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1. GENERAL

1.01 The 81D1 system isanautomatic teletype-

writer message switching system designed
to provide efficient and rapid handling of mes-
sages between the various stations on an exten-
siveprivate line teletypewriter network involving
several lines and a multiplicity of stations.
Both long distance lines and short or local lines
may be included. Provision is made for oper-
ating the long lines ona duplex basis with several
stations on each line if desired. Local lines
may also be operated on this basis but provision
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is made for simpler connections to local lines

terminating in a single station.

1.02 This section is reissued to change its

rating to Standard and to remove the re-
strictive notice stating that the practice is not
a publication.

1.03 All lines terminate in a switching office

(Figure 1). There may be several switch-
ing offices in a system, in which case the switch-
ing offices are interconnected by trunks. These
switching offices contain the switching equipment
for guiding messages to-their destination and
include machines for handling messages to and
from the office as well as machines for storing
messages briefly while switching operations are
performed. Arrangements are provided at each
switching office for general supervision and
control of traffic flow on the network.-

1.04 The entire system functions in such a

manner that a message may be sent from
any sending teletypewriter and recorded on any
desired receiving teletypewriter or group of
teletypewriters in the network without requiring
manual handling other than the original perfora-
tion of tape at the sending station and the re-
moval of the typed message from the receiving
machine or machines to which it was directed.
The switching operations are entirely auto-
matic and are under the control of directing
characters punched in the original transmitting
tape at the head of each message and end-of-
message characters punched at the end of each
message. v .

1.05 Safeguards are provided to prevent loss

of messages in case of trouble. Trouble
conditions are quickly called to attention by
various alarms throughout the system. These
alarms indicate to operating and maintenance
personnel the existence and location of trouble
and other irregularities which might otherwise
cause loss of messages.

1.06 A typical layout of an 81D1 system fur-
nished a major airline is shown in Figure
2. This system involved three switching offices,
located at New York, Chicago, and Euless, Texas,
and serving stations at about 126 locations
throughout the United States and Canada.

A. Improved Features of 81D1 System

1.07 The 81D1 system represents an expansion
and improvement of the 81C1 system now
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Figure 1 — A Typical Switching Center Office

in service for certain large private line tele- (¢) The handling of relatively large volumes

typewriter customers. The 81C1 system pro- of multiple address traffic.

vided for the rapid handling of messages but

without provision for the special handling of (d) Means on multistation lines for a constant

urgent messages. It provided for handling a checking of the line facilities as well as

limited amount of multiple address traffic and the operation of station control arrangements

the switching office was arranged for a maxi- on these lines.

mum of 30 input and 60 output paths on a stand-

ard basis, although two larger offices were (e) Means for preventing the loss of messages

installed on a specially engineered basis. bearing invalid codes on multistation out-
going lines.

1.08 The 81D1 system provides new and im- (f) Automatic address arrangements for out-

proved features as follows: lying stations.

(a) A switching office with a maximum of 60 (g) Multiple trunks between switching offices.
input and 100 output paths.

(h) Speeded-up switching functions at the

(b) Thepickup and delivery of urgent messages switching office and a more equitable

on an expedited basis. distribution, toall inputs, of access to common
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switching apparatus. Also more uniform
distribution of load over an outgoing group of
- trunks or local outlet circuits.

(i) Improved cross-office transmission and

cross-office monitoring arrangements,
made possible by electronic hubcircuit cross-
office transmission.

(j) Improved maintenance arrangements.
(k) Greater intercept capacity.
(/) Improved power plant. |

B. Fields of Application

1.09 Automatic switching systems are advan-

tageous for use for heavy duty services
involving long distance lines where at least
several different line circuits are included and
there is a need for passing a considerable vol-
ume of traffic between circuits. In earlier
arrangements, this relaying of traffic has been
done either by manual recopying of the messages
or by the manual handling of perforated tapes.
In some later arrangements messages received
in perforated tape form are relayed by oper-
ators who read the address and push a button to
direct the message to the proper circuit.

1.10 The automatic switching of messages, as

done in the 81C1 and 81D1 systems, has
the following advantages as compared with such
manual relay methods:

(a) &t eliminates much operating labor at
relay offices. .

(b) It provides faster and more uniform speed
of service.

(¢) It permits efficient use of long multipoint
duplex circuits up to a point approaching
their full capacity.

(d & can accommodate wide variations in

load through a relay center within its
capacity, and also temporary overloads, with-
out changes in operating personnel.

(e) Automatic operation is less susceptible to

errors in handling traffic. To this end -

the 81D1 system is reinforced by automatic

- supervisory features, message interception
means, and alarms to avoid difficulties from
machine or circuit troubles or from operator
errors.
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(f) - The automatic handling of multiple address
and group code messages greatly expe-
dites them and saves much labor.

