main delay line store 410 and a timing bit, at subinterval

fore, it should be apparent that the absence of release
register bit 13 causes a particular cell to be cleared of
data except for the forty-millisecond counter occupying
subcells 63-66, and except for the impulse analyzer
counter and count-of-two subcell. |

Bit 13 is also erased by AND gate 1405 to clear the
cell when the digits sent store contains a count of zero
(1206’ is marked) and the outgoing digit store also con-
tains a count of zero to indicate that the multiple register
sender is
ceptor since all numbers have been fully outpulsed and,

~therefore, a particular cell is to be cleared.

It is also desired to clear a particular cell upon the
manifestation of a twenty-seven second tHime out condi-

“tion. The circuitry of FIGS. 18 and 19 is utilized to detect

such a condition to cause release register subcell 13 to be
cleared. As mentioned hereinbefore, the count of the
forty-millisecond counter (subcells 63-606) is increased

by one every 2.5 milliseconds, or every recirculation.
Since AND gate 1801 is connected to the count-of-fifteen
output terminal 241 of the binary-to-decimal translator
produced at the output terminal of
AND gate 1801 every forty milliseconds, thereby to set

flip-flop 1802. At subinterval 68, AND gate 1804 will be -

tully enabled so as to apply a carry pulse, via add lead 215,
which is inserted into the six-hundred millisecond counter.
T'his process will continue until a count of fifteen within the
six-hundred millisecond counter
1807" which, in turn, causes flip-flop 1807 to become set.
The setting of flip-flop 1807 wii enable AND gate 1808
so that a count of one will be inserted into the nine-second
Therefore, every six-
hundred milliseconds, the count in the nine-second coun-
ter will be increased by one. Upon the manifestation of a
count of fifteen within the nine-second counter, AND gate
1311 will produce an output pulse indicative of the pas-
sage of nine seconds of a continuous off-hook condition.
1e, fhp-flop 1809 becomes. set so that, at sub-.
interval 78, AND gate 1812 causes a carry mark to be
inserted into the twenty-seven second counter. The mani-
festation of a count of three within the twenty-seven sec-
each count is equal to nine seconds, is
utilized to erase release register bit 13 so as to cause the cell
to be cleared. It should be appreciated that if the off-hook
condition is interrupted by subscriber dialing before the
passage of twenty-seven seconds, the counts within the Six-
hundred millisecond counter, the nine-second counter, and
the twenty-seven second counter will be erased so that the
cell is not cleared if a continuous off-hook condition exists

no longer needed by a particular dial pulse ac-

1s detected by AND gate
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for less than twenty-seven seconds.. “This process is car-
The interruption of the

ried out by reset circuit 820.

3,312,788

off-hook condition causes flip-flop 820’ to be set until sub-

interval 100 so as to allow AND gates 820’ to rest the

counters.

However, it is interesting to note that a mark will be

produced on count-of-three output lead 271 of binary-to-
decimal translator 240 to indicate a twenty-seven second

time out condition during subintervals 78-81. Since such

o manifestation cannot be immediately utilized to erase bit
13 which, at this time, has been reinserted into the main
delay line store, it will be necessary for the multiple regis-

190

ter sender ot memorize the fact that bit 13 is to be erased

when the particular cell involved again emerges from main
delay line store 410. This process may be carried out by

the- circuitry of FIG. 15.

-'_~_1'5

For purposes of explanation, let it be assumed that a -

count of three has just been registered in the twenty-fifth o

cell which is associated with the twenty-fifth dial pulse

acceptor. During subinterval 79, AND gate 1901 becomes

fully enabled since its upper input terminal is connected

to count-of-three output terminal 271 of binary-to-decimal
translator 240. As a result, a mark is produced on twenty-

seven second time out bus 1902, which bus is connected |
25 -

to a bank of AND gates for controlling a bank of as-

20

sociated flip-flops, as shown In FIG. 19, However, at

this time, only AND gate 1903 will become fully enabled
‘since only the twenty-fifth output terminal of dial pulse

acceptor distributor 712 is marked. As a result, flip-flop
30

1904 becomes set and remains set, while dial pulse ac-
ceptor distributor 712 continues to recycle. When the

twenty-fifth: cell emerges from main delay line store 410,
terminal of dial pulse acceptor

the twenty-fifth output |
distributor 712 will again become marked which further

enables AND gate 1906, which is already partially enabled

by the prior setting of flip-flop 1904. During subinterval

30

13, AND gate 1906 will be fully enabled so as to cause a

bit to be forwarded through OR gate 1907, thereby to

erase release register bit 13. The production of a mark at
the output terminal of AND gate 1906 also causes flip-
flop 1904 to become reset so that a twenty-seven second
time out mark within the twenty-fifth cell must again be
present to set the stage for the erasure of bit-13. The

~ erasure of bit 13 causes the cell to be cleared, as mentioned

hereinabove.

