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.. sage is both trans:

 receiver.

certain type, i.e., selectively a binary 1 or 0 bit, for indicat-

Umted States Patent Oﬂice

| - 3249918 -
| CON TR@L WORD USE EN BET-BY-BET DA’E‘A
- COMMUNICATION SYSTEM |
Edw‘ard E. Sehwenme ger, Red Bank, and Mfred Zemum,

- Middletown, N.J., assignors to Bell Telephone Labo-~
ratories Ineerperated New York, N Y., a cerperatmn

of New York
| Fnled @et 26 1%2 Ser. No. 234 Ml
8 Cianms, (CE 34@—-—-146 1)

ThlS invention relates to a method of and epparatus

for communicating digital data, and more speelﬁca‘ly to '
such method and. appare.tus employing a control word

3 249 918

Fa ent ted May 3, 1566

When two or more messages are involved, a control word

- memory device is associated with each text memory device
- for each ‘message at each transmitter and receiver.

o

A feature of the invention resides in the use of identical
control words, each mcludmg only one bit of a certain
type, at both the transmitter and receiver for indicating

“the termination of the transmission and reception of the

text and parlty bItS constituting the respective text werde |

~ of each message.

10

for controlling the transmission and receptlon Gf h;gh-*-'f

. speed digital data on a blt-by—blt basis.

~In digital data systems, it'is a con Vement praetlce te: :

} _'::-represent the smallest mtelhgence element as a bit which

- each word of a message.
at h1gh speed, it is 1mperat1ve to see to.it that each mes-

‘transmitted and/or received with error may.tend to result

_111 severe damage, when they are used for their ultimate
~purposes by data processing equipments.

itted and - received with the highest
- possible degree of accuracy. Obvzousl}f, data messages

. is the accepted form of characterizing a binary 1 or 0 :
- digit, -and to utilize a plurality of such bits to constitute
As digital data are transmitted

25
ThlS damage

may be In monetary form when the data messages are

- used, as one example, to determine inventory control; or =
- 1t may be in the form of property damage or injury to. -
~ oOperating personnel, as other examples, when the data

30

~ messages serve to determine the physwal movements ef -

~unmanned apparatus. | .
-+ The present invention therefore centemplates the em-
- ployment of an improved arrangement for controlling the
- transmission and reception of discrete words of. d1g1tal--',
- data on a b1t-by-—b1t baszs Wlth substantlady ma}ﬂmum'
. © aceuracy. S . S
A prmclpal ob]eet ef the mventlen is to anrove the
*_e'ﬁmency of transmitting -and receiving discrete words
o :;-ef high speed digital data messages on a b1t—by~b1t basis.
Another object is to minimize error in the bit-by-bit

' transmission and leceptlon of discrete WGI‘dS of digital

- data messages.

40

Lo
“t

. messages

The foregoing and other eb;ects of the invention will

 be readily understood from the following descrlptmn-
| taken together with the accompanying drawmgs in which;

FIG. 1 1s a box diagram of a data processing system
ineludincr a plurality of interconnected data processing
stations adapted for transnnttmg and recemm:1r digital eata

FIGS. 2 end are boxm-agrams of data t-ran.smlttmg'

and receiving apparatus, respectively, located at each of
the data stations shown in FIG. 1 and including a 5pec:1ﬁe

20

embodiment of the present 1nvent1on
FIGS. 4A and 4B, 5A and 5B, 6A and 6B, and 7A

'___"and 78 are box and e1reu1t dlagrams of ClI‘CIllt elements.- |
useble in FIGS. 8 through 16;

FIGS. 8 through 16 are schematlc ClI‘fCIlltS of specific
embodiments of the transmitting and receiving apparatus

shown in FIGS. 2 and 3 and utlllzmg the specific embodi-

ment of the present invention;

FIG, 17 illustrates the arrangemeﬂt for interconnecting
the several circuits included in FIGS. 8 through 16;
- FIG. 18 is a schematic CII'CU.JI of a modulo 5 ring

| ceuntel usable in FIG. 8:

FIG. 19isa schematlc ClI’CIllt ef a WOl‘d eounter usable

“in FIGS. 2, 3, 15 and 16; and

- FIGS. 20A and 20B, 21A and ZIB 22A and 22B, 23A.
and 23B, and 24 are box and circuit diagrams of addition--

al circuit elements usable in FIGS. 8 through 16.

Ta the following descrlptmn it is to be noted that the

~ same circuit elements appearing in the. several figures of
- the drawmg are 1dent1ﬁed with the same reference nu-
~merals. |

Referring to FIG 1 it 1s seen that an everall data proc-

. essing system comprises, for example, data precessmg sta-

A further object is te sunphfy the b1t by—blt transmis-

“sion and reception of d:screte WDI‘dS of digital deta mes-
sages. | :

ing a plurality of data processing equipments, a transmit-
~ ter including a memory device for transmittmg the text
and parity bits of each text word on a bit-by-bit basis
~ therefrom at one terminal data equipment to another
 terminal data equipment, a receiver including a memory

In asseclatlon with a cemmunlcauon system embody--

Ceiving digital data messages.

tions 19, 11 and 12, each including data processing equip-

-'ment 9 connected to sending data apparatus 13 and re-

4.5:" ceiving data apparatus 14. The data processing equip-

nent 9 comprises a well-known type for sending and re- -
- 'The sending apparatus 13

~ at station 10 is connected to the receiving apparatus 14 at

50
~the sending apparatus to the receiving apparatus and a

~ device for recording the text and parity bits at the other
terminal data equipment, and a digital data transmission .

- line interconnecting the transmitter and receiver, a specific 55

embodiment of the present invention comprises an addi--

tional memory device associated with the text memory
~device at the transmitter for permanently storing a control

word used to control the transmission of discrete text
words of each message from the associated text memory
- device on a bit-by-bit basis to the transmission line, and

emory device at the receiver for permanently storing

a control word used to control the recording of discrete

text words of each message received from the transmis-

an additional memory device associated with the text

60 -

65

~ sion line in the associated text memory device at the

Each control word includes only one bit of a

ing the transmission or the recording of discrete message

words so that the bits of each text word of a message are -
- thus recorded in the receiving memory device exactly as

- they were recorded in the transmitting memory device.

- tween such sending and the recelvmg apparatus. |
purpose of the me_tent explanation, it is assumed that a ten-

th—erebetween.

station 11 by a signaling trunk 15 comprising a first pair
of leads 16 for transmitting the digital data messages from

second pair of leads 17 for otherwise eommunicatmg be-
For the

word text message is to be sent from station 10 on cable

15 to station 11, although a five-word text message may

also be transmitted as later mentioned herein. Depend-

~ing upon the amount of data traffic between stations 10
“and 11 in the direction just mentioned, the signal-
ing trunks may comprise ._two Or more in number.

For
the present illustration, an additional signaling trunk 18,

- identical with trunk 15, is assumed to provide sufficient

signaling facilities for handling the data traffic in the di-
rection from station 10 to station 11. On the other hand,

“one trunk 29 identical with trunk 15 is assumed to be ade-
quate for handling the data traffic in the direction from

station 11 to station 18. Broken lines 21 and 22 represent

a predetermined number of signaling trunks for intercon-
necting station 12 with stations 10 and 11, respectively, for

handling the data traffic requirements in both directions
The signaling trunks comprise a frequen-
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cy-shift type well known in the art, as mentioned herein-
‘after. The circuits constituting the respective sending
and receiving apparatus included in each of stations 1§,
11 and 12 are hereinafter described.

FIG. 2 indicates the general procedure for handling an
outgoing message originating in the sending apparatus of
station 1§ and destined for the receiving apparatus in sta-
tion 11 as previously assumed. Thus, the block diagram
in FIG. 2 illustrates the sending apparatus 13 included in
each of the data processing stations 1, 11 and 1Z. When
the data processing equipment has a message tc be trans-
mitted, it applies a message-ready signal voltage via lead
25 to message slot availability detector 26, which is there-
by activated to supply a testing voltage on lead 23 to write
circuits 37. These circuits select an idle outgoing mes-
sage slot in twistor memory 38 and thereby an outgoing
trunk which is permanently associated with each such slot
for reaching the destination station 11. Each outgoing
message slot in the twistor memory includes a control word
which is permanently provided therein for a purpose that
1s mentioned hereinafter and space for the ten text words
of the message to be stored therein in a manner that is
now briefly explained. After the 1dle outgoing trunk is
selected, the slot detector 26 returns a send-message signal
- voltage on lead 27 to the data processing equipment.

On the other hand, if the slot detector tested and found
all message slots of the twistor memory associated with
trunks for reaching the desired destination station 11 were
busy, the slot detector returns a do not send message sig-
nal voltage on lead 28 to the data processing equipment
whereupon the message is not sent. If, in the next sig-
naling cycle of the data processing equipment, this equip-
ment has another message for a different message slot in
the twistor memory and therefore for a different outgoing
trunk connected thereto, it again sends a have-message
signal voltage on lead 25 to the slot detector which is then
activated to select a slot-associated with the desired out-
going trunk in the twistor memory. At this time, it is
assumed that outgoing trunks to other destination stations
are 1dle. The transmission of this message via the last-
mentioned slot is processed in the manner presently being
described for the assumed instant message.

Returning to the send-message signal on lead 27, it fol-
lows that this signal activates the data processing equip-
ment 9 1n FIGS. 2 and 3 1n such manner as to apply the
first word of the ten-word text message to lead 29 at a
microsecond speed. In this connection, it is understood
that the lead 29 represents 22 discrete leads each trans-
mitting one binary digit of a text word assumed to com-
prise 22 binary digits. Thus, each text word comprises 22
“17 and “0” bits including a simple parity bit and ar-
ranged i a preselected order for simultaneous transfer in
parallel via the 22 leads 29 to shift register 3¢ which is
capable of ultimately storing a word of 27 bits including
five modulo 5 parity bits as subsequently mentioned.

- When the first 22-bit text word is accepted by the shift
register, the word is subjected to two actions before if is
transferred to its appropriate slot in the twistor memory.
First, the accepted word is applied from the output of the
shift register to the input of a simple parity checking cir-
cuit 31 and, if the parity check indicates incorrect parity,
a repeat-word signal voltage is sent on 'lead 35 to the data
equipment. This voltage activates the data processing
equipment to repeat the faulty word before the next word
1s transmitted. This repetition is continued until the word
1s correctly transierred. Second, the 22-bit word is read
out by text and modulo 5 parity bits read out gates 34
from the shift register a bit at a time to a modulo 5 en-
coder 3% wherein a modulo 5 parity checking code of5
- bits is encoded thereinto for facilitating a check of the
accuracy of message transmission from the originating
sending apparatus of station 10 to the receiving apparatus

of the station 11 in a manner that is explained ‘bel'ow..

10

20

-30

40

50
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75

Now, the first text word of the message comprises 27 bits
as follows:
Message Bit 1234 5...1617 18 19 20 21 22

Modulo 12345

Assuming the word has been correctly transferred, the
send next word or correct-parity signal is transmitted on
lead 32 to the data equipment and on lead 33 to the
read out gates 34 which transmit the 27 bits of the word
in parallel at the same time to bit write circuit 37. These
in turn fransmit the 27 bits of the word in paraliel at the
same time to the prewously selected outgoing slot in
twistor memory 38, which is described hereinafter. In a

- similar manner, each word of the remaining nine words

of the message are stored in the previously selected slot
of the twistor memory. This outgoing slot includes there-
in a permanent control word comprising 27 bits arranged
as follows: 100 . ., G. The control word is positioned
ahead of the ten text words of the message for a purpose
which is further discussed below. It is thus apparent that
each outgoing message siot of the twistor memory is
capable of storing eleven words. In the following de-
scription, it is understood that when each word is trans-
ferred from the twistor memory into the shift register

~and therefrom back into the twistor memory, the 27 bits

constituting each such word are transferred in parallel at
the same time.

Under control of successive timing pulses provided by

- clock circuit 39 and control logic circuit 49 and word

counter 42, the following action is effected in FIG. 2
for transmitting a ten-word message from data station 10
to data station 11. Read circuit 41 is activated to read
out initially the entire 27-bit control word on lead 43 from
the twistor memory back into the shift register; and there-
after the shift register is advanced to one stage. This
serves to transmit the 0 bit from the No. 27 position and
to rewrite it in the No. 1 position of the control word
while the 1 bit is advanced to the No. 2 position. ~ At this
time, the control word comprises 27 bits arranged as fol-
lows: 010 . .. 0. This transmission of the 0 bit evoked
no further action in the sending apparatus. This control
word 1s read out of the shift register and rewritten back

~on lead 44 into the first position of the message slot of

the twistor memory; and the shift register is reset, prepara-
tory to the acceptance of the first text word of the mes-
sage. 'This indicates that sending apparatus shown in
FIGS. 1 and 2 is ready to transmit the first bit of the
first text word of the message to the recewmg apparatus
shown in FIGS. 1 and 3.

Next, assuming the word counter is ad]usted to the
first word of the message, the 27 bits comprising the first.
text word being transferred are read out of the twistor
memory and written back into the shift register on lead
43, and thereafter the shift register is advanced to one
stage. During this shift, the 27th bit, which may be a 1
or a O, constituting the first bit of the first text word is
transmitted over lead 45, outgoing trunk circuit 46,
modcem 47, and outgoing trunk 15 to the receiving appa-
ratus of data station L2 which accepts the transmitted bit
as the desired destination of the message in question.
The trunk circuit and modem constitute a frequency-shift
transmission circuit well known in the telegraph art. At
the same time, the transmitted first bit is shifted into the

‘No. 1 posttion of the 27-bit first text word while each of

the remaining 26 bits are shifted one position thereafter.
This word as presently formed is then rewritten into the
twistor meémory on lead 44, and the shift register is reset
in anticipation of the transfer of the next word thereto.
Thus far, the first bit of the first text word of the message
has beerl transmitted to data station 11.

Again, the control word is read out of the twistor
memory and written into the shift register, and the latter
is advanced one stage. This transmits a 0 bit from the

No. 27 position of the control word and rewrites it in the

No. 1 position thereof while each of the remaining 26
bits are shifted one position thereafter. At this time, the



o addrtmnal action in the sending apparatus.

cc-ntrcl WOI‘d comprises 27 bits arranged as fcllcws
001 . . . 0. This transmission of the 0 bit stimulated no

~ word is read out of the shift register and written back into
- the first position of the message slot in question, and the

This control
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shift register reset in preparation to the acceptance again =

of the first text word of the message.

word of the message to station 11.
Next, the 27-bit first text word of the message is read

This indicates that
~ the sendmg apparatus of station 10 shown in FIGS. 1
and 2 is ready to transmit the second bit of the first text“_

10

out of the twistor memory and written back into the shift

~ register, and thereafter the latter is advanced one stage.
- Again, thc 27th bit, which may be a 1 or a 0, constituting
the second bit of the first text word is transmitted over

lead 45, outgoing trunk circuit 46, modem 47, and out-
going trunk 15 to the receiving apparatus at data station

11. At the same time, the transmitted second bit is shifted

to the No. 1 position of the 27-bit first text word, while
each of the remaining 26 bits are shifted one position
thereafter. . This word as presently formed is written

20

into the twistor memory and the shift register is reset,

- in preparation for the transfer of the next word thereinto.
At this point, the second bit of the first text word of the
message has been transmitted to data station 11.

attains the No. 27 position in the control word whereupon

| the end of the transmission of the first word is indicated.
- The control Wcrd now comprises the 27 bits arranged as

~ follows: COO0 . 1. * At this point, the 26th bit of the

- first text word has been transmitted to data station 11 so
“that the 27th and final bit of this word cccupres the 27th

it position therein.

Again, the control word is read out

- 25
'The foregoing procedure is repeated until the 1 bit

3_0

‘message slot of the twistor memory.

that the word counter is recycled .in preparation for the

~transmission of the first word of the next message stored

in the same twister memory slot. The five words of a

- short message are transmitted in accordance with the fore-

going procedure, except the word counter 8 recycled

at the end of the fifth word.

The progress of the 1 brt in the 27-bit ccntrol Wc-rd for

| transmlttrng each b1t of each 27-bit text word is indicated

- below:
| _ TABLE A
27 BIT TEXT
CONTROL, WORD WORD BIT
IN TWISTOR MEMORY
- - REC. OR
BIT | i“ R TRANS,
POSITION {11 2] 3| [25] 26| 27 L
lcontRo  |3| of ol [ of o] o] et !
worp {ol 1! ol _l of ol o | 1
BITS o] o] 1] lol| o o 2
A b A l
e : h s sy
ol ol o l_ Lol a1l o | 25 |
ol olof{ {oif ol 1 26
1 ojo|] o] o}l ol o1 |

The foregoing describes the transmission of the text
words of one complete message stored in one outgoing
For that purpose, it
is understood that the clock circuit and control logic
circuit provide a complete cycle of operation compris-

 ing a message transfer interval followed by a bit-trans-

~ of the twistor memory and written into the shift register -

which is thereupon advanced one stage. This: transmits
the one bit of the control word into the word counter
which is thereby adjusted for reading out the second text
- word of the message; and at the same time the 1 bit is re-

written back into the No. 1 position of the control word in

preparation for the transmission of the 27 bits of the sec-
ond text word of themeseag'e_tc_data station ‘11.

tows: 100 -.
memory Thereafter the shift register is reset.

‘Next, the first text word i1s read out of the twistor .

L
5]

40
N - At this

- time, the control word comprises 27 bits arranged as fol-
. 0; and it is read back into the twrstcr -

memcry and written into the shift register, and the lat-

ter is advanced one stage. Again, the 27th bit, which

"may be a1 or a 0, ccnetrtutmg the final bit of the first

~ text word is transmitted to station 11. At the same time,

‘this 27th bit is shifted into the No. 1 position of the first ;

text word. This word is read back into the twistor mem-

ory, and the shift register is reset.
 now fully transferred to the receiving apparatus of station

-~ 11, and it is also held in the twistor memory of the-

- sending apparatus in station 10 until the receiving appara-
tus at station 11 no.longer requires a retransmlssmn of
the first text word, as indicated hereinafter. |

In the event an error occurs in the first text word as re-

>}

‘The first text word is

"'.'l.

ceived in the receiving apparatus of data station 11, a

‘suitable signal is returned therefrom to the sending ap-
paratus of data station 10 to retransmlt the first text word.
This is repeated until the text. word is properly received
~ at data station 11 Assuming the first text word is prop-

. erly transferred the receiving apparatus of station 11 re-
turns no signal to the sending apparatus at data station

10, as mentioned hereinafter. Since this word 1s no longer

~ needed, it is erased from the sending twistor memory.
In this connection, it is understood that the word ccunter
is advanced to read the second word of the message in

question, as previcusly' mentioned. In a similar manner,
the remaining nine words of the message are transmitted

from the sending apparatus 13 of station 10 to the receiv-
ing apparatus 14 of station 11 as shown in FIGS. 1 and 2.

Upon the transmission of the 27th bit of the tenth and

' final word of the message in.question, it 1s understood

60

-mission interval.

- During the message transfer interval,
the 22 bits comprising, for example, each complete word
of the message are transferred in parallel from the data
processing equipment to the twistor memory until the
complete message of five or ten words is stored in the cor-
responding outgoing message slot thereof, while during
the bit-transmission interval one bit of each word of the
message, commencing with the first word and terminating
with the last, is transmitted at a given time. - *

When two or more messages are stored in correspond-

ing outgoing message slots of the twistor memory, it is

further understood that the clock circuit and control logic
circuit provide a message transfer interval in which the

22 bits of each text word of each message are simultane-
ously transferred in parallel from the data processing

equipment to the twistor memory until each complete
message is stored in the proper outgoing twistor memory
slot and . a bit-transmission interval for each bit of each
text word of each message; and that in the latter inter-

val, one bit of one word of each message is transmitted

1n turn before the procedure is repeated to transmit in

turn the next succeeding bit of the same word of each
message. This procedure is continuously repeated for all
words of all messages so that discrete messages may be
continuously added to and transmitted from the reSpective
outgoing slots of the twrstcr memory in the manner prevr-
ously explained.

