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1. INTRODUCTION

(A) General

1.01 This section describes the No. LA
toll switching system. The LA system
performs the switching functions required
at important switching centers under the
operator nationwide toll dialing plan.

1.02 This section includes six parts as
follows:

1, INTRODUCTION
2., SWITCHING PRINCIPLES

3. FUNCTIONS OF PRINCIPAL EQUIPMENT
ELEMENTS

4. METHOD OF OPERATION ON TYPICAL
CALLS

5. MAINTENANCE FEATURES
6. EQUIPMENT

1.03 Detailed descriptions are covered ir

several sections with' the base number
A828.121, Detailed enginee ing information
will be covered in sections ¥n the AALOO
series.

1.04 The INTRODUCTION is covered in five
broad divisions:

(1) (B) Automatic Toll Switching: ‘A

short discussion of the beginnings
of automatic toll switching, and the
limitations of the early & stems.




(2) {C) No. LA Toll Switching System -
Nationwide Operator Toll Dialing:

highlight picture of the LA system,

which includes a partial story of the

numbering plan used in nationwide toll
dialing.

(3) (D) Existing Toll Systems: Features
of toll systems in use prior to

the introduction of the 4A system. A

typical call is traced through each of

these systems.

(4) (E) No, A4A Toll Switching Sys-

tem: A broad description of the
ALA system, (the advance model of the
4A system), which includes a more com-
plete story on the nationwide number-
ing plan.

(5) (F) No. 4A Toll Switching S%s-

tem: A description of the LA sys-
tem in more specific terms, with typi-
cal calls. _

(B) Automatic Toll Switching

1.05 The benefits realized from applying
dial operation to the toll system

are of the same nature as those obtained
from dial operation of the local exchange
plant. Broadly, these benefits are real-
ized in improved service, due to greater
speed and accuracy, and in reduced cost of
providing service,

1.06 Many of the problems encountered in
introducing dial operation on toll
calls and on local calls are similar.
However, the toll problems are more exten-
sive, some of the principal ones being:

(a) Numbering plan. The number of
digits used to reach any of the
approximately forty million telephones
in the nationwide system should be

held to a minimum (not more than
eleven).

(b) Adaptability. Must be able to in-

troduce the new switching units
without major modifications in exist-
ing systems. Also must make efficient
use of the existing toll network.

(¢) Supervision and signaling range.

The system must have the equivalent
of local common battery supervision,
(switchhook supervision from calling
and called subscribers), and have a
range equal to the ringdown system used
in manual toll switching.

(d) Transmission. The system must be

able to automatically provide the
proper transmission levels on differ-
ent types of connections.

1.07 The first step in the direction of
automatic toll switching was the
provision of dial intertoll trunks from one
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toll center to another toll center with
step-by-step equipment. This enables an
outward operator in one toll center area to
dial a called subscriber's number in
another toll center area and complete the
call without the aid of an inward operator.
The composite or simplex signaling cir-

I-Tatertoll trunks
resulted in a practical limitation of 300
miles “in "the Tenigbh of the trunks. This
réstricted the number of toll centers’
which could be dialed directly from any
particular toll center. Most traffic was
limited to calls direct from the outward
operator to the switches in the distant%
gity, and there was little through switch-
ngo

1.08 The advent of the crossbar switch

led to the study of common control
systems for toll dialing and this resulted
in the development of the No. 4 Toll -
Switching System. This system introduced
several important improvements into the
toll network. It is the first
capable of switching a four-wire talking
connection. It is also the first to use
multifrequency pulsing which derably ..
-Shortens thHe time required for transmitting
‘the pulses which control the switching.
equipment. “Being a common control system,
it _greatly enlarged the scope of automatic
toll switching over that provided by step-
by-step toll-dialing, because it made. .toll
dialing benefits available to the large .
metropolitan areds where panel and. crossbar
equipment is installed.

1.09 The introduction of the No. 4 system
and the extension of the range of
the step-by-step toll dialing system, (by
use of single-frequency signaling),
many Penefits—into the toll system. ~How
ever, these systems do riot have the fea-
tures necessary for full nationwide di&al="
ing.
1.10 The b inadequac
of these s i h
them operates.on.a.trunk route basis rather
than on a destination basis. This isto
say” that on'a toll call that is switched
through several toll centers, each toll
center knows only the route the next ..
ore in Tine - it doesn't know the destina-.

tion of the call, ~Therefore, & directing
code is required for E€very Switching point .
imrthe contiect oM, ~F6r examplé, on a call
from Cleveland to New Castle, Delaware,

the call is routéd through toll centers in ..
Cleveland, Philadelphia, and Wilmingtan.
Eight code digits are required”in addition
€6 the subscribér's telephone number. Code
215 is the trunk group code from .Cleveland
to Philadelphia, 302 is the cods from
PhiladeIphia to Wilmington and 17 is the
trunk group code from Wilmington.to New
Castle. ~Theréfore; to redéh a subscriber

in New Castle, whose telephone number is
2345, the originating toll operator must
dial 215-302-17-2345. Obviously systems
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using such unwieldy digit combinations are
not suitable for full nationwide dialing,
and a different system was required.

1.11 The first step in designing an_ade-_
quate SyStem was the development .of.
a_nationwide numbering. plan.requiring a
maximum of ten digits, plus an added dlglt
for party” llnes, to route ar call‘“ﬁo any
subscriber in the
is—buitt-arsind such & h numbermg plan.
With this plan all of the LA systems in a
bullt-up ConneeTIoH KIGW the destination .

of the call, Therefore, on a call such as
the one just descrived, only oné 3-digit

¢ode iz needed in addﬂnon to the called -
subscriber's telephone number. A Further-
more-thisis all that is requlreid to_route
a call to any point in the hation, (spme
caX¥s-may-be-routed through a@s many as
%No—[m installstions). The origipat
g toll operator's job is considérably
simplified because no_matter how many
switching points are used on a call, she
prefixes only one three-digit code to the
called subscriber's telephone number -
the code of the pumbering plan area where
the call terminates,

1.12 One other point should be mentioned.

The development of single-frequency
signaling removed the 300-mile limitation
on the length of intertoll trunks by em-
ploying voice frequencies. This had to be
done before nationwide dialing could be
accomplished. Since single-frequency
signaling does not directly affect the
switching equipment it is not covered in
this Section,

(C) No. 4A Toll Switeching System - Nation=
wide Operator Toll Dialing = ' {

1.13 The No. 4A system is a part of the
long range Nationwide Toll Dialing
Plan which has for its ultimate geal ex-~
tensive application of customer dialing )
of toll calls, Nationwide Operateor Tell {
Pialing is the first step in this long
range plan. At this stage of the plan
long distange operators dial or key the in- ¢
formation for routing a call into the
switching equipment which then automatical-
ly completes the call without further op-
erator assistance. The customers still
place their toll calls with an operator as
they do now, Ultimately, a customer will
dial his toll calls the same as he now
dials local calls wherever local office (
facilities can be economically provided to
enable him to do so,

1.14 Fig. 1 shows how the LA toll switch-
ing system fits into the general
over-all toll switching plan.

1.15 As shown in this figure, the LA
system starts with the trunk relay

equipment on an incoming intertoll or toll

tandem trunk and ends with the trunk relay |

equipment on an outgoing intertoll or tell |

switching trunk. |

1.16 (The primary purpose of this section /

is to tell how the LA switching sys- . (

tem works. However, to aid in presenting

this story, selected general material is

also included on the workings of the whole

crossbar toll system.)

TOLL OFFICE |
TOLL OFFICE f_ 4A TOLL SWITCHING SYSTEM '| | {roLL oFFice
MANUAL OR| INTER- | : | INTER!| MANUAL OR
SXS ToLL » INCOMING SWITCHING OUTGOING ¥. TOLL »
NO.4, A4A, 4A] TRUNK TOLL TOLL “ TRUNK SXS
(AUTOMATIC) TERMINAL-  TRUNK L EQUIPMENTL | TRUNK | L reaying 4={NO.a, A4A, 4A
TOLL EQPT. RELAY / RELAY | | eaPT. (AUTOMATIC)
SWITCHING | _EQUIPMENT \ / EQUIPMENT | |'SWITCHING
SYSTEM N\ 7/ I SYSTEM
_ Vs |
OUTWARD / | | - ,
SWITCHBOARD // N | ToLL (
| INCOMING V; \ QUTGOING SWITCHING|
TorL, | TRunk | T N TRUNK L TRUNK ocaL
LOCAL TANDEM RELAY T RELAY |
OFFICE TRUNK, | EQUIPMENT EQUIPMENT | | | OFFICE
IS | '
LOCAL , ocac| | '
OFFICE XSIGNALING AND TRANSMISSION EQUIPMENT OFFicE| | N
SUBSCRIBER TOLL OFFICE ALSO INCLUDES SWITCHBOARDS, SUBSCRIBER )
TEST BOARDS AND PATCHING BAYS. | L
SUBSCRIBER SUBSCRIBER
FIG. | - RELATIONSHIP OF 4A TOLL SWITCHING SYSTEM TO ’
GENERAL TOLL SWITCHING PLAN. L
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1.17 Toll calls come into the 4A toll

switching system on toll tandem or
intertoll trunks and are automatically
switched to intertoll trunks or toll
switching trunks going out of the system.
These calls can come from local offices
{(on toll tandem trunks) and be routed to
a toll office. Or they can come from a
toll office (on intertoll trunks) and be
routed to another toll office, or be com-
pleted to a local office (on toll switch-
ing trunks).

Nationwide Numbering Plan

1.18 An important requirement for a

nationwide toll dialing system is an
adequate numbering plan. This plan should
be suitable for initial use with operator
toll dialing, and should anticipate cus-
tomer dialing of toll calls so that little
or no changes will be necessary in it when
the ultimate nationwide toll dialing sys-
tem is introduced.

1.19 The plan must also meet other im-
portant requirements. Some of these
are:

(a) Every one of the telephones in the
system, which includes all of the
United States and parts of Canada,
must have a distinctive nationwide
telephone number, different from every
other telephone. (There are now about
42,000,000 telephones in this area.)

(b) The total number of digits in these

numbers must be kept as small as
possible {not more than 11), and the
digits should fall into some easily
recognized pattern.

(c) Wherever practicable, existing
telephone numbers should be re-
tained for making local calls.