Upon the erasure of bit 13, it s also desired to inform
the dial pulse acceptor that the particular cell is being

cleared and, therefore, is in a condition to receive new
data associated with a fresh call.

dial pulse acceptor associated with the cleared cell.

While there has been disclosed what is at present con-.

sidered to be the preferred embodiment of the invention,
other modifications will readily occur to those skilled 1n

the art. It is not, therefore, desired that the invention
be limited to the specific arrangement shown and de-

scribed, and it is intended in the appended claims to cover

A “not bit 137 condi-
tion is detected by AND gate 715 and is forwarded to that

40

50

all such modifications as fall within the true spirit and |

scope of the invention.
What is claimed 1s:
1. In a telephone system, :
(a) an on-hook off-hook signal bus, |
(b) a dial pulse acceptor for selectively producing a

first and second electrical condition on said bus,

(c) a condition change indicator coupled to s'a_id'-.bu's-_.
for producing a condition change signal upon a

change of condition on said bus,

(d) a free running impulse analyzer --coun-tér,'

(e) means coupled between said condition change indi- 70

cator and said free running impulse analyzer counter
for causing said free running impulse analyzer

60

65

counter to become reset and to commence recount-

ing upon the production of a condition change signal
by said condition indicator, - - -

28

: (f) a first digit impulse counter,. a second digit im-

pulse counter, a steering counter, - |
(¢) means coupled to said free runming impulse ana-

 lyzer counter for producing a first-minimum-interval

signal when the count in said free running impulse
analyzer counter reaches a first value and for pro-
ducing a second-minimum-interval signal when the

- count in said free running impulse analyzer counter

reaches a second value greater than said first value,
(h) means responsive to the production of said first-

 minimum-interval signal and the production of a

condition change signal from said first condition to
said second condition by said condition change indi-

- cator for changing the count within said first digit

counter, |

- (i) means responsive to the production of said second-

minimum-interval signal and the continuation of said
second electrical condition upon said bus for chang-
ing the count within said steering counter, and |

(i)- means responsive to the aforementioned change 1n
the count in said steering counter for changing the
count within said second digit counter but not said
first digit counter upon the subsequent production of
2 said first-minimum-interval signal and said condi-
tion change signal from said first condition to said
second condition..

2. In a telephone system,

L]

‘(a) an on-hook off-hook 3—1gna1' bus, .

(b) a dial pulse acceptor for selectively producing an
" on-hook and an off-hook condition on said bus,

. (c) a condition change indicator coupled to said bus

for producing a condition change signal upon a
change of condition on said bus, -

" (d) a free running impulse analyzer counter,

(e) means coupled between said condition change indi-
cator and said free running impulse analyzer counter
for causing said free running impulse analyzer
counter to become reset and to commence recount-
ing upon the production of a condition change sig-
" nal by said condition indicator, |
(f) a first digit impulse counter, a second digit im-
pulse counter, a steering counter, - | -
(g) means coupled to said free running impulse ana-
lyzer counter for producing a first-minimum-interval
‘signal when the count in said free Tunning impulse -
analyzer counter reaches a first value and for pro-
‘ducing ‘a second-minimum-interval signal when the
count in said free running impuise analyzer counter
reaches a second value greater than said first value,

(h) means responsive to the production of said first-

* minimum-interval signal and. the production of a

- condition change signal from said on-hook condition |
to said off-hook condition by said condition change
indicator for increasing the count within said first
digit counter by one,: : -

(i) means. responsive to the production of said second-

minimume-interval signal and the continuation of said
second off-hook condition upon said bus for increas-
ing the count within said steering counter by one,

(j) means responsive to the aforementioned increased
count in said steering counter for increasing the count

~ 'within said second digit counter but not said first

~ digit counter upon the subsequent production of a

- said first-minimume-interval signal and said condi-
tion change signal from said on-hook condition to
“said off-hook condition. |

3. In a telephone system,

(a) an input bus,

(b) means for selectively producing a first and second

electrical condition on said input bus, o

(c) a condition change indicator coupled to said input .
bus for producing condition change signals upon a
change of condition on said input bus,

(d) a free running impulse analyzer counter,
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(¢) means coupled between said condition change in-

‘dicator and said free running impulse analyzer
counter for causing said free running impulse ana-
lyzer counter to become reset and to commence re-

counting upon the production of a condition change

signal by said condition indicator,

(f) a first digit impulse counter, a second digit im-

pulse counter, a steering counter,

(g) means coupled to said free running impulse ana-
lyzer counter for producing a first-minimum-interval
signal when the count in said free running impulse

analyzer counter reaches a first value and for pro-

ducing a second-minimum-interval signal when the
count in said free running impulse analyzer counter
reaches a second value greater than said first value,