(g) Each message is delivered only to the
station or stations to which it is directed,
. even on multipoint circuits.

(h) It provides efficient and economical means

for localdelivery of messages from switch-
ing offices or station selectors to machines
located in nearby buildings or offices where
such messages are ultimately used.

(i) It provides for full control and supervi-

sion of the traffic flow from switching
offices, including means for automatically
intercepting and later transmitting messages
for stations which may be temporarily closed
or out of service for any reasons.

1.11 1In applications of 81C1 systems made to

date, the average message length has been
between 15 and 60 words. For messages of such
length automatic switching has been found very
desirable. The shorter the message length the
greater is the advantage of automatic switching.

1.12 The indications are that the 81D1 system

will find application for large industrial
concerns, merchandising houses, manufacturing
and distribution organizations, air lines, and
others who have offices in widely separated
cities with a need for mutual interchange of
messages among their various offices on a rapid
and efficient basis.

1.13 The first cost installed of the common

equipment, including power supply, re-
quired for a switching office is quite appreci-
able, so that in general, this kind of switching
system will find its main fields of application
in networks involving more than 5 multipoint
lines connected to one switching office and in
extensive networks involving more than one
switching office.

C. General Features of System
1.14 Some of the more important features of
the 81D1 system are as follows:
(2) It may involve one or more switching
offices. Where there is more than one

such office they are connected by direct
trunks which do not have way stations.
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(b) A total of 400 directing codes is available

for assignment in any one network. Ac-
cordingly, a network might include up to 400
stations identified by individual two-character
codes, or somewhat fewer stations if some
"~ codes are used for multiple address and group
codes. A maximum of 200 individually coded
stations can be served by one switching office,
only ten first characters being available for
these stations. :

(c) Any multipoint line may have connected to

it up to a maximum of 10 sending and 10
receiving stations in addition to the switching
office. Such lines must be operated on a full
duplex basis and are limited to using only 6
first code characters and 16 codes in all.

(d) The limit on the number of multipoint

lines that can be served from one switch-
ing office is usually determined by the number
of cross-office transmission paths that can
be provided and by their apportionment, 60
paths being the maximum. These paths rep-
resent inputs to the regular link circuit and
are assigned to the horizontals of the cross-
bar switches. One such path is required for
each line, but since one path is also required
for each incoming trunk, each originating
station and each willful intercept, the line
capacity is governed by the needs for paths
for the latter purposes and usually is taken
at about 35 lines.

(e) In some cases, however, the line capacity

of a switching office may be controlled by
the maximum number of outlets available from
the link circuits, rather than by the maximum
number or assignment of cross-office trans-
mission paths. These outlets are assigned to
the verticals of the crossbar switches, and
the maximum number of verticals in either
the regular link circuit or the multiple ad-
dress link circuit is 100. In the regular link
circuit two to six verticals are needed for a
multiple address position. In addition, one
vertical is required for each local outlet sta-
tion, multichannel trunk path, willful intercept
machine or miscellaneous intercept machine,
and two are required for each outgoing line
or single trunk, Similarly, in the case of the
multiple address link circuit, one vertical is
required for each local outlet station, multi-
channel trunk path, and multiple address
intercept machine, and two verticals are re-
quired for each outgoing line or single trunk
except when urgent message arrangements
are provided, in which case three are needed.

Page 6

(f) Any line may be operated at either 60 or

-T75 words per minute. All cross-office
transmission, transmission from switching
office sending positions, and transmission to
local outlets and multiple trunksis at 75 words
per minute. For information on operating the

- system at 100 words per minute, refer to the

section covering the improvements in the 81D1
teletypewriter switching system including 100-
speed operation (Section 580-101-101),

(g) All sending on the system must be on an
automatic basis from perforated tape. No
provision is made for direct keyboard sending.

(h) The sending from the various stations on

a multipoint line is under the control of
the switching office. Sending from any station
on the line will be automatically started in its
rotation sequence.

(i) Messages that are received from lines
are recorded in perforated tape form by

reperforator-transmitters at the switching

office, then transmitted through a crossbar
switching system to similar machines asso-
ciated with outgoing line or single trunk cir-
cuits where they are again recorded in per-
forated tape form for retransmission on the
required circuit when it is available. This
double storage system permits the lines to
operate at speeds as previously mentioned
but the same principle does not apply to the
local outlets or multiple trunks which are
directly connected to the switching unit and,
accordingly, must operate at cross-office
transmission speed.

(j) Provision is made for the handling of both

single address and multiple address mes-
sages. This includes assigning each receiving
station an individual two-letter code which
must be used as a directing code preceding
single address messages for this station.