1.20 The 2-5 numbering plan is used for
local dialing in the numbering areas
of most of the large cities and its use
will be extended to many other areas. For
nationwide dialing purposes, ultimately it
will form the basis for numbering all tele-
phones. The telephone numbers in this plan
are made up of an office code with two
letters and a single-digit number, plus
four or five numericals. This provides a
maximum of about 500 non-conflicting,
suitable office codes. Suitable means
that the letters in each of the codes are
part of a pronounceable name with reason-
able spelling. No local numbering area
has used more than LOO office codes. The
problem of the nationwide numbering plan is
to retain these codes for local calls and
also to use them in the nationwide plan
for toll calls.

1.21 This objective is reached in the fol-
lowing way. The United States and
parts of Canada are divided into 88
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geographical subdivisions, called Basic
Numbering Plan Areas. (See Fig. 2, at-
tached.) Within each of these areas all
conflicts between office codes are elimina-
ted. Some of the areas cover as much as
an entire state, while one covers a single
city, New York. The size of an area is
restricted to about 500 offices, because

of the limitation in the number of suitable
office codes, which has been discussed.
Each basic numbering plan area is assigned
a different 3-digit "area code".

1.22 In areas with the 2-5 numbering plan,

the subscriber's local office code, .
in the great majority of cases, becomes his
"national office code" as well. The area
code is prefixed to this national office
code and the numericals, and the result is
the subscriber's "nationwide telephone
number",

1.23 For example, a local telephone number

in New York City may be MAin 2-1234.
The national office code is MA2, The area
code for the geographical subdivision that
includes New York City is 212. Therefore
the nationwide telephone number is 212-MA2-
1234. This is the number that toll opera-
tors, (and ultimately customers), in dis-
tant cities will dial.

1.24 With this numbering plan, a maximum
of 10 digits, plus a party digit,
will be dialed by the outward operator who

handles the call, to reach any subscriber

in the United States and parts of Canada.
These consist of three digits for the area
code, three for the national office code
and four or five numericals. No more
digits are required even though the call
may progress through several LA switching
systems on the way to its destination.

1.25 As has been indicated, the national

office code is the existing office
code in the great majority of cases. 1In
some instances a new national office code
is assigned for receiving toll calls and
the present code will be retained for
local calls,

1.26 A more complete discussion of the

numbering plan is included later
under the discussion of the No. AL4A toll
switching system.

Six-Digit Translation

1.27 Nationwide dialing requires that
calls be switched on a destination
basis rather than on a trunk route basis.
(See paragraph 1.10.) This means that all
of the toll .switching systems through
which a call progresses must know the
destination of the call. To route calls
on a destination basis with the nationwide
numbering plan requires that the LA system
be able to examine and use (or translate)
six digits. The No, 4A system is the first
system capable of translating six digits.
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All previous common control systems are
limited to 3-digit translation which was
adequate until the advent of nationwide
dialing.

Automatic Alternate Routing

1.28 With manual toll switching, if a
toll operator finds all the trunks

busy on a given route to a distant city

she can select other, alternate routes

over which to complete the call. Alternate

routing is done automatically in the No.

LA system. This system has the ability to

rapidly make a choice from several alter-

nate routes in its attempts to establish a

connection,

Transition Period

1.29 Systemwide usage of the basic number-
ing plan, and the benefits of 4LA op-
eration will be realized gradually as new
LA offices are added to the toll network
and as the existing toll crossbar installa-
tions are modified for full 4A operation.

1.30 The operating methods used will be

continually changing as more and more
LA installations are placed in service.
Therefore the numbering plan used during
this period will undergo a gradual transi-
tion from the plans in use today in the
various toll dialing networks to the ul-
timate plan for nationwide dialing.

1.31 During the transition period, of

course, the 4A toll switching offices
will be operating with all the existing
types of toll offices. However, for $im-
plicity the following general description
of a call assumes that the full complement
of No. 4A systems have been installed. A
more complete description of a toll call
through the system is given later in this
pert in the more detailed discussion of the
No. 4A Toll Switching System.

Toll Call - 4A System

1.32 The calling subscriber reaches a

long distance operator through
switching facilities in his local office
and gives her his own telephone number and
the called subscriber's name and city, or
telephone number and city. The operator
obtains. from her routing instructions, the
3-digit area code of the basic numbering
plan area in which the called subscriber
lives and adds it to his national office
code and numericals, which usually is his
local telephone number. The resulting 10-
or ll-digit number is the called subscri-
ber's national telephone number,

1.33 The No. 4A switching equipment ap-
pears before the outward operator
as a group of jack-ended trunks. She
picks out an idle trunk in this group and
plugs a cord into it. She then keys the
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called subscriber's national telephone
number.

1.34 When the number has been keyed, the
No. 4A network takes over, selects
a route to the terminating local office,
transmits the routing information, (through
one or more intermediate toll offices where
indicated), and follows the call to comple-
tion. The outward operator can work on
other calls while this call is being set
up because she has visual called party
supervision. Where one route is busy, the
LA equipment automatically tries one or
more other routes, until it finds an idle
one.

1.35 The outward operator observes whether
the connection is completed and takes
care of timing and charging for the call.

(D) Existing Toll Switching Systems

1.36 As has been indicated, during the

period of transition to full 4A op-
eration, the LA system will be operating
with all of the existing types of toll
switching systems. Therefore a brief des-
cription of these systems is given and a
typical call is traced through each of
them.

1.37 It should be understood that these

typical calls are selected to il-
lustrate a general operating procedure.
In practice, the particular call chosen
may not be completed in the exact manner
described here.

Manual Toll Switching System

1.38 With manual operation of the toll

system there is no need for a nation-
wide numbering plan., All the switching is
done by operators and the toll offices are
designated by the names of the cities in .
which they are located. There is, however,
a systematic classification of toll offices
to meet traffic and transmission require-
ments.

1.39 The offices in the manual toll sys-
tem are classified as follows:

(a) Toll Center (TC). A toll center

is a toll office which switches
toll calls between a group of local
exchanges located in nearby cities and
towns, and the long distance network.
It also is the original toll switching
point for calls going outside the area
and the final toll switching point for
calls from outside toll areas. It is
the basic switching unit in the toll
system. There are about 2300 toll
centers.

(b) Primary Outlet (PO). A primary
outlet is the next larger switch-

ing unit; larger in this sense means

that it serves a more extensive area.
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It is a toll center which switches
calls between groups of toll centers.
Because calls pass through it going
from one toll center to another, it
includes facilities for raising the
transmission level on those connec-
tions which require it. In addition
it acts as a toll center to its own
group of local exchanges located in
nearby cities anu towns. There are
approximately 150 Primary Outlets.
Newark, New Jersey and Kansas City,
Missouri are examples of PO's.

(c) Regional Center (RC). A regional

center is the most extensive of
the switching units. It is a toll
center which switches calls between a
group of PO's., Like the PO's it in-
cludes facilities for raising the
transmission level on connections
which require it, It also acts as a
toll center to its own group of local
exchanges in nearby cities and towns.
There are 8 Regional Centers. For
example, New York City and Oakland,
California are RC's.

'1.40 Figure 3 shows an elementary (TC),

(PO) and (RC) network. The circuits
between these centers are called intertoll
trunks. In examining the network it should
be understood that if traffic volume war-
rants it, any office may have direct cir-
cuits to any other office.

1.41 Some calls are routed through a

number of switching points (RC, PO,
or TC) to reach the called subscriber,
while others may go through one inter-
mediate toll center, or be completed di-
rectly from one to another,

Typical Manual Toll Call

1.42 The calling subscriber places his
call with an outward operator. If

the call is completed directly from one

1
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toll center to another, the outward opera-
tor signals an inward operator at the dis-
tant toll center by ringing over the toll
line. She passes the called number to
this operator, who completes the call.

1.43 On a typical built-up connection,
that is, one in which there are one
or more through, (intermediate), toll
centers, the outward operator may consult
her bulletin or a route operator for rout-
ing instructions. From one of these
sources she obtains the names of the first
through toll center and the terminating
toll center. She rings the first through
toll center and tells the through operator
the name of the terminating toll center.
This operator sets up a connection to the
next through toll center, if there is one,
or to the terminating toll center. She
rings and then leaves the connection.
Where there is more than one through toll
center the procedure is the same at each
center. When the terminating toll center
is reached the originating operator gives
the called number to the inward operator,
who completes the call to the local office.

l.44 The originating operator follows the

call through each toll center and
remains on the connection until the called
subscriber answers, then she takes care of
timing and ticketing the call.

1l.45 Figure 4 shows a typical built-up

connection between a subscriber in
Oakland, California and a subscriber in.
Cleveland, by way of Chicago, as it would
be handled in the mhnual toll switching
system. (This same call is described
later, as it would be handled in the No. 4,
No. ALA and No. 4A systems.)

1.46 Subscriber A reaches the outward op-
erator in the Oakland toll office
through switching facilities in the local
central office. The outward operator ob-
tains from the calling subscriber his own

'LEGEND

REGIONAL
RC RC CENTER

PRIMARY
OUTLET

PO

Po TOLL
q CENTER

LOCAL
OFFICE

FIG.3 - MANUAL TOLL SWITCHING — LAYOUT AND CLASSIFICATION OF TOLL OFFICES
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telephone number and the name or telephone
number of subscriber B in Cleveland. (If
the name is given, the distant information
operator supplies the telephone number.)
She then determines the routing of the
call from her position bulletin or from a
route operator. Part of this information
tells her whether she must signal the

next office manually, or whether it will
be done automatically.

l1.47 The operator finds that she must
o route the call through Chicago be-
cause there are no direct trunks to
Cleveland. :

1.48 She selects an idle intertoll trunk

to Chicago, which terminates on the
inward switchboard at Chicago, and rings.
The Chicago inward operator challenges and
is told by the Oakland operator that this
call is to Cleveland. The Chicago inward
operator transfers the call to the Chicago
through operator who then selects an idle
intertoll trunk to the Cleveland toll of-
fice and rings.

1.49 The Cleveland inward operator chal-

lenges and the Oakland operator gives
her the called subscriber's telephone num-
ber. The Cleveland operator completes the
call to subscriber B over a toll switching
trunk and the facilities in the local of-
fice in Cleveland, The Oakland operator
remains on the call until the called sub-
scriber answers and takes care of timing
and ticketing the call.

1,50 When subscriber A replaces the re-
ceiver on the switchhook upon com-
pletion of the call, the Oakland operator
signals the Chicago operator to take down
her cords and then takes down her own.
When subscriber B disconnects, the Cleveland
operator takes down her cords. The trunks
and switching equipment are now available
for other calls,

1,51 In small toll offices the inward
functions and the through functions
may be handled at the same switchboard in
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which case they are performed by the same
operator.