10
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(h) means responsive to the production of said first-

minimum-interval signal and the production of a
condition change signal from said first condition to
said second condition by said condition change indi-

cator for increasing the count within said first digit

counter, - -

(i) means responsive to the production of said second-

-minimume-interval signal and the continuation of said
second electrical condition upon said input bus for
increasing the count within said steering counter, and

(j) means responsive to the aforementioned increased

count in said steering counter for increasing the

count within said second digit counter but not said

irst digit counter upon the subsequent production of
30

ed

a said first-minimum-interval signal and:said condi-

25

tion change signal from said first condition to said

second condition.
4. In a telephone system,
(a) a plurality of data sources,
(b) a dynamic recirculating type storage loop for

35

Storing in serial fashion in a plurality of recirculat-

ing cells data produced by said plurality of data

sources, each cell being associated with a particular |

data source,

(¢) a write-in circuit coupled to said recirculation stor-

age loop,
(d) means for sequentially coupling each of said data

40 -

sources to said write-in circuit in a plurality of steps, .

and | | | |
(e) means responsive to the presence . of start-of-cell
signals present at particular points in said recirculation
loop, each start-of-cell signal being associated. with

a particular recirculating cell within said storage

loop, for causing said means for sequentially cou-
pling to step. o D
5. The combination as set forth in claim 4 further

including means responsive to the presence of a start-.

of-frame signal at a particular point in said recirculation
loop, which start-of-frame signal is associated with one

particular recirculating cell within said storage loop, for

insuring that said means for sequentially coupling is

coupling a particular data source to said write-in circuit.
6. In a telephone system, S |
(a) aninput bus, o :
- (b) means for producing a first and second electrical
condition on said input bus, . |

(¢) a condition change indicator coupl_edf to said 'in- |
put bus for producing a condition change signal upon -

a change of condition on said input bus,
(d) a free running counter, and |

(¢) means coupled between said condition change in-

dicator -and said free running counter for causing

said free running counter to become reset upon the

production of a condition change signal by said
condition change indicator..

7. In atelephone system,

(a) aninputbus,

condition on said input bus,

(b) means for producing a first ‘and second electrical -

50
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(c) a condition change indicator coupled to saia input

- bus for producing a condition change signal upon a -
- change of condition on said input bus,

(d) afree running counter,

~ (e) means coupled between said condition change in-

~dicator and said free running counter for causing
sald free running counter to become reset and to
~commence counting upon the production of a con-
dition change signal by said condition- change indi-
cafor, | - |
(f) means coupled to said free running counter for
producing a minimum interval signal when the coun-
1n said free running counter reaches a certain value, .
‘and - | - | S |
(2) means responsive to the production of said mini-

mum interval signal and the production of a condi-

‘tion change signal by said condition change indicator
. for registering the receipt of an information signal
over said input bus.: | |

8. In atelephone sys_tem; |
(a) an input bus,

(b) means for producing a first and second voltage
level on said input bus, | | |

(¢) a level change indicator -co-upledfto.said input bus

for producing a level change signal upon a change -
of voltage level on said input bus,
(d) a free running counter,

(e) means coupled between said level change indicator

and said free running counter for causing said free
running counter to become reset and to commence
counting upon the production of a level change sig-
nal by said level change indicator, |
(f) means coupled to said free running counter for
- producting a minimum interval signal when the coun-
ter in said free running counter reaches a certain:
‘value, and | -
(g) means responsive to the production of said minj-
mum interval signal and the production of a level
change signal by said level change ‘indicator  for -
- registering the receipt of an information signal over
said input bus. | “

9. In a telephone system,

(a) a dynamic recirculating type of storage loop for.
storing data in serial fashion in a plurality of re-
circulating cells, each cell comprising a - plurality
~of subcells, | R

- (b) a source of gr OﬂP_S of data to be written into '.s_aid -

storage loop,

'(c)j a write-in Circuit'toupIEd to said storagé' loop at -

a particular point in said storage loop, and

() ‘means coupled to said data source and to said write-

in circuit for causing a first group -of said groups of
data to be recorded within a first group of subcells
and for causing the Nth group in said groups of data
to be recorded into an Nth group of subcells, where:
N is an integer. |