Referring now to FIG. 3 there is indicated therem the
procedure for handling a message incoming to the re-

~ceiving apparatus 14 of any station and originating in the

- sending apparatus 13 of any of the stations shown in

65
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FIG. 1. Since certain equipments at each station are

‘utilized in both the sending and recemng prccedures

thereat, the receiving apparatus 14 shown in FIG. 3 is
descr1bed with reference to station 10. However, it is

‘to be understood that such description would apply equal-

ly as well to the receiving apparatus at stations 11 and
12 in FIG. 1. For this purpose it is assumed that the

 afore-described message on outgoing trunk 15 in FIG. 2

is now being transmitted on incoming trunk 20 in FIG.
3. It is therefore evident that the receiving apparatus
14 shown in FIG 3 1s mcluded n each cf data stations
10, 11 and 12 | |
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As the bits of each text word of the ten-word message

just transmitted are received one at a time, each such bit
incoming on trunk 20, modem 51 and incoming trunk
circuit 52 is written by write circuit 37 into the corre-
sponding message slot in twistor memory 38 and read out
therefrom by the read circuit 41 inio the shift register 3¢
under control of successive timing pulses provided by
clock circuit 54, control logic 55 and incoming trunk scan-
ner 56. The ten text words of the message as received
are stored one at a ttme on a bit-by-bit basis in the corre-
sponding message slot behind a control word, in the man-
ner hereinbefore mentioned regarding message storage in
the twistor memory at the sending apparatus. The mes-
sage as stored comprises a control word and ten text words,
or eleven words in all. The control word comprises 27
bits including a single 1 bit and twenty-six 0 bits ar-

10

ranged in the form of 100 ... O to be identical with the -

control word used in the transmitting apparatus
before discussed regarding FIG. 2.

The purpase of the control word in regard to incoming
messages in FIG. 3 is 1o direct the writing of the incoming
bits thereof into their proper bit and word slots in the
assoclated receiving twistor memory. Assuming the first
bit of the first word of the message in question is to be
received and the 1 bit occupies the No. 27 position in the

herein-

control word in the twistor memory as indicated in Table.
A, above, it is apparent from the foregoing description re-

garding the sending apparatus that the 27th bit of the next
previous word has been transmitted. This means that
when the 1 bit was changed from the No. 27 position in
the control word to the No. 1 position therein in the shift
register to effect the transmission of the 27th bit of the
next previous word, the word counter is assumed to have
been adjusted by such change of the 1 bit in the control
word to the first word of the next following message, as
previously mentioned herein. o
In preparation for the reception of the first bit of the
first word of the next following incoming message in FIG.
3, the 27-bit control word with the 1 bit in the No. 1 posi-
tion thereof as just mentioned is read out of the twistor
memory and written via lead 48 into the shift register
which is thereupon advanced one stage. _
the O bit in the No. 27 position of the control word and
inserts the 0 bit in the No. 1 posilion while the 1 bit is
- moved to the No. 2 position. Now, the control word com-
prises the 27 bils arranged as follows: 010 ... 0. This
change in the control word effects no action in the receiv-
ing apparatus at this time. The control word is now
read out of the shift register and written back into the
twistor memory; and the shift register is reset. At this
time, the first bit of the first text word of the transmitted
message in quesion is written into the No. 1 position of
such word in the twistor memory. Actually, the first bit
received is the 27th bit of the first text word as now stored
in the sending twistor memory. -
- The control word having the 1 bit in the No. 2 position

is read out of the twistor memory and written back into

shtit register which is thereupon advanced one stage. This
transmits the 0 bit from the No. 27 position of the control
word and inserts the 0 bit in the No. 1 position while the
1 bit i1s moved to the No. 3 position. The 27-bit control
word 1s now written: 001 . .. 0. This evokes no further
action in the sending apparatus at the moment. Then,
the control word is written back into the twistor memory.
The second bit of the first text word of the message in
question is written into the No. 2 position of such word in
the twistor memory and the shift register is reset. Actual-
ly, this second bit as stored in the receiving twistor mem-
ory is the second last bit of the first text word as now
stored in the sending twistor memory. |

The foregoing procedure is repeated until the 1 bit
occupies the No. 27 position in the control word whereby
the end of the reception of the transmitted first text word
1s indicated. The control word now comprises the 27 bits
arranged as follows: 000 ... 1. Up to this time, the 26th
- bit of the transmitted first text word has been received so

This transmits .

20

30
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|
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that the 27th and final bit of this word occupies the 27th
bit position therein. Again, the control word is read out
of the twistor memory  into the shift register which is
advanced one stage. This transmits the 1 bit from the
No. 27 position of the control word into the word counter
which is thereby adjusted for receiving the second text
word cf the transmitted message; and at the same time, the
1 bit is inserted into the No. 1 position in the control
word which comprises the 27 bits arranged as follows:
160 . . . 0. The control word is read out of the shift
register into the twistor memory; and the shift register is
reset., At this time, the 27th and final bit of the trans-
mitted first text word is stored in the No. 27 position in
the received first text word in the twistor memory.

In a similar manner, the remaining nine words of the
message transmitted from the sending apparatus of station
i1 are received and stored in the twistor memory of the
receiving apparatus of station 1¢ shown in FIGS. 1, 2
and 3. Upon the reception of the 27th bit of the tenih

‘and final word of the message in question, it is understood

that the word counter is recycled, preparatory to the re-
ception of the first word of the next message in the same
twistor memory slot. The five words of a short message
are transmitted in accordance with the foregoing PIro-

cedure, except the word counter is recycled at its 6 posi-

tion. Again, the progress of the 1 bit in the 27-bit con-
trol word for receiving each bit of each 27-bit text wor
1s indicated in Table A mentioned above. .

As soon as the first text word is stored in the twistor
memory, it is read out on lead 49 to the modulo 5 parity
decoder 57 in which the 5-parity bits inserted at the send-
ing apparatus are checked out. If these bits check out
satisfactorily, an OK signal voltage is transmitted from
the parity decoder on lead 58 to the write circuit 37 where-
upon the first text word of the original 22 bits is writien
back from the modulo S parity decoder on lead 38 into
the twistor store. At this time, the modulo 5 parity check-
ing code is removed from the first text word. Since the
first text word was correctly stored in the receiving twistor
memory, no communication from receiving station to the
sending station is required to erase this word from the

twistor memory in the sending station, as previously men-
tioned. '

On the other hand, when a received word fails to check
out satisfactorily in the receiving station in the foregoing
respect, a no-good signal is returned on signaling trunk
20 to the sending station for the purpose of requesting
the latter station to repeat a transmission of the EI'ror
word. This is done at the end of the next following word
S0 as not to interfere with transmission thereof. - At the
completion of the transmission of such next following
word, the receiving twistor memory 38 erases the word in
error and the next succeeding word thereafter. At the
same time, the no-good signal stimulates the sending ap-
paratus 13 at the sending data station to begin the trans-

mission of the word in error and the succeeding word
thereafter a second time. The erasure of the word

1n error and the next-succeeding word thereafter i3
necessitated by the fact that the receiving twistor mem.-
ory 1s unable to recognize otherwise the postion of such
next succeeding word in the text of the message. The
remaining text words of the message are received and
processed by the parity decoder 57 in the receiving appa-
ratus 13 located in the receiving data station in accord-
ance with the foregoing procedure.

When all text words of the message are received and
satisfactorily stored in the twistor memory 38 in the re-
celving data station, the read circuit 41 recognizing the
message is available for transfer to the data processing
equipment 9 activates the twistor memory to read out the
first text word. These 22 bits of the encoded first word
are simultaneously transmitted through the shift register
into the data processing equipment which returns an OK
signal on lead 62 for correct parity or a no-good signal on
lead 61 for incorrect parity.- |




~ 'the data procossmg equipment.

- transmits a si

Assumrng the srmplo parrty oheok of the ﬁrst to:x;t Word

| as received in the data processing equipment was correct,
~ the OK signal on Iead 62 activates the read access circuits

~ which stimulate the twistor memory to read out the sec-
ond text word. The encoded second word of 22 bits is
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isin tho set or on"’ state while stages 1 through 5 are in

read into the shift register from which the 22 bits are
.srmultaneously transferred into the data processin g oqurp- .

ment.  Assuming the srmplo parity of the second word is

~ correct, the data processing equipment returns the OK

signal on lead 62 to actuate the read out circuits for read-
ing out the third text word from the twistor memory into
the receiving data equipment.
until ‘all text words of the message stored in the twistor
memory in FIG. 3 are read out 111 a mmﬂar

| Assummg, now, the data prot:essrng oqulpr'
~.a no-good signal on lead 61, this signal: autrvatos the read

emory. This procedure is continued until

lead 62 Whereupou the ropotltron of tho readlug of the

- word in error is ferminated.
System elements—This dosorlptron rolatos to olement

'_ -oymbols and equivalent crrcurtry utrhzod in tho sevoral_- '

figures of the drawing.

Enablmg gate—An onablmg transmrssron AND gato '.

 shown in FIG. 4A demonstrates an enabling gate whose

"This procedure continues
1anrter mto -

ent roturns |

the reset or “off” state.

- Under this condition, the output
of the 1-side of the 0 flip-flop provdes approximately a
—8 volt potential on lead 11¢ while the 1-side outputs of

- the remaining flip-flops 1, 2, 3, 4 and 5 provide approxi-
~mately a —24 volt potoutral on leads 111, 112, 1124,
'112b and 113, respectively. This —8 volt potoutral from

~ the 1-side ooutput of the 0 flip-flop primes gate 114.

Thus

 gate 114 is in the enabled condition and gates 115, 116,

10

116a, 1165 and 117 are in the inhibited condition. As-

~ suming at the moment, a posrtwe—gomg input pulse in

- excess of 8 volts, but less than 24 volts, is applied to lead '

118, then such pulse is transmitted through gate 114 to

- circuit to read out the word in error once again from

~the twistor
- the receiving data equlpmont returns an OK signal on

20

“the set input of the 1 flip-flop thereby setting it.

- one.

This .
changes the effective voltage on lead 111 from —24 volts

‘to —8 volts which primes gate 115 and resets the 0 flip-flop.

Additional posruvo—gomg pulses on lead 118 sets the
2, 3, 4-and 5 flip-flops in turn and resets the preceding
‘This changes the effective potentials on leads 112,
1124, 1125 and 113 from —24 volts to —8 volis in turn.

- With the 5 flip-fiop set, gate 117 primed, and the preced-

25

equivalent circuitry is delineated i in FIG. 4B. The poten-

~ tials indicated are assumed relative to ground.

a posrtwo voltage pulse up to 18-volts amplitude ¢
on rncommg Iead I1.4. When the potential of the control
~ lead is at —8 volts, the gate is rendered conductive so as
~ to permit the positive voltage pulse in excess of 2 volts

- say, for example, 16 volts to be’ transmitted thorothrough

_to output lead OL4.

When

. a —24 volt potential is effective on control lead CL4, the

- gate is nonconductive so as to block the transmission of
fective

30

Inhibiting gate—An inhibiting AND gato illustrated in

- FIGS. 5A and 5B 1s normally conductive for a positive-
going input pulse, in excess of 2 volts say, for example,

'voltago in excess of —24 volts is applied at the same time

~ to its control lead CL5, whereby the input positive voltage

‘pulse is passed, is transmitted through the gate to output

lead OLS3. This gate inhibits the transmission of such
‘positive pulso when control lead CLS has a —8 volt-

_-potoutral applied thereto.

40
16 volts applied to its input lead ILS, when a negative ”

ing flip-flops reset, the next positive input pulse on lead
118 transmitted thr ough gate 117 sets the 0 flip-flop. The
—8 volt potential in the 1-side output of the 0 fiip-flop -

effective on lead 110 as previously mentioned is also ap-
~plied to the reset input of the 5 flip-lop which 13 thereby

activated to the rosot state. - The ring counter is thus re-

cycled.

AND gate -—-Thrs, Shown in FIGS. 20A and 2013 18
activated only by the coincidence of posrtwe signal volt-
ages on input leads 1A7 and 1B7, and is thereby caused

to provide a positive output voltage on output lead OL7.

Inverter.—This delineated m FIGS. 21A and 218 per-
forms the single function of reversing the polarity of an

‘input voltage thereto.

Binary counter.—This, ulustratod in FIGS 22A  and

 22B, comprises a single input and changes its state for

each such input, and includes a flip-flop and two AND

cates. This operates in the conventional manner.
Amplifier—This, shown in FIGS. 23A and 23B, com-

prises a conventional common-emitter type, as one exam-

- ple, and includes an input lead IL1 and an output lead

45

CL1. |
Word counter ——-Thrs shown in ©IGS. 2, 3, 15 16 &ud

19 is essentially a reversible 11 ng_oountorof a type illus-

- trated more completely in FIG. 19 for counting the dis-

OR gate—An OR gate is dohnoated in a tyurcal man—i N
~ of flip-flops, AND gates, and OR gates for providing ten

| ..uer in FIGS. 6A and 6B. When —24 volt potentials are

| srmultaneously effective on both input leads 1A6 and
- 1B6, output lead CL§ effects substautlally a —24 volt

potontral On the other hand, if one or more of the input
‘leads transmits a —8 volt potentral the output lead OL6
iilar —8 volt potential.

‘that while the gate is shown with two input leads 1t may
| mcludo three or more of such leads.

Flip-flop.—A flip-flop of a typical typo rllustratod in

Tt is undorstood' |

50

‘reception.

‘and 1s advanced one sta

crete words of each .message during its transmission or -
The counter comprises a familiar combination

counting stages (three of which are shown in FIG. 19),
ce for each word correctly trans-
mitted or received, but is decremented one stage for each
word incorrectly transmitted or received. The operation
of the ring counter is briefly mentioned here, although it
is further discussed hereinafter in connection with the op-
eration of the word counter 42 in the transmission of ten-

- word and/or five-word outgoing messages from the twistor

FIGS. 7A and 7B comprises essentially two gates con-

nected back to back, that is, the collector output of one

 feeds the base of the other while the collector output of

‘the other feeds the base of the one. In FIG. 7A, lead S

provides a set voltage while lead R provides-a teset volt- - -

“age, and the output potential is effective on lead OUT.
An equivalent circuit for FIG. 7A is illustrated in FIG.
7B. The latter circuit is essentially a bistable type which,

“in its reset state, provides a —24 volt potential on its 1-side.

- output lead OUT and which in its set state supplies a —8
- volt potential on its 1-side output lead OUT. A positive-
~going input signal voltage on input lead S in excess of
-approxrmatoly 6 volfs sets the ﬂ1p—ﬂ0p while a positive-

going signal voltage on input lead R in excess of 9 volts_
~ resets the flip-flop. | s |
Ring counter.—This, shown in- FIG 18, is a conven-
tional 6-stage ring counter comprising six flip-flops 0.

thnough 5. Inthe idle or starting position, the 0 flip-flop

60
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'_ﬂrp-ﬂop 2 which resets flip-flop 1.

put OR gates OUT.

memory 38 in FIG. 15 and the recording of incoming
‘messages in the twistor store 38 in FIG. 16. The general

oporatlou of the ring counter in FIG. 19 for a ten-word
message is as follows: A common reset pulse, when the

~ system is initially aotrvatod resets all stages but the first

An advance pulse accepted by gate Al sets
A reverse pulse ac-
cepted by gate R2 sets flip-flop 1 which resets flip-flop 2
to decrement one count. The forward oporatlon for a
count of ten continues until the last stage is reached

which 1s set.

- Whoroupou an advance pulse sets flip-flop 1 and the
counter is recycled for another count of ten words.

On

the other hand, the counter may be recycled at the count
of six for a five-word message.

Comparator—This shown in FIGS. 24A and 248 com-
prises two pairs of input AND gates IN and a pair of out-
It provides a —8 volt potential on
output lead OL1 only when —8 volt potentials are simul-
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- taneously applied to both input leads IL1 and IL2, or &
—24 volt potential on output lead OL1 when the potentmls
on the input leads IL1 and IL2 are different. Thus,a —24
volt petennal 1s provided on output lead GL1 when a—3&
potential is effective on input lead IL1 and a —24 volt
potential on input lead IL2, or vice versa.

DETAILED DESCRIPTION OF THE SYSTEM

Megssage slot availability detector.—When the data
processing equipment 9 at sending data staticn 10 in FIGS.
- 1-and 9 indicates a message is ready for a specific desti-

nation say, for example, receiving data station 11 in FIG.
1 as herembefore assumed, it supplies simultaneously a
portion of a positive voltage on lead 25 to the input of
gates 77, 78, 79 and 88 included in a message slot avail-
ability detector 26 shown in FIGS. 2 and 9. Gates 77

o |

10

and 79 are the inhibiting type while 78 and 8% are the en- -

abling type, as hereinbefore explained. At this time,
slots-A and B flip-flops 81 and 82, respectively, are in the
reset state whereby negative voltages effective at the out-
puts of their 1-sides are also applied to the inputs of the
pairs of gates 77 and 78 and 7% and 88.

At the same time the positive voltage on lead 25 is also
applied via lead 76 and delay network 83 to the set input
of slot-A flip-flop 81. No action is effected at the mo-
ment in regard to the functioning of this flip-flop because
of the eperation of the delay network. Since flip-flops
81 and 82 are in the reset states, their 1-side outputs pro-
vide —24 volt potentials to the eentrol leads of the gates
77 and 78 and 7% and 88. As a consequence, the positive

voltage supplied on lead 25 to the input of inhibiting gate-

77 1s passed therethrough and thereafter transmitted as a

send message signal on lead 27 to the data equipment 9

for a purpose that is presently mentioned. In due course,
slot-A flip-fiop 81 is set to supply —8 volt potential from
its 1-side output to the nearest plate of capacitor 85.
The other plate of this capacitor supplies effectively a POSi-
tive voltage of approximately 8 volts to lead 86 and
thereby to the set input of slot-A write-in ﬂlp-ﬂop 87 in
FIG. 12.  This flip-flop is set'for a purpose that is herein-
after described.

As slot A of twistor memory 38 shown in FIGS. 2 and
15 is assumed to be idle at this time, the message to be
transmitted can be stored therein. If, however, slot A
i the twistor memory were busy, then the slot-A flip-flop
81 in FIG. 9 would be resting at this time in the set state
whereby the output of its 1-side would supply the —8 volt

~ potential to inhibiting gate 77. This gate would there-

fore not pass the positive voltage supplied thereto on lead
25. This positive voltage would, however, be accepted
by and passed through enabling gate 78 which is also re-
cewving —8 volt poteantial from the 1-side output of set
flip-flop 81. The positive voltage in the output of en-
abling gate 78 is applied through delay network 74 to the
set mput of slot-B flip-flop §2.

At the moment slot-B flip-flop 82 in FIG. 9 is lying
in the reset state whereby a negative voltage of —24
volts is supplied from the output of its 1-side to the
inputs of inhibiting gate 79 and enabling gate 80. Be-
fore slot-B flip-flop 82 is set, inhibiting gate 79 passes the
positive voltage on lead 25 therethrough as a send mes-
sage signal on lead 27 to the data equipment 9. In due
course, slot-B flip-flop 82 is set whereby its 1-side output
supplies a —8 volt potential to the inputs of both gates
79 and 89 to block inhibiting gate 79 but to open enabling
gate 80 to the positive voltage pulses incoming thereto
on lead 25 for a purpose that is subsequently mentioned.

This —8 volt potential is also applied to the nearest plate
- of capacitor 88 whose other plate provides effectively
a positive voltage. This voltage is then supplied on lead
89 to slot-B supervisory circuits which are identical with
those shown for slot-A in FIG. 12. In the event both
siots-A and B flip-flops were busy indicating that no
outgoing trunks to the desired destination were available

at this time, the positive voltage on lead 25 would be ac-.
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cepted by enabled gate 80, and returned as a do not send
message signal on lead 28 to data equipment 9. In this
case, data equipment 9 would very likely indicate that
a message to a different destination is ready for transfer
since an idle outgoing trunk to such destination is very
likely available. If no other message were ready for
transfer at the moment, the data equipment 9@ would be
instructed to wait one message holding time and then
resubmit the message for which no outgoing trunks were
originally available.

Word size shift register —Each message in FIG. 8 is
transferred from the data processing equipment 9 in
such parallel-serial manner that the 22 bits constituting
each text word of the message are simultaneously trans-
ferred in parallel from or to the data equipment while
the text words are serially transferred one after the other.
Although it is mentioned that 22 bits constitute one text
word and five or ten words constitute a message, it is
apparent that fewer or more bits per word and fewer

or more words per message may be used, depending upon

particular data processing systems.

- When the data equipment 9 received the send message
signal on lead 27 in FIGS. 2 and 9 as above mentioned,
it was thereby activated to transmit the 1 through 22
bits of the first text word of the message in parallel at
the same time to the inputs of the 1 through 22 OR gates

130, one gate for each bit, and thereby to the set inputs

of the corresponding 1 through 22 flip-flops constituting
word size shift register 39. In the idle state of the shift
register, all flip-flops are in the reset state. This shift
register includes five additional flip-flops 23 through 27
for accommodating 5 modulo bits for a purpose that is
hereinafter exPlamed and 1s of a conventional type which,
in one example, is disclosed in the copending apphea-
tion of Burdett-Davey—Harty-Oetenderf Serial No. 729,-
717, filed April 21, 1958.