Automatic Toll Switching - Types of
Connections

1.52 There are three general types of

toll connections in automatic toll
switching. Since these connections are
referred to in this section they are des-
cribed now.

1.53 In a terminal connection, a call is
completed from an outward position
of a toll switchboard over a direct cir=-
¢uit to automatic switching equipment in
the distant city where the called subscri-
ber is located. The call may go directly
from the outward position or it may go
through automatic switching equipment, or
through a manual toll tandem switchboard
located in the originating toll center.

1.54 In a single switch connection there
is one through (or intermediate)
toll center between the originating toll

. center and the completing toll center in

the distant city.

1.55 As the name implies, on a multi-

switch connection there are more
than one through toll centers between the
originating toll center and the terminat-
ing toll center.

Step-by-Step Operator Toll Dialing

1.56 This is the earliest of the toll
dialing systems. Most of the calls
are terminal connections on which the op-
erator dials from 4 to 8 digits, depending
on the numbering plan in use in the dis-
tant city. The calls enter the toll center
in the distant city on the step-by-step
intertoll switches. These switches dis- |
tribute the calls to the proper local of-
fices.

1.57 On single switch connections the out-
ward operator picks a groug of trunks

to the through toll center and dials a

maximum of 10 digits (or 11 for party lines)



depegding on the number of digits required
to select a trunk at the through toll
center, as well as on the numbering plan
used in the distant city. The number of
digits used in the through toll center may
be two or three; generally, it is three.
Where the originating toll center has a
No. 4 installation (described later) the
outgoing calls may pass through this equip-
ment on their way to the through toll
center, in which case the operator may
dial three more digits or a total of as
many as 13 or 14 digits.

1.58 There are few multiswitch connec-

tions in this system because the
number of digits required to go through
more than one through toll center becomes
too large and unwieldy to permit efficient
operation,

T{pical Toll Call - Step-by-Step Operator
0oll Dialing

1.59 Figure 5 shows a single switch con=-

nection from Richmond, Virginia, to
Allentown, Pennsylvania, via Harrisburg,
Pennsylvania.

1,60 Subscriber A in Richmond, reaches

the outward toll operator through
facilities in the local office and gives.
his own telephone number and the name or
telephone number of subscriber B in
Allentown. B's telephone number is 2-1234.
The outward operator finds from her rout-
ing information that there are no direct
trunks to Allentown and that she must route
the call through Harrisburg. It also tells
her that she must dial 053 to get from
Harrisburg to the Allentown intertoll
switches,

RICHMOND, VA.
TOLL CENTER

LOCAL OFFICE
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1,61 She plugs into the Harrisburg group
of trunks and dials 053, followed
by B's telephone number, 2-1234, The
first three digits, 053, pick a trunk out
of Harrisburg to Allentown. At Allentown
the digit 2 directs the intertoll switches
to local office 2. The remaining digits,
1234, direct the switches in the local of-
fice to B's telephone.
1.62 When the subscribers replace their
receivers on the switchhooks, the
Richmond outward operator removes her cords.
The switching equipment then restores
auggmatically and is available for other
calls.

1.63 Timing and ticketing are handled by
the Richmond operator. '

Ogerator Toll Dialing Through Crossbar
andem

1.64 Crossbar tandem serves a purpose in

toll dialing similar to that of
step-by-step toll dialing equipment.
Crossbar tandems are installed in large
cities because of the economies which re-
sult in the local switching plant. They
also find important use in the toll dial-
ing plan because they permit toll dialing
into these large cities, However, exist-
ing crossbar tandem systems, unlike step-
by-step, are not used as through centers
on single or multiswitch calls,

Typical Toll Call - Operator Toll Dialing
Through Crossbar Tandem ,

1.65 Figure 6 shows how subscriber A in

Miami, Florida, is connected to sub-
scriber B in New York City via Gotham
crossbar tandem in New York City.

HARRISBURG, PA.
TOLL CENTER

ALLEN 'I'OWNl PA.
TOLL CENTER

. |
CALLING | !
OUTWARD INTERTOLL | | mTerTOLL
SUBSCRIBER SWITCHBOARD ' S Xs | SXS
MANUAL ! 053 -2-1234 | SWITCHES 2-1234 | SWITCHES
( : R OR . —> o }
AUTOMATIC [:i—_ i \ I *\\x
\ |
l Y, | ~
| |
| | 1234
LocaL|oFFicE
l oxs | LOCAL
| swienEs | OFFICE NO.2
I. ) q
I | SX S
| | g SWITCHES
| |
| !
| |
l |
1

FIG. § - TOLL DIALING
STEP-BY-STEP SYSTEM.

()

CALLED
SUBSCRIBER
1234
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MIAM), FLORIDA.

NEW YORK CITY

l MU-2
TOLL CENTE LOCA
LocaL o R i GOTHAM Senet
CALLING Ic OUTWARD | TANDEM i CALLED
SUBSCRIBER SWITCHBOARD [ AUTOMATIC | SUBSCRIBER
MANUAL SYSTEM
A AOR | L 682-1234, CROSSBAR 1234 o = o
MATIC TANDEM
SYSTEM I 1234
|

FIG. 6 - TOLL DIALING

CROSSBAR TANDEM,

1.66 Subscriber A reaches the Miami out-

ward operator in the usual way and
places a call for subscriber B, whose tele-
phone number is MUrray Hill 2-1234. There
are direct intertoll trunks between the
outward switchboard in Miami and Gotham
tandem. The operator plugs into one of
these trunks and dials MU 2-1234.-

1.67 The automatic switching equipment in

- Gotham tandem examines and uses the
first three digits, 682 (MUR = 682), to
select a trunk to the desired local office,
MUrray Hill 2. The remaining digits, 1234,
are sent by Gotham tandem to MUrray Hill 2,
where the local switches direct the call
to B's telephone.,

1,68 When the subscribers disconnect,

, the Miami operator removes her cords
and the switching equipment restores to
normal automatically. Timing and ticket=~
ing are done by the Miami operator.

1.69 Step-by-step and crossbar tandem op-

erator toll dialing are not suitable
by themselves for any nationwide toll dial-
ing plan. However, both of these facili-
ties will be used to supplement the LA
Nationwide Operator Toll Dialing systems
wherever they are economical.

No. 4 Toll Switching System

1.70 The No. 4 toll switching system was

developed primarily to bring the
economic and service advantages of opera-
tor toll dialing to the large multioffice
areas like New York City. Its use con-
siderably increases the scope of toll dial-
ing.

Common Control

1.71 The No. 4 System is a marker type of
common control system, and uses
crossbar switches for all switching opera-

tions. "Common control" means that the
switches in the talking connections are set
up by certain equipment units which are
common to all the switching frames in the
office. A common control system has the
ability to store and reuse digits which are
pulsed into it by a dial or keyset. The
marker is the major control unit of the
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common control equipment. One of its im-
portant functions is to make sure that
there is an idie outgoing trunk available
before attempting to set up a talking con-
nection. The common control equipment is
used on each call only long enough to set
up a talking connection, after which it
releases and is ready to serve another
call.

_Four-Wire Switching

1.72 In addition to being a marker type of
common control system, the No. 4 sys-
tem also differs from previous manual and
automatic toll switching systems in that
it is a L-wire system. This means that two
voice paths per trunk are provided through
the switches - one for each direction of
voice transmission. Prior to the develop-
ment of the No. L system, toll switching
systems were on a 2~wire basis the same as
the local systems.

1.73 Before repeaters were developed

large gauge conductors and loading
coils were used in outside toll plant to
maintain proper transmission levels. A
cheaper method of maintaining transmission
levels was provided with the introduction
of the vacuum tube repeater. The use of
repeaters makes it possible to use. smaller
gauge conductors, and also economically
extends the range of long distant telephone
communication, but, as will be pointed out,
four wires are required to get through the
repeaters,

1.74 However, while the introduction of

repeaters into the toll system brought
many benefits, it introduced several prob-
lems and made necessary some changes in the
existing toll systems. It is beyond the
scope of this section to go into the de-
tails. However, the following discussion
gives a general picture of the reasons for
using 4-wire switching circuits and the ad-
vantages which result.

1.75 Because a vacuum tube amplifies in
one direction only, repeaters are
h-wire circuits. Therefore, in 2-wire
switching systems, when repeaters are used
on a 2-wire trunk, the trunk must be con-
nected to four wires where it enters the
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repeater and then back to two wires where
it leaves the repeater. This conversion
must be made at every repeater point.

1.76 These conversions from two wires to

four wires and back again introduce
certain undesirable transmission effects
which limit the number of repeaters that
can be provided on a toll line. It also
limits the gain of each repeater.

1.77 The use of 4-wire trunks (or carrier),

‘between toll offices eliminates these
conversions with their undesirable effects.
However, in 2-wire switching systems, con-
version from four wires to two wires is
still required at the ends of the L-wire
trunks where they enter and leave the
switching equipment., Therefore, although
L-wire trunks eliminated the intermediate
conversion points which are required when-
ever a 2-wire trunk goes through a re-
peater, conversions were still numerous
when'’ several 4-wire trunks were connected
in tandem through 2-wire switching systems
such as the manual and early toll dialing
systems.

1.78 The four-wire switching feature of

the No. 4 system eliminated many of
these conversion points because four wires
are provided through the switches. It is
only necessary to convert the L-wire trunks
to two wires at the originating and ter-
minating ends of the toll connection, so
that they can be switched through the
originating toll switchboard and the ter-
minating local office. These are the only
conversion points no matter how many
switching offices and trunks are used to
establish a connection,

Routing Plan and Code System

1.79 The routing plan used in the No., &

system follows the general manual
toll switching plan in which the basic
unit is the toll center. As in the manual
system, there is no nationwide numbering
pian.

1,80 In the manual system, toll offices

are designated by names. In the No.
4 system, arbitrary 3-digit codes are as-
signed to the intertoll trunk groups out-
going to other toll centers.

1.81 There are about 2300 toll centers in

the United States and a 3-digit code
system provides a maximum of only 1000
codes. Therefore some of these 3-digit
codes must be repeated in the national
network. However no repetitions occur in
any of the toll centers reached by direct
trunks from a particular No. 4 system. In
other words, looking out from a given No. 4
installation, there are no conflicts in the
codes of any of the trunk groups going
directly to other toll centers. However,
other toll centers may use the same codes
for reaching their own trunk groups.