10. In a telephone system, | -
- (a) a dynamic recirculating type of storage loop for

storing data in serial fashion in a plurality of re-
circulating cells, each cell comprising a plurality of
subcells, | | | |
(b) a source of groups of data to be serially written
into said storage loop, | o S |
(c) a write-in circuit coupled to said storage loop at
a particular point in said storage loop, and
(d) means coupled to said data source and to said -
write-in circuit for causing a first group of said groups
of data to be recorded within a first. group of sub-
cells in a particular cell and for causing the Nth -
group 1in said groups of data to be recorded into an
Nth group of subcells in a particular cell, where N
is- an integer. | | |

- 11. In a telephone system, - "

75

(2)’ a dynamic recirculating type. of st'orage'-..lmp” for

storing data in- serial fashion in a plurality of M~ |
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recirculating cells, each cell comprising a plurality
of subcells, where M is an integer, | |

(b) M sources of groups of data to be--w-ri_tten. into said

- storage loop, L -

~ (¢) a write-in circuit coupled to said storage loop, -
(d) means coupled to said data sources and to said
write-in circuit for causing a first group of said

eroups of data produced by a first source of said M

sources. to' be recorded within a first group of sub-
cells in a first cell, ) - -
~ (e) means for causing the N*® eroup: in said groups of
data produced by said first source to be recorded
within an Nth group of subcells in said first cell,
where N is an integer, o '- |

(f) means for causing a ﬁrstigrdupj of said groups of
data produced by an Mth source of said M sources.

to be recorded within a first group of subcells in an .

_ Mth cell, and

(g) means for causing én_Ntﬁ oroup of said groups of
- 20

said Mtk source to be recorded
in said M cell.

data produced by sak
within an Nth group of subcells

12. In a telephone system, . | |

(a) a main storage element having an. input circuit and
an output circuit for serially storing a plurality of
words, R . o |

(b) a first auxiliary storage element having a one word
capacity and having an input circuit for receiving a
word in parallel and having an output. circuit for
‘reading out a word serially, o

(c) a second auxiliary storage element having a one
word capacity and having an input circuit for receiv-
ing a word serially and having an output circuit for
reading out a word in parallel, o

(d) means for coupling the output circuit of said first
auxiliary storage element to the input circuit of said
first main storage element, - | |

(e) means for coupling the output circuit of said main
storage element to the input circuit
auxiliary storage element,

(f) a buffer store having
having an input circuit for
lel and having an output circuit for reading out a
word in parallel, | S |

(g) means for coupling the output circuit of said sec-

" ond auxiliary storage element to the input circuit of
said buffer store during a first transfer interval, and

a one word capacity and

(h) means for coupling the output circuit of said buffer

store to the input circuit of said first auxiliary
storage element during.a second transfer interval.
13. The combination as set forth in claim 12 wherein
said means. for coupling the output circuit of said second
auxiliary storage element to the input circuit of said
buffer store includes a half-adder bank for altering the
word being transferred from said second auxiliary storage
element to said buffer store. o
14. In a telephone system, - |
(a) a main storage element having an input circuit and

~ an output circuit for serially storing a plurality of -

- words, | . | o
(b) a first auxiliary storage element having a one word
capacity and having an input circuit for receiving a

word in parallel and having an output circuit for

reading out a word serially, |
(c) a second auxiliary storage element having a one
word capacity and having an input circuit for receiv-
ing a word serially and having an output circuit for
reading out a word in parallel, o | o
 (d) means for coupling the output circuit of said first
auxiliary storage element to the input circuit of said
first main storage element, | - _—
~ (e) means for coupling the output circuit of said main
storage element to the input circuit of said second
auxiliary storage element, S o
(f) a buffer store having a one word capacity and
having an input circuit for receiving a word in paral-
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of said second

for receiving a word in paral-

70

S 32
lel and having an output circuit for reading out a
word in parallel, | -

(g) means for coupling the output circuit of said sec-
ond auxiliary storage element to the input circuit of
said buffer store during a first transfer interval,

(h) means for coupling the cutput circuit of said buffer

" store to the input circuit of said first auxihiary

 storage element during a second transfer interval,
-and . o . L

(i) means for thereafter clearing said buffer store. |
~ 15. The combination as set forth in claim 14 wherein -
said means for coupling the cutput circuit of said second
guxiliary storage element to the input circuit of said
buffer store includes a half-adder bank for altering the.
word being transferred from said second quxiliary storage
element to said buffer store. o
16. In a telephone system,

10.