(k) All multiple address messages are pre-

ceded by a common multiple address code
and may then include as many individual sta-
tion codes as desired or a group code or any
combination of these. The multiple address
code will carry the message to separate ma-
chinery in the switching office which takes
care of its proper distribution to the various
lines that are involved.

(/) Message intercepting means are provided
at the switching office:
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(1) To intercept automatically and record
in perforated tape for manual handling

any messages having codes not valid in the

system. ' ’

(2) Tointercept willfully all single address

messages for any station or group of
stations and record them in a perforated
tape for automatic retransmission when it
is desired to release them. This feature
is controlled by keys located in the control
board.

(3) To intercept willfully all multiple ad-

dress and group code messages for any
station or group of stations and record them
in a perforated tape for manual handling
and retransmission when it is desired to
release them, This feature is controlled
by the same keys as in (2) above.

(m) The minimum time required for a charac-

ter to pass through the switching office
when circuits are available is less than one
second so that under favorable conditions a
message may be completely delivered at its
destination a few seconds after it has been
sent. Except under bad overload conditions
or possibly in the case of multiple address
messages the messages would normally be
delayed not more thanafew minutes in trans-
mission through the switching office.

(n) Optional arrangements are available to

pick up certain messages in outlying sta-
tion transmitters on a priority basis before
regular (nonpriority) traffic is picked up.

(o) Optional arrangements are available to

handle urgent messages across the office
to outgoing lines and single outgoing trunks
on an expedited basis. These messages, which
carry a special urgent message code ahead of
their regular code or codes, are handled
through the multiple address position to an
additional reperforator-transmitter on heavily
loaded outgoing lines or single trunks. These
reperforator-transmitters are given greater
opportunity to transmit their urgent messages
to the lines or trunks to which they are as-
signed than are the two regular machines.

(p) Arrangements can be made so that mes-

sages having certain directing codes are
handled on a controlled basis so as..to be
transmitted through switching offices in such
a way as to minimize delay of uncontrolled
messages.
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(q) Automatic address arrangements are

available whereby messages can be ad-
dressed automatically at outlying stations by
the operation of keys.

(r) The continuity of the multistation lines
and the operation of the station control
arrangements are automatically checked after
each incoming transmission and any failure
alarmed at the switching office.

(s) One receiver at each station control point

can be optionally arranged to receive
messages with nonvalid codes for its line as
well as its own messages.

(t) Arrangements known as supplementary

multiple address equipment are available
for automatically breaking down 2-; 3-, and
4-address messages received at a switching
office into 2 messages, 3 messages or 4 mes-
sages each carrying a single code for further
switching.

(u) Testing and maintenance arrangements

are provided, including means for moni-
toring lines and loops as well as all inputs
and outputs of cross-office paths.

(v) All circuits in the switching office except

the alarm circuit are plug-connected,
using multipoint plugs, so that in case of cir-
cuit or equipment trouble spares can be quickly
substituted to restore service.

D. Security Against Loss of Messages

1.15 Assurance against the loss of messages is

of vital importance to the users of switch-
ing systems. Automatic switching systems are
less subject than manual systems to one of the
greatest sources of message loss whichis human
error, but they are not immune to the possibili-
ties of human error. They are also open to
possible message loss due to line failures,
machine failures, and switching equipment fail-
ures.

1.16 While proper design of machinery and

circuits, good maintenance, especially of
thepreventive type, and adequate operator train-
ing and supervision may reduce to a minimum
the probability of message loss on a system,
troubles and errors will occur -and messages
will be lost unless some means is provided for
discovering that a message is in trouble. It is
of great importance also that when such condi-
tions exist they be brought to the attention of
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the operating personnel forcibly and as quickly
as possible so that they can be corrected and
the message continued on its way to proper ulti-
mate delivery with a minimum of lost time.
This time factor is of extreme importance in
the case of air lines where a delay of even a
few minutes sometimes cannot be. tolerated.

1.17 Several methods of message checking are

used today on switching systems and in
commercial telegraph practice. These methods
are based on numbering the messages and check-
ing their delivery from the numbers. Message
numbering also provides a means of message
identification and is very useful from this point
of view. Further, it provides a ready means of
counting messages for traffic studies and ac-
counting purposes.

1.18 Two general types of message numbering
are being widely used. These are point-
to-point numbering, wherein a message carries

its original number all the way to its destination,
and channel numbering, wherein a message has
a new sequential number added each time it is
transmitted over a communication channel.
Both of these methods require considerable
clerical time for keeping records and excessive
usage of line and switching apparatus time for
periodic checks or number transmissions. Nei-
ther provides a quick means of discovering the
loss of a message, and it may be many minutes
or even hours before the operating personnel
knows that a message is lost.