SECTION A828.101

1,82 The No. 4 system does not have the
ability to "spill" code digits for-
ward. Therefore a separate set of code
digits is required for each toll switch-
ing center in a built-up connection. For
this reason the No. 4 system operates on
a trunk route basis rather than on a des-
tination basis. (See par. 1.10.)

1.83 The No. L4 system can register as

many as fourteen digits. The first
three digits received by a No, 4 office
are used to select an outgoing trunk to the
next office. The remaining digits are
"spilled" forward., The second set of three
digits are then used at the second office
to find a trunk to the third office, The
third set of three digits is used to select
a trunk from this office to the local of-
fice in which the call terminates. The
numericals are then spilled forward to
this local office.

1.8, Three digits are used up or absorbed

at each No. 4 office; therefore,
using a maximum of 14 digiés (three sets
of 3-digit codes and 5 numericals) the
number of toll switching points in a con-~
nection is limited to three. (The mechani-
cal process of determining, from each of
these sets of three digits, the equipment
location of their associated groups of
trunks is called 3-digit translation.
Translation is one of the important fea-
tures of common control systems.)

1.85 An automatic alternate routing fea-
ture is not included in this systen
Instead, alternate routing is under con-
trol of the outward operator. Where the
preferred route is busy at any switching
point, (except the trunks to the local
office), she selects an alternate route if
one is indicated on her routing information.

.Of course, a different set of digits are

dialed to select the chosen alternate
route. .

1.86 The No. 4 System considerably in-
creased the scope of toll dialing and
introduced many worthwhile features in the
toll system. In addition to the important
advantages of 4-wire switching and multi-
frequency pulsing, the No. 4 system has
the advantages of high speed switching,
self-checking circuits, precious metal
contacts in all talking paths, and the
ability to make more than one attempt to
set up a call, (second trial feature). It
has the further advantage of flexibility
in assigning trunks and in changing the
size of trunk groups. All these features
were carried into the A4A and LA systems.

1.87 Six No. 4 toll switching systems have

been installed, located in Phila-
delphia, New York, Chicago, Boston,
Cleveland and Oakland, California. It is
planned to modify all these systems to the
equivalent of the LA system.
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Typical No. 4 Toll Call

1.88 The manual call described earlier is

completed on a fully automatic basis
in the No, 4 system. Figure 7 shows how
this call is handled by the No. 4 system
when subscriber A in Oakland, California
calls subscriber B whose telephone number
is MAin 2-1234, in Cleveland. There are
no direct trunks to Cleveland, so the call
is completed via Chicago.

1.89 Subscriber A reaches the Oakland out-
ward operator through switching )
facilities in the local office, and places
the call with her. The outward operator
obtains the routing information which tells
her to add 312-216 to B's telephone number.
She plugs into a trunk to the Oakland No.
4 system and keys 312-216-MA2-1234.

1.90 The first three digits, (312), are

translated (examined and usedf, in
the Oakland No. 4 system to select an
intertoll trunk to the Chicago No. 4 toll
system. The Oakland No. 4 system then
spills forward the remaining digits,
216-622-1234 (MA2=622). The Chicago No. &
system translates 216 to select an inter-
toll trunk to the Cleveland No. 4 toll
system and spills forward 622-1234. The
Cleveland No., 4 system translates 622 to
select a trunk to the called local office,
MAin 2, and spills forward 1234. The local
(dial) office uses these digits to connect
to subscriber B's telephone. The outward
operator at Oakland times and tickets the
call.

1.91 When the subscribers disconnect, the

Oakland outward operator takes down
her cords and the equipment returns to
normal.

{E) No. ALA Toll Switching System
General

1.92 The toll dialing methods used in the
systems just described require a
3-digit code to select a trunk group out of

each switching point. As the number of
switching points increases for a garticular
call, the string of digits keyed by the
outward operator becomes unwieldy.

|
OAKLAND, CAL. |
|
|

LocCAL OUTWARD
OFFICE SWITCHBOARD

@ o [

32 -216
| 622 -12 34
SUBS.

NO.4 TOLL
SYSTEM

CALLING

FIG. 7 = CALL USING NO.4 TOLL SWITCHING SYSTEM
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1.93 In addition, the code for a trunk

~ route to a given switching point
varies with the points of origin, and the
use of automatic alternate routing, which
is a must for nationwide dialing, would
further multiply the number of codes which
must be known to route a call., All of
these codes, which are arbitrary, and have
no significancé in themselves, must be
posted and kept up to date. :

1.94 Altogether, the large number of s

digits required and the amount of in-
formation which must be posted make full
nationwide dialing impossible with pre-
vious toll dialing methods.

2

1.95 It has been pointed out that to be

suitable for nationwide toll dialing,
a system should use a minimum number of
digits and should not require more than
ten or eleven digits to c¢complete any toll N
call. Also the codes used in the number-
ing plan should have universal meaning,
that is, the same code should be used to
reach a given destination, regardless of
where the call originates. This is neces-
sary to keep the amount of routing infor-
mation required by the outward operators
at a minimunm.

1.96 As has been indicated, the A4A system
was specifically designed for opera-

tor nationwide toll dialing and anticipates

future conversion to nationwide customer

toll dialing. The ALA system, whic¢h is an

advance LA system, is the initial step in

the general program for nationwide dialing.

It has somé of the LA features in a limited

form, and in order to realize the benefits

of thesefeatures as soon as possible, .
several-of-these advance systems were in=
stalled while development of the LA system
was being completed. Since all A4LA systems
will ultimately be changed to LA Systems, ._
the—4AfAdesign includes features which
simpTify the modification. ’

Numbering Plan

1.97 A brief story of the nationwide num-
bering plan has already been told.

(Par. 1.18 and following paragraphs.)

Since the features of the 4A system, and
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to some extent those of the ALA system are
built around the numbering plan, the num-
bering plan story will now be completed
before going into the features of these
systems.

1.98 As previously discussed, the United
States and parts of Canada are
divided into 88 basic numbering plan areas,
each having a distinctive 3-digit area

codes assigned to it.

1.99 Within each of these areas every

local office has a distinctive 3=
digit office code which is different from
every other office code in the area. These
are the national office codes and in 2-5
numbering areas they are the existing
office codes. However, where two or more
central offices in a basic numbering plan
area had the same office code, new office
codes were assigned to all but one of
them to eliminate the conflict.

1,100 Also in some areas, new national

office codes were assigned for re-
ceiving toll calls and the present tele-
phone numbers retained for local calls.
These are the cases where 2- or one-digit
office codes, or no office codes  are useds
For example, Indianapolis, Indiana is a
2-digit office code area. The 2-digit
codes are retained for receiving local
calls, but for toll calls they are expanded
to three digits. PLaza 2468, for instance
becomes PLAza 2,68 for receiving toll
calls.

1,101 The three digits of the area code,

together with the 3-digit national
office code and the four or five numericals
constitute the subscriber's national tele-
phone number. These are the numbers which
will be keyed by the outward operators to
complete toll calls from one area to
another when the full complement of 4A toll
systems have been installed. (On calls
completed within the same area, the area
code is not used.) They are also the num-
_bers that customers will dial in the ul-
timate customer dialing plan.

Nationwide Numbering Plan Codes

1,102 Five types of codes are used in the
nationwide numbering plan.

1l. National Office Codes
2. Area Codes
3. Service Codes

4. Delayed Call Operator Codes
(TX Codes)

5, Toll Center Codes (TC Codes)

1.103 Figure 8, attached, shows the num-
bering plan for nationwide toll
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dialing in chart form. Reference to this
chart will simplify the following discus-
sion., '

1.104 National Office Codes: There are
1000 possible 3-digit codes, 000-999
The national office codes are taken from
the so-called ABX block in this series,
that is, the first two digits can be any
number from 2 to 9 and the third any digit
from O to 9. This provides 640 codes
(8x8x10). Of these about 500 can be used
for codes containing a practical office
name, and this limits the size of a basic
numbering plan area to roughly 500 codes.

1.105 The remaining codes in the ABX block
contain combinations which cannot

be used to spell anything, or else spell

names easily misunderstood. Some of these

are used for TC codes, which are described

in paragraph 1.112.

1.106 Area Codes, (AOX,AlX), are taken
from the AOX and AlX block which
means that the first digit can be any num-
ber from 2 to 9, the middle digit O or 1
and the last digit, any number from O to 9.

1.107 The area codes have full significance

only in the LA system. In the ALA
system they are used in the same way as the
arbitrary 3-digit codes - they designate a
particular toll center.,

1.108 Service codes are special codes

used to reach Information, Rate and
Route, and other assistance operators, -
They are in the 1D1 group where D means
any digit except 1, for example, 131, 141,
181, etc, These codes are the same in all
toll offices.

1,109 Delayed Call Operator Codes (TX) are

use y toll operators to complete
toll calls which are delayed due to in-
ability to reach the called subscriber,
They are the same as those used in the
manual toll switching systems, and are used
for the same purpose.

1.110 TX codes may be one-digit E, 2-digit

EX, or 3-digit EXX. The E means any
digit from 1 to 9 and the X any digit from
0 to 9. In the toll crossbar systems they
are always preceded by dialing or keying a
prefix 11. For example, a one-digit code
might be 112, a 2-digit code 1124, and a
3-~digit code 11375.

1.111 A familiar example of the use of

TX codes is on a person-to-person
call where someone else answers the tele-
phone and is asked to tell the called sub-
scriber to "call the Oakland, California
long distance operator 375". The TX code
is 375 and with a prefixed 11 it is used
by the toll operator in the called sub-
scriber's city to reach a team of TX opera-
tors in Oakland where the call originated.
In Oakland there is a group of operators
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which is divided into teams of 4 or less,
each team having a TX number assigned to
it. An operator in the team with TX No.
375.gomp1etes the call to the calling sub-
scriber.

1.112 A Toll Center Code (TC) is assigned
to each toll center. ith LA op-

eration, most of these are taken from the

ABX codes referred to under National Office

Codes, (par. 1,104) which cannot be used
for office codes (approximately 140).
These codes are used by toll operators in
one office who wish to reach an operator
in another toll office.

1.113 Since the service codes are the

same in all toll offices, and TX
codes will be repeated in some national
numbering areas, a TC code is needed to
select the particular toll office desired.
This is then followed by an operator code.
Calls to an assistance operator or to a
service desk use the service codes, and
calls to a TX operator use the TX codes
just described. For example, the TC code
for the Newark, N.J. toll office may be
899. Therefore, the nationwide number to
reach the 121 assistance operator in the
Newark toll office is 201 (New Jersey area
code), 899 (TC code) and 121 (Service code),
or 201-899-121.