‘(a) a dynamic recirculating type of storage loop for

~ storing data in serial fashion in a plurality of M re-

circulating cells, each cell comprising a plurality cf
subcells, M being an integer,

(b) M sources of M groups of data to be written into
said storage loop, each group being produced by an
associated source, | - -

(c) a write-in circuit coupled to said storage loop,
(d) means coupled to said data sources and to said
write-in circuit
~ group of data produced by a first source of said M
‘sources to be recorded with a first plurality of sub-
cellsinafirsteell,

" (e) means for causing the Nth subgroup in the group
of data produced by said first source to be recorded
within an Nt® plurality of subcells in said first cell,

~ where N is an integer, | |
(f) means for causing. a
~ of data produced by an
to be recorded within a first
an Mtheell, | -
(g) means for causing an Ntk subgroup of the group
of data produced by said Mth source to be recorded
within an Ntb plurality of subcells in said M cell,

(h) a processor

_quentially processing. the recirculating data stored:
* within said plurality of recirculating cells, | |
(i) means for reading in at least a portion of the M

sroup of data into said processor from said M cell,
for storing said Mth group of data within said proces-

“sor for a time interval equivalent to at least one re-

circulation of the Mtk cell in said loop, for reading
out said M group of data back into said M cell -
 from said processor, for thereafter reading in at Jeast

- a portion of the first group of data into said proces- -

sor from said first cell, for storing said first group -
within said processor for at least a time interval equgl.__

30

first subgroup of the group
Mth source of said M sources
plurality of subcells in

35
4‘0.
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50

o0 said loop, for reading out said first group of data back

" into said first cell from said processor, and there-
 after repeating in like manner
 out, storage, and read in of at least portions of the
groups of data within the second through the M*™
- minus one cells. | o - | S
~ 17. The combination as set forth in claim 16 wherein
said last-named means includes = . -
(a) means for earmarking a particular subcell design

60

o5 single cell which is reading in a particular ‘batch of
data into said processor, o

(b) means for thereafter recognizing the presence of

- said earmarked subcell after a recirculation of said

~ ¢ell in said loop, - | |

(c) means responsive to the recognition of said ear-

marked subcell by said means Ior reco gnizing for

~ ¢ausing said particular batch of data to be reinserted

 into said particular single earmarked cell from said

?YOQ'&SS, 311(1 T | | .

for causing a first subgroup of the

coupled to said storage loop for se- |

the sequential read

" after a cell-in-processing subcell of a particular
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(d) means for erasing said earmark from the afore-
mentioned cell-in-processing subcell of said particu-
lar single cell while mnserting an earmark into the
cell-in-processing subcell of a next adjacent cell.
18. The combination as set forth in claim ‘16 wherein
said last-named means includes
- (a) means for earmarking a particular subcell desig-
nated a cell-in-processing subcell of a particular
single cell which is reading in a particular batch of
data into said processor,

(b) means for thereafter recognizing the presence of

sald earmarked subcell after a recirculation of said
- cell in said loop, B |

(c) means responsive to the recognition of said ear-
marked subcell by said means for recognizing for
causing said particular batch of data to be reinserted

- into said particular single earmarked cell from said
~ processor, and o | |

(d) means for erasing said earmark from the afore-
mentioned cell-in-processing subcell of said particu-
lar single cell while inserting an earmark into the
cell-in-processing subcell of another cell.

19. In a telephone system, . |

- (2) a dynamic recirculating type of storage loop for
storing data in serial fashion in 2 plurality of M
recirculating cells, each cell comprising a plurality
of subcells, M being an integer,

(b) M sources of M groups of data to be written into
said storage loop, each group being produced by
an associated source, |

(c) a write-in circuit coupled to said storage loop,

10

15

20

25

a0

- (d) means coupled to said data sources and to said

write-in circuit for causing a first subgroup of the

~group of data produced by a first source of said M 35

sources to be recorded with a first plurality of sub-
cells in a first cell, | o o

(e) means for causing the Nth subgroup in the group
of data produced by said first source to be recorded
within an Nt plurality of subcells in said first cell,
where N is an integer, |

(f) means for causing a first subgroup of the group
of data produced by an Mth source of said M sources
to be recorded within a. first plurality of subcells in
an Mt cell, | - | o
~ (g) means for causing an Nth subgroup of the group

| of data produced by said Mtk source to be recorded
within an N*h plurality of subcells in said Mt cell,

(h) a data translator, -7 o

(1) means coupled between said data translator and
said storage loop for reading in one or more sub-

40
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o0

groups of data present in a particular one of said

M cells into said translator, |
(1) means for earmarking a particular subcell desig-

nated a cell-in-translator subcell within said par-

ticular cell upon the introduction of said subgroups
of data info said translator, and |