1.19 In view of the seriousness of message

loss and the necessity for rapiddiscovery
of trouble conditions, the 81D1 system has been
designed to reduce greatly the probability of
message loss and also to alarm troublé condi-
tions to a degree far beyond that provided for
in the 81C1 system. The security provisions in
the 81D1 system are summarized in Table A.

TABLE A

Condition That Might Cause
Message Loss or Serious Delay

(a) Substitution by originating operator of a
different valid code for the proper code
in a message.

(b) Presenceofaninvalid code in a message,
caused either by error on the part of
originating operator or by garbling be-
tween point of origin and switching office.

(c) Failure to use end-of-transmission sig-
nal. -

(d) Incoming line or trunk goes'open.

(e) Incoming multistation line closes down.

(f) Incoming line reperforator-transmitter
(or page RO machine when used) not re-
. sponding to signals.

(g) Tape not feeding through punchblockson
incoming reperforator-transmitter.

(h) Low tape supply on incoming reperfora-
tor-transmitter.
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Indication or
Automatic Action

(a) Delivery of message at wrong station.
(It is the responsibility of the receiver
of such a misdirected message to take
appropriate action.)

(b) Message appears on miscellaneous or
multiple address intercept, with visual
and audible alarm  at switching office.

(c) Automatic end-of-transmission after
45 seconds.

(d) Visual and audible Line Trouble alarm
at switching office.

(e) Visual and audible No Response alarm
at switching office on next transmitter
start attempt.

(f) Visual and audible Machine Trouble

alarm at switching office.

(g) Visual and audible Machine Trouble
alarm at switching office.

(h) Visual and audible Tape Out alarm at
switching office.
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TABLE A (Cont.)

Condition That Might Cause
Message Loss or Serious Delay

Torn tape at transmitter of incoming
reperforator-transmitter.

Failure of switching office operator to
provide sufficient tape at originating
station to feed end-of-message signal
through transmitter.

Torn tape during transmission of mes-
sage from originating station.

Failure of end-of-message signal to
appear on multistation incoming line,
no tape available to send in incoming
reperforator-transmitter and no incom-
ing signals for 45 seconds.

Failure of a director to complete its
connecting function.

Failure of sequence circuit to complete
its functions in 3 seconds.

Attempt by director to make a double
connection across office.

A cross-office path has been established
toa reperforator-transmitter and it fails
to respond to signals or the tape fails to
feed through the punch blocks.

A cross-office path has been established
to an intercept typing reperforator or to
a page RO or typing reperforator of a
local outlet equipped with machine alarm
and the machine fails to respond to sig-
nals.

Low tape supply in reperforator-trans-
mittersand typing reperforators reached
across office.

" Supplementary multiple address equip-

ment fails to complete its functions.

Torn tape at transmitter of any reper-
forator-transmitter reached across
office.

If any character other than LTRS follows
a FIGS H in transmission to an outgoing
line or single channel trunk.

@)

@

(k)

@)
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(n)

(0)

()

(@

(s)

(t)

(w)
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Indication or
Automatic Action

Visual and audible Tape Out and Director
Tie-up alarms at switching office.

Visualand audible Director Tie-up alarm
at switching office after 30 seconds.

Visualand audible Director Tie-up alarm
at switching office.

Automatic generation and transmission
of end-of-message signal across office.
(This is to clear the tie-up of the cross-
office path which may involve a number
of outlets.)

Visualand audible Director Tie-up alarm
at switching office.

Visual and audible Director Common
alarm at switching office.

Visualand audible Director Tie-up alarm
at switching office.

Visual and audible Director Tie-up and
Tape Out or Machine Trouble alarms at
the switching office.

Visual and audible Director Tie-up and
Machine Trouble alarms at the switching
office.

Visual and audible Tape Out alarm at the
switching office and automatic busy
placed on path at end of the message.

Visual and audible Sequence alarm at
switching office. '

Visual and audible Tape Out alarm at
switching office,

Visual and audible Tape Out alarm at
the switching office.
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TABLE A (Cont)

Condition That Might Cause
Message Loss or Serious Delay

(v) Power failure at a local outlet station
not equipped with machine alarm.

(w) Open outgoing multistation line.

(x) Open single station line or line to local
outlet.

(y) Open outgoing trunk.

(z) Closed down multistation outgoing line
or failure of SOTUS unit to operate or
sending station to send when tape is
available.

(aa) Code mutilated after being switched to
multistation line.

(ab) Sending station has been stopped by an
emergency stop.

(ac) Attempt to turn off station control power
when SOTUS is in deactivated condition.