1.114 Toll center codes are not required
under ALA operation since the rout-
ing codes used will always direct the call

to the proper toll center.in.the..same mWan=" "

“ner .for reaching operators-as-for-reaching
~subscribers. .

7 B M
1.115 The arbitrary 3-digit systems codes

used to identify toll centers in

the ALA system are taken from the OXX, 1XX,
X0X and X1X group of codes. In addition
to these systems codes, which have nation-
wide significance, there are other codes
of limited use taken from this block of
numbers. These are listed only in routing
information in the nearby, more important,
toll switching points and they may be
duplicated in several basic numbering plan
areas. ‘

Classification of Offices

1.116 The RC, PO and TC classifications
used in previous toll switching
systems are retained in the nationwide toll
dialing plan (see paragraph 1.39). In
addition there is a National Center, (NC)
and a Sectional Center, (SC). The National
Center will handle overflow traffic when
the trunks between two Regional Centers
reach their peak traffic load. Each Sec-
tional Center serves a group of Primary
Outlets. SC's save outside plant by dis-
tributing traffic to their groups of PO's,
which traffic otherwise whould have to
go to an RC to be distributed.
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1.117 The NC, all of the RC's and SC's

and many of the existing PO's have
been designated as key switcaing points in
the nationwide dialing plan. Under 4A op-
eration these key points are called Control
Switching Points (CSP's). Although the
No. 4 and ALA systems are installed in
these future CSP's, the term CSP has no
significance until these systems are modi-
fied to 4A operation.

1.118 With ALA operation, the mos =
portant city (usually a CSP) in each
basic rumbering plan area is assigpned the _
area code. The remaining future CSP's in _ _
each area, as well as other important toll -

centers with the higher calling rates from

~other No. L -and-ALA systems, are assigned
- arbitrary 3-digit codes.

These codes are

the -systems-—-codes referred to in par. 1,115

and they will be published in operators' _

bul] > uting information), through-
out—the-network. There are no conflicts
bétweenthese codes anywhere in the nation-

wide network, and they identify the same -
destination regardless of whether they are
dialed from a No. 4 or a No. ALA installa-

tion.

.1.119 These arbitrary systems codes are

required for toll centers in the AjA
system because this system can translate
only 3 digits. The LA system can translate
6 digits and this is an important differ-
ence between the two systems. The necessity
for arbitrary codes with 3-digit transla-
tion is discussed later in 1.129, Three-

_digit Translation.

1.120 The systems codes will be discarded
when the full complement of LA in-

stallations are in service and existing

No. 4 and A4A installations are modified

for LA operation. Then the area codes will

take on their full significance of designat-

ing an entire basic numbering plan area.

Switching Plan

1.121 As has been indicated, the ALA sys-

tem has some of the 4A features in
limited form., These features, which will
be described shortly, permitted the im-
mediate introduction of the nationwide num-
bering plan, (with the addition of the
temporary systems codes), and make it pos-
sible to realize the important advantages
of using a maximum of only 10 or 11 digits
to reach any subscriber in the nationwide
network.

1.122 However, the ALA system uses the
manual toll switching plan with a
limited amount of automatic alternate rout-
ing. The switching plan used with the LA ,
system makes full use of the CSP's which
permits a considerable increase in the ef-
ficiency of the intertoll trunks., This
plus the full use of the nationwide



numbering plan requires all of the LA sys-
tem features, such as 6-digit translation,
extended automatic alternate routing, etc,
This switching plan is discussed under (F)
No. 4A Toll Switching System.

Nationwide Toll Dialing Features - ALA
System

1.123 * The ALA system includes in limited
form some of the LA features which
are useful during the early stages of
nationwide operator dialing. The follow-
ing is a description of these features,
with typical calls illustrating them.

Variable Spilling and Code Conversion

1.124 To_meet the requirements—of-nations. ..
wide dialing it.is negeggary on . _ -
some calls to delete_ or _to change the area
or-natiohal office code digits keyed by
the-outward operator before the
gpiTIEd”to Th
by the use of ible” spilling: :
code—conversion features. Either one, or .
both~of“thése featyres may be used on-a- -

given toll call. In the ALA s
are provided in limite orm and are not

e

suttable for LHE TUTI USE of nationwide op= ~
erator toTl dialing. The Iimitations will
become—apparent—latér se¢ription
o em.

1.125 With variable sp1111ng all the code
igits can be spilled forward, or
some of thém ¢an pped _a
Kipk—system and the remainlnz code.digits.
ptus—thenumericals spilled forward. The
high~systvem—can—skip-thres gode digits;

cdse of a sirigle or multlsw1tch call

where-~the—-last™through kA" or ALK switchlng
system-receives-six-code-digits, skips the™
area code (or systems code in ALA) which

is--no- longer required, and qgiIIg,ﬁg;gg;Q‘:;
t Eionai offi -

1ce<padeldig;§v

and numericals.

1.126 The code conversion feature makes
1t‘pos§*51e‘f6“ an” th‘systsm*fﬁ

con :

whlch “LEMD_.KQJLGA,_Q

_the toll opera-
tor, to an

: ny single %;g;t office code de-
‘sired. The Richmond, Virginia case in ——
S an example where this Ty

- conversion—isused, When the %ocai

telephone number has a 2-digit office code
of “an—unsuitable—3=digit—code—special™©
erating-practices must balﬁqllowedlun&ill
the System is converted to LA,

1. 127 There is a limlted amo j;gunum—
matic*ﬁlﬁg?ﬁike routing in the AAA
System. “This=1imits Tt 0N & ELve
call not more than four subgroups or a
total of 160 outgoing trunks are avallable.

umbeT s

- A B Omfox e .
of theusSeé of variable spilllng is in the

T —y

~THis Tncludes the preferred.route trunka__ .,
and the alternate route trunks. This is not
‘a serious limitatisni in the ALA System.

S =)
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Typical Calls

1.128 An important difference between the

ALA and the LA systems, 3-digit
versus 6-digit translation, has already
been mentioned. Typical calls illustrating
3-digit translation are described below,
{Similar types of calls are described in
par. 1.152 and following paragraphs to il-
lustrate 6-digit translation. % These calls
and others which follow also illustrate
automatic alternate routing, variable spill-
ing and code conversion. The calls are
described in nationwide numbering plan
terms. However, it should be kept in mind
that in completing these calls through the
ALA system the area codes do not designate
an entire basic numbering plan area. They
perform the same limited functions as the
arbitrary systems codes until the conver-
sion to 4A is made. These typical calls
assume A4A installations, although some of
the places mentioned actually have No. 4
systems.

1,129 Three-Digit Translation: Figure 9
illustrates the operation of 3-digit

translation on two calls from subscriber A
in Oakland: one call to subscriber B in the
Cleveland toll center area whose number is
MAin 2-1234, and the other to subscriber C
in Canton, Ohio, whose number is MAin 3-123,.
Both calls are routed through Chicago.

1.130 Cleveland and Canton are in the same

numbering area. The area code 216
has been assigned to the more important
Cleveland toll center and an arbitray sys-
tems code, 016, has been assigned to the
Canton toll center.

1.131 On the call to subscriber B, the

Oakland outward operator keys
216-MA2-1234 into the Oakland ALA system,
which translates the 216 to select a trunk
to Chicago, and then spills forward the
whole number. The Chicago A4A translates
the 216 to select a trunk to the Cleveland
toll center., It spills forward only a
portion of the digits, 622-1234, (MA2 622),
skipping the Cleveland toll center code,
This illustrates the variable spilling
feature.

1,132 The Cleveland toll center trans-

lates the 622 to select a trunk to
local office, MAin 2, and spills forward
the 1234 which the local office uses to
reach subscriber B.

1.133 On the call to subscriber C, the

Oakland operator keys 016-MA3-1234.
The Oakland A4A system translates the 016
and again selects a trunk to Chicago,
spilling forward 016-623-1234. The
Chicago ALA translates the 016 to select
a trunk to the Canton toll center, and
the call is completed to subscriber C like
the Cleveland call described above.
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OAKLAND, CAL.
AREA 415

CHICAGO, ILL.
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| NO.A4A SYSTEM  LOCAL
| | | SYSTEMs cope ole OFFicE
MAIN 3-(623)
| | 1234
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| | M Lm
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| ||
| gy |
<823,
| | 3-DIGIT
TRANSLATION
CALLED
SUBSCRIBER
1234
FIG.9 - 3-DIGIT TRANSLATION
NO.A4A TOLL SWITCHING SYSTEM.
518 to select a trumk to Albany. The

1,134 Automatic Alternate Routing: Figure
: 10 illustrates the use of the auto-
matic alternate routing feature. Assume
that on the typical call from Oakland,
California to subscriber B in Cleveland
all the trunks to Chicago are busy. 1In
this case the Oakland A4A system may auto-
matically select an alternate route through
St. Louis. The St. Louis A4A system re-
ceives all the digits, 216-622-1234, from
Oakland and translates 216 to select a
trunk to Cleveland. St. Louis then uses
the variable spilling feature and spills
622-1234 to Cleveland where the call is
completed to subscriber B. This alternate
routing does not require any action by the
outward operator. '

\

1.135 Code Conversion: Figure 11 shows

how the code conversion feature
works on a call from subscriber A in
Chicago to subscriber B in Troy, New York.
For the purposes of this illustration
assume that Troy is a step-by-step area
and that local calls in this area are com~-
pleted by dialing five digits. Subscriber
B's local telephone number is 2-1234, but
for his national telephone number this is
changed to TRoy 2-1234, (872-1234). The
Chicago outward operator prefixef the
Albany systems code 518, (which happens to
be the area code too), and keys 518-872-
1234. The Chicago ALK system translates
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Albany A4LA converts the 872 to a 2, se-
lects a trunk to the Troy intertoll step-
by-step switching train and spills 2-1234.
The intertoll train uses the 2.to reach
the local office switches which complete
the call to subscriber B.

(F) No. 4A Toll Switching System

1.136 The two most important differences

between the 4A and the A4LA systems
are the ability of the LA system to trans-
late six digits, and the expansion of the
automatic alternate routing feature in
this system.