The negative-going signals representing the “0” bits
tail to stimulate any action in the cerrespendmg ﬂlp—ﬂeps
whereby such flip-flops are permitted to remain in the
reset state for providing —24 volt potentials at the 1-

- side outputs thereof while the positive-going potentials

W |
g
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representing the “1” bits activate the corresponding flip-
flops to the set state for producing —8 volt potentials
at the 1l-side outputs thereof. As a consequence, all
reset flip-flops of the shift register represent the “0” bits
of the first text word transferred thereto from the data
equipment, whereas all set flip-flops represent the “1”
bits of such word in the shift register.

Modulo 5 ring counter—As shown in FIGS. 8 and 18,
the —8 volt potential effective on lead 119 from the 1-
side output of the 0 flip-flop in the set state in the modulo
ring counter 103 for the reason later mentioned is ap-
plied to the reset input of control modulo flip-flop 125,
the input of AND gate 126, the set input of read parity
flip-flop 127, and the input of inhibiting gate 128 for a
purpose that is later mentioned. The —24 volt poten-
tials in the outputs of the modulo 1, 2, 3, 4 and 5 flip-
flops are applied on leads 111, 112, 112.{3 1125, and
113, respectively, to the inputs of enabling AND gates
105 197, 1074, 1076 and 109, respectively. The out-
put of gate 185 on lead 104 is connected to the inputs
of the 1 through 5 enabling AND gates 102 whose en-
abling inputs are obtained from the 1-side outputs of
any of the 1 thmugh 5 shift register flip-flops, respec-
tively, that are in the set state.

- The output of gate 107 on lead 112a is connected to

- the inputs of the 6 through 10 enabling AND gates 102

i mr
{+)

whose enabling inputs are received from the 1-side out-
puts of any of the 6 through 10 shift register flip-flops,
respectively, that are in the set state. In like manner,
the outputs of additionial 3 and 4 modulo flip-flops in
FIG. 18 but not shown in FIG. 8 are connected to the
inputs of the 11 through-15 and 16 through 20 enabling
AND gates 102, respectively, not shown, whose enabling
inputs are recelved from the l-side outputs of any of the



125 which is thereby activated to the set state.
~ output of its 1-side,. this flip-flop provides a —8 volt "
- potential which primes control modulo enabling AND"

~ to the set state.

3‘249‘,918-
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11 through 15 and 16 through 20 shlft regster flip-flops;

respectively, that are in the set state.
of gate 109 is connected via lead 108 to the inputs of

the 21 and 22 enabling AND gates 162 whose enabling
- inputs are obtained from the 1-side outputs of any of the
21 and 22 shift reglster flip-flops that are in the set state.

‘Finally, the output

14

pulso for mdloatmg tho transfer of the “0” bit. In 'addi-F
tion, when the remaining 3, 4 or 5 flip-flop of the modulo

- ring counter is activated to the set state and when any

one or all of the remaining 11 through 22 flip-flops, some

~of which are not shown, of the shift register is also

“activated to the set or reset state for indicating the

In this connection, it is obvious that the —24 volt po-

~ tentials in the 1-side outputs of any of the 1 through 4.
1ss1on through .

10

flip-flops in set state would block transr

| ___-the corresponding gates 102.

As'soon as a word is transforred from tho data equlp-

mits a —24 volt potential to the set input of flip-flop

gate 130, as well as gates 105, 187, 1074, 1675 and 109.

~ Now, thﬂ first output voltage pulse of a Z-meﬂacycle tim--
ing generator 131 transmitted through gate 130 and effec-
~ tive on lead 118 is applied to the input of enabling AND

~gate 117 in FIG. 18, enabled by the 1-side output of the

- set 5 flip-flop of the modulo ring counter 103 in FIGS. 8

| 25

“and 18. The output of gate 117 actwates tho 0 ﬂ1p-ﬂop
to the set state. |

| -',ment to the shift register in FIG. 8, a —24 volt potent;[al; ]

- ‘transmitted on word sent lead 90 is applied to one input
~of OR gate 91. As a consequence, OR gate 91 trans- __

15
At the  con . !
4 parity bit binury courifers, not shown.

transfer of a “1” or a “0” bit, respectively, the corre-

~sponding OR gate transmits a vol'uago pulse for mdlcatmg |
- the transfer of a “1” bit but fails to transmit the voltage
pulse for indicating the transfer of the “0” bit. |

The output of OR gate 132 is applied to the 1n_put ofa
No. 1 parity bit binary counter 135. The output of OR

- gate 133 is applied to the input of a No. .2 parlty bit binary
counter 136.

The outputs of the two OR gates, not shown,
intermediate OR gates 133 and 134 are understood to be
connected to the inputs of corresponding Numbers 3 and
-The output of

- OR gate 134 is connected to the input of No. 5 parity

- bit counter 137. - Fach of these bit binary counters is of
20

a conventional type as shown in FIGS. 22A and 22B. In |

- the reset state, the output of the 1-side of each binary
© counter is a —24 volt potential while in the set state the

 output of its 1-side is a —8 volt potential.

Assuming

~the _ﬂip-_-ﬂop is in the reset state, the first voltage pulse

- The —8 volt pofontlal ofnootwo at tho 1—51do output

| of the set O flip-flop activates the 5 fhp-ﬂop to the reset

- state, primes the associated gate 134, and is applied on -

~ lead 110 to the reset input of control- modulo ﬂlp-ﬂop
125 and gates 126 and 128.
" transmitted on lead 118 from timing generator 131 and

accepted by gate 114 in FIG. 18 activates the 1-flip-flop -
The —8 volt potential in the 1-side out—l'

- put of the set 1-flip-flop resets the O flip-flop and is
| _tavccepted by pri

_.  associated 4 primed gatﬂs 147, 107a, 107b and 109 to the”
: 6 through 22 word gates 182, as previously- montlonod |
. As hereinbefore - explained, individual gates of the -

The next voltage pulse

representing the transfer of a “1” bit and supplied from
the output of one OR gate to the input of the associated

‘binary counter sets it while the second such input pulse

resets it. 'This alternate setting and resetting of the

. respective : binary counters continues until each of the five

30
By observing the 0-side and 1-side outputs of the simple

word gates associated with each OR gate is examined.

N parity binary counter 149 via enabling AND gates 15¢

~and 151 in a manner that is presently explained, it is

- immediately apparent that an even number of input

35
. red gate 105 in FIG. 8 and passed on lead
- 184 to the inputs of the 1. through 5 word gates 102.
- Similarly, succeodmg voltage impulses on lead 118 set
-~ and reset the 2 through 5 ﬂ1p flops of the ring counter
~in turn to apply discrete —8 wvolt potentials via their

40

voltage pulses to this counter provides a —24 volt output
potential 1n its 0-side output whereas an odd nUmbor of
input voltage pulses provides.a —8 volt potential in its
~ 1-side output.

This assumes that blnaly counter 149 was
111 the reset state in the idle condition. S
- 1t is thus evident that the No. 1 parity bit binary counter

| 135 monitors the number of “1” b1ts received in the

1 through 22 word gates 162 are primed if “1” bits were

~transferred via the associated set flip-flop in the shift ,;
- wegister but not przmod if a “0” bit were transferred via

ThE', L

the associated reset flip flop in- the shift register.

outputs of the 1, 6, 11, 16 and 21 word gates 102 are

~ supplied to the input of OR gate 132; the outputs of the
2, 7,12, 17 and 22 word gates 182 are supplied to the
input of OR gate 133; the outputs of the 3,8, 13 and 18

1, 6, 11, 16 and 21 word bit positions; the No. 2 parity
bit fbmary counter 136 monitors the number of “1” bits
received from the 2, 7, 12, 17 and 22 word bit positions;

the No. 3 parity bit counter, not shown, monitors the
-number of “1” bifs obtained from the 3, 8, 13 and 18

word bit positions; the No. 4 parity bit counter, not shown,
records the number of “1” bits derived from the 4, 9,

14 and 19 word bit positions; and the No. 5 parity bit

o)

~-and the 4, 9, 14 and 19 word gates 102, not shown, are '

 applied to respective other OR gates, not shown and
- the outputs of the 5, 10, ‘15 and 20 word gates 1{&2 are
apuphod to the input of OR gate 134.

~~ Thus, when the 1 flip-flop of the modulo ring countor_
' is activated to the set state and when any one or all
of the 1, 2, 3, 4 or 5 flipflops of the shift register is |

also activated to the set state for mdicatmg the transfer

~ of a “1” bit, the 1, 2, 3, 4 or 5 gate of the 1 through 22
- word gates 102 transmits a —8 volt pulse through each
of the five associated OR gates 132 through 134. On

the ‘other hand when the 1 flip-flop. of the modula ring

55

bmary counter 137 keeps track of the number of “1” bits
- received from the 5, 10, 15 and 20 word bit positions.

It
is assumed that each of the five binary counters repre-

~sented by the binary counters 135, 136 and 137 is in the

reset state wherein its O-side output prowdes a —24 volt
potential. This potoutlal obtains for an even number of

“1” bit inputs but is changed to a —8 volt potential for

- an odd number of “1” bit inputs.

When the modulo ring counter has advanced to set

~ the 5 flip-flop thereof, the next voltage pulse received

o on lead 118 sets the 0 flip-flop which thereupon resets the

- 5 flip-flop to recycle the modulo ring courter, as herein-
~before described ‘in regard to FIG. '18. In tho set state,

- counter is in the set state and when any one or all of -'

the 1,2, 3, 4or 5 ﬂlp-*ﬂOIDS of the shift register remain

. fails to transmit the —8 volt pulse thorothrough

 Also, when the 2 flip-flop of the modulo ring counter.

~is activated to the set state and . when any one or all of

| the 6, 7, 8, 9 or 10 flip-flops of the shift register is. also
‘activated to the set or reset state for indicating the

a “0” bit, rospectwely, the corre-.

transfer of a “1” or
sponding OR gate transmits a voltage pulse for indicating
the transfer of a “1” b1t but fails to transm1t tho voltage

65

- in the reset state for indicating the transfer of a “0”
bit, then the corresponding OR gate 132 through 134

the O flip-flop of the modulo ring
—38 volt potential on lead 116 to reset the control modulo

counter supplies a

flip-flop 125 and to set read parity bit flip-flop 127. In
the reset state, control modulo flip-flop 125 provides from
its 1-side output a ~—24 volt potential which inhibits the

- 8 gates 105, 107, 1074, 167b, and 169 connected in the

70

output of tho respective stages of the modulo ring counter
and leading to the word gates 182.

As the read parity bit thip-flop 127 is now in the set
state, the —8 volt potential in its 1-side output primes
read parity gate 138 which transmits the voltage pulses

“from generator 131 to lead 118 for activating the modulo
Ting counter through its. 165poct1ve 0 throunh > flip-flops



15
in the manner described previously. At the same time the
1-side output of flip-flop 127 primes the 5 enabling AND
gates 140, 141 and 142. Again, it 1s understood that two
additional gates, not shown, are interposed between gates
141 and 142 and connected to the 3 and 4 flip-fiops, re-
spectively, not shown, in the modulo ring counter.

As the modulo ring counter-is being activated for the

- reason just mentioned, the —8 volt potential at the 1-side
~ output of the 1 modulo flip-flop is transmitted on lead 143

and through primed gate 140 to the input of No. 1 parity

3,249,918
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bit gate 144. At the same time, this gate is also receiving

the output of the No. 1 parity bit binary counter. The
—38 volt potential at the output of the 2-modulo fip-flop is
transmitted on lead 145 and through primed gate 141 to
the input of the No. 2 parity bit gate 146 which is also
receiving the ocutput of the No. 2 parity bit binary counter.
In like manner, the 1-side outputs of the 3 and 4 flip-flops,
not shown in the modulo ring counter, are transmitted
through the two gates, not shown, located intermediate
gates 141 and 142 and supplied to the Numbers 3 and 4
parity bit gates, not shown, located adjacent to gate 146,
Finally, the —8 volt potential at the output of the 5 flip-
flop in the modulo ring counter is fransmitted on lead 147
“and through primed gate 142 to the input of parity bit gate
148 which is also receiving the output of the No. 5 parity
bit binary counter at this time. The outputs of the 5 parity
bit gates represented by the gates 144, 146 and 148 are
supplied to the input of a simple parity bit binary counter
149 which 1s a conventional type, identical with the
aforenoted binary counters 135, 136 and 137.

When each of the 5 parity bit binary counters 135, 136,
or 137 provides via its O-side output a potential of —8§
volts, this indicates that an odd number of “1” bits was
received from the output of its associated OR gate 132,
136 or 137, respectively, whereas whén these counters
provide via their 0-side outputs —24 volt potentials, these
indicate that an even number of *“1” bits was received from
the associated OR gates. Hence, when the associated
parity bit gate 144, 146 or 148 is read out, cach gate
enabled by the —8 volt potential from its associated binary
counter, but blocked by the —24 volt potentials, provides
an output voltage pulse of —8 volts.. Each of gates 144,
146 or 148 reads out a “1” bit for an odd number of “1”
bits, for example, stored in the corresponding flip-fiops of
the shift register; and if desired, the circuit could be ar-
ranged to count the even number of such “1” bits. These
voltage pulses representing the odd number of “1” bits
stored 1n the shift register set and reset in turn binary
counter 14%9. The voltage output from the 0-side of this
- counter is utilized to prime a simple parity no-good gate

150 whereas the voltage output from its 1-side is utilized:

to prime a simple parity OK gate 151 and a simple parity
gate 152, depending on whether an odd or an even num-
ber of *“1” bits was initially preselected for the first text
word. The simple parity OK gate 152 1s herein activated
to indicate an odd number of such “1” bits whereas simple
parity NG gate 150 is activated to indicate an even num-
ber of such “1” bits.

After the No. 5 parity bit gate 148 is read out when
the 5 flip-flop of the modulo ring counter has been set,
the modulo ring counter recycles into the position with
~its O flip-flop activated to the set state due to a voltage
pulse on lead 118 as previously mentioned. At this time,
the —8 volt potential on lead 116 serves to reset the read
-parity flip-flop 127 via gate 126 which is now. primed by
the —8 volt potential obtained from the 1-side output of
this flip-flop lying in the set state. This precludes further
activation of the modulo ring counter at the moment. .

The —8 volt potential from the 1-side output of the
set 0 flip-iop of the modulo ring counter on lead 110
is also applied to the input of inhibiting AND gate 128.
As this gate is also receiving a —24 volt potential from the
1-side output of simple parity inhibiting flip-flop 153 which
is in the reset state at this timeé, the .—8 volt potential on
lead 119 is passed through gate 128 to the inputs of simple
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'includes 11 word solenoids.

2 text words.
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parity no-good gate 150 and the simple parlty OK gate
If the simple parity of an odd number of *““1” bits
as above noted were satisfactory as reflected by the 1-side
output.of the simple binary counter 149, the simple parity
OK gate provides an output voltage transmitted on lead 32
to the data equipment 9 which 1s thereby informed that
the simple parity of the word just transferred was satis-
factory and that the next word should be transferred.
The output from the simple parity OK gate 151 on lead 33
1s used to read out the parity gates and text gates in FIG.
9 in a manner and for a purpose that are hereinafter
explained.

If it turned out that the simple parity determmatlon of

an even number of “1” bits as above mentioned were un-

satisfactory as reflected by the 0-side output of the simple
parity binary counter 149 in FIG. 8, the simple parity no-
good gate 150 provides an output voltage sent on lead 35
to the data equipment 9. This voltage informs the data
cquipment 9 that the transfer of the first text word was
unsatisfactory and that such word should be transferred a
second time. This transfer is repeated until the first text
word is satisfactorily transferred as reflected by the out-
put of the simple parity OK gate 151 in the manner just
mentioned.

In order to prepare for the transfer of _the next word
from the data equipment to the shift register 30 in FIG. 8,
it is necessary to reset this shift register. This is achieved

by using the output voltage from either the simple parity

no-good gate 150 via lead 35 or the simple parity OK
gate 151 or via lead 32 to the input of OR gate 166. The
output of this gate applied through a delay network 161
of suitable type resets the 1 through 27 flip-flops included
in the shift register 30¢. This delay of predetermined
amount is necessitated to ensure the reading out of the
text and parity gates 164 and 166, respectively, in FIG. 9
in response to the —8 volt potential in the output of simple
parity OK gate 151 as transmitted on lead 33 before the
word information in the shift register is destroyed, as
hereinafter explained. |

It is evident that when the next word or the faulty word
1s transferred from the data equipment 9 to the shift
register 30 in FIG. 8, the control modulo flip-flop 125 is
activated to the set state by the word-sent voltage received
via lead 90 and gate 91 whereupon. the cycle of operation
involving the stepping of the modulo rlng counter just
described is repeated.

Message write-in into twistor memory —T'wistor mem-
ory 38 in FIGS. 2, 3, 15 and 16 is of a type disclosed in
the copending application of A. H. Bobeck, Serial No.
675,522 filed August 1, 1957, now United States Patent
No. 3,083,353 issued March 26, 1963, and comprises a
plurality of slots or areas, each adapted to store one
message. Some of the slots are adapted to store outgoing
messages while others are adapted to store incoming
messages. As previously mentioned, each message slot is
capable of storing eleven words comprising a control
word and ten text words. A 27-bit control word is stored
in the uppermost position of each message slot while each
of the text words is stored one after the other below the
control word. The control and text words are thus
stored in columnar form in each message slot. The In-
formation comprising 27 bits for each word is written-in
in parallel form at one time by longitudinal currents sup-
plied to both the twistor wire which stores a bit and to
the solenoid which constitutes a word slot; and it is read
out in the same form by transverse currents for storage
in the word size shift register. Each word is, however,
read out from the twistor memory one bit at a time for
transmission to the desired distant data processing sta-
tion, as hereinbefore mentioned. _~

The message write-in procedure is illustrated in FIG.
15 in which it is seen that the twistor memory 38 com-
prises outgoing message slots A and B, each of which
Of these, one is reserved
for the control word while the remaining ten are for the
From the previous description, it is now re-
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.~ called that the operatmn of message slot availablhty de-
- tector 26 in FIG. 9 provided an output voltage which was
supplied on lead 86 and sets write-in control flip-flop 87

18

| --_the —8 volt potential on lead 163 but a —24 Veh potential

from the 1-side cutputs of the No. 1 through No. 5 parity

- bit binary counters 135, 136 and 137 in FIG. 8, these

in FIG. 12. This ﬂlp—ﬂep in the set state provides a —8

volt potential from its 1-side output for enablmg gate 162.

noment is receiving a —8 volt potential”
-the output of simple parity OK gate 151 on lead 23
in FIG. 8. This voltage accepted by gate 162 1s apphed o
- 167 in FIGS. 9,12 and 16 to the inputs of the associated
10 1 through 27 bit write-in amplifiers 168 whose outputs
- are connected to the corresponding 1 through 27 twistor
~wires included in the first word of the outgoing message
-slot of the twistor memory in FIG. 16. As the 1 word
write amplifier in FIG. 16 and the 27 bit write-in ampli-
fiers in FIG. 16 are now si
text-word“1” bits stored in the 1 through 22 ﬂlp-ﬂops of

This gate at the n
fro

~ on the 3 lead in FIGS. 12 and 15 to one input of OR gate
- 159 whose other input is controlled by clock pulses origi-

e nating in FIG. 11in a manner and for a pllI'PO“e that are

B subsequently explained.
- Associated with slot A in FIG 15 are ten Wn‘te ga

o one for each text word of a ten-word message; eleven'_
write amphﬁers one for the control word and one for

each text word; a ten-word word counter 42, one position

FIG. 8. 'The bit write amplifiers are' common to all in-

- gates are blocked so that their outputs transmit no voltage
~on lead 167 for representing an even number of “1” bits.