2. GENERAL OPERATION OF SYSTEM
A. Operating Principles

2.01 The general operation of the system is

based on the use of one or more two-
letter directing codes (hereinafter referred to
as directing codes) at the beginning of each
message to direct it automatically through the
system to its ultimate destination. Release of
the switching path is affected by the use of a
second, two-character, end-of-message code at
the end of each message. The general scheme
of operation will be explained with reference to
the system diagram shown in Figure 2, following
the course of four typical messages: first, a
single address regular message; second, a regu-
lar multiple address message; third, a regular
group code message; and finally, an urgent
message.

B. Regular Single Address Message

2.02 Assume Providence hasa message to send
to Roanoke. The Providence operator

Page 10

Indication or -
Automatic Action

(v) Station made busy automatically.

(W) Visual and audible alarm at all stations
to which the line is open. [See also (z).]

(x) Receiver runs open.

(y) Visual and audible Line Trouble alarm
at switching office at receiving end of
trunk.

(z) . Visual and audible No Response alarm
- at switching office on next transmitter
start attempt.

(aa) Visual and audible alarm and message
printed at all master stations on line if
option is used.

(ab) Visual and audible Emergency Stop alarm
at station stopped or at last statlon to
have sent.

(ac) Power will not turn off until end-of-
message signal is received.

perforates a tape including, first, the Roanoke
directing code at the start, then the message,
and, finally, the end-of-message code. This
tape is inserted in the Providence transmitter
and when the transmitter is started in response
to control signals from the New York switching
office, the message will be transmitted to New
York, where it willbe received ona reperforator-
transmitter.

Note: The reperforator-transmitter (see
Figure 3) is a key instrument in the switching
office and consists of a typing reperforator,
as a receiving element, closely associated
with a pivoted type transmitter for resending
thereceived signals from the perforated tape.
The resending may be delayed and tape may
accumulate between the transmitter and re-
perforator but the transmitter can, through
its pivoting action, creep up the tape and send
out the last code combination which has been
perforated so that nothing is left stored in the
machine.
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Figure 3 — 14 Type Reperforator-Transmitter

2.03 Assuming there is no accumulation of

perforated tape in the reperforator-
transmitter at New York, the transmitter will
read the directing code characters and, through
the action of relay and crossbar switching
equipment, will set up a transmission path
across the New York office to an available one
of two similar reperforator-transmitters asso-
ciated with the outgoing line serving Roanoke.
Thedirecting code, message and end-of-message

signals willthen be transmitted across the office
to the outgoing line reperforator-transmitter.
The end-of-message code will cause the cross-
office connection to be released.

2.04 The message is now in the outgoing line

reperforator-transmitter, ready for trans-
mission as soon as any messages that have pre-
ceded itand are likewise waiting for transmission
have been cleared. At this time, the directing
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code and message will be sent on the Roanoke
line and through the action of a station selector
unit located in the Roanoke office the directing
code will cause the Roanoke receiving teletype-
writer to be connected and to record the mes-
sage. The Line Feed signal which normally
follows the single address code serves as an
end-of-address code and prevents further station
selection.

2.05 At other stations on the Roanoke line,

similar station selectors are in action
but, the directing code being for the Roanoke
station only, these other station selectors keep
the other stations in a nonprinting condition. At
the-end of the message the end-of-message code
will disconnect the Roanoke teletypewriter and
restore it to a normal nonprinting condition.

C. Multiple Address Message

2.06 Assume that Providence wishes to send

the same message to Roanoke, Peoria, and
Los Angeles. The message is first perforated
in tape by the Providence operator aspreviously
described except for the directing code. In this
case the directing codes will consist of (1) a
two-character code to indicate that it is a mul-
tiple address message, followed by thedirecting
codes for (2) Roanoke, (3) Peoria, and (4) Los
Angeles and the Carriage Return and Line Feed
signals to start the message. - .

2.07 The message is transmitted to New York

and received there on a reperforator-
transmitter as before. In this case, however,
when the transmitter reads the first two char-
acters indicating a multiple address message,
it will establish a cross-office path to a reper-
forator-transmitter in the multiple address
equipment. All directing codes and the message
are then sent across office to this multiple
address equipment and recorded there.

2.08 The multiple address equipment has its

own directing circuits with separate paths
to the outgoing line reperforator-transmitters.
Thus, when it reads the directing codes of this
message a path is- first established to a reper-
forator-transmitter for the Roanoke outgoing
line and the Roanoke directing code recorded
on it. This path is held but blinded while a path
is established to anoutgoing trunk reperforator-
transmitter for Chicago. A multiple address
code is then automatically sent on this path fol-
lowed by the Peoria code. This path is then also
held and blinded while a path is established to
an outgoing trunk reperforator-transmitter for

Page 12

Euless. A multiple address code is then auto-
matically sent on this trunk followed by the Los
Angeles code. The Carriage Return signal then
serves as an end-of-address indication for the
multiple address equipment, and the reperfora-
tor-transmitters tothe Roanoke line, the Chicago
trunk and the Euless trunk are unblinded and
made responsive so as to record the Carriage
Return, the message and the end-of-message
signals. The end-of-message signal causes dis-
connection of the cross-oifice paths in the New
York office.