1.137 Six-digit translation makes it pos-
sible to translate the combination
of the area code and the national office
code, This permits the LA system to make
a choice of more than one trunk route to a
given basic numbering plan area, without
requiring arbitrary systems codes for all
but one of the routes. As indicated in
pars. 1.128 to 1.133, with 3-digit trans-
lation, each trunk route to a given number-
ing plan area must have a different code.

1.138 The expanded automatic alternate
routing feature makes it possible

for the LA system to automatically check

the preferred route and as many as five
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OAKLAND, CAL. | CHICAGO, ILL. | CLEVELAND, OHIO.
AREA 415 | AREA 312 | AREA 216
l- NO.A4A SYSTEM I
13 TRUNKS |
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N
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FIG. 10 - AUTOMATIC ALTERNATE ROUTING
NO. A4A TOLL SWITCHING SYSTEM.

alternate routes in rapid succession in
setting up a connection,

1.139. These features are essential for

) the ultimate nationwide customer
toll dialing plan, and without them exten-
sive use of operator toll dialing would be
impractical.

Six-Digit Translation - Card Translators

1,140 Six-digit translation is accomplish-
ed by a device called a card trans-

lator. - Because the ¢ard translators used

in making 6-digit translation are a very

important part of the LA system, a brief

description of them is included here.

They are described in more detail in Part

CHICAGO, ILL.

AREA 312
LOCAL OUTWARD NO.A4A
OFFICE SWITCHBOARD SYSTEM
(EE)" oo 518-872-1234 8722
CALLING .
SUBS.
VARIABLE
SPILLING
FiG. Ii = CODE CONVERSION

1.141 A given No. 4A system in one basic
numbering plan area may have direct
trunks to two or more toll centers located
in'another basic numbering plan area. On
a .call to this numbering plan area the
only routing information the No. 4A system
receives is the area code, and the national
office code and numericals. It does not
receive any direct information as to the
particular toll center in the area which
serves the local office of the called
customer. J{n'order to switch the call to
that particulgr toll center, the LA system
must be .able to do its translation from a
combination of he 3-digit area code and
the 3-digit national office code. (This
is 6-digit translation.) The area code
determines the basis numbering plan area,
and the combination &f this code plus the

| ALBANY, N. Y.
| AREA 518
| TROY, N.Y.
| NO. A4A TOLL CENTER LOCAL
| SYSTEM NTERTOLL | OFFICE NO.2
SXS SWITCHES
1234 2-1234 1234

| ‘[ Y

l

| CONVERTED
FROM 872 . o

| .

CALLED
SUBS.
1234

NO. A4A TOLL SWITCHING SYSTEM.
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national office code tells which of the
trunk groups to that area must be used to
reach the toll center and local office
which serve. the called customer.

1.142 The card translator, which trans-

lates the six digits, is an electro-
magnetic device and uses metal cards,
vacuum tubes, phototransistors and trans-
istor amplifiers instead of relays, which
are used in other types of translators.

1.143 Every 4A installation has three or

more card translators. Each trans-
lator has a capacity for one thousand and
twenty metal cards. (This capacity will
probably be increased.) These cards con-
tain the routing information for all the
calls going through a LA system. Each
card contains the routing information
which is used for switching a specific
call from a LA system to another toll
switching center or to the local office
where it terminates.

1.144 Each card is mechanically coded to
correspond to one particular area
code, to a particular national office code,
or to an area code plus a national office
code. This coding is done by using dif-
ferent combinations of small metal tabs
on the bottom of the metal cards. These
tabs are used to select, or "drop" a card
into the position where its routing infor-
mation can be read.
1.145 When a given LA system receives a
call, it determines from the area
code or from a combination of the area
code and the national office code, the
corresponding card which has the routing
information for that call. It then se-
lects and drops this card.

1,146 All of the card blanks from which
the working cards are made have 118
holes. The routing information for a work-
ing card is added to the blanks by enlarg-
ing some of these holes. That is, the
routing information for switching a speci-
fic call is incorporated on a given card
by enlarging certain of the holes in a
definite pattern. This pattern is de-
ciphered in the following manner:

1.147 When the translator cards are in the
rack, awaiting a call, the 118 holes

are all lined up to form tunnels through

the cards, A light source on one side of

the stack of cards shines through these

tunnels and hits a group of phototransistors

on the other side, lined up one in front

of each tunnel. Nothing happens, however

because the associated transistor ampli-

fiers are inactive.

1.148 When a call comes in, the proper

card drops about three-sixteenths of
an inch. This closes all of the light
tunnels except the ones corresponding to
the enlarged holes in the dropped card.

Page 20

At the same time the transistor amplifiers
are activated and those opposite the open
light tunnels are energized. The result-
ing amplified signals are used by the 4A
system to switch the call, This process
is described in more detail in Part 3.

1.149 The card translator has many advan-

tages over the conventional relay
type of translator used in the No. 4 and
No. A4A systems. Changes in routing in-
formation are made by simply replacing
cards with the old information with cards
having the changed routing information.
New routings are added by inserting new
cards. This eliminates the job of adding
or changing numerous cross connections
which is necessary with conventional relay
translators.

Typical Calls

1.150 In paragraph 1.129 and following
paragraphs, two typical calls are
described, both to subscribers in the same
numbering plan area but served by different
toll centers. This is an example of 3-
digit translation, which requires arbitrary
systems codes for ail but one toll center,
in those cases where there is more than one
toll center in a basic numbering plan area.

1.151 Figure 12 shows how these same calls
would be completed in the LA system

with 6-digit translation which eliminates

the necessity for arbitrary systems codes.

1.152 The Oakland operator keys the area

code, 216, followed by the appro-
priate national office code and numericals,
to reach either subscriber B or C. The
arbitrary systems code 016 is not required,
the area code 216 now having its full
significance of meaning an entire basic
numbering plan area.

1.153 On the call to subscriber B, in

Cleveland, Ohio, the Oakland toll
operator keys 216-MA2-1234. The Oakland
toll office translates the first three
digits to select a trunk to Chicago and
spills forward 216-622-1234.

1.154 The Chicago 4LA toll office has

two trunk groups to the 216 area,
(one to Cleveland and one to Canton), and
must determine which one shall be used on
this call.

1.155 This is done with 6-digit transla-

tion as follows: The area code, 216,
indicates that one of the trunk groups to
the 216 area must be selected. The national
office code MA2 (622) determines that this
is the trunk group to Cleveland, since the
MAin 2 office is in Cleveland. 1In this way
the Chicago toll office translates the com-
bination of the urea code and the national
office code to select the trunk group to
the Cleveland toll center.
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1,156 The Chicago toll center spills for-
ward 622-1234, skipping the area
code. The area code is skipped when the
call is on a trunk which terminates in the
called numbering area. This again illus~
trates the variable spilling feature. The
Cleveland toll center receives 622-1234
and completes the call to subscriber B.

1.157 On the call to Subscriber C in
Canton, whose number is MAin 3-1234,

the Oakland toll operator keys 216-623-

1234. When the call arrives in Chicago

the LA system again translates the first

six digits and this time selects a trunk

to Canton, because the office with national

office code MAin 3, (623), is in Canton.

The call is then terminated in the same

manner as in the previous examples.

Variable Spilling and Code Conversion

1.158 Along with 6-digit translation and

the expansion of automatic alternate
routing, more comprehensive variable spill-
ing and code conversion features are pro-
vided. ‘

1.159 The LA system has the ability to
skip three or six digits and spill

the remainder of the number forward. In
addition, one, two or three code digits
can be prefixed as required before spill-
ing.

1.160 This prefixing feature can be used,

for example, on a connection be-
tween subscribers in the same basic number-
ing plan area but where the call is routed
through a neighboring area. (The call is
routed through a neighboring numbering
plan area because there are no trunks from
the toll office in the home numbering area
to the called office, but there are trunks
from the neighboring area to the called
office.) On such a connection the outward
operator does not key an area code, How-
ever, because the call is routed through a
neighboring basic numbering plan area, the
equipment automatically prefixes an area
code (the home area code), and this directs
the call through the neighboring area, A
typical call illustrating this kind of op-
eration is described in Part 4, Method of
Operation on Typical Calls.

1.161 The code conversion feature is ex-

panded so that the national office
code can be changed to any desired three,
two or one digits, or can be dropped en-
tirely. Examples of such conversions are
shown in Fig. 8.
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1.162 1In the 4A system this feature can

be used to convert the 3-digit area
code to any other three digits, or to any
two or one digit. This could be used, for
example to route a call through a step-by-
step toll center.

1.163 With these new and broader features,

full use is made of the national
numbering plan, and outward operators can
dial the subscriber's national telephone
number on the majority of calls, The re-
sult is that in many cases such calls can
be completed by using information received
from the 3subscriber without referring to a
large routing bulletin or to a routing op-
erator,

Switching Plan

1.164 The switching plan used in nation-

wide diaiing employs a new system
of routing toll calls in which intertoll
trunks (the various types of intertoll
trunks are discussed in Part 3) are util-
ized at very high efficiency and yet the
chance of a call being delayed on account
of finding all trunks busy is small. This
is made possible by an alternate routing
plan in which, on a given call, a preferred
route and as many as six predetermined al-
ternate routes can be tried in rapid suc-
cession. In this way, the call can be ad-
vanced toward its destination over any one
of several routes in which an idle trunk
is available.,

1,165 The intertoll trunks are used at
high efficiency because most of the
trunk groups are engineered to carry only
a part of the traffic load offered during
peak, or near peak periods, the balance
being overflowed successively to other
groups, where it is combined with similar
overloads from other sources. These are
the "high usage" trunk groups and they are
the preferred routes. The small percentage
of calls not disposed of on these trunk
routes are overflowed to a "final" group
where they are almost certain to find an
idle path available., These final groups of
trunks are engineered on a liberal basis,
that is), enough trunks are provided to make
the probability small that any call will
encounter an all trunks busy condition.
The effect is to keep all the trunks in the
network busy most of the time, while at the
same time keeping the percentage of calls
encountering all trunks busy at a minimum.

1.166 The traffic is distributed over

these high usage and final trunk
groups at the Control Switching Points. As
indicated in par. 1.118, these CSP's are
the most important traffic centers and they
include the NC, all of the RC's and SC's,
and some of the PO's. These centers re-
quire all of the features of the LA system
to do their switching jobs and therefore
ultimately each will have a No. 4A instal-
lation.
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1.167 All ordinary toll centers, (that is,
other than CSP's), are limited to

single switch calls and they may have step-

by-step, or common control dial equipment.