The —8 volt potential outpuis of the 1 through 27

- text word and parity AND gates 164 and 166, respectively,

for each text word; and in FIG. 16 twenty-seven b.lt::'.
- write-in amphﬁers 163 one for each of the twenty-seven
~ bit flip-flops included in the word size shift register 39 in

: 'eommg and outgoing trunks accommodated by the twistor
memory. Before  the first text word: of the message is- .
~stored in the twistor memory, word counter 42 1s ad- -

~ vanced to the “1” position in a manner that is presently

explained. The word counter ensures that the text words
.and parity bits are stored in their proper positions in the

- twistor memory. At this time, it is understood that the

~control word for slot A is already stored therein. The
word counter shown in FIGS. 15 and 19 is reversible to
compensate for the faulty. reeeptien of recewed words as

farther explained below. . |
. As the “1” write gate in FIG. 15 i 1S enabled b y the out-
- put of the 1 posnmn of word counter 42 in FIG. 15, the

—8 volt potential in the output of OR gate 162 in FIG.
12 is transmitted threugh “1” write gate to the “1” amph—

30
~counter has recycled to the 1 position for indicating the
- tenth and final text word of the message has been re-

are supphed on the corresponding 1 through 27 leads

ultaneously activated, all

the Shlfl". register 39 and all “1” parlty bits stored in the

_'Nos 1 through 5 binary counter in FIG. 8 eenstltutlng
the first text word of the message are recorded in the

20

outgoing slot A of the twistor memory 38 in FIG. 15.
The —& volt potential from the output of gate 162 in

FIG. 12 is also applied via the 3 lead in FIGS. 12 and 15

and a aelay network 158 in FIG. 15 to OR gate 169 in-

cluded in word counter 42 in FIGS. 15 and 19. This

Voltage accepted by the OR gate advances word counter
42 to position 2 for recording the second text word in

 outgoing slot A of the twistor memory. The above-

~described procedure for recording the first word is re-

peated for recording each of the remaining nine text words
of the message in the twistor memory. When the word

corded in outgoing slot A of the twistor memory, the —8

- volt potential on the 7 lead in FIG. 15 is applied on the

fier whose output is supplied to the first text word of word

slot A in the twistor memory. The appmprlate solenoid

is thus selected to record the first text word of the mes-

sage. At the same time, the —8 volt potential effective

~ on lead 33 in the output of simple panty OK gate 151

in FIG. 8 is also supplied on lead 163 in FIG. 9 to the
inputs of the respective serially connected .1 through 22
- parity OR gates and associated 1 through 22 text enabling
AND gates 164. The control or prime leads of the 1

" through 22 text gates are also connected via the corre-
 sponding ‘1 through 22 leads 165 to the 1-side outputs of

~ the 1 through 22 flip-flops included in the shift register 38

in FIG. 8. In addition, the —8 volt. potentlal on lead 33

in the output of sunple parity CK gate 151 in FIG. 8 1s

- also supplied on lead 163 to the inputs of the respective
~ serially connected OR gates, enabling AND gates and
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corresponding 7 lead in FIG. 12 to one input of OR gate
170, This gate transmits the —8 volt potential which
resets write-in flip-flop 87, in preparation for the record-
ing of the respective ten words of the next ten-word mes-
sage in outgoing message slot B of the twistor memory.

When the message mvolved for reeording in outgoing
message slot A of the twistor memory in FIG. 15 is a~

- short message having, for example, five words, the data

equipment 9 in FIG. 9 transmits a —8 volt potentlal on

~ lead 171 to.the input of enablmg AND gate 172 in FIG.

50

~ rectifiers 166 in FIG. 9. These 23 through 27 gates 166

~are also connected to the respeetwe outputs of the No. 1

through No. 5 binary counters in FIG. 8.

" The “1” bits recorded in the 1 through 22 ﬂ1p-ﬂops in

the set state in the shift register 39 in FIG. 8 provide —8
- volt petentlals at .the respective 1-side outputs. The “0”

 bits recorded in the 1 through 22 flip-flops in the reset

“state in the shift register 30 provide —24 volt petent1als at
the respectwe 1-side outputs. When the two inputs
to the respeetwe text word AND gates 164 receive the —38

volt potentlal via leads 163 and 165, the outputs of these
gates transmit the —8 volt potentml to the cerrespondmg ':

1 through 22 leads 167 for representmr: a “1” bit. But,

when the respective gates receive the —24 volt. potentlal '-
 on lead 165 and the —8 volt potential on lead 163, these

‘oates are blocked so that their outputs transmit no voltage

12.
- potential effective on lead 86 in FIG. 12 whereupon the

172 to set short message fiip-flop 173.

This gate, at this time, is enabled by a —8 volt

—3 volt potenual is accepted and transmitted by gate
The —8 volit po-
tential from the 1-side output of set flip-flop 173 enables
short message enabling AND gate 174 which receives its
input via the 6 lead in FIGS. 12 and 15. When, in FIG.
15, the word counter has advanced to the 6 position, a

- —8& volt potential is applied to the 6 lead from the 1-side

output thereof. The gate 174 in FIG. 12 is thus ac-

tivated to transmit a —8 volt potential via OR gate 170
to reset the associated write-in control flip-flop 87 there-
- by indicating the completion of the recording of the

assumed 5-word short message.
Text bit read out procedure.—At this tlme_, the five or

ten-word message recorded in outgoing message slot A
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of the twistor memory in FIG. 15 at data station 1¢ 1s
ready for transmission to data station 11 in FIG. 1. Re-

~ ferring to FIG. 15, it is seen that 1 through 10 read am-

plifiers and 1 through 10 read enabling AND gates are

associated with outgoing message slot A. When the word

65

on the corresponding 1 threugh 22 leads 167 for repre-"_ |

| sentmg a “0” bit.

When the two mputs 1o the respectwe parlty AND

:gates 166 receive the —8 volt potential from lead 163 and
from the 1-side outputs of the No. 1 threugh No. 5 parity

 bit binary counters 135, 136 and 137 in FIG. 8, the out-

" puts of the respective gates transmit the —8 volt potential

| to lead 167 for indicating an odd number of “1” bits.

When, however, the respective: _panty cates 166 ,recewe
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counter 42 in FIG. 15 has recycled to the 1 pesmon for

i indicating that the last text word of a previous ten or a
~five-word message has been recorded in the twistor mem-

ory, a —8 volt potential is applied to the 7 lead from the

1-side output of the O flip-flop of the word counter for
" the ten-word message while a —8 volt potential is sup-
~plied to the 6 lead from the 1-side output of the 6 flip-
flop of the word counter.

The —8 volt potential on the 7 lead fer the ten-word

message is supplied to the input of inhibiting gate 175
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in FIG. 12 which is also receiving at this time a —24
volt control potential from the 1-side output of start read
out flip-flop 177 in one reset state. Now, the —8 volt
potential in the output of enabled gate 175 applied via
OR gate 176 sets start read out flip-fiop 177. 'This in the
set state provides a —8 volt potential at the 1-side output
for a purpose that is presently mentioned. For a five-
word message, it is evident in FIG. 12 that the —8 volt
potential on the 6 lead is applied to the input of enabling
AND gate 178 which 1s enabled at this time by the —8
volt potential from the 1-side output of short message

flip-flop 173 in the set state as previously mentioned.

This —8 volt potential accepted by gate 17§ is applied

through OR gate 176 to set flip-flop 177. As the follow-

ing operation is the same for both five and ten-word mes-
sages, the operation hereinafter described is concerned
with the ten-word message, in accordance with the pre-
- vious assumption. |

The setting of flip-flop 177 initiates an operating
sequence whereby discrete voltage pulses separated by
predetermined time intervals can be accepted from a clock
circuit 39 shown in FIGS. 2 and 11. This circuit com-
prises a master clock 18%, a pulse generator 181 and an
“enabling AND gate 179 for driving a 10-stage ring counter
182 at a 1.5 microsecond rate. This counter is a recycl-
ing type which is essentially hereinbefore described re-
garding the modulo ring counter 103 in FiGS. 8 and 18.
‘The respective output voltages of the several stages of
clock ring counter 108 advanced by successive generator

- and clock pulses controlled by gate. 179 activate control

logic circuit 4¢ shown in FIGS. 2 and 11 and comprising
a group 183 of ten enabling AND gates enabled by the
voltage output of stage A of a trunk ring counter 184

for steering outgoing messages into outgoing message slot -

A of twistor memory 38 in FIG. 15 and a group of ten
enabling AND gates 185 enabled by the voltage output
of stage B of trunk ring counter 184 for steering outgoing
messages mfo outgoing message slot B of the twistor
memory in FIG. 15, in a manner that is presently
explained. | |

While the trunk ring counter shows two stages A
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the transmission of the 27th bit of the last text word.
Now, tne amplified output of the read control word
amplifier CW activates the twistor wires of the control
word solenoid of outgoing message slot A of twistor
memory 38 in FIG, 15. As a consequence of such activa-
tion, the 27 bits of the complete control word are si-
multaneously read out in parallel from the twistor mem-
ory via the 1 through 27 amplifiers 192 in FIG. 16 and
the 1 through 27 leads 181 to the inputs of the corre-
sponding 1 through 27 OR gates 100 in FIG. 8.

For the purpose of the read out of the control word,
it is understood that a positive potential going from —24
volts to —8 volts is supplied by the 1 bit in the No. 1
bit position of the control word in the twistor memory
to the input of the No. 1 amplifier of the 1 through 27
sensing amplifiers 192 whereas —24 volt potentials are
supplied by the 0 bits in the Nos. 2 through 27 posi-
tions of the control word in the twistor memory to the
inputs of the Nos. 2 through 27 of the sensing amplifiers
in FIG. 16, These potentials, as amplified in the out-
puts of the 1 through 27 sensing amplifiers 192, are
applied via the 1 through 27 leads 181 in FIGS. 11, 12,
and 13 to the inputs of the 1 through 27 OR gates 100
in FIG. 8. The positive going potential representing the 1
bit in the No. 1 position of the control word in the twistor
memory and transmitied through the 1 OR gate sets

- the 1 flip-flop of the shift register whereas the —24 volt

30

40

and B for the purpose of this explanation, it is evident

that it may comprise a number of stages corresponding
with the number of outgoing message slots in the twistor
memory, one trunk counter stage being alloted to each
such outgoing message slot and outgoing trunk associated
therewith. The trunk ring counter is a conventional type
which is essentially similar, for example, to the modulo
ring counter 103 shown in FIGS. 8 and 18. Since out-
-going message in slot A of twistor memory 38 in FIG. 15
is assumed to be involved in the data transmission being
presently described, it is also assumed that stage A
of the trunk ring counter is operative.
1890 controls the processing of the outgoing messages in
slots A and B of the twistor memory, and allows suffi-
cient time for message transfer from the data equipment
9 to the associated transmitting and receiving data proc-
essing apparatus connected thereto as herein described.
The voltage pulse of —8 volts from the output of
the 1 position of clock ring counter 182 in FIG. 11 is
transmitted through start enabling AND gate 190 enabled
by a —8 volt potential supplied from trunk ring counter
stage A. This —8 volt potential accepted by gate 190

sets steering flip-flop 189 in FIG. 12 for a purpose that

is later mentioned, and to the input of enabling AND
gate 191 in FIG. 12 enabled by a —8 volt potential from
the 1-side output of start read out flip-flop 177 in the
set state as just mentioned. The —8 volt potential ac-
cepted by gate 191 is supplied via the 4-lead in FIGS. 12
and 15 to the input of read control word amplifier CW
in FIG. 15.

It 1s now recalled from the previous explanation and
Table A that the control word comprises 27 bits re-
corded in outgoing slot A of the twistor memory 38 in
FIG. 15 in the following manner: 100 . . . 0, indicating

The master clock

potentials representing the 0 bits in the Nos. 2 through
27 positions of the control word in the twistor memory
aré blocked by the 2 through 27 OR gates whereby the

-2 through 27 flip-flops of the shift register are permitted

to remain in the reset state. 'The control word is thus
transierred from the twistor memory and stored in the
shift register, g | ' |
Referring back to the clock circuit of FIG. 11, the 2
position output voltage of the clock ring counter is
used for a purpose that is later mentioned. The pulse
from-the 3 position of the clock ring counter is accepted
by enabling AND gate 193 enabled by the —8 volt po-
tential from the output of trunk ring counter stage A.
This —8 volt potential is applied via OR gates 194 and
195 and lead 126 in FIG. 8 to the shift register for ad-

- vancing it one stage. This removes the 0 bit from the
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No. 27 position and rewrites it in the No. 1 position
while the 1 bit is advanced to the No. 2 position. The
control word appears now in the shift register in the
torm of 0100 . . . 0 in preparation for the transmission
of the first bit of the first word of the message as indi-
cated in aforenoted Table A. The 2 flip-flop of the shift
register is now activated to the set state to represent -

-new position of the 1 bit in the control word in the shift

register.
The —8 volt output from the 4 position of the clock

ring counter in FIG. 11 is accepted by enabling AND
gate 197 enabled by the —8 volt potential from the

~output of trunk ring counter stage A. The —8 volt po-
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tential from the output of gate 197 is applied via OR
gate 193, lead 280 in FIG. 8 and OR gate 201 in FIG. 9
to the inputs of the 1 through 27 write back gates 202.
Of these gates, the No. 2 write back gate is enabled by
the —8 volt potential supplied from the 1-side output
of the set 2 ﬂip-ﬂqp to the 2 lead of the 1 through 27
leads 165 extending from the 1-side outputs of the 1
through 27 flip-flops included in the shift register in
FI1G. 8, whereas the remaining 1 and 3 through 27 leads
165 transmit —24 volt potentials because of their asso-
ciated reset 1 and 3 through 27 flip-flops in the shift
register thereby blocking the corresponding 1 and 3
through 27 write back gates. - The output of the No. 2
write back gate reflecting the identity of the control word
as now stored in the shift register is supplied on the
No. 2 lead of the 1 through 27 leads 167 to the input-
of-the No. 2 amplifier of the 1 through 27 bit writing
amplifiers 168 in FIG. 16. Asthe 1 and 3 through 27 write
back gates are blocked, their outputs supply no potentials
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 to the mputs of the correspondmg 1 and 3 through 27 bit
-+ writing amplifiers for representing the 0 bits in the 1 and-
o 3 through 27 positions of the control word.

~Referring back to gate 197 in FIG. 11, it 13 seen

that the —8 volt output thereof is also supphed on lead
203 in FIGS. 11 and 12 to reset steering flip-flop 189,

22

applted from the outputs of the corresmndmg OR gates

set the us.-aocmrted flip-flops of the shift register whereas

- the —24 volt potentials applied from the outputs of the
~_corresponding OR gates to the set inputs of the assocl-

and on the 1 lead in FIGS. 12 and 15 to the input of

the control word write amplifier CW. The output of
this amplifier activates the solenoid for the control word

~ .in the outgoing message slot A of the twistor memory.

. As the No. 2 -ampliﬁer_ only of the 1 through 27 bit-
. write amplifiers 192 is activated at this time, its out-

~ put energizes the correspondmg No. 2 twistor wire of the

1 through 27 twistor wires associated with outgoing

~ message slot A of the twistor memory.. As the 1 and 3

10

ated flip-flops of the shift register fail to activate them
from the reset state. The respective flip-flops of the
shift register are set to indicate 1 bits and reset to in-
dicate O bits of the first text word whereby the first text
word is stored in the shift register.

‘The —8 volt output derived from the 7 position of
the clock ring counter in FIG. 11 is used for a purpose

‘that is later mentioned. The —8 volt potential received

- from the 8 position of the clock ring counter in FIG. 11

15

through 27 amplifiers 192 are not energized, their out-

puts stimulate no action on the corresponding 1 and 3

through 27 twistor wires of the twistor memory.. This
‘serves to write back the “1” bit of the control word
‘into the No. 2 position of the control word solenoid as
~indicated in above-noted Table A. The control word
is thus written back into the twistor memory in FIG. 15.
This completes the preparation for the transmission of
the first bit of the first text word from the twistor mem-

- ory -outgomg slot A to the desired distant data station
11, in a manner that is presently explaned.

The —8 volt potential obtained from the 5 p031t10n

of the clock ring counter in FIG. 11 is accepted by en-

“abling AND gate 264 enabled by the —8 volt potential
 received from the output of trunk ring counter stage A.
The —8 volt potential effective in the output of gate
264 and apphed in a circuit including OR gates 205 and

266, lead 207 in FIG. 11, and lead 287 and OR gate

160 and delay network 161 in FIG. 8 resets simuitane-
ously the 1 through 27 flip-flops of the shift regtster

Actually, this voltage resets the No. 2 ﬂtp-ﬂup which 1s

in the set state but fails to affect the remaining 1 and 3-

 through 27 flip-flops since they are already in the reset
- state at this fime,

The contr-o-l word 18 thus erased from
- the shift register.

The —8 V(ﬂt output provided by the 6 position of the'

clock ring counter in FIG. 11 is accepted by enabling
AND gate 208 enabled by the --8 volt potential ob-

- is accepted by enabling AND gate 212a enabled by the

—8 volt potential obtained from the trunk ring counter
stage A. This —& volt potential effective 1n the output

- of gate 2312a is applied in a circuit including OR gates
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~ ten back into the 1 position in the shift register.

213, 194 and 195 in FIG. 11 and lead 196 in FIGS.

11

and 8 to the input of the shift register which is thereby
activated to advance one stage, If a 1 bit were stored
in the No, 27 flip-flop of the shift register, a —8 volt
potential representing such 1 bit and provided by the
1-side output of this fiip-flop is transmitted on lead 214
in FIGS. 8, 9 and 12 to the input of associated enabling
AND gate 215, and at the same time such 1 bit is writ-
Gate
215 is presently enabled by the —8 volt potential re-

~ ceived from ftrunk ring counter stage A on lead 216 in
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FIGS. 11 and 12.
Gate 215 transmits its —8 volt output to the input .

of inhibited AND gate 217 enabled by the —24 volt

potential received from the 1-side output of steering

flip-flop 189 shown in FIG. 12 and activated to the reset
state by.the output voltage of the 4 position of the ring

counter in FIG. 11 as previously noted. As new word

enabling AND gate 226 is receiving the —24 volt po-
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tained from the output trunk counter stage A. The

—8 volt potential from the output of gate 288 is ap-
plied on lead 269 in FIGS 11 and 12 to the input of

 inhibiting AND gate 21 which is co:ucurrently enabled -

by a —24 volt potential SUppllEd from the 1-side out-

put of parity OK flip-flop 211 in the reset state at this

time. Gate 210 transmits the —8 volt potential fo en-
abling AND gate 212 enabled by the —8 volt potential
received from the 1-side output of start read-out flip-
flop 177 in the set state. The —8 volt potentlal in the

output of gate 212 is applied on the 5 leads in FIGS.

12 and 15 to the input of the 1 read gate in FIG. 15.

As this gate is enabled by the —8 volt poteuual received

from the 1 position of word counter 42 in FIG. 15, it
transmits a —8 volt potential to the associated 1 read
amplifier.
transmitted at this time, the WOI‘d couuter 18 assumed
| 'to be in the 1 position..

The output of the 1 read amphﬁer actwates the
twistor wires of the first text word solenoid of outgoing
message slot A of the twistor memory

are 31multaueously read out in parallel from the twistor
memory via the 1 through 27 amplifiers 192 in FIG. 16,
‘and the 1 through 27 leads 101 to the mputs of the cor-
responding 1 through 27 OR gates 100 in FIG. 8. Re-
calling now that the 1 through 27 flip-flops of the shift
~ register 36 in FIG. 8 are in the reset state, it is under-

~ stood that the' first text word bifs provide positive volt-
ages going from —24 volt potential to —8 volt poten-

tials for representing 1 bits and fixed —24 volt potentials
~for representing O bits. The positive going potentials

As the first word of the message is to be .

As a consequence
of this activation, the 27 bits of the first text word

tential from the 1-side.output of reset steering flip-flop
189, this gate is blocked to the transmission of the volt-
age representing the last-mentioned 1 bit of the first text
word. The —8 volt potential in the output of enabled
gate 217 is transmitted on lead 218 in FIGS. 12 and 15
to outgoing trunk circuit 46 associated with outgoing
message slot A of the twistor memory in FIG. 15. This
trunk delivers the 27th bit of the first text word to the

- desired distant data station 11, as hereinbefore assumed.