2.09 The message is then sent to Roanoke as

before and separately to the Chicago and
Euless switching offices where it is again re-
corded on reperforator-transmitters. As in the
New York switching office, there is also multi-
pleaddress equipment in the Chicago and Euless
offices to which this message will be directed
in a'similar manner and whence it will be re-
transmitted to reperforator-transmitters for
the outgoing lines to Peoria and Los Angeles.
From these units, it will be sent on these lines
and recorded at the stations at Peoria and Los
Angeles, each of which has a station selector,
similar to the one described for Roanoke, to
direct the message to the desiredteletypewriter.

D. Group Code Message

2.10 Assume there is a considerable volume of

messages from Providence to the same
three stations in Roanoke, Peoria and Los
Angeles as described for the multiple address
message. This group of stations might then be
assigned a single two-character group code, for
example, CL. In perforating the original tape
in Providence, the operator would use the two-
character multiple address code previously
mentioned, followed by the group code CL which,
when received in New York, would direct the
message to the multiple address position whence
it would be automatically directed to the Roanoke
line, the Chicago trunk and the Euless trunk.
The station selector at Roanoke would also be
arranged to cut on its receiving machine on
reception of the CL code as would the station
selectors at Peoria and Los Angeles. When the
message was received in Chicago and Euless, it
would likewise be directed to multiple address
positions and from them to the Peoria and Los
Angeles outgoing lines, so that from this one
group code address it would automatically flow
through the system and berecorded at the three
ultimate destinations which had been preassigned
to be reached by any message carrying the
directing code CL.

N
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2.11 In similar manner, messages may flow
from any one point in the system to an-

other point or points as determined by the

directing codes preceding the messages.

E. Urgent Message

2.12 Assume Providence wishes to send an

urgent message to Roanoke. The Provi-
dence operator perforates a tape including, first,
a two-character urgent message code, followed
by the Roanoke directing code, the message and
the end-of-message code. Since Providence has
a requirement for sending urgency messages,
the transmitting station is equipped with a pri-
ority key. The Providence operator inserts the
tape in the transmitter and operates the priority
key. The transmitter will be started by control
signals from the New York switching office
before any other transmitter on the line with
regular messages is started and the message
will be transmitted to New York where it will
be received on a reperforator-transmitter as
before. In this case when the transmitter in the
New York switching office reads the urgent
message code, it will establish a connection to
one of a group of reperforator-transmitters
assigned to urgent messages in the multiple
address equipment.

2.13 The multiple address director will service

this message ahead of regular messages
waiting in other reperforator-transmitters of
the multiple address equipment. If the Roanoke
line is a heavily loaded line, a third outgoing
reperforator-transmitter for urgent messages
only will be provided on that line. The multiple
address arrangements will establish a connec-
tion to this third reperforator-transmitter and
send the Roanoke code, the message, and the
end-of-message code to it. The third reper-
forator-transmitter is accorded greater oppor-
tunity to transmit to the line than the two used
for regular messages and will transmit the
message to Roanoke as before.

2.14 Urgent multiple address messages are

handled in the same way except that sev-
eral outgoing lines or trunks are selected as
described under C. When an urgent message is
sent to a trunk it is preceded by an urgent
message code to identify it as an urgent mes-
sage at the next switching office.
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F. Typical Facilities Used

2.15 Typicalfacilitiesused to accomplish these
purposes in a switching office and on its

“connected lines are shown in block diagram form

in Figure 4. This diagram shows a multipoint
line, a single station line, a single channel trunk
and a multichannel trunk, all connected to a
switching office which has anoriginating station
machine, local outlets, intercept machines, a
multiple address position, including group code
equipment, and supplementary multiple address
equipment. The heart of the switching office is
the crossbar switch (designated LINK on the
figure) which serves to connect incoming line
or originating station positions to the proper
outgoing line, local outlet, intercept or multiple
address positions.