(k) means coupled to said storage loop and responsive
to said earmarked cell-in-translator subcell for read-

ing out the translated data produced by said trans-

~ lator from said translator back into said particular
- cell. | |
- 20. In a telephone system, |
(a) a dynamic recirculating type of storage loop for
- storing data in serial fashion in a plurality of M re-
- circulating cells, each cell comprising a plurality of
subcells, M being an integer, o
(b) M sources of M groups of data to be written into

said storage loop, each group being produced by an

associated source, _
(c) a write-in circuit coupled to said storage loop,

write-in circuit for causing a first subgroup of the
group of data produced by a first source of said M
sources to be recorded with a first plurality of sub-

cells in a first cell,

29
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(d) means coupled to said data sources and to said -

75

34

~(e) means for causing the Nth subgroup in the gfoup

-of data produced by said first source to be recorded
- within an N2 plurality of subcells in said first cell,
where N is an integer, : |

(f) means for causing a first subgroup of the group

of data produced by an Mt source of said M sources -
~of said M sources to be recorded within a first plu-
rality of subcells in an an Mth cell, |
(g) means for causing an Nth subgroup of the group
of data produced by said Mth source to be recorded
with an Nt plurality of subcells in said Mth cell,
(h) a data translator having a busy condition and a
free condition, - | |
(1) means for marking a particular subcell designated
a translation request subcell in one or more of said
M cells, -- | |

- (j) means coupled between said translator and said

storage loop for reading in one or more subgroups
of data present in a particular one of said M cells
that possesses a marked translation request subcell
- when said data franslator is in a free condition,
(k) means responsive to the operation of said means
for reading in dafa into said translator for causing
said translator to assume a busy condition so that
other cells cannot be accessed to said translator when
~said translator is in said busy condition, |
(1) means for marking a cell-in-translator subcell in
said particular one of said M cells upon said read-in,
and |
(m) means coupled to said storage loop and responsive
to said marked cell-in-translator subcell for reading
- out said translated data back into said particular cell
~from said translator, .
21. In a telephone system,

(2) a recirculating storage loop for c'ontainin-g’ a ré-
- circulating cell which includes a first group of sub-

- cells designated as a first digit store, a second groupr
of subcells designated as a second digit store, and a
third group of subcells designated as an outgoing
‘digit store, - g -

(b) means for generating a first and second digit, - |

(c) means coupled between said means for generating
and said storage loop for inserting -said first digit
into said first digit store and for inserting said second

~ digit into said second digit store, - |

(d) means for transferring said first digit from said

first digit store into said outgoing digit store,
(e) an outpulsing bus, . -
(f) means for transmitting impulses to said outpulsing -
- bus while subtracting a fixed integer from the count
~ within said outgoing digit store for each impulse -

transmitted to said outpulsing bus until the count

within said outgoing digit store is reduced to zero,

(g) means responsive to the reduction of the count
within said outgoing digit store to zero for there-
after transferring said second digit from said second
digit store into said outgoing digit store, and for

- causing said means for transmitting to operate in
conjunction with the second digit to outpulse said
second digit in the manner set forth hereinabove in
connection with the outpulsing of said first digit.

22. In a telephone system, | |

(a) a recirculating storage loop for containing sections
of recirculating information which includes a first

~section  designated as a first digit store, a second
section designated as a second digit store, a third
section designated as an outgoing digit store,. |

(b) means for generating a first and second digit,

(¢) means coupled between said means for generating
and- said storage loop for inserting said first digit
into said first digit store and for inserting said second
digit into said second digit store,

(d) means for transferring said first digit from said
first digit store into said outgoing digit store, |




- (f) an outpulsing bus, | o S |
(¢) means for transmitting impulses to said outpulsing
~ bus while changing the count within said outgoing
digit store a fixed amount for each impulse trans-
mitted to said outpulsing bus until the count within

(e) an outpulsing bus, o
(f) means for transmitting impulses to said outpulsing

‘bus while changing the count within said outgoing

3,312,786

~ digit store a fixed amount for each impulse transmit-

ted to said outpulsing bus until the count within said

~ outgoing digit store reaches a predetermined amount,
(g) means responsive to the count within said outgoing

digit store reaching a predetermined amount for

thereafter transferring said second digit from said
second digit store into said outgoing digit store, and

for causing said means for transmitting to operate
in conjunction with the second digit to outpulse said

second digit in the manner set forth hereinabove in N

~ connection with the outpulsing of said first digit.
23. In a telephone system, | |

10

' (a) a recirculating storage loop for containing a re-

circulating cell which is made up of a first group of

subcells designated as a first digit store, a second N

~ group of subcells designated as a second digit store,
- a third group of subcells designated as' a digits sent

20

. store, and a fourth group of subcells designated as

an -outgoing digit store," o -
(b) means for generating a first and second digit,

" (c) means coupled between said means for generating =
| 25
said first digit store and for inserting said second =

and said storage loop for inserting said first digit into

digit into said second digit store, -

- (d) means for transferring said first digit from said -

first digit store into said outgoing digit store,
i store, S
- (f) an outpulsing bus, -

- - (e) means for inserting a fixed count in said digits sent 30

36

(i) means responsive to said change in count within

said digits sent store for transferring said second digit

from said second digit store into said outgoing digit

store, and

. (j) means for causmg said means for transmitting to

operate in conjunction with the second digit in the -

- manner set forth hereinabove 1 connection with the
‘outpulsing of said first digit.