If a 0 bit were stored in the No. 27 flip-fiop of the shift

register, a —24 volt potential representing such 0 bit
“and provided by the 1-side output of the flip-fiop 1s trans-

mitted on lead 214 in FIGS. 8, 9 and 12 to the input of
gate 215, and at the same time the O bit is written back
into the 1 position of the shift register. - This gate blocks

~ the transmission of the —24 volt potential on lead 218
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to the outgoing trunk circuit 46, thereby indicating the

transmission of a 0 bit. The first 1 or 0 bit of the first

text word is thus transmitted to the distant data station.
The 16 volt positive going potential obtained from

the 9 position of the clock ring circuit in FIG. 11 is

accepted by enabling AND gate 220 enabled by the —8
volt potential received from the trunk ring counter stage

“A. This potential effective via OR gate 221 and lead
200 in FIGS. 11 and 9 and OR gate 201 in FIG. 9 1s

supplied to the inputs of the associated 1 through 27
write back gates 202. Of these gates, the ones receiving

~ the —8 volt potentials from the 1-side outputs of the
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corresponding set flip-flops in the shift register in FIG.
8 are enabled while the ones receiving the —24 volt po-
tentials from the 1-side outputs of corresponding reset
flip-flops in the shift register 30 in FIG. 8 are not enabled.

The outpuis of the 1 through 27 write back gates 202
reflecting the identity of the first text word as now stored
in the shift register are simultaneously supplied in parallel

~on the 1 through 27 leads 167 to the inputs of the 1
- through 27 bit writing amplifiers 168 in FIG. 16. The
outputs of these amplifiers activate the corresponding 1
through 27 twistor wires of the first text word solenoid,
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since the 1 position of the word counter 42 in FIG. 15 is
operative at this time. The first text word is thus read
back into the first text word solenoid of outgoing message
slot A of the twistor memory in FI1G. 15.

The —8 volt potential supphed by the 10 position of
the clock ring counter in FIG. 11 is accepted by enabling
AND gate 224 enabled by the —8 volt potential obtamed
from the trunk ring counter stage A. This potenﬂal effec-
tive in the output of gate 224 and supplied via OR gates
225 and 206 and lead 267 in FIG. 11, and OR gate 169 and
delay network 161 in FIG. 8 resets the 1 through 27 flip-
flops constituting the shift register. This resets all fiip-
flops that were set to represent the 1 bits of the first text
word but does not affect the flip-flops that were reset to
represent the O bits of the first text word. The first text
word 1s thus erased from the shift register. |

The foregoing procedure is then repeated for the trans-
mission of the first bit of the first text word of the message
in outgoing slot B of the twistor memory 38 in FIG. 15,
as well as for the first bit of the first text word of each
message recorded in additional outgoing slots of the
twistor memory. In these instances, it is understood that
the voltage outputs from clock ring counter 182 in FIG.

|

11 are steered to the appropriate outgoing twistor slots

and trunk circuits via steering flip-flops similar to steering
flip-flop 189 in FIG. 12. In the above manner, the suc-
cessive bits of the first text words of the respective mes-
sages in the several outgoing slots of the twistor memory
are transmitted.

When the 1 bit of the control word attains the No. 27
p051t10r1 therein, the completion of the transmission of
the first text word of the message in outgoing slot A is
imminent. At this point, the control word now com-
prises the 27 bits arranged as follows: 000 . .. 1, as
shown in Table A. This indicates that the transmission
- of the 26th bit of the first text word to the data station 11
~in FIG. 1 is completed. Again, the voltage output of
the 1 position of the clock counter in FIG. 11 reads out
the control word from the twistor memory and writes it
into the shift register. This is then advanced one stage
by the voltage output from the 3 position of the clock
ring counter in FIG. 11 as above mentioned. At this
time, the —8 volt potential representing the 1 bit in the
No. 27 position of the control word is transmitted there-
“from onto lead 214 in FIGS. 8, 9 and 12 to the input of
gate 215 which 1s enabled by the —8 volt potential effec-
tive on lead 216 from the output of trunk ring counter
stage A. Also, at the same time the 1 bit is inserted nto
the No. 1 p051t1011 in. the control word which now com-
prises the 27 bits arranged as follows: 100 ... 0, as
shown in Table A.

The —8 volt output of gate 215 is applied to new word
enabling AND gate 226 and to trunk gate 217. As steer-
ing flip-flop 189 is now activated to the set state by the
voltage output of the 1 position of the clock ring counter
182 in FIG. 11, the —8 volt potential effective in its 1-side
output enables new word gate 226 but blocks trunk gate
217, the latter precluding the transmission of the control
word 1 bit on line 218 to the outgoing trunk circuit 46
in FIGS. 12 and 15. The —8 volt potential on lead 214
is therefore accepted by new word gate 226 which trans-
mits this potential to inhibited AND gate 227. As this
gate is enabled by the —24-volt potential received from
the 1-side output of repeat word flip-flop 228 in the reset
state, gate 227 accepts the —8 volt potential which is
then transmitted on the 8 leads in FIGS. 12 and 15 to
OR gate 169 included in word counter 42 in FIGS. 15
and 19. The —8 volt potential in the output of OR gate
169 activates the word counter to ifs 2 position for trans-
mitting the bits of the second text word recorded in the
outgoing message slots A and B, as well as any additional
slots, of the twistor memory 38 in FIG. 15, in the manner
herein described for transmitting the bltS of the first
~ text word.
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Agaln the 4 position of the clock ring counter in FIG.
11 writes the control word back into the twistor memory
from the shift register. As just mentioned, it is recalled
that the control word comprises the 27 bits arranged as
follows: 100 . . . 0. This indicates the transmission of
the 27th bit of the first text word, as illustrated in Table
A. The 5 position of the clock ring counter resets the
shift register to erase the control word therefrom. At the
6 position of the clock ring counter, the first text word is
read into the shift register. On the 8 position of the
clock ring counter the shift register is advanced one stage
whereby the 27th and final bit of the first text word is
transmitted from the No. 27 bit position of the shift
register and transmitted to the distant data station 11 in
FIG. 1, and at the same time 1s inserted into the No. 1
position of the first text word in the shift register. The 9
position of the clock ring counter writes the first text word
back into the twistor memory from the shift register.
The 10 position resets the shift register to erase the first
text word therefrom. The first text word is thus retained
in the twistor memory exactly in the form it was initially
writien thereinto.

The first text words are retained in the respective out-
going message slots of the twistor memory until a retrans-
mission of such words is requested from the receiving ap-
paratus in data station 11, and if such retransmission is not
so requested, the first text words are erased from the twist-
or memory, in a manner that is subsequently explained.
The control words are never erased, but retained always in
their respective outgoing message slots of the twistor
memory.

- The second through tenth words of each of said mes-
sages in slots A and B, as well as those in any additional
slots not shown, are transmitted in a similar manner.

When the word counter is recycled to its 1 position as
above mentioned with reference to the particular circuit
shown in FIG. 19 indicating the last word of each ten
text word message, specifically the one in outgoing slot
A of the twistor memory in FIG. 15, has been transmitted
to data station 11, the —8 volt potential from such 1

position i1s applied on the 7 leads in FIGS. 15 and 12 to
the input enabling gate 229 in FIG. 12. This gate is

enabled by the —8 volt potential obtained from the 1-side
output of start read out flip-flop 177 which is in the set
state at the moment. Gate 229 accepts the —8 volt po-
tential input which is applied from its output to reset start
read out flip-flop 177 for precluding the transmission of
additional bits from the twistor memory 42 in FIG. 15
to the distant data station 11 in FIG. 1.

If a short or five-word message were being transmitted,
instead of a ten-word text message as previously assumed,
the —8 volt potential from the 6 position of the word
counter 42 in FIG. 15 is applied on the 6 leads in FIGS.
15 and 12 to the input of enabling AND gate 230 in FIG.
12. -As this gate is now enabled by the —8 volt potential
received from the 1-side outpiit of short message flip-flop
173 in the set state, the —8 volt output from gate 230
resets start read out flip-flop 177. This completes one

message transmission from the sending apparatus 13 in

data station 10 to the receiving apparatus 14 in data
station 11 in FIG. 1. As previously mentioned, the above-
described procedure is continuously repeated for trans-
mitting all words of all messages recorded in the several
outgoing slots including slot B of twistor memory 38 in
FI1GS. 2 and 15 so that new messages may be continu-
ously added to replace such transmitted messages.
Write-in of incoming messages word parity checking.—
It 1s noted that while such write-in has been heretofore
explained regarding FIG. 3, it is presently described with
reference to the specific circuits which are now identified
and which constitute the box diagram of FIG. 3. Recall-
ing from the previous explanation that the bits of each
word of each message are transmitted one at a time, and
the words are transmitted in succession, it is apparent
that the bits and words of each message are accepted in



-~ a microsecond rate.

- FIG. 11.

-~ FIG. 11.

- FIG. | :
As a comnsequence of sueh energlzsuon the 27 bits of |
~ the contro] word are simultaneously read out in parallel

accordance with the same procedure in the receiving

- equipment at the desired data station. This, for the pur-
pose of the instant description, was assumed to be data

station 11 in FIG. 1-as above indicated. Since, as pre-
viously pointed out, certain equipments at each station

-~ are utilized in both the transmitting and receiving pro- -

. cedures, the receiving equipments shown in FIG. 3 and

~ further identified hereinafter are described in conuectlou
_with data station 18 in FIG. 1.

‘that the description would apply equally as well to the

~_receiving equipments of stations 11 and 12 of FIG. 1.
~ For the purpose of controlling the reception of mcom— '.
- ing messages, the clock circuit 54 in FIG. 14 comprises
master clock 189 and pulse generator 181 in FIG. 11
- together with enabling AND gate 250 in FIG. 14 for
driving an associated 16-stage clock ring counter 251 at’
This counter is a recycling type sud_

s essentially identical with the 10-stage counter 182 in

clock ring counter 251 advanced by successive generator

and clock pulses controlled by gate 259 sc wate control |
logic circuit 55 shown in FIGS. 3 and 14. This circuit

It is apparent, of course, -
10
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o the 1 through 27 leads 101 to ‘the 1 OR gate of the 1

through 27 OR gates 100 in FIG. 8. As the 1 OR gate
transmits this positive going potential from its output,

this potential sets the 1 flip-fiop of the 1 through 27 ﬂ1p-

flops constituting shift register 30 in FIG. 8.

At the same time the outputs of the remaining 2
_through 27 amplifiers 192 in FIG. 16 supply negative

potentials going from —8 volts to —24 volts on the cor-

respendmg 2 through 27 leads 101 to the inputs of the

remaining 2 through 27 OR gates 160 in FIG. 8 whereby
- these gates are blocked. As a consequence, the 2 through

27 flip-flops of the shift register are not activated at this

time but are allowed to remain in the reset states. It is

'- now recalled from the previous explanation that the 27

15

bits of the control word are now stored in the shift
-~ register in the form: 100 . .

. 0, as above mentioned.

- -Also, at this time, the —8 volt potemiel received from the
~output of gate 255 in FIG. 14 and effective on lead 256

The respective outputs of the several stages of |
20 _ _

- counter 251 in FIG. 14 is not used, although it does serve
to provide the necessary time delay between the read

comprises (1) a group 252 of enablmg AND gates en-

~ abled by stage A trunk ring counter 253 in FIG. 14 for
- steering messages via incoming. trunk circuit 52 in FIG. ¢
16 into incoming slot A of twistor memory 38 in FIG.

16 and (2) a group 254 of enabling AND gates in FIG.

‘that is presently explsmed

. "While the trunk ring counter 253 in FIG 14 shows
two stages A and B for the purpose ot this e}'plsnatlou |
it 1s apparent that it may comprlse a number of stages

| -correspendmg with the number of incoming slots in the .
- twistor memory, one trunk . counter stage being allotted
to each such Incoming message slot and incoming trunk
-associated therewith.  The trunk rmg counter 253 in -

o 14 enabled by stage B of the trunk ring counter 253 for
'steerlng messages via the incoming circuit 52 into in- -

 abling AND gate 261 in FIG. 13.

- coming slot B of the twistor memory 38, ina manuer,f_SO_

~activates write control amplifier 258 in FIG. 13.

The voltage ocutput of the 2 position of cloc:: ring

out and write-in operations of incoming slot A of the
- twistor memory 38 in FIG. 16, 'The voltage outputs of

the 3 position of clock ring counter 251 and of stage A

- of trunk ring counter 253 in FIG. 14 are simultaneously
applied to gate 259 whose oufput provides the —8 volt

potential on lead 260 to the inmput of write-in start en- "
This gate is enabled

-a_t the moment via the —8& volt potential received from
- the 1-side output of ineomiug'bit' flip-flop 262 in the
get state.

This flip-flop is assumed 10 be set in Tesponse

 to a 1 bit received on lead 263 from the output of incom-

~ing trunk circuit A in FIG. 16.

5 provided by the output of ens.bled gate 261 is applied to
_the input of OR gate 264 in FIG. 13, the other mput of

The —8 volt potential

~ this gate receiving no voltage from' meommg slot B.

FIG.. 14 is identical W1th the trunk Ting counter 184 n

'messages in slots A and B of twistor memory 38 in FIG
16 in a manner that is presenﬂy described.

The voltage pulse of —8 volts received from the out-
put of operated stage A of trunk ring counter 253 in
'FIG. 14 is transmitted through enabhng AND gate 255

enabled by the —8 volt potential received from the 1-

| As i mcommg message slot A of twistor memory .

.38 in FIG. 16 is assumed to be involved in the data trans-
~ mission bemg preseutly described, it 1s assumed that stage.
A of trunk ring counter 253 in FIG. 14 is operative. The
- master clock 180 controls the processing of the 1ncommgl‘

- The —8 volit poteutlal in the output of gate 2€4 is applied

on lead 265 in FIGS. 9, 12 and 13 to the inputs ‘of 1

through 27 eneblmg incoming b1t AND gates 266 11
- FIG. 9. | |

As 1 flip-flop of shlft reglsu.er 3@ IS in the set state in

FIG. 8, its 1-side output provides a —8 volt potential

on the 1- lead of the 1 through 27 leads 165 in FIGS. 8

and 9; and smce the remaining 2 through 27 flip-flops
are in the reset state, their 1-side outputs provide —24

" volt potentials on the remaining 2 through 27 leads 165 |

 in FIGS. 8 and 9.
. of the 1 through 27 incoming bit gates 266 is enabled
50 whereas the remaining 2 through 27 incoming bit gates
- position of clock ring counter 251, This —8 volt poten-

“tial' from the output of gate 255 is apphed on lead 256

" in FIGS. 13 and 14 and via 4 lead in FIGS. 13 and 16

to the input of associated read control word amplifier
257 whose amplified output energizes the control word
solenoid of mcommg message slot A of twistor memory
38 in FIG. 16. It is now recalled from the previous ex-

i1 B
] |

As a consequence only the 1 gate

266 are blocked. The enabled 1 incoming bit gate 266
accepts its input of —8 volts and transmits it on lead
167 in FIGS. 9, 12 and 13 to the input of its correspond-
ing 1 amplifier of the 1 through 27 bits write amplifiers

5 168 in FIG. 16, while the blocked incoming bit gates

2 through 27 provide no voltages via their corresponding

- 2 through 27 leads 167 to the inpuis of their associated

planatmn and Table A that the control word eompnses |

27 bits recorded in incoming slot A in FIG. 16 in the
~following manner: 100 . . . 0, indicating the recordmg of
the 27th bit of the last _text word. Now the amplified
- output voltage of the control word amplifier 257 in FIG.
16 euerg1zes the twistor wires of the control word solenoid
of incoming message slet A of tw1stor memory 38 in

16.

from the twistor memory via the 1 through 27 amplifiers
192 in FIG. 16 and the 1 through 27 leads 191 in FIGS.
11, 12, 13 and 16 to the inputs of the corresponding 1

GO
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through 27 OR oates 100 in FIG. 8. For the purpose

of this control word read out, it is understood that the

output of the 1 amplifier of the 1 through 27 amphﬁers

2 through 27 bit write amplifiers 168 in FIG. 16. As the

1 bit write amplifier 168 in FIG. 16 only is energized
at this time and since word counter 42 is assumed to be in

the 1 position, the 1 amplifier output activates only the

l-posluon twistor wire of 1 through 27 twistor wires of
twistor memory 38 in FIG. 16.

The —8 volt potential effective on lead 260 via gate
259 from the 3 position of the clock ring counter 251
in FIG. 14 is also applied on the 2 lead in FIGS. 13 and

16 to the input of OR gate 267 in FIG. 16. This gate

transmits the —8&8 volt potential to the input of the 1
write enabling AND gate which is also receiving a —8
volt potential from the outfput of the 1 position of word
counter 42. Since the first text word of the incoming

 message to slot A is being received at this time, the word

192 in FIG. 16 supplies a positive potential going from

—24 volts to —8 volts on the corresponding 1.lead of

)

counter is assumed to be adjusted to its 1 position. This

-1 write gate is then caused by its two inputs just men-
-mentioned to transmit a —8& volt potential to the mput
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- of the associated 1 write amplifier. The amplified out-
put of this amplifier activates the solenoid of the first
text word in slot A. As the 1 bit write amplifier 168 in
FIG. 16 and the 1 write amplifier in FIG. 16 are now
simulianeously energized, the outiputs therefrom serve

to write the first 1 bit of the first text word of the incom-

ing message in the No, 1 position of the first text word in
the twistor memory.

The voltage output of the 4 position of the clock ring
counter and stage A of the trunk ring counter in FI1G.
14 activate enabling AND gate 267 to transmit a —3&
volt potential to one input of OR gate 268. This gate

transmits the —8 volt potential via lead 269 in FIGS.

11, 12, 13 and 14 to associated OR gate 195 whose out-
put of a —8 volt potential is transmitted on lead 96
to shift register 3% in FIG. 8. This potential advances
the shift register cne stage whereupon the 0 bit in the 27th
position of the control word is transmitted therefrom
and written 1mmpd1ately back into the 1st position there-
of while the 1 bit is advanced to the 2nd position there-
of. At this moment, the 27 bits of the control word
occupy in the shift register the form: 0100 . . . 0. This
means that the 2 flip-flop only of the shift register is set
while the 1 and 3 through 27 f{iip-tlops are reset.

"The voltage output of the 5 positions of the clock
ring counter 251 in FIG. 14 primes enabling AND gate
270 which is also receiving the voltage output from the
associated stage of trunk ring counter 253 in FIG, 14,
"Gate 270 is thus enabled to transmit a —8 volt poten-
tial from the ouiput thercof to the input of OR gate 271
and onto associated lead 272. From the output of OR
‘gate 271, the —8 volt potential is applied on lead 273
in FIGS. 9, 10, 13 and 14 to the input of OR gate 201
in FI1G.
potentlal energizes the 1 through 27 write back gates
202. At this time, the conirol leads of these gates are
energized by the 131(1# outputs of 1 through 27 flip-
flops of the shift register 30 in FIG. 8. It is now re-
called that the coatiol word in the shift register in FIG. 8
is represented at this time by the 2 flip-flop in the set
~ state and the 1 and 3 through 27 flip-flops in the reset
state. As a consequence, the 1-side output of the set 2
flip-flop of the shift register supplies a priming —38 volt
potenual on lead 165 to the control lead of 1is associated
2 gate of the write back gates 282 in FIG. 9 while the
remaining 1-side outputs of the reset 1 and 3 through 27
flin-flops provide —24 volt potentials on lead 163 to the
control leads of their associated 1 and 3 through 27 write
back gate 282. The 2 write back gate 282 1s thus enabled
to transmit a —8 volt potential on the 2 lead of the 1
through 27 leads 167 in FIGS, 9, 12, 13 and 16 to the in-
put of the 2 bit write amplifier 168 in FIG. 16 while the
1 and 3 through 27 write back gates 202 in FIG. 9 are
blocked whereby no volfages are transmitted on the 1 and
3 through 27 leads 167 to the corresponding 1 and 3
through 27 bit write amplifiers 168 in FIG, 16.

- At this time, the —8 volt potential effective on lead
272 in FIGS. 13 and 15 is also applied via the 1 lead
in FIGS. 13 and 16 to the control word amplifier CW
in FIG. 16. The simultancous energization of the 2 bit

write amplifier 168 and control word amplifier CW 1n

FIG. 16 serves to write the 1 bit from the No. 2 posi-
tion of the control word in the shift register into the
No. 2 position of the control word into the incoming
message slot A of twistor memory 38 in FIG. 16. This
signifies that the 1 bit, as assumed, of the first text word

of the incoming message is written into the No. 1 posi-

tion of the first text word in the incoming message slot

A in FIG. 16. - .
The output voltage of the 6 position of the clock ring

counter 251 in FIG. 16 activates enabling AND gate 274

which is also receiving the output voltage of stage A of
the associated trunk ring counter 253. Gate 274 trans-
mits the —8 volt potential to the input of OR gate 275
which supplies this potential via lead 276 i FIGS. 13 and

From the output of this gate, the —8 volt
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twistor memory in the form: 000 .