2.16 The specific functions of the various cir-

cuits and equipment shown on this diagram
will be explained later. In general, however,
messages received from incoming lines are
recorded in perforated tape by the reperforator-
transmitter. The transmitter section of this
unit is connected to a director which reads and
interprets the directing codes and, when given
permission to act by the sequence circuit, es-
tablishes a connection through the link to the
called-for outlet or multiple address position,
and causes transmission of the message. The
reading of the end-of-message code by the
director causes the link connection to be broken
down. The multiple address position also in-
cludes a director and circuits for making mul-
tiple connections directly to any desired group
of outgoing line, trunk or local outlet machines
as required for proper delivery of the message
to its various addresses.

G. Directing and Other Codes

2.17 Directing Codes: Of the 32 available tele-

typewriter selections, 20 have been set
aside for use in two-character directing codes
as follows: ABCDEFGIJKLNPQRSU
W XY (all letters except HM O T V Z). Only
letters of the alphabet are used for directing
codes, selections such as Carriage Return, Line
Feed, and other functions having been considered
unsuitable for the purpose. The letters T, O, M,
and V are not used because they are subject to
accidental production in the system due to a hit
on an idle line, and the characters H and Z are
used for other directing functions on incoming
lines to a switching office equipped with a re-
ceiving teletypewriter to record terminating
messages. '
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2.18 Z is used as a second character (to follow

any first character chosen from the above
group of 20 to represent the switching office)
and serves to connect the incoming line to the
receiving teletypewriter for recording the mes-
sage, and to blind the incoming line reperforator-
transmitter so it will not record the message.
H is used as a second character (to follow the
same first character chosen above to represent
the switching office) and serves to make both the
receiving teletypewriter and the reperforator-
transmitter effective to record the incoming
message so that it may .also go to the other
addresses through the switching equipment.

2.19 End-of-message Code: The end-of-mes-

sage code which has been previously men-
tioned is made up of the three characters, FIGS
H LTRS. This reacts throughout the system to
release switching paths which have been estab-
lished and to alert them for resetting inaccord-
ance with the directing code which will precede
the next message.

2.20 End-of-transmission Code: For efficient

operation of multipoint lines, it is desir-
able to have a signal received at the switching
office immediately upon completion of the trans-
mission of messages from one station so that,
without delay, signals may be sent to start the
transmitter of another station on the line. To
accomplish this, it is necessary for the operator
at the outlying point to perforate a special end-
of-transmission code in the tape containing the
messages to go in one transmission and then to
tear off the tape eight LTRS characters after it.
The transmitter is equipped with a tape out pin
to detect when the tape has run out and to stop
the transmitter so that following the sending of
this end-of-transmission signal about two LTRS
characters will be sent and the transmitter then
stopped. The end-of-transmission code consists
of the two characters H LTRS (immediately after
FIGS H LTRS at the end of the last message)
and should be followed by eight more LTRS
signals on the tape.

2.21 Desirable Start-of-transmission Signals:

While not technically necessary, it is
desirable to start each new transmission from
an outlying station with an end-of-message code
FIGS H LTRS, preceding the first directing code
for a message. This is to insure the automatic
clearing of all switching paths ahead of a new
transmission in case there has been any line hit
or other interruption or irregularity during an
idle period.
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3. TYPICAL MESSAGE TAPES

3.01 In the following examples covering the

preparation of message tapes,thedirecting
code for a given station or group of stations is
inserted only once at the head of a message.
Any mutilation of this code due to transmission
or machine errors will deliver the message
either (a) to the wrong station, if the code has
been changed to another assigned code, (b) to an
intercept machine at some switching office, if it
has been changed to an unassigned code, or, in
the case where the mutilation takes place during
transmission on a multistation outgoing line,
(c) to one or more master stations on the line
as desired.

A. Message Tapes Prepared at Outlying Stations
on Multipoint Lines

3.02° Typical sections of message tapes as pre-
pared by an operator at anoutlying station
on a multipoint line are described below giving
first the composition of a typical tape for one
transmission, comprising three single address
messages, and then typical tape sections for
multiple address and urgent messages.

3.03 1In allof these tapes the signals CAR RET,
LINE FEED, LTRS, have been shown as
following the address codes and preceding the
message. These are the signals usually recom-
mended for starting a message in the operation
of all types of teletypewriter service, to assure
that the machine receiving the message will be
in the proper condition to record it. In the 81D1
system, however, the CAR RET and LINE FEED
signals are necessary also for switching pur-
poses, to serve as an end-of-address code.

3.04 A typical tape for one transmission, com-

prising three single address regular
messages for stations AA; AC and CD, respec-
tively, is as follows:

AHVAAV < = VTEXTAHVACV < = VTEXT
AHVCDV< = VIEXTAHVHVVVVVVVVVY

/Nindicates FIGS character .

indicates LTRS character | 05¢d generally
in following

<indicates CARRET character/tape descrip-

—indicates LINE FEED tions.
character



3.05 A typical section of tape for a regular
multiple address message for these same
stations would be as follows:

BCVAAVACVCDY < = VTEXTAHV

In this example the BC directing code is typical
of one that might be assigned to indicate that
the message is a regular, multiple address
message. If the two-character combination BC
were chosen for this purpose, it would be used
universally by all operators throughout the sys-
tem. Following this code any number of direct-
ing codes including a group address code might
have been added, if desired.