1.168 Figure 13 is a schematic of the

fundamental toll network showing the
various classes of toll offices and the
high usage and final trunk routes intercon-
necting them.

1.169 Each TC has a final group of trunks
to one particular CSP. This is its
"home" CSP and it may be a PO, SC, RC or
the NC. In a similar manner, there is a
final group from each PO to its home SC,
or RC; from each SC to its home RC; and
from each RC to the NC. 1In addition, there
are final groups between RC's in the nation-
wide toll network where traffic justifies
it. These final groups of trunks are the
final routes, and they comprise the back-
bone network of paths from any one toll
center to any other toll center.

1.170 In addition to this backbone network
of final trunk routes, high usage

trunk groups are provided between any two
oints, regardless of their categories,
that is, whether PO, SC, etc.), where the
traffic justifies it. The number of high
usage groups greatly exceeds the number of
final groups.

1.171 The following discussion describes
the possible routes which a call
may take in going from a PO (A), to a TC
(Bg. {See Fig. 13.) This figure shows
seven switches, (P0-SC-RC-NC-RC-3C-PO),
which is the maximum number required to
switch a call between any two points in the
nationwide network. Actually, a very
minute percentage of calls will involve as
many as seven switches, and a very small
percentage as many as five.

1.172 1In a great many cases not all of
the high usage groups shown in the

figure will be available because of insuf-

ficient traffic to justify a group.

1,173 It will be noted from the following

discussion, that a call is con-
tinuously passed from one CSP to the next
in the chain in its search for an idle
trunk.

1.174 In the first switch, through home
PO (A), there are five high usage
trunk groups which can be used to get to
TC (B). These are a, b, ¢, d, and e and
they are tested in this order. (A high
usage group could also be provided to NC
but this is rarely used.) If no idle trunk
is found in these groups, the call is
switched over the final group of trunks,
f, to the home SC. Here there are four
high usage trunk groups available. These
are tested as follows: Home SC to TC (B),
and then in order to distant PO, distant
SC and distant RC. If these are all busy,
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the call is switched over the final group
of trunks to the home RC. Here there are
three high usage trunk routes available.
The call progresses in this manner until it
gets to the final route between the dis-
tant PO and TC (B), which is the last one
available. In this rather unlikely case,
the call would be advanced to its destina-
tion, TC (B), entirely by final trunk
groups. As indicated in this example, the
order of rotation in testing the trunk
groups is from far to near. That is, the
first route tested is direct to the dis-
tant TC serving the called local office.
Testing then proceeds in order to the
distant PO, SC and RC, and finally to the
home or near RC.

1.175 The whole operation of checking the
available routes is performed in a
small fraction of a second.

Vacant Code Routing

1.176 Since the LA systems are scattered
all over the nation, the information

on changed or added national office codes
will not reach all CSP's at once. Even if
they did, it is not practicable to make
changes in all CSP's at exactly the same
time. Therefore, a CSP in one area may
have a call to an office in another basic

numbering plan area which looks like a
vacant code because the national office
code of that office was recently changed
and this information was not yet recorded.

1.177 In order to handle such calls, a

' "principal city" CSP is assigned to
each basic numbering plan area. National
office code changes or additions affecting
offices in any numbering plan area are re=-
corded immediately in the principal city
CSP for that area.

1.178 All calls to vacant codes are routed

to the principal city CSP's. This
includes calls to actual vacant codes,
(unassigned), as well as those that just
look like vacant codes. Codes that look
like vacant codes but which are actually
assigned are completed by the principal
city CSP. On the others the principal city
returns reorder tone.

1,179 As has been indicated, ultimately

it is expected that customers will
dial toll calls the same as they now dial
local calls. The 4A system, being on a
destination basis, anticipates this because
it does not care whether the call is
dialed by an operator or by the customer,
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2. SWITCHING PRINCIPLES

(A) General

2,01 The function of the 4A system is to

switch toll calls received on incom-
ing trunks (incoming traffic) to various
kinds of outgoing trunks (outgoing traffic).
Incoming traffic is received from outward
operators at lacal and toll switchboards
and from other toll centers. Outgoing
traffic either goes to another toll office
or it is terminated in local offices
served by the 4A toll office.

2.02 The switching principles used for

handling this traffic are discussed
here without taking into account specific
trunking arrangements; these are covered
in Part 3.

2,03 The 4A system is a crossbar system

and therefore its basic element is a
crossbar switch. A description of the
switch'is given in this part because an
understanding of its operation is essen-
tial to an understanding of the system as
a whole.

(B) The Crossbar Switch

2.04 The crossbar switch is an electrical-
ly operated relay mechanism consist-
ing of ten horizontal paths and ten or
twenty vertical paths. Any horizontal path
can be connected to any vertical path by
the operation of magnets. The points of
connection are known as crosspoints. The
switech with ten vertical paths has 100
crosspoints and is called a 100-point
switch; the one with twenty vertical paths
has 200 crosspoints and is called a 200-
point switch. Figure 14, attached, shows
a partial perspective view of a crossbar
switch.

2.05 Horizontal Paths: There are five

selecting bars mounted horizontally
across the face of each switch. These bars
can be partially rotated either up or down,
under control of select magnets, thus form-
ing two horizontal paths per bar, making a
total of ten horizontal paths.

2,06 Each selecting bar has flexible se-
lecting fingers attached to it, one
finger for each vertical path.

2,07 Vertical Paths: Ten or twenty verti-
cal units are mounted on the switch

and each unit forms one vertical path.

Each unit operates under control of a hold

magnet and has ten groups of contacts (one

for each horizontal path) associated with it.

2,08 Each group of contacts may consist of

three to six pairs of contact springs.
A switch is classified according to the
number of crosspoints and pairs of springs -
for example, a 200-point 5-wire crossbar
switch.
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2.09 QOperation of the Crossbar Switch: The
normal position of the selecting
fingers is horizontal, lying between two
groups of contacts. When a sélect magnet
operates, the selecting bar is partially
rotated either up or down and one of the -
horizontal paths available to this bar is
chosen. The selecting fingers now lie in
front of a group of contacts.

2,10 The hold magnet of the vertical path

to be connected to this horizontal
path then operates its holding bar which,
using the selecting finger as a wedge,
causes the group of contacts beside the
selecting finger to operate, thus connect-
ing the horizontal and vertical paths,
Both the select and hold magnets must be
operated in order to close a crosspoint.
The other groups of contacts on this verti-
cal unit do not operate since there is no
selecting finger between them and the
holding bar. Figure 15, shows the action
of the selecting mechanism.

2.11 After the operation of the hold mag-

net the select magnet releases, re-
turning the horizontal bar to normal. How-
ever, the finger used to establish the
connection, being flexible, remains wedged
against the contacts by the holding bar and
in this way keeps the contacts operated.
When the hold magnet releases, the connec-
tion is released and the selecting finger
returns to normal.

2.12 Split Switches: A crossbar switch
usually has each horizontal path

strapped on the wiring side, thus makin

ten horizontal paths as shown on Fig. 16.
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FIG. 16 - SCHEMATIC OF CROSSBAR SWITCH
(10 HORIZONTAL PATHS )

2.13 In a split switch this horizontal

strapping is cut in order to provide
more than ten horizontal paths. For ex-
ample, as shown on Fig. 17, a switch can
be split between the tenth and eleventh
verticals; this provides ten more horizon-
tal paths on the switch.

2.1 Figure 18, attached, is a photograph

of the apparatus sides of a 100-point
and a 200-point switch.
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(C) Switching Frames

General

2,15 As has been pointed out, the function
of a LA office is to switch toll
calls coming into the office on incoming
trunks, to outgoing trunks to other offices.
The connections in the talking paths of
these calls are established through cross-
bar switches located on two kinds of
switching frames: incoming frames and out-
going frames. As the names indicate, the
incoming trunks are located on crossbar
switches on incoming frames and the out-
going trunks on crossbar switches on out-
going frames. Most offices have an equal
number of incoming and outgoing frames,
but in some offices certain conditions may
upset this balance and result in an un-
equal number.,

2.16 Figure 19 is a simple diagram of the
talking path or "channel" between an
incoming trunk and an outgoing trunk. Re-
ferring to this figure, the incoming trunks
bring the toll calls to the incoming frame
primary switches. The calls are extended
from here to the incoming secondary switches
over "incoming links" and from these to
the outgoing frame primary switches over
"junctors™. The "outgoing links" then ex-
tend the calls to the outgoing secondary
switches on which the outgoing trunks are
terminated. In this manner these groups
of paths, or "channels", make every

outgoing trunk in an office accessible to
each incoming trunk on each incoming frame
in the office.

2.17 This method of connecting incoming
trunks to outgoing trunks is one of

the main advantages of all crossbhar systems.

It makes these systems desirable for use

in small offices as well as in the largest,

and greatly reduces the extent of changes

required when an office grows.

Incoming Frames

2,18 Each incoming frame is made up of
primary switches and secondary
switches.

2.19 For simplicity the following discus-

sion is confined to an installation
with provision for 200 trunks per incoming
frame., Later on under Method of Increasing
Frame Capacity thereis an explanation as to
hgg 300 trunks per incoming frame are pro-
viaed.

2.20 There are thirty 200-point crossbar

switches on each frame. Twenty of
these are primary switches and are mounted
in pairs on two primary bays, ten switches
in each bay. The other ten are secondary
switches and are mounted on one secondary
bay.

2.21 The corresponding verticals of each
of the ten pairs of primary switches
are multipled so that each pair of switches
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PRI SW. \ uKs SEC. Sw. JUhEToas
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FIG.I9 - PATH OF CALL THROUGH INC. AND OUT. FRAMES
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has twenty verticals and twenty horizontals.
(See Fig. 20A, attached.) The incoming
trunks are terminated on the horizontals
of these ten pairs of switches and there-
fore up to 200 incoming trunks can be lo-
cated on one frame, A group of trunks
coming in from a given office is spread
over as many incoming frames as feasible.
Therefore the 200 trunks on each incoming
frame consist of trunks from several of-
fices.

2.22 The 200 pairs of verticals are con-

nected to the horizontals of the
secondary switches by means of 200 incom-
ing links. Since in the case under dis-
cussion there are only ten secondary
switches for the 200 links, the switches
are split in half thus providing 20 hori-
zontals on each switch.