28

14, OR gate 277 in FIG. 13, lead 278 in FIGS. 11, 12 and

13, gate 286 in FIG. 11, and lead 207, gate 160¢ and delay
network 161 in FIGS. 8 and 9 to reset the 1 through 27
flip-flops of the shift register 30 in FIG. 8.. As the 2 flip-
flop only was 1n the set state, it is activated to the reset
state while the remaining 1 and 3 through 27 flip-flops
being already in the reset state are unaffected. The shift

register 1s thus reset to erase the control word therefrom.

The —8 volt potential in the output of gate 274 in FIG.
14 1s also supplied on lead 279 in FIGS. 13 and 14 fo reset.
the associated write control flip- ﬂ0p 258.

The afore-described procedure is repeated for record-
ing of the first bit of the first text word of the message

“incoming to slot B of the twistor memory 38 in FIG. 16,

as well as for the first bit of the first text word of each
message recorded in additional incoming message slots
of the twistor memory in FIG. 16. In these instances,
it 1s understood that the voltage outputs of the clock ring
counter 2351 in FIG. 14 are steered to the appropriate
incoming message slots and associated incoming trunk
circuits via flip-flops similar to incoming trunk circuit A
in FiG. 16 and incoming flip-flop 262 in FIG. 13. At this
time, it 1s therefore assumed that the first text bits of the
first text words of ail incoming messages are recorded in
the appropriate incoming message slots of Lhe tw1stor

‘memory 38 in FIG. 16.

The output voltage of the 7 position of the clock ring
counter 251 1n FIG. 14 i1s used to read out a complete
word from the twistor memory 38 in- FIG., 16 for the
purpose of checking the modulo 5 parity, in a manner
that is presently described. It is noted, however, that
such 7-position clock voltage serves that purpose only
when a complete word is recorded in the appropriate in-
coming slot of the twistor memory. The complete first
text word of the iIncoming message is recorded in the
incoming message slot A in accordance with the procedure
that i1s presently described. The 7-position clock voltage
1s applied to the control lead of enabling AND gate 289
which 1s also receiving at this time the output voltage
of stage A of the associated trunk ring counter 253. The
—&8 volt potential outgoing from gate 280 is applied on
lead 281 in FIGS. 13 and 14 to the input of enabling word
AND gate 282 in FIG. 13. At this point it is recalled
that the first bit of the first text word of the incoming
message is-stored in the No. 1 position in the twistor
memory and the control word is also stored therein in
the form: 010 . . . 0; and word flip-flon 283 is in the
reset state because the end of a word is not yet reached.
As a consequence, the 1-side output of flip-flop 283 sup-
plies a —24 volt potential to the control lead of gate 282
which is thereby blocked.

'The recording of the discrete bits of the first text word
of the message to incoming message slot A of the twistor
memory in FIG. 16 is continued until the completion of
the recording of such first text word is indicated. This is
represented by the 27-bit control word recorded. in the
1, as shown in
Table A. In this connection, it is understood that the bit
representation of the control word is the same for identi-
fying corresponding bits in text words of messages being
transmitted and received. Let it now be assumed that
the first 26 bits of the first text word are recorded in
incoming message slot A of the twistor memory in FIG.
16 in the manner just described, and further that the
corresponding control word just mentioned has been trans-
ferred from twistor memory into the shift register in FIG.
8. At this time the 27th bit of the first text word is re-
corded in the No. 27 position in Incoming message slot A
of the twistor memory 38 in FIG. 16.

When the shift register is advanced one stage in re-

- sponse to the output voltage of the 4 position of the

~ clock ring counter 251 in FIG. 14, the —8 volt potential

representing the transmission of the 1 bit from the No. 27
position of the control word is applied on lead 214 in

75 FPIGS. 8 and 9 and on lead 214a in FIGS. 12 and 13 to



. trunk ring counter 253 in FIG. 14. .
~ transmits the 16 volt posmve gomg potentlal to the input
- of enabling AND gate 286 in FIG. 13, enabled by the —8

~ volt potential received from the 1-side output of write

 control flip-flop 258 which is in the set state at this time.

- this description.
. potential to the input of its associated 1 read amplifier -

. write amplifiers 192.
- first text word as now recorded in the twistor memory 38
~ in FIG. 16 via the 1 through 27 leads 101 to inputs of

20

the mput of enablmg AND gate 284 111 FIG 13 At the

~ same time, this 1 bit is inserted into the No. 1 position
-~ of the eontrol word whose 27 bits are arranged as follows:

. . 0, as shown in Table A. This control word is
. then transferred back to the control word slot A of the

- twistor memory in FIG. 16, 1nd1cat1ng the recordmg of
. the 27th bit of the first text word of the message in in-
Co commg message slot A in FIG 16; and the shift regrster |

word therefrom. Gate 284 is

~ enabled by the —8 volt potential on lead 285 in FIGS. 19

100 .

is reset to erase the control

‘13 and 14 as received from the output of stage A of the

The —8 volt potential in the output-of enabled gate 286

o _fsets word flip-flop 283 whose 1-side output provides a —8
~ volt potential to enable word gate 282. This gate accepts

~and supplies the —8 volt potentlal via the 5 Iead in FIGS.
13 and 16 and OR gate 287 in FIG. 16 to

Gate 284 accepts and :

3 '2.49,9'_18 o
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ory ﬁ1p-ﬂops 301 302 and 303, respectively, thereby acti-

vating the correspondmﬂ ﬂrp-ﬁops to the set state.

On

~the other hand, it is evident that the blocked AND gates

fajl to activate the associated flip-flops in any respect.

Each of the parxty bit memory flip-flops is thus szt for
each 1 bit stored in the 23 through 27 flip-flops of the shift

“register 30 in FIG. 8, reserved for the modulo 5 parity
. bits.
- activated to the reset state 111 a manner that is suhsequentl‘y

The flip-flops 301 302, and 303 were theretofore

mentroned |
The voltage output of the 9 position of eloek ring

. '_counter 251 in FIG, 14 at the output of OR gate 293 in
"FIG. 14 is also used via lead 294 in FIGS. 9, 12, 13 and

- 14 and lead 129 in FIGS. 8 and 9 and OR gate 91 in

15

FIG. 8 to set control modulo flip-flop 125 in FIG. 8.

This flip-flop now provides a —8 volt potentlal at its 1-side

- .output for enabling a eheekmg of the accuracy of the

received first word of the incoming message by comp uting

- a new modulo 5 parity count and a comparison of such

20
he associated

1 read gate enaoled by the —-8 volt potentlal supplled by' |
- the -1 position of word counter 42 in FIG. 16. It is re-
called that the 1 position was assumed for the purpose of

This 1 read gate supplies the —8 volt

whose output via the 1 lead activates the 1 through 27 bit '

‘This transfers: the 27 bits of the

new count with the modulo 5 parity bits received with the
first text word. This check utilizes the same parity bit |

determining procedure explained hereinbefore in regard to

'FIG. 8 and again -menticned hereinafter relative to the

9 through 13 positions of clock ring counter 251 for
checking the parity of the discrete text words transferred
from the data equipment 9 to the shift register 30 in FIG.

8, except the simple parity bit voltage indicating “send the

. next word” signal on lead 32 to the data equipment 9 in
- FIG. 8 is not now required. This indication i 18 therefore

- the 1 through 27 OR gates 160 Whereby the first text

. mit the eorrespondmg flip-flops to remain in the reset_ |
- state, for the reasons hereinbefore explamed T
~ The voltage output of the 8 position of the eloek rmg-.

 word is stored in the shift register 30 in the manner here-

- inbefore explained. 1In this connection, it is reealled that
- the 1 through 27 flip-flops of the shift register are now
 in the reset state so that the 1 bits of the text word and
*parity serve to activate the corresponding flop-flops to the
-set state while the 0 bits of the text word and parity per-

il
LY

not sent in a manner that is now explained.

The voltage output from the 10 position of the elock ”

:rmg counter 251 in FIG. 14 primes enabhng AND gate

384 which is also receiving at this time the cutput voltage.

of stage A of the associated trunk ring counter 253.
5 Gate 304 accepts and transmits a —8 volt potential via
OR gate 385 and lead 306 in FIGS. 8, 11, 12, 13 and 14
. to set simple parity inhibit flip flop 153 in FIG. 8 which

- then supplies a —8 volt potential to the control lead of the

Yy 40

'counter 251 in FIG. 14 primes enabling AND gate 290

~ which is also reeemog at this time the voltage output'of

- stage A of the trunk ring counter 253 in FIG. 14. This

_ gate transmits a —~8 volt’ potential on lead 291 in FIGS.

© 13 and 14 to reset word flip-flop 283 in FIG. 13. This 45
- removes the enabling voltaﬂ'e from WOI‘d gate 282 whlch 1S

o f_thereupon blocked.

The voltage output of the 9 posmon of the eloek rmg- :

| E-i'f' counter 251 in FIG. 14 primes enabling AND gate 292

‘which is also recemng the voltage output of stage A

 of the trunk ring counter 253 in FiG. 14. This gate.
© transmits a —8 volt potential via OR gate 293 and lead

294 in FIGS. 9, 12, 13 and 14 to the inputs of 5 auxiliary
. parity eheekmg OR gates 295, 296 and 297 included in the
modulo 5 parity decoder 57 in FIG. 9, although only 3 of
~ such gates are shown. The —8 volt outputs of these
OR gates are supplied to associated enabling auxiliary

parity checking AND gates 298, 299 and 360 which com-

50

~associated. 1nh1b1t111g gate 128, This blocks any voltage
transmission through simple parity gate 151 to preclude -

therefrom- the transmission of the send next word signal
voltage on its output lead 32 to the data equipment 9.

- The output voltage of gate 304 in FIG. 14 is also applied

via its associated OR gate 307 and lead 308 in FIGS.

13 and 14 to the input of erase enabling AND gate 309
in FIG. 13.

fected at gate 369 at the moment.
The output voltage from the 11 position of the clock

ring counter 251 in FIG. 14 primes enabling AND gate

311 which is also receiving at this time the output voltage

~of stage A of the associated trunk ring counter 253.

50

310 in the reset state.
jtranarmttmg voltage therethrough at this time.

prise 5 in number, although only 3 are 111ustrated m the

drawing.

80

~The five gates 298 299 and 300 in FIG 9 are enabled
via the associated 23 through 27 leads and the correspond-
~ing 23 through 27 leada 165 by the —8 volt potentials - -

~ that may possibly occur at the 1-side outputs of the asso-
- ciated 23 through 27 flip-flops of the shift reg1ster 30
in FIG. 8. The 1-side outputs of these flip-flops in the

65

~ sét states provide the —8 volt potentials to enable the

correSpondlng AND gates 298, 299 and 300 for repre-
senting modulo 5 parity 1 brts but the 1-side outputs of
-these flip-flops in the reset states provide —24 volt poten-
tials which block the respective AND gates for represent-
ing O parity bits. When read, the outputs of the enabled

gates only of the auxiliary parity checking AND gates
- 298, 299 and 300 apply the —8 volt potentials to the set
inputs of the associated parity bits 1, 2, 3, 4, and 5§ mem-

70 .

This gate supplies the —8 volt potential to its output lead

312 in FIGS. 13 and 14 to the mput of reverse enabling

AND gate 313 whose control lead is receiving a —24 volt
potentlal from the 1-side output of word erase flip-flop
Gate 313 is thus bloeked from

The output voltage from the 12 position of the eloek

ring counter 251 in FIG. 14 primes enabling AND gate
314 which 1s also receiving at this time the output voltage

of stage A of the associated trunk rmg counter 253.

‘This gate applies the —8 volt potential via its output lead
315 in FIGS. 13 and 14 to the input of erase word en-

abling AND gate 316 whose control lead is receiving a

- —24 volt potenhal from the 1-side output of word erase
| .ﬂlp-ﬂop 310 in the recent state.

Gate 316 is thus blocked
from transmitting voltage therethrough at this time.

While the voltage outputs of the 11 and 12 positions

- of the clock ring counter in FIG. 12 stimulated no action
~in the system for the reasons just mentioned, it is under-

75

 stood that the use of these two positions provided suffi-
- cient time to check the parity of the first text word stored

in the shift register via the 1-side outputs of the 23 through

| ‘This gate is blocked at the moment by the -~
__—--24 volt potential received from the 1-side output of
“1ts associated word erase flip-flop 310 in the reset state.
. -No further action is e
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27 flip-flops included therein in FIG. 8.
called from the parity bit determining procedure de-
scribed above regarding the circuit of FIGS. 8 and 9 that
the —8 volt potential at the 1-side output of control
modulo flip-flop 125 primed control modulo gate 130, as
well as the five gates 165, 187, 107q, 167D, and 169, to
enable the 2 megacycle timing generator 131 to activate
the modulo ring counter 143 for reading out the 23
- through 27 parity gates 166 in FIG. 9. For this pur-
pose, it is also now recalled in regard to the previous de-
scription of the circuit of FIG. 9 that the —8 volt poten-
tials in the outpuis of the five auxiliary parity checking
gates 298, 299 and 300 set the associated five parity bit
memory flip-flops 301, 302 and 303, respectively, at the
same time depending on whether the corresponding 23
through 27 flip-fiops of the shift register 3¢ were activated
to the set state in response to 1 parity bits stored in the
respective last-mentioned flip-flops. Obviously, the indi-
vidual flip-flops 23 through 27 of the shift register storing
0 parity bits allow the corresponding parity bit memory
flip-flops to remain in the reset state. Each of the parity
oit memory flip-flops activated to the set state provides a
—8 voit potential at its 1-side output whereas each of the
parity bit memory flip flops remaining in the reset state
supplies a —24 volt potential at its 1-side output.

In FIG. 9, it is seen that the 1-side output of the 1 

parity bit memory flip-flop 301 is connected to one input
of a No. 1 comparator whose second input is obtained
from the 23 parity gate 166 in FIG. 9; the 1-side output
~ of the 2 parity bit memory flip-flop 302 is connected to
the one input of a No. 2 comparator whose second input
is derived from the 24 parity gate 166 in FIG. 9; and the
1-side output of the 5 parity bit memory flip-flop 303
is connected to one input of the No. 5§ comparator whose
second input is received from the 27 parity gate 166
in FIG. 9. Each of these five comparators as shown 111
FIGS. 24A and 24B was previously described.

The output voltage from the 13 position of the clock
Ting counter 251 in FIG. 14 primes enabling AND gate
316 which is receiving at this time the output voltage from
stage A of the associated trunk ring counter 253. This
gate transmits a —8 volt potential via OR gate 317 and
lead 318 to the 23 through 27 parity gates 166 in FIGS. 9,
10, 13 and 14. This voltage is passed through these OR
gates to the inputs of the 23 through 27 enabling AND
gate 166 which are primed one at a time by the outputs
of the No. 1 through No. 5 parity bit binary counters 135
to 137 under control of the modulo ring counter 163 in
FIG. 8. As the —8 volt potentials representing 1. bits
- from the outputs of the parity bit binary counters are
presented one at a time to the inputs of the respective No.
1 through No. 5 comparators whose other inputs are re-
ceiving the —8 volt potentials from the 1-side outputs of
- respective 1 through 5 parity bit memory flip-flops 301
through 303, the —8 volt potentials from the outputs of
the No. 1 through No. 5 comparators are applied one at
a time to the iput of comparator AND gate 320.
320 provides a —8 volt potential on its output lead 321
only if the parity bit voltage indications received from
the respective 23 through 27 parity bit gates 166 corre-
spond with the parity bit indications effective at the 1-
side outputs of the respectivé parity bit memory flip-fiops

It 1s now re-
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tential onto lead 327 to the input. of OR gate 3“’3 1n PIG
13. From the output of this gate, lead 329 transmits the
—8 volt potential to the inputs of the 1 through 27
text gates 164 and the 1 through 27 parity gates in FI1G. 9,
and on lead 329z extending from lead 329 in FIG. 9

to the input of simple parity OK gate 152 in FIG. 3.

This gate constitutes effectively the simple parity en-
coder 63 shown in FIG. 3. |
As gate 152 is enabled by the 1-side output of snnple
pariy binary counter 149, this gate is enabled by such
output to accept the —8 volt potential on lead 329%a
whenever a “1” occurs in the 1-side output of this binary
counter for maintaining the simple parity of the text
word being received via the incoming trunk circuit A
in FIG. 16. The —8 volt potential in the output of gate
152 is applied on lead 33¢ in FIGS. 8, 11, 12, 13 and 16
to the input of the 1 bit write amplifier 168 which is acti-
vated when the 1 through 27 bit amplifiers 168 in FIG. 16
are activated in the manner that is now mentioned. Since
the 1 through 22 text gates 164 and 23 through 27 parity

- gates 166 are activated by the —8 volt potential effective

on lead 329 as just mentioned, the —8 volt potentials
effective on the corresponding 1 through 27 output leads
167 therefrom are applied by these leads in FIGS. 9, 12,
13 and 16 to energize the respective 1 through 27 bit write
amplifiers 168 in FIG. 16.

The outputs of the energized 1 through 27 bit write
amplifiers 168 in FIG. 16 activate the corresponding
twistor wires of the twistor memory while the associ-
ated first text word solenoid is also emergized at this
time by the output of the 1 write amplifier. The input
of this amplifier is now receiving the —8 volt potential
from the output of OK gate 325 in FIG. 13 via the 3
lead in FIGS. 13 and 16, OR gate 267, and the output
of the 1 write gate which is primed by the output voltage
of word counter 42 operating in its 1 position in FIG. 16.
This writes the 1 bits of the first text word back into the
twistor memory from the shift register 30 in FIG. 8.

0' Obviously, the failure of any of the foregoing bit write
4: .

amplifiers 168 in FIG. 16 to be so energized serves to
provide 0 bits in the corresponding bit positions of the
first text word. The first text word is thus written back
into the twistor memory from the shift register 3¢ in
FIG. 8. This indicates that the first text word is satis-
factorily received but requires no corresponding return
signal to the originating data station 11 in FIG. 1.

The —8 volt potential at the output of OK gate 325
in FIG. 13 is also applied via the associated OR gate 331,
the 13 lead in FIGS. 13 and 16, and delay network 332
and OR gate 333 in FIG. 16 to the advance input of word
counter 42. This input potential activates the word count-

~er to its 2 position for recording the second word of

99
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301 through No. 5. The —8 volt potential on lead 321 .

in FIGS. 9, 10 and 13 sets modulo 5 parity fiip-flop 322.

The output voltage from the 14 position of the clock
ring counter 251 in FIG. 14 primes enabling AND gate
323 which is receiving af this fime the output voltage
from stage A of the associated trunk ring counter 253.
This gate is thereby activated to transmit a —8 volt po-
tential on lead 324 to the inputs of both the OK parity
enabling AND gate 325 and NG parity inhibiting AND
gate 326 in FIG. 13. As both of these gates are en-
ergized at this time by the —8 volt potential supplied by
the 1-side of modulo 5 parity flip-flop 322 in the set state,

65
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the incoming message into second text word position
of incoming message slot A in the twistor memory. The
use of delay network provides sufficient time to rewrite the
first text word from the shift register back into the
twistor memory. |

When a text word havmg an OK parity check in re-
sponse to the output voltage of the 14th position of the
clock ring counter 251 in FIG. 14 constitutes the last
word of a ten-word or a five-word message, an appropri-
at signal is returned via lead 334 and incoming trunk
circuit A in FIG. 16 to the originating data station 11
in FIG. 11, in a manner that is subsequently explained.

If the first text word provided a NG (no good) parity
indication in responsive to the voltage output from the
14th. position of the clock ring counter 251 in FIG. 14,
an appropriate signal inquiring a retransmission of the
first text word is returned via lead 335 and incoming frunk
circuit A in FIG. 16-to the originating data station 11 in
FIG. 1, in accordance with a procedure that is later de-
scribed. At this time, it is noted that while a NG signal
was returned to originating data station 11, this signal is
also used to advance the word counter 42 in FIG. 16 to

the OK gate 325 transmits the input of a —-—8 volt po- 75 the next word position, This 1s-necessary because durmg



- -1 through 27 ﬂlp-ﬂ{}ps of shift register 30.

 the associated word counter 42.
the complete rccordmg of a text word in error in the

._33__ .

the tlmo the NG SIgnal is in transrt fo data station 11

thereat, - This is so for the reason that since each text
- word of a message 1mmcdlatcly follows the other in the

~ transmission procedure, it is possible for originating data

"_'3249;918'_ -
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~ word is also recorded in the sixth solenoid of the twmtor

- this station may be in the process of sending the bits of
the next word before the NG signal 1s. cffcctwcly received

- IMemory.