25. In a telephone system, -

(a) anoutpulsing bus, - | |

(b) means for generating a first group of digits includ-
~ ing first and second subgroups of digits, -

(c) means for storing said first group of digits,

(d) means for generating a second group of digits

corresponding to said first subgroup of digits,

(e) coupling means connecting said storing means to

‘said generating means for transmitting said first sub-
group of digits to said generating means and for

- subsequently returning said first subgroup of digits
to said storing means, and . s

* (f) means for transmitting said second group of digits

to said outpulsing bus and said first group of digits
to said coupling means from said storing means in-
cluding spill-out means for by-passing said generat-
‘ing means and transmitting said first group of digits
to said outpulsing bus ‘upon detection of complete
outpulsing of said second group of digits.

~ 26. The combination as set forth in claim 23 wherein
“said digits are represented by numerical type pulse trains.
27. The combination as set forth in claim 26 wherein
said second group of numerical pulse trains have more

~pulse trains than said first subgroup of pulse trains.

(g) means for transmitting impulses to said Outﬁulsing'- .

bus while subtracting a fixed integer from the count

within said outgoing digit store for each impulse
~ transmitted to said outpulsing bus until the count

within said outgoing digit store is reduced to zero,
(h) means responsive to the reduction of the count
- within said outgoing digit store to zero. for reducing

the count within said digits sent store by one, |
(i) means responsive to the reduction in count within

35

- 28. The combination as set forth in claim 26 wherein .
said transmitting means includes means for sequentially -
applying the pulses of each pulse train to said outpulsing

" bus so that each digit is outpulsed as a serie of pulses of |
~ specific numerical count. o S

40

said digits sent store for transferring said second digit

- from said second digit store into said outgoing digit

~ store,and - R - _
(j) means for causing said means for transmitting to

- operate in conjunction with the second digit in the

45

~ manner set forth hereinabove in connection with the

outpulsing of said first digit.
24. In a telephone system,

(a) a recirculating storage loop for containing sections

of recirculating information, which sections are made

up of a first section designated as a first digit store,

g second section designated as a second digit store, a

 third section designated as a digits sent store, and a "

fourth section designated as an outgoing digit store,
(b) means for generating a first and second digit,
(¢) means coupled between said means for generating

- and said storage loop for inserting said first digit into -

 said first digit store and for inserting said second digit

(d) means for transferring said first digit from saild =~

into said second digit store,

first digit store into said outgoing digit store,

- (e) means for inserting a fixed count in_said'di-gits. sént_

store,

~ said outgoing digit store reaches a predetermined
| amount,-... ' c o |
(h) means responsive to the change in the count within
said outgoing digit store to said predetermined
- amount for changing the count within
sent store by a fixed amount, - |

said digits
o vs
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29. In atelephone system,

(a) a main storage circuit, | |

(b) means for inserting a first group of digits into said
main storage circuit, o - A

(c) an outgoing digit store,

- (d) adigits sent store, |
(e) a translator for converting said first group of digits

into a second group of digits, = | |
(f) means coupled to said main storage circuit for in-
serting said first group of digits into said translator,
(g) an outpulsing bus, IR
(h) means coupled to the output circuit of said trans-
lator for transmitting the first digit of said: second
eroup of digits produced by said translator into said
outgoing digit store, @ = - -

(i) means coupled to said outgoing digit store for -

producing impulses on said outpulsing bus while sub-
“tracting a fixed count from the first digit of said sec-.
ond group of digits inserted within said outgoing

-+ digit store for each impulse produced until the count
-~ within said outgoing digit store reaches zero, -

(j) means responsive to the presence oOf the zero count
‘within said outgoing digit store for changing the
count within said digits sent store, and - |

(k) means responsive to said changed count within

said digits sent store for causing the second digit of
said second group of digits produced by said trans-

- lator to be inserted into said outgoing digit store and
. to be outpulsed-in the same manner as said first
. digit. S | o

30. In a telephone s?ste}m,

~ (a) means for inserting a first and -sec_ohd group of

digits into a main storage circuit,
(b) an outgoing digit store, o
(¢) a digits sent store, |