3.06 A typical section of tape for a regular

group code message for these same three
stations, assuming they wereassigned the group
code CL, would be as follows:

BCVCLV < = VTEXTAHV

If desired, other addresses involving individual
station codes such as FE and LD might have
been added to the group, giving a section of tape
as follows: '

BCVCLVFEVIDVY < = VTEXTAHV

The directing codes that follow the multiple
address code BC in the tape may be placed in

any order desired, and, in addition, the code .

pattern may consist of any combination of group
codes and individual station codes desired.

3.07 A typical section of tape for an urgent
single address message would be as fol-
lows:

PCVAAV < = VTEXTAHV

In this example the PC directing code is typical
of one that might be assigned to indicate that the
message is an urgent message. If the two-
character combination PC were chosen for this
purpose, it would be used throughout the system
by all operators who were permitted to send
urgent messages. S

3.08 Urgent multiple address and group code

messages are prepared in the same man-
ner as regular multiple address and group code
messages except that the urgent message code,
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PC,is substituted for the regular multiple ad-
dress code BC.

3.09 Typical tapes for messages to be handled

by supplementary multiple address equip-
ment, when such equipment is provided, are as
follows:

(a) Two-address:

EAVAAVACV< = VTEXTAHVY

Where EA is the directing code assigned to
two-address messages to be handled by sup-
plementary multiple address. This code would
be used universally throughout the system for
this type of message.

(b) Three-address:

EBVAAVACVCDV< = VTEXTAHV

Where EB is the directing code assigned to
three-address messages to be handled by
supplementary multiple address.

(c) Four-address:

ECVAAVACVCDVDCY < = VTEXTAHV

Where EC is the directing code assigned to
four-address messages to be handled by sup-
plementary multiple address.

B. Message Tapes Prepared at Outlying Stations
on Single Station Lines -

3.10 At outlying stations onsingle station lines

the tape preparation procedures are the
same as those for stations on multipoint lines
except that the end-of-transmission code may
be omitted.

C. Message Tapes Prepared at Originating Sta-
tions in Switching Offices

3.11 Tape preparation procedures at originat-

ing station positions in switching offices
are the same as those previously described
except that the tapes are usually continuous and
they do not contain start-of-transmission or
end-of-transmission codes. At these positions,
sufficient tape should be kept perforated ahead
so that the tape stop lever on the transmitter
will not be operated for more than 30 seconds
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at a time during the sending of a message as
this will cause an alarm condition. When there
are no more messages to be perforated, suffi-
cient LTRS characters should be perforated in
the tape to insure that the last message will be
fed completely through the transmitter.

D. Message Tapes Prepared at Outlying Stations
on Lines Equipped with a Receiving Tele-
typewriter at the Switching Office

3.12 Typical sections of tape, each illustrating

one message, as prepared at such stations
to include recording on the receiving teletype-
writer associated with the incoming line circuit
at the switching office, are given below:

(a) Typicaltape sectionfor aregular or urgent
message to be recorded on the incoming
line receiving-only teletypewriter:

G2V < = VTEXTAHV

In this case, G has been chosen as a first
character to represent the switching office
(see 2.18).

(b) Typical tape section for a regular mes-

sage to be recorded on the incoming line
receiving-only teletypewriter and at one other
station in the system (see 2.18):

GHVAAV < = VTEXTAHV

(¢) Typical tape section for an urgent mes-

sage to be recorded on the incoming line
receiving-only teletypewriter and at one other
station on the system:

GHVPCVAAY < = VTEXTAHV

In this case PC is taken as the typical urgent
message code. ‘

(d) Typical tape section for a regular mes-

sage to be recorded on the incoming line
receiving-only teletypewriter and to have
additional multiple addresses:

GHVBCVAAVACVCDV < = VTEXTAHV

In this case, BC istakenas the typical multiple
address codeand AA, AC, and CD are individual
station codes. One or more group codes could
also be included, if desired, following the BC
code. ’
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(e) Typical tape section for an urgent mes-

sage to be recorded on the incoming line
receiving-only teletypewriter and to have
additional multiple addresses:

GHVPCVAAVACVCDV < = VTEXTAHV

In this case, PC is taken as.the typical urgent
message code. One or more group codes could
also be included, if desired, following the PC
code. '

4, STATION ARRANGEMENTS AND EQUIP-
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