It is understood that the followmg dcscnptlon

~would apply equally as well to any error word in a five-

‘station 11 to receive the NG signal after several bits of

- the text word next succeeding the error word are. trans-
mitted to receiving data station 10.- This necessitates a

complete transmission to and rccordmg of the next suc-
ceeding text word at the rccomng data station 19 in FIG.

1 before corrective action 13 1nst1tutcd in a manncr that -
| | - activates the associated 6 read gate.

out the sixth text word from the twistor memory via the

) 13 hereinafter mentioned.

word message.

When it is time to read out tho sixth word from twistor

- memory 38 in FIG. 16 into the shift register 38 in FIG. 8
~as indicated by the transmission of- the 1 bit fro

1 the
27th position of the control word and the insertion thereof

~into the 1st position of the control word as hereinbefore

10?..'3}”“‘:’1‘?‘“11‘3‘il the output voitage of the 8-—pos1uon of the
~clock ring counter 251 applied via lead 291, in FIG. 14,

~ special gate 344 1n FIG. 13 and gate 287 .in.FIG. 16

- The output voltage from the 15 posmon of clock ring

~ counter 251 in FIG. 14 primes enabling AND gate 340

15

which is also receiving at this time the output voltage from =
“explained.

stage A of the associated trunk ring counter 2353. This

- gate is thereby activated to transmit a —8 volt potcntlal.'
on its output lead 341 to reset word erase flip-flop 310 in

- FIG. 13. This OCCEISIGHS no further actlon at this ﬂlp-ﬂop
_at the moment. |

The output voltagc from the 16 p031t101:1 of clock rmg __

._countcr 251 in FIG. 14 primes enabling AND gate 342
~ which is also receiving at this time the output voltago from
stage A of the associated trunk ring counter 253. This

. via OR gate 343 and lead 276 in FIG. 14, lead 276 and

OR gate 277 in FIG. 13, lead 278 in FIGS. 11, 12 and 13,

"OR gate 206 and lead 207 in FIG. 11, and lead 207, OR

gate 160 and delay network 161 in FIG 8 to reset the

~ those flip-flops in the set state to the reset state and. exerts

. no effect on those flip-flops in the reset state. This erases
- the first tcxt word from the shift register, but as afore-
 mentioned the first ‘text word is now recorded in the
- twistor mﬂmory At this time the next mcommg mes-
~ sage is in the process of -transmission..

- if the last word of a message were not being processed,

~ the 7 through 16 posmons of the clock rlng counter 251

~ in FIG. 16.

- Modulo 5 parity NG procedure at staz.‘zon recezvmg

This activates -

20

25
gate is thereby energized to transmit a —8 volt potential

This serves to read

1 through 27 read out amphﬁcrs 192 in FIG. 16 and
~stored in the shift rcglstcr in lhc manner hcrcmbcfore

The output voltago from the 9-p031t1on of the clock

 ring counter 281 in FIG. 14 stimulates no action in the
| system The output voltage from the 10—posmon of clock
‘ring counter-251 in FIG. 14 is applied via the associated
“gate 307 and lead 308 to the mput of erase gate 309,
‘enabled by the —8 volt potcntlal in the 1-side output of
set word erase flipflop 310 in FIG. 13.

The —8 volt
potential in the output of gate 309 is supphed to the input

- of gate 345 in FIG. 13 and thcrchy via gate 277 and

- lead 278 in FIG. 13, lead 278 in FIGS. 11 and 12, OR

30

gate 206 and lead 207 in FIG. 11, and lead 207, gate 160,
and dolay network 161 to the shift register 3¢ in FIG. 8.

This —8 -volt potential advances the shift register one
‘stage to erase the sixth word therefrom because thc write-

- back procedure is inoperative at this time.

The output voltage from the 11-position of the clock

. ring counter 251 in FIG. 14 efiective on its associated

"It is noted that

40

 error word.—When the parity fails to check out satisfac-
- torily at the 14 position of the clock ring counter 251 m-

'FIG. 14, the —8 volt potential on load 324 is apphed

" the input of inhibiting AND gate 326 in FIG. 13 as here-

inbefore mentioned. A —24 volt potential effcotwc at

' . the 1-side. output of modulo 5 parity flip-flop 322 in the

45 flip-flop.310 in the set state.

_output of gate 316 is applied via the 6 lead and gate 287
in FIGS. 13 and 16 to the input of the 5 read gate, en-

output lead 312 is supplied to the input of reverse gate 313

in FIG, 13, enabled by the —8 volt potcntml at the 1-side -
output of set word erase flip-flop 310. The —8 volt

potontlal in the output of gate 313 is transmitted on the

- no action results from the output voltages provided by - 12-lead in FIGS. 13 and 16 to reverse word counter 42

back to its 5 position. = The output voltage from the 12-

o '_posmon of the clock ring counter 251 in FIG, 14 is trans-
mitted on lead 315 in FIGS. 13 and 14 to the input of
enabling AND gate 316, enabled at this time by the

—8 volt potcntlal from the 1-side output of word erase
The —8 volt potential in the

" abled by the voltage supplied by the 5-position output of

~reset state is applied to the control lead of gate 326.

As a consequence of such two Voltages -gate 326 is en-
abled to transmit the —8 volt potential as a retransmit
word signal on lead 335 to the incoming trunk circuit A

in FIG. 1.

- 8 volt potential to set word erase flip-flop 310 Whlch
- provides its 1-side output with a —8 volt potential.

o()

word counter 42. The output of the 5 word gate ampli-

fied by the associated 5 word amplifier activates the 5

-~ word solenoid of twistor memory 38 which reads out the

- in FIG. 16 and thereby to the originating data station 11
At the same time, gate 326 transmits the
55

5th text word via the 1 through 27 amplifiers 192 into

- the shift register ‘30 in FIG. 8, in accordance with thc
procedurc hereinbefore explamed

‘The output voltage of the 13-position of thc clock ring

. counter 251 in FIG. 14 effective on ifs output lead 318

- Now, the —8 volt potcntlal from the 8- -position of the

—8 volt potcntlal from the 1-51dc output of reset ﬂm-ﬂop
310. The —8 vote portentlal in the output of gate 344 1s
supplied via the 6 leads in FIGS. 13 and 14 to gate 287

and thereby to the 2 read gate in FIG. 14, enabled by the

—8 volt potential from the output of the 2 posmon of

60
-~ traced is applied to the shift register 30 in FIG. 8. This

- voltage advances the shift register one stage to erase the

‘It is recalled now that

65
- erased, the receiving equip
" record the incoming message, commencing with the fifth

word thereof.

twistor memory 38 in FIG. 16 effects the advance of the

described. For the purpose of this dcscnptlon it iS now

~ assumed that the fifth text word of a ten-word message

~ was recorded in error in the fifth word solenoid of in-

coming message slot A in twistor memory 38 in FIG. 16,

and further that as a consequence the associated word
counter is operative in its 6-poslt1on_a_nd the sixth text

 word counter 42 in FIG. 16, in the manner hereinbefore

70

. error initially) from the data station 11 in FIG. 1.

- of the clock ring counter in FIG. 14 ¢
lead 341 resets word erase flip-flop 310 in FIG. 13, in

results in no action in the system at this time. The out-

- clock ring counter 251 in FIG. 14 effective on lead 291 ~  put voltage of the 14 position of the clock ring counter

s applied via lead 291a to the input of a special enabling
~ AND gate 344 in FIG. 13, enabled at this time by the

251 in FIG. 14 effective via lead 308 and erase gate 309

in FIG. 13 and the output circuit therefrom as previously

error fifth word theretfrom, as the write back proccdure
is mopcratlvc at this time. As both the word in error

(fifth) and tho next followmg word (smth) are both
ient 1S agam available to

The output voltage from the 15-position
Tective on its output

preparation for the retransmission of the fifth word (in
The

- output voltago from the 16-p051t1on of the clock ring

5

counter 251 in FIG. 14 is applied through the circuit
prcwously traccd to thc Shlft register 30 in FIG 8 for
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the purpose of resetting it.  As the shift register was set
by the effect of the 14-position output voltage of clock
ring counter 251 in FIG. 14 as just mentioned, the output
voltage of the 16-position of the clock ring counter
performs no useful function at this time.

When a NG parity or retransmit word signal is sent
to the data station originating the error word in a message
via lead 335 and incoming trunk circuit A in FIG. 16,
the data station originating the error word responds to
such signal to effect a retransmission of the error word
in accordance with the following procedure which is now
explained.

Modulo 5 parity NG procedure at station originating
error word.—The NG parity or retransmit signal voltage
received at the receiving station via outgoing trunk circuit
A and lead 350 in FIGS. 14 and 15 sets repeat word flip-

10

15

flop 228 in FIG. 12. When the final bit of the word

(sixth) following the word in error (fifth) is read out of
the shift register 30 in FIG. 8§, the —8 volt potential
representing the 1 bit of the control word is transmitted
via a circuit 1ncluding lead 214 in FIGS. 8, © and 12,
gates 215 and 226 and reversing AND gate 351 enabled
by the —8 volt potential from the 1-side output of flip-
flop 228 in the set state in FIG. 12, and lead ¢ in FIGS.
12 and 15 to reverse word counter 42 in FIG. 15. As
the fifth text word is assumed to be in error and the
succeeding sixth word to be sent, the word counter is
reversed back from its 6-position to its 5-position. The
fifth text word is then retransmitted to the receiving data
station 11 under control of the clock ring counter 182
in FIG. 11 in the manner herembefore described regard-
ing the transmission of the first text word.

‘It may happen that the tenth word of a tenm-word
message or the fifth word of a five-word message is de-
livered in error to a receiving data station. Since the
start read out flip-flop 177 in FIG. 12, which controls the
read out procedure as previously explained, is reset at
the conclusion of the last word of each message as above
mentioned, this flip-flop is set via gate 176 from the 1-
side output voltage of set repeat word flip-flop 228 for
the purpose of rereading and thereby retransmitting the
tenth or fifth word in accordance with the procedure
hereinbefore outlined. |

Modulo 5 parity OK procedure at station originating
correct message.—It is now recalled from the foregoing
explanation that the receiving data station 11 transmits
a message received OK signal voltage via lead 334 and
incoming trunk circuit A in FIG. 16 to the originating
data station 18, upon the correct reception of the last
-text word of an incoming message at receiving data sta-
tion 11. In the originating data station 10, this OK
signal voltage applied through outgoing trunk circuit A
and lead 352 in FIG. 15 sets paritjf OK flip-filop 211 in
FI1G. 14. The —8 volt petentral in the 1-side output of
flip-flop 211 inhibits gate 218 in FIG. 12 and thereby the
1 through 10 read gates in FIG. 15, and at the same
time tesets slot-A flip-flop 81 in FIG. 9 via lead 353 in
FIGS. 9 and 12. This precludes the output voltages of
clock ring counter 182 in FIG. 11 from reading out
further bits via the 1 through 10 read gates from out-
" going message slot A of twistor memory 38 in FIG. 15.

Since the message in outgoing message slot A of twistor
memory 38 in FIG. 1 of data station 1¢ in FIG. 1 has
been satisfactorily delivered to the incoming message slot
A of the twistor memory in FIG. 16, the outgoing mes-
sage is no longer required and may be destroyed by a
destructive read out of outgoing message slot A in a man-
ner that is now mentioned. The —8 volt potential in
the output of gate 190 in FIG. 11, as energized by the cor-
responding output voltage of the 1-position of clock ring
counter 182 and enabled by the output voltage of stage A
of trunk ring counter 184, is applied via lead 237 in FIGS5.
11, 12 and 13 to the input of associated OR gate 238 in

20
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~ ter 30 in FIG. 8.
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FIG. 15 whose output potential is accepted by associated

AND gate 239. This gate is enabled by the —8 volt po-
tential available on lead 240 from the I1-side output of

15
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parity OK gate 211 in the set state in FIG. 12. The —8
volt potential in the output of gate 239 is accepted by the
1 erase gate enabled by -the —8 volt potential in the output
of the 1-position of word counter 42, which is assumed
to be in this position because the first text word is to be
erased. The —8 volt potential in the output of the 1
erase gate effective in the output of the associated 1 read
amplifier reads out the first text word in outgoing message
slot A of the twistor memory into the shift register 30 1n
FI1G. 8, in accordance with the precedure previously
described.

The —8 volt potential in the output of gate 190a in
FiG. 11, as energized by the corresponding output voli-
age of the 2-position of clock ring counter 182 and en-
abled by the -8 volt potential of stage A of trunk ring
counter 184, is applied to the input of OR gate 242 whose
output is su-pplied to the input of AND gate 243, enabled
by the —8 volt potential effective on lead 244 from the
1-side output of parity OK flip-flop 211 in FIG. 12 in the
set state. The —8 volt potential in the output of enabled
gate 243 applied via lead 207, gate 160 and delay network
161 in FIG. 8 advances the shift register 3¢ one stage to
erase the first text word therefrom. |

Returning now to the —8 volt potential in the output of
gate 238 in FIG. 15, this potential is applied via delay .
network 241 to the input of AND gate 244, enabled by
the —8 volt potential available on lead 249 from the 1-side
output of parity OK gate 211 in the set state in FIG. 12,
'The —8 volt potential in the oufput of gate 244, after a
predetermined amount of time delay provided by delay
network 241 advances the word counter 42 into its 2-posi-
tion for the purpose of reading out the second text word
of the message. Thus, the output voltage of the 1-posi-
tion of the clock ring counter 182 in FIG. 11 advances
the word counter 42 in FIG. 15 while the output voltage
of 1ts 2-position erases the first text word from shift regis-

In a similar manner, the voltage outputs of the 3 and
4 positions of the clock ring counter serve to advance the
word counter into its 3-position and to erase the second
text word from the shift register, respectively; the voltage
outputs of the 5 and 6-positions of the clock ring counter
serve to advance the word counter into its 4-position and
to erase the third text word from the shift register, re-
spectively; the voltage outputs of the 7 and 8 positions of
the clock ring counter serve to advance the word counter
into its 5-position and to erase the fourth text word from
the shift register, respectively; and the voltage outputs of
9 and 10-positions of the clock ring counter serve to ad-
vance the word counter into its 6-position and to erase
the fifth text word from the shift register. This action is
efiected during one bit interval as measured by the time
duration of the 1 through 10 positions of the clock ring
counter 182 in FIG. 11.

Also, in a similar manner during a second bit interval
as measured by the time duration of another cycle of the
1 through 10-positions of the clock ring counter 182 in
FIG. 11, the pairs of output voltages represented by the
1 and 2, 3 and 4, 5 and 6, 7 and 8, and 9 and 10-positions
of the clock ring counter serve to advance the word
counter through its 7, 8, 9, 10 and 1-positions for erasing
the respective sixth, seventh, eighth, ninth, and tenth text
words of the message from the shift register. At this
time, the entire message that was satisfactorily transmitted
to the desired data station 11 as above mentioned is now

erased from outgoing message slot A of the twistor
memory 38 in FIG. 15. |

At the conclusion of the erasure of the tenth text word
from twistor memory 38 a$ just mentioned, the voltage
cffective at the output of gate 224 from the 10-position of
clock ring counter 182 in FIG. 11 and applied on lead
224a sets erase flip-flop 245 in FIG. 12. At the same
time, the —8 volt potential on lead 2244 is accepted by
enabling AND gate 246, enabled by the —8 volt potential
in the 1-side output of flip-flop 245 in the set state. The




211 and 245.

- state.

flip-flop 211.

o 'Lproccssmg cqmpmcnt
- B scans each incoming messagc slot of the twistor mem-
" ory and as each such slot is connected to an individual

o "37249,913}
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| —8 volt potcnt1al in the cutput cf gatc 246 is accepted by

‘enabling AND gate 247, enabled by the —8 volt potential
~ from the 1-side output of ﬁlp-ﬂcp 211 in the set state.

The Voltagc from the output of gate 247 resets fiip-flops

- 247, enabled by the voltage at the 1-side output of set flip-

In the case of a five-word message, when
the fifth word is erased, the voltage effective at the output -
- of gate 208 from the 6—pcsxt10u of the clock ring counter
- 182 in FIG. 11 1s apphed on lead 209 to the input of en-
. -abling AND gate 209a enabled by the voltage at the
- 1-side output of the set short message flip-flop 173. The
. output of gate 2@% is-applied on leads 2095 and 224a to -
- the set input of erase flip-flop 245 and to gate 246, enabled -
by the 1-side output voltage of ﬂ1p-ﬂ0p 245 in the set
The voltage output of gate 246 is accepted by gate
15

cﬁﬁ

the twistor memory into the data processing equipment.

" Master clock 392 provides tlmcd voltage pulses which
- prime enablmg AND gates 393 and 394 supplied with in-

G

put voltages frcm the pulse drive generators 395 and

396, respectively. It is understood that the master clock
1890 in FIG. 11 and the master clock 392 in FIG. 10 are -

actually one mcchamsm_but are shown as separate mech-
~ anisms only for the purpose of facilitating an expeditious.

10

S comprehension of the operations of the processing of the
outgcmcr and mcommg message slots cf Lhc twistor mem-

- ory in FIGS. 15 and 16.

flop 211. The voltage from the output of gate 247 resets

It is therefore apparent that the foregoing:
- procedure is usable to erase the satisfactorily transmitted
- messages from. outgomg message slot B and other out- -
| -_""_gcmg message slots in the twistor memory 38 in FIG. 15.
- - Message transfer. from receiving eqmpmem to data
- processmg eqmpmem —As. the incoming message is now
'_correctly recorded in incoming slot A of twistor memory
38 in FIG. 16, the message is ready for transfer one *
~ word at a time to the associated data processing equip-
‘ment 9 in FIG. 10. This figure includes an incoming
trunk scanner or a message transfer scanner 56 which is.

“The input Vcltagcs for thc even and odd gates 365

”'and 366 are obtained from binary counter 368, and these
'voltages effective in the even and odd gate outputs read
out the words from the twistor memory 38 in FIG. 16
in accordance with a proccdure that is presently seen.

. The odd gate output is transmitted through inhibiting

- 20

25

- one gate 369 primed by the —24 volt potcnnal obtained
_ from the 1-side output of wait flip-flop 378 in the reset

‘state.
~the 7-lead in FIGS. 10, 13 and 16 to the input of gate

287 in FIG. 16. This gate supplies its output voltage to

The output Voltage from gate 369 is applied via

the 1 read gate which is primed by the output- voltage

- from the 1-position of the associated word counter 42.
‘This read gate energizes its associated 1 read amplifier

. which reads out the first word of incoming message slot

essentially a ring. counter of a type similar to the in-

B 11 and 14, respectwcly Tt is noted that the message

transfer scanner comprises a number of stages equal to

- dividual clock ring counters 182 and 251 shown in FIGS.

30 ner previously explained.

the number of incoming message slots in the twistor mem-

"-_'."-.ory 38 in FIG. 16 thereby insuring a read out of the =
" incoming message in each slot in turn . into the data

. side output of flip-flop 379 in the reset state.
As the message transfer scanner .

35 of gate 371 applied through OR gate 372a activates thc.

incoming trunk, the message transfer scanner is effec- o

| twely scannin g the mdmdual incoming trunks in turn.

:l -'gate 325 1s enablcd 10 transmlt the —8 volt potcntlal-._.

“from its output on lead 327 in FIG.. 13 as hereinbefore

mentioned. At the same time, the —8 volt potential in-

the output of gate 325 is supplied to the input of en-

‘abling AND gate 361 primed by the voltage ouput on the
8 lead in FIGS. 13 and 14 from the 10th position of word

‘counter 42 in FIG. 16 at the end of the ten-word mes-
Gate 325 transmits thc message received OK sig-
" nal voltage from its output via enabled gate 361 and onto
. Jead 334 in FIGS. 13 and 16 as previously mentmned |
-~ In additicn, the —8 volt potentlal in the output of gate

.sage.