- (d) a translator for. convertih‘g said first group of digits

into_:_a third group-of digits,
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(¢) means for inserting said ﬁrst group of dlgﬂzs intfo

said translator,
- (f) an outpulsing bus,

- (g) means for sequentially inserting the digits of said
third group of digits produced by said translater into

said outgoing digit store,

(h) means coupled to said outgomg digit store for -

sequentially impressing pulse trains on said outpuls-

ing. bus, the number of pulses in each train being |

equal to corresponding binary numbers of said third

group of digits and the number of trains being equal

10

to the number of blnary numbers within said th1rd '_

group,

(1) means for altering the count w1th111 said d1g1ts sent

~store each time a digit within said third group is out-

15

- pulsed until a predetermined count is present in said
digits sent store upon the completion of the outpuls-

ing of said third group of digits, and

(j) means responsive to the presence of said predeter-
mined count within said digits sent store for pre-
venting said second group of digits within said main

from gaining access to said translator

and for causing each digit of said second group of

storage circutt

20

digits within said main storage circuit to be sequen-

tially inserted into said outgoing digit store and out-
pulsed.
31. In a telephone system,

(a) a recirculation loop for the dynamlc storage of.

recirculating binary data,
(b) an outpulsing bus,
(c) animpulse .reco’nstruction counter,

25
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_(d) means responsive to a first predetermined count

in said impulse reconstruction counter for writing in

an impulse going mark into said recirculation loop,

(e) means for reading out said impulse going mark
from said recirculation loop,

(f) a gate connected between said means for reading
out and said outpulsing bus for 1mpressmg output
pulses upon said outpulsing bus in response to the

reading out of the said impulse going marks from

said recirculation loop by said means for reading .

out, and

) means responsive to a second predetermmed count..
.

in said reconstruction counter for causing said i

pulse going mark to be erased from said recircula-
tion loop.

32. The combination as set forth in claim 31 Wherem
means are provided for resetting said impulse reconstruc-

35

40

45

tion counter upon the detection of said second predeter- '

mined count within said impulse reconstruction counter.

o0

33. The combination as set forth in claim 32 wherein

- means are provided for causing said i
tion counter to reco

of said second predetermined count.

34. The combination as set forth in claim 31 further ¢
including an outgoing digit store for keeping track of the

number of impulses outpulsed together with means for

inhibiting said gate upon the detection of a zero count .

within said outgoing digit store.
35. The combination as set forth in claim 33 fur-ther

pulse reconstruc- -
imence counting upon the detecnon

60

including an outgoing digit store for keeping track of the

number of impulses outpulsed together with means for
inhibiting ‘said gate upon the detectlen ef a zero count'_

j_Wlthm sald outgoing digit store. -
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36. In a telephone system,
(a) M sources of directive data, M belng an 1nteger, |
(b) a recirculation loop having a capacity of M recir-
“culating cells and coupled to said M sources of direc-
tive data for storing the directive data produced by
each directive data source in an assoclated recirculat-
ing cell, | |
(¢} means for generatmg control data for each cell -

and for inserting said control data into each cell

receiving directive data from said sources of directive -
data,

(d) means for 1:’1':::1du¢n::mﬂr a clearance signal to indicate
that a particular cell is. to be cleared, and =

- {e) means responsive to said means for producing -a
clearance signal for any particular cell for prevent-
ing the recirculation of data Wlthm that partlcular
cell thereby to clear the cell. -

37. In a telephone system,: | |

(a) M sources of directive data, M bemg an mteger o

(b) a recirculation loop having a capacity of M recir-
culating cells and coupled to said M sources for
storing the directive data produced by each directive
data source in an associated recirculating cell,

(c) means for generating control data for each cell and
for inserting said control data into each cell receiving
information from said sources of directive data,

(d) means for producmg a clearance signal te indicate
a particular cell is to be cleared,

(e) means for inserting said clearance signal into said
particular cell, and |

(f) means for thereafter deteetmg the presence of said

“clearance signal within said particular cell for pre-
venting the recirculation of said directive data and
'said control data within that particular cell, thereby ;
to clear the cell.

38. In a telephone system, | -

(a) a recirculation  loop. for the dynamic storage of
recirculating bmary data,

(b) means inserted in said recirculation loop for se-.
quentially examining first and second groups of re-
circulating binary data representing first and second
counts, respectively,

(¢) means for changing the count represented w1th111.
said first group of recirculating binary data,

(d) means coupled to said means for examining for
storing a carry signal in response.to the detection of
- a predetermined count within said first group of re-
c1rculatmg binary data as detected by said means for
examining, and .

(¢) means responsive to the sterage of said carry signal
by said means for storing for thereafter altering the
count within said second group of recirculating binary -
data. | |

39. The combination as set forth in claim 38 further

0 including means for clearing said means. fer storing upon

said altering.
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