361 applied to lead 334q in FIGS. 10 and 13 sets mes-

“A from the twistor memory 38 via the 1 through 27 bit

read out amplifiers 192 and 1 through 27 leads 101 1n

- FIG. 16 into the shift reglstcr 30 in FIG 8 111 thc man-

“The —8 volt potcnhal from the output cf even gatc
365 in FIG. 10 is accepted by inhibiting two gate 371
primed by the —24 volt potentlal recetved from the 1-
‘The output"

1 through 22 transfer gates 372 primed or not primed via

- leads 165 and 165q by the output voltages of the 1 through
22 flip-flops of the shift register 3¢ in FIG. 8. It is now
hen the hecks out at1sfactor1ly- 40'.recallcd from the previous description that the first text
When the incoming message checks out s !

word is stored in the shift register. At the same time, the
voltage output of gate 371 sets wait flip-fiop 370 m_FIG
10 whose 1-side output voltage of —8 volis applicd via

f‘thc 14 lead in FIGS. 10 and 16, and gate ADV in FIG.
45 '

16 advances the word counter 42 to its 2-position.
The —8 volt potentials from the 1-side outputs of the-

 set 1 through 22 flip-flops of the shift register prime the '

sage OK ﬂlp flop 362 whose 1-side output potcntlal of

—8 volts primes enabling AND gate 363 in FIG. 10. K

When message transfer scanner 56 in FIG. 10 provides a

8 volt potential to the input of scan gate 363, this po-
" tential accepted thereby sets transfer flip-flop 364 which

supplies a —8 volt output potcntlal from its 1-side out-

put to prime even and odd cnabhng AND gates 365 and

366, respectively, and is applied via enabling AND gate-

394 for disabling the message transfer scanner 56 in

~ manner, not shown, but understood in the art and via OR'
~ gate 367a to inform the data prcccssmg eqmpment 9 a

- message IS ready.

10 returns a send message signal voltage on lead 3675
to set start flip-flop 359 which provides from its 1-side
~ output a —8 volt potential through OR gate 32¢ to prime
~start enabling AND gate 391 which activates bmary count-
er 368. A clock circuit 54 mcludmg a master clock 392,

80

- fer of 0 bits.

_corrcspondmg 1 through 22 transfer gates 372 for in-
- dicating the transfer of 1 bits but the —24 volt potentials

5o from the I-side outputs of the reset 1 through 22 flip-

flops of the shift register do not prime the corresponding

1 through 22 transfer gates 372 for indicating the trans-
As a consequence, the primed transfer gates

transmit output voltages whereas the non-primed trans-
fer gates do not transmit output voltages. Thus, the 1
and O bit indications of the first text word are simul-
taneously transmitted in parallel via the corrcspondmg
1 through 22 circuits 373 into the data pmccssmg eqmp- N
ment. The first text word of the message in incoming
slot A of the twistor memory 38 in FIG. 16 is thus trans-
ferred into the data processing equipment in FIG. 10.

Tt is understood that the circuits 373 may comprise co-

- ' 65
In due course, the data prcccssmg equlpmcnt 9 in FIG.

axial transmission lines and amplifiers to supply the re-
spective 1 bits with appropriate magnitudes to the data
processing equipment. After the first text word is trans-
ferred imnto the data processing equipment as just men-

- tioned, action is suspended until a parity OK signal volt-

70

drive pulse generators 395 and 396, and enabling AND
gates 393 and 394 contmls the processing of the incommg

messages, and allows sufficient time for the transfer of
- incoming messages from the incoming message slots of

5

age is rccewcd therefrom on lead 62, prcv1ded such parity
signal is initiated by the data processing equipment to

indicate the next text word may be transferred thereto.

Assuming a parity OK signal voltage was received

~on lead 62, this voltage sets simple parity OK flip-flop

376 whose 1-side output potential of —8 volts primes
enabling OK AND gate 377 and at the same time via
lead 378 in FIGS. 8, 9 and 10 resets the 1 through 27
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flip-flops of the shift register in FIG. 8, in preparation

for the transfer of the second text word from the twistor
memory 38 in FIG. 16 to the data processing equipment
9 in FIG. 10 in the manner just described for the trans-
fer of the first text word. The output voltage of gate

377 resets wait flip-flop 370 whose 1-side output of —24

volts enables both inhibiting gates 369 and 371. Now,
the output voltage of gate 369 performs the following
functions: (1) it resets flip-flop 370; (2) it acts via
OR gate 379 to reset simple parity OK flip-flop 376; and
(3) it is effective on the 7-lead in FIGS. 10, 13 and 16
to activate the 2 read gate and amplifier in FIG. 16
to read out the second text word from the twistor mem-

ory into the shift register, in the manner of the read

out of the first text word as just explained. It is noted
that the 2 read gate is primed by the output voltage
from the 2-position of the word counter 42.

The next output from gate 365 in FIG. 10 is accepted
by inhibiting gate 371, enabled by the 1-side output of
—24 volts of reset flip-flop 370. The —8 volt poten-
- tial in the output of gate 371 is applied via gate 372a

to the inputs of the 1 through 22 fransfer gates 372

primed by the —8 volt potentials in the 1-side outputs
of the set 1 through 22 flip-flops of the shift register for
indicating the transfer of 1 bits but not primed by the
—24 volt outputs of the reset 1 through 22 flip-flops
of the shift register for indicating the transfer of (& bits,
in accordance with the procedure of transferring the 1
and O bits of the first text word from the shift register
to the data processing equipment 9 in FIG. 10, in the
manner just explained. The second text word of the
message in incoming slot A of the twistor memory 38
in FIG. 16 is thus transferred via the 1 through 22 trans-
" fer gates 372 and corresponding 1 through 22 circuits
373 into the data processing equipment 9. Again, the
read out of the 1 through 22 transfer gates 372 for the
second text word as just mentioned is accompanied by
the simultaneous setting of wait flip-flop 370-whose 1-side
output of —8 volts inhibits both gates 369 and 371.
This precludes further read out of the 1 through 22 trans-
fer gates 372 until a parity OK signal voltage is sup-
plied by the data processing equipment to lead 62.
Now, assuming that a parity NG signal voltage was
applied by data processing equipment to lead 61 In
FIG. 10, in response to the transfer of the second text
word thereto, this voltage sets the simple parity NG
flip-flop 376a whose 1-side output voltage of —38 volts
primes no good parity NG gate 380. As this gate 1is
also supplied with —8 volt potential at this time from
 the output of gate 365, gate 380 supplies the —38 volt
potential to the set input of flip-flop 370 which 1s al-
ready activated to the set state by the output voltage
of gate 371. Hence, there is continued the inhibiting
of gates 369 and 371 by the 1-side output of —8 volts
of set flip-flop 370. The voltage output of gate 366 1s
ineffective at this time since both gates 369 and 377 are

presently blocked to voltage transmission. In addition,

gate 377 is also blocked to voltage transmission. How-
ever, the —8 volt potential from the output of gate 365
is accepted by enabled gate 380, and transmitted there-
through to the set input of wait flip-flop 370 which 1s
already in the set state and via gate 372a to the 1nputs
of the 1 throungh 27 transfer gates to stimulate another
read out of the second text word stored in the shift reg-
ister. This procedure is continued until the data proc-
essing equipment 9 in FIG. 10 returns a parity OK sig-
nal voltage on lead 62 to set flip-flop 376. .

In a manner similar to that for transferring the first
and second text words, the third through tenth text words
of the message recorded in incoming message slot A
of the twistor memory 38 in FIG. 16 are transferred
to the data processing equipment in FIG. 10. After
the tenth text word is transferred, the parity OK signal
voltage applied to lead 62 by the data processing equip-
ment @ in FIG. 10 sets flip-flop 376 whose 1-side output
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voltage enables gate 377 which accepts the output volt-
age from gate 366 for resetting flip-flop 370, and the
output voltage supplied by the 10 position of word counter
42 and effective on the 8 lead in FIGS. 10, 13 and 16
resets flip-flops 362 and 364 in F1G. 16.

In the event a five-word incoming message, instead of
a ten-word message, was being transferred from twistor
memory 38 in FIG. 16 to data processing equipment 9 n
FIG. 10, the output voltage supplied by the 6-position
of the word counter 42 in FIG. 16 and effective on the 9
lead in FIGS. 10, 13 and 16 is accepted by short-message
enabling AND gate 381 in FIG. 10. This gate is enabled
by a -8 volt potential received from the 1-side output ot
short message flip-flop 382 in the set state. This 1-side
output voltage of flip-flop 382 is also supplied via OR
gate 385 and output lead 386 to inform the data process-
ing equipment 9 in FIG. 10 that a short or five-word mes-
sage is to be transferred thereto. Flip-flop 382 is activated
to the set state by the --8 volt potential received from
the output of enabling AND gate 383 which accepts a
—8 volt potential from the 1-side output of the 1 set
flip-flop of the shift register 3¢ in FIG. 8 and which 18
enabled by the output voltage received from the 1-position
of the word counter 42 in FIG. 16 and effective on the 11
lead in FIGS. 10, 13 and 16.

Tn addition, the —8 volt potential available in the 1-
side output of set flip-flop 382 in FIG. 10 and effective on

lead 382q in FIGS. 10 and 13 primes enabling AND gate

382h., At this time, the —8 volt potential in the output
of gate 325 is applied on lead 327 to the input of enabling
AND gate 382¢ which is primed by the —8 volt potential
effective on lead 10 in FIGS. 13 and 16. Gate 382c¢ there-
fore transmits the —8 volt potential to the input of primed
gate 382b which transmits the —8 volt potential as a
“message received OK signal” on lead 334 and outgoing
trunk circuit A in FIGS. 13 and 14 to the originating data
station 11. At the same time, the —8 volt potential in
the 1-side output of gate 382b is applied on lead 334a
to set flip-flop 362 in FIGS. 10 and 13. This initiates the
procedure to transfer the five words of the short message
from the twistor memory 38 in FIG. 16 via the shift reg-

ister 30 and gates 372 in FIGS. 8 and 10, respectively, to

the data processing equipment 9 in FIG. 10, as herein-
before explained in connection with the transfer of a
ten-word message.

The output voltage from enabled gate 381 is applied
through OR gate 384 to reset flip-flop 364. This com-
pletes the transfer of the ten or five-word message from
the incoming message slot A of twistor memory 38 In

FIG. 16 to the data processing equipment 9 in FIG. 10.

In accordance with the identical procedure as afore-
described, the remaining incoming messages in incoming
message slot B, as well as other incoming message slots,
of the twistor memory 38 in FIG. 16 are transferred there-
from to data processing equipment 9 in FIG. 10.

What is claimed is: | |

1. In a transmitter for a digital data message including
at least one word having a preselected number of bits,
comprising: means for storing said message word and an
internal control word, said control word having a number
of bits equal to the preselected number of bits in said

message word and including only one selected bit of a

possible two binary bits in a predetermined position to

indicate the availability of the first bit of a message word
at hand for transmission, a source for providing a pre-
determined number of discrete voltage pulses in corre-
sponding distinct time slots of a repetitive timing cycle,
a transmission line, means actuated by a first group of
said timing pulses in associated distinct time slots of said
repetitive timing cycle for acfivating said storing means
to transmit one bit of said message word to said transmis-
sion line in correspondence with each of said shiftings of
said selected bit position-by-position in said control word
until said whole message word 1s transmitted from said




" basis. | SRR
. 2. In a transmitter for a d1g1tsl data messsge contarn- --

 number of words in said n

o 5,249,918

”:-stormg means o said trsnsmrssron 11ne on a blt-by blt |

-'mg a plurality of Words, each 1nclud1ng a preselected -

- number of bits, comprising means for storing said plural-
. ity of message words and an internal control word, said

 control word having a number of bits equal to ssrd pre- .

- selected number of bits in each of said message words,

. said control word also 1nclud1ng only one selected bit of a
~ possible two binary bits in a predetermined position to
. indicate the availability of the first bit of a first word of -
-~ 'a message at hand for transmission, & transmission line,
- a source for providing a predetermlned number of discrete
~ timing voltage pulses in corresponding distinct timing -
- slots of a repetitive tnr.ung cycle, means actuated by first

42

c1sted drstrnct t1n1e slots of said repetrtwe timing cycle
to. activate said first storing means for shifting said
selected bit one position at a time from said predeter-.
~mined position until said selected bit is returned again

~ to said predetermined position in said control word, and

- means responsive to a second group of said timing pulses
~ in -associated distinét time slots of said repetitive timing

" cycle for activating said second storing means to store
- therein each message word bit received from said trans-

10 .;mrssmn line in a position corresponding with the posi-
tion of said selected bit in said control word in said

| repetrtwe timing cycle until said entire message word

groups of said timing pulses in associated distinct time-
~ slots of said repetitive timing cycle to activate said stor- -

ing means for shlftlng said selected bit from -said pre- "

N determined position. one position at a time until said -
20

) certain bit is returned to said predetermmed bit posrtron

" in said control word for a number of -times ‘equal to the -

“activating said storing means to transmit one bit from the

o respectlve message words in turn to said transmission line

1in correspondence with each of said shiftings: of said .
selected bit one position at a time in said control word
- until each complete word of said message at hand is trans-
“mitted from said storing means to ssld trsnsmrssron line.

" on a bit-by-bit basis.

3. In a transmitter for a plurshty of dlnrtal data
" messages, each containing a plurality of words, each -
‘including a preselected number of bits, cornprlslng means_ |

o including a plurality of memory message slots, each
storing the words of one message and an internal control }

©word, said control word having a number of bits equal
to said preselected number of bits of each message word

~ and 1nclud1ng only one selected bit of a possible two

binary bits in a predetermined posrtlon for indicating

o - the availability of a first bit of a first word of a first
- message at hand for transmlssron,_a transmission line,
- a source for provrdmg a predetermined number of dis- -

essage at hand, and means re-

- sponsive to second groups of said timing pulses in asso-
ciated distinct time slots of said repetitive time cycle for
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- is stored in said message storing means on a. brt-by-blt h
~ basis. | o |
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5. In a receiver for 2 d1g1tal dats message 1nclud1ng
at lesst one. word having a preselected number of bits,

__ -comprrsrng a line for transmitfing said message word
incoming to said receiver on a bit-by-bit basis, first means

for storing said incoming message word, second means

for initially storing a control word .mcludnwr a number
of bits equal to the preselected number of brts in said

incoming -message word and havmg only one selected

~ bit of a possible two binary bits in a predetermlned

posrtron to indicate . the svslls.bllrty of said receiver to

receive a first bit .of said incoming message word, a

source for providing a predetermined number of dis-

~ crete voltage pulses in corresponding distinct time slots

of a repetitive timing cycle, third means for temporarily

- storing said control word, means actuated by a first one
of said timing pulses in an associated time slot of said
| repetltlve timing cycle to operate said second storing

means to transfer said control word therefrom to said

. third storing means, means responsive to a second one
of said timing pulses in an associated distinct timing slot

of said repetitive tunrng cycle to activate said first stor-

ing means to write in thereinto an incoming bit from

~ said line in a posrtron corresponding to the position of

40 timing
- repetitive timing cycle to advance said third storing
- means one stage at a time to remove a bit from one

crete voltage pulses in corresponding: distinct time slots

? of a repetitive tlmlng cycle, means Tesponsive to some

-said repetitive timing cycle to activate said memory

means for shifting said selected bit one posrtron at a

 time until said predetermined pos1t1on is again reached

in each of said control words in turn for a number of

" times corresponding to the number of words in each of
~said messages at hand, and means responsive to second

~groups of said t1n11ng pulses in- associated distinct time
slots to activate said memory means for transmitting one
"bit from each word of each message in turn to said trans-
mission line in correspondence with each of said . shift-
‘ings of said selected bit in each of said control words in

turn until each complete word of each of said messages
esns o ssrd_

60 ‘number of bits in each of said message words and having

in tourn is transmitted from said memory
transmission line on a bit-by-bit basis.

4. In a receiver for a digital data message contalnlng'
~at least one word including a preselected number of

bits, cornprrsrng a line for transmitting said message

~ word incoming to said receiver on a bit-by-bit basis,
65

 slots of a repetitive timing cycle means activated by first . -

first means for initially storing an internal control word
including a number of bits equal to the preselected num-
ber of bits in said message word and hsving only omne

selected bit of a possible two binary bits in a predeter—l |
mined position to indicate the availability of said receiver -

to receive the first bit of said message word mcommg

~ on said line, second means for storing said incoming
- message word a source for providing a predetermined

number oOf discrete voltage pulses in corresponding

: 45
- of said timing pulses in associated distinct time slots of -

- said selected bit in said control word in said second
storing means, means responsive to a third one of said

timing pulses in an associated distinct timing slot of said

end position and to restore it to the opposrte end position

while at the same time shifting the remaining bits one .
~position between said one and opposite end positions

until said certain bit is shifted to ‘said predetermmed

- position in said control word, and means activated by

a fourth one of timing pulses in an’ associated distinct

~time slot of said repetitive timing cycle to actuate said

50

third storing means to transfer said shifted control word .
therefrom to said second storrng means for stormg said

~.-entire message word incoming from said line in said

bb

ﬁrst storing means on a bit-by-bit basis.
6. In a receiver for a data message compr1s1ng a

plurslrty of words, each including a preselected number

of bits, comprlsmg a line for transmitting each of said

message words in turn on a bit-by-bit basis, first means

- for storing each of said message words in turn incoming

70

distinct time slots of a repetitive timing cycle, means |

responswe to a first group of said fiming pulses in asso—-

- 75

on said line, second means for initially storing a control
word 1nclud1ng a number of bits equal to the preselected

one selected bit of a possible two binary bits in a predeter-

mined posrtlon to indicate the availability of said receiver

to receive a first bit of a first message word incoming on
said line, a source for prowdmg a predetermined number
of d1screte voltage pulses in corresponding distinct tlmlng

groups of said timing pulses in associated distinct timing

- slots of said repetitive timing cycle to operate said second

storing means for shifting said selected bit one position at
a time away from said predeternnned position until said
selected bit is returned again to said predetermined posi-
tion for a number of times equal to the number of words
‘in said message, and means activated by a second group of
.sa1cl ftrmmg pulses in associated distinct tumng slots of
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said. repetitive timing cycle for operating said first storing
means to write in therein one bit of each incoming message
word in turn in a position corresponding to each position

of said selected bit as said last-mentioned bit is shifted In

said ‘control word until said incoming complete message
words are written into said first storage means on a b1t-by-
bit basis.

7. In a receiver for a plurality of data messages, each
including a plurality of words, each including a plurality
of bits, comprising a plurality of transmission lines, one
for each of said messages, means for storing a control
word and the words of each message incoming on one of
said lines, each of said control words having a number of
~bits equal to the number of bits in each word of each of
-said messages incoming on one of said lines and including
only one selected bit of a possible two binary bits in a
predetermined position for indicating the availability of
said receiver to receive a first bit of a first word of each
of said messages, a source for providing a predetermined
number of discrete voltage pulses in corresponding dis-
tinct timing slots of a repetitive timing cycle, means acti-
vated by first groups of said timing pulses in associated dis-
tinct timing slots of said repetitive timing cycle to operate
said storing means for shifting said selected bit one posi-
tion at a time away from said predetermined position until
said selected bit is again returned to said predetermined
position in each of said control words for a number of
times equal to the number of words in each of said mes-
sages, and means activated by others of said timing pulses
in associdted distinct timing slots of said repetitive cycle
for operating said storing means to write in one bit of
each incoming message word in turn on each of said lines
in a position corresponding to each position of said select-
ed bit in each of said control words in turn until said in-
commg complete message words are wriiten in said stor-
ing means. -

8. In a system for communicating a digital data mes-
sage of at least one word having a preselected number of
bits, comprising a transmitter, a receiver, and a transmis-
sion line interconnecting said transmitter and receiver,
said transmitter including means for storing said message
word and an internal control word, said control word hav-
ing a number of bits equal to said preselected number of
bits 1n said message word and including only one selected

bit of a possible two binary bits in a predetermined posi-

44
tion to indicate the availability of said storing means for
message transmission, a clock source for providing a pre-
determined number of discrete voltage pulses in corre-
sponding distinct time slots of a repetitive timing cycle,
means actuated by a first group of said timing pulses to
activate said storing means for shifting said selected bit
one position at a time from said predetermined position

~until said selected bit is again returned to said predeter-
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mined position, and means operated by a second group of
said timing pulses for activating said storing means to
transmit one bit of said message word to said line in corre-
spondence with each of said shiffings of said selected bit
in said control word one position at a time for trans-
mitting said message word from said storing means to said
line on a bit-by-bit basis, said receiver including means
for storing said message word and an internal control
word, said last-mentioned control word being identical
with said transmitter control word and including -said
selected bit, a second clock source for providing a pre-
determined number of discrete voltage pulses in corre-
sponding distinct time slots of a second repetitive timing

- cycle, means responsive to a first group of said pulses of
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said second clock source to activate said receiver storing
means for shifting said selected bit one position at a time
therein until said selected bit is returned again to said
predetermined position in said receiver control word, and
means responsive to a second group of said second clock
pulses for activating said receiver storing means to store
therein each entire message word received from said line
in a position corresponding with the respective positions
of said selected bit in said receiver control word on a bit-
by-bit basis. |
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