2.23 These 200 incoming links from the
verticals of the ten pairs of pri-

mary switches are distributed®over the
horizontals of the ten split secondary
switches in a fixed pattern, two links to
each switch. Thus the links are arranged
in a:.vertical-horizontal spread. (See
Fig. 204.,)

2,24 The verticals on the primary switches,

as well as those on the secondary
switches, are designated left and right,
(OL to 9L and OR to 9R). The verticals of
the primary left half switches terminate
on the horizontals of the secondary left
half switches. Similarly, the verticals
of the primary right half switches ter-
minate on the horizontals of the secondary
right half switches. The number of the
primary vertical where the link originates
is the same as the number of the secondary
switch on which the link terminates, and
the primary switch number is the same as
the secondary horizontal number. For
example, a link on primary switch 8, left
vertical 6 terminates on secondary switch
6, left horizontal 8.

2.25 The incoming ends of 200 junctors

are connected to the 200 verticals
of the incoming secondary switches. (The
outgoing ends connect to primary switches
on outgoing frames as is described shortly.)

.The vertical-horizontal spread of the in-

coming links makes every one of these 200
junctors available to each of the 200 in-
coming trunks. .

2,26 As a matter of interest, the primary
and secondary switches with their
interconnecting links on each incoming
frame could be replaced by one large cross-
bar switch with 200 horizontals and 200
verticals., Then each incoming trunk would
have access to all of the 200 junctors the
same as with the link arrangement, and
theoretically there could be 200 simul-
taneous connections. However, such a switch
would be difficult to build and would be
prohibitive in cost and maintenance.
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Furthermore, it would not be suitable for
doing the many jobs in other parts of the
telephone system which single small
switches, or groups of the small switches
can do. The links make it possible to get
the same results using these small, rela-
tively inexpensive switches.

Qutgoing Frames

2,27 The outgoing frame, like the incom-

ing frame, is made up of primary and
secondary switches. The incoming toll
calls from the incoming frames are carried
to the outgoing frames on junctors which
interconnect the incoming frame secondary
switches and the outgoing frame primary
switches. They are extended to the second-
ary switches, on which the outgoing trunks
are located, over outgoing links. Outgoing
links perform the same type of function as
the incoming links; they give each toll
call coming into a frame over a Jjunctor
access to every outgoing trunk on the
frame.

2,28 The number and arrangement of the

crossbar switches is the same as that
on the incoming frame with one exception:
there are ten primary switches and ten
pairs of secondary switches which is just
the reverse of the arrangement on the in-
coming frame. The link pattern (Fig. 20B,
attached) is also the same except for the
reversed position of the primary and
secondary switches. The similarity is ap-
parent in Figs. 20A and 20B.

2.29 The same kind of rule for tracing

link connections applies here as it
does on the incoming links: the number of
the primary horizontal where the link ori-
ginates is the same as the number of the
secondary switch on which the link ter-
minates, and the primary switch number is
the same as the secondary vertical number.
For example, a link on primary switch 8,
left horizontal 6, terminates on secondary
switch 6, left vertical 8.

.2.30 Up to 200 outgoing trunks are ter-

minated on the horizontals of the
secondary switches. The outgoing trunks
on one frame can connect to many different
offices. As in the case of incoming trunks,
the trunks to each office are spread over
as many outgoing frames as feasible. The
reason for this is brought out in the
story on Control of Switching Functions.

Method of Increasing Frame Capacity

2.31 Under Incoming Frames, only the ar-

rangement for 200 incoming trunks is
described, to simplify the explanation of
the switching principles. The two bays of
primary switches, mentioned in para-
graph 2,20, on which these 200 trunks are
terminated, are called the primary bay and
primary extension bay. These two bays are
always provided. Where it is desired to
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increase the capacity to 300 incoming
trunks, a third bay called a supplementary
extension bay, may be furnished. The like
verticals of all three bays are then mul-
tipled. The number of links and junctors
remains the same.

2,32 Similarly, under Outgoing Frames,
only the arrangement for 200 outgoing

trunks was described, and for the same
reason. Two secondary bays, the secondary
and secondary extension bays, are always
provided. A supplementary extension bay
may be furnished where it is desired to
increase the capacity to 300 outgoing
trunks. As in the similar case of the in-
coming frame, like verticals of all three
bays are multipled.

(D) Junctors

2.33 As we have seen, links provide the

traffic paths between the primary and
secondary switches of individual incoming
and outgoing frames. Junctors, on the
other hand, provide the traffic paths from
the secondary switches of each incoming
frame to the primary switches of every
outgoing frame in an office.

2.34 Links are permanently connected in a

fixed pattern which is the same for
every frame on every job regardless of the
size of an office. As contrasted to this,
there are different junctor patterns for
different sizes of offices. By pa%tern is
meant the junctor distribution plan, that
is, the incoming and outgoing frame ter-
minations of each junctor, without regard
to whether the junctor is run directly or
through a distributing frame.

Junctor Patterns - General

2.35 In order to understand junctor pat-
terns, it is necessary to have a
picture of some of the traffic problems in-
volved in connecting incoming toll calls

to outgoing trunks.

2.36 Incoming trunks are assigned to the

incoming frames in such a manner that
each frame handles about the same amount of
traffic. This traffic (from each frame)
spreads equally over all the outgoing
frames. Therefore the junctors from eacn
incoming frame are divided into as maiy
groups as there are outgoing frames. Each
of these groups has the same number of
junctors. (There are a few minor excep-
tions in which some groups may have one
more than others. The reason for this is
given later in this part under Intertoll or
Combined Train).,

2.37 A Jjunctor joins a vertical of an in-

coming frame secondary sivitch to a
vertical of an outgoing frame primary
switch. There are 20 verticals on each of
the ten incoming frame secondary switches
and a like number on the ten outgoing
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frame primary switches. Therefore, there
is space for connecting a maximum of 200
junctors on each of these frames.

2.38 Since each incoming frame has room

for not more than 200 junctors and
there is a group of junctors to each out-
going frame, it follows that the more out-
going frames there are the smaller each
group will be. (However, there is a mini-
mum number that can be provided in a group
in order that the group does not become so
small as to be inefficient.)

2.39 When an office grows, junctors have
to be provided from each incoming
frame to all of the new outgoing frames.
In order to make room for the added trunks
and still preserve the arrangement whereby
the incoming trunks from each office are
spread over several incoming frames, and
the outgoing trunks to each office are
spread over several outgoing frames, (see
paragraphs 2.21 and 2.30), some of the
existing trunks have to be reassigned. The
result is that each incoming frame ends up
with the same number of trunks, the same
total number of junctors and the same
amount of traffic. However, the traffic
from any one incoming frame is now spread
over more outgoing frames. Therefore the
number of junctors to each outgoing frame
can be reduced without impairing service.

2.4,0 Because the number of junctor groups
from each incoming frame is always
equal to the number of outgoing frames, it
is obvious that there will be different
Jjunctor patterns for different sizes of of-
fices. If an office did not grow, then
junctors could all be cabled directly and
would be fixed (for each size office) 1like
links. However, offices do grow and
therefore provision must be made for chang-
ing the number of junctor groups, which,
of course, also changes the sizes of the
groups.,

2.41 Certain junctors are not affected by

the growth of an office and these can
be permanently connected from the incoming
frames to the outgoing frames. The number
that can be connected in this manner de-
pends on the number of frames provided in
an office. The larger the installation,
the greater the number of junctors that can
be connected directly. The remaining in-
coming and outgoing frame verticals are
cabled to a junctor grouping frame. Here
the proper number are cross-connected to
provide the additional number of junctors
required for the particular size of office
involved.

2.4,2 The permanently connected junctors -
are in a symmetrical, easily recog-
nized pattern. This is illustrated in
Table A, which shows an intertoll or com-
bined train office which has reached its
ultimate size of 10 incoming frames and
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10 outgoing frames and therefore all junc-
tors are permanently connected.

TABLE A
Junctor Distribution
Intertoll or Combined Train Office
10 Incoming Frames and 10 Outgoing Frames
(Ultimate Size Office) (All Junctors from
Incoming Frame O to Outgoing Frames O to 9
are shown.)

Inc. Out,
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(o] (OL-9L OL-9L
(OR-9R OR-9R

" n

" "

" "

o

20 0 0

20
20
20
20
20
20
20
20
20

32
=
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It can be seen from Table A that the
junctors are in a symmetrical pattern in
which:

(a) Incoming frame number is the same

as the number of the vertical on
the outgoing frame primary switch.
(Inc. Fr. No., = Out. Vert. No.)

(b). Outgoing frame number is the same

as the number of the vertical on
the incoming frame primary switch.
(Out. Fr. No. = Inc. Vert. No.)

(c) Incoming frame secondary switch

number is the same as the number
of the outgoing frame primary switch
number. (Inc. Fr. Sec. Sw. No. = Out.
Fr. Pri. Sw. No.)

2.43 The cross-connected junctors do not
fit into this symmetrical pattern.
Their arrangement is arbitrarily set for
each size of office. DBecause some of the
cross-connections may be changed each time
an office grows, these arrangements are
designed for one purpose and that is to
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minimize the amount of work required to go
from one size office to another. Table C,
(shown later, under Intertoll or Combined
Train), illustrates this difference be-
tween the permanently connected junctors
and the cross-connected ones.

2.44 When the first addition to an office

is made, some existing cross-connec-
tions are rearranged and some new ones are
added. Also the cable leads from certain
verticals of the existing and added incom-
ing and outgoing frames are tied together
at the grouping frame to form additional
permanently connected junctors. These
junctors then become part of the symmetri-
cal pattern.

2.45 On the next addition, more cross-

connections are replaced and shifted
in this menner and thus more junctors join
the symmetrical pattern.

2.46 When the ultimate size of an office

is reached, all junctors are perman-
ently connected in a symmetrical pattern.

Switching Trains

2.47 There are two types of traffic handled
in a toll office - intertoll and toll
completing. As shown in Fig. 21, intertoll
traffic is traffic from one toll office to
another toll office and toll completing
traffic is traffic from a toll office to a
local office. There are two types of
"switching trains" corresponding to these
two types of traffic. (A switching train
is a group of incoming and outgoing frames
interconnected by junctors.) In some of-
fices intertoll traffic is carried on
"intertoll trains" and toll completing
traffic on "toll completing trains". An
office with this arrangement is a "separate
train" office. In other "combined train"
offices, both types of traffic are carried
on a "combined train' as shown in Fig. 22.

2.48 As stated earlier, there is a minimum

size of junctor group to preserve
group efficiency. Actually there are two
minimum sizes, one for intertoll or com-
bined trains and one for toll comple ting
trains.

INC. FRAMES OUT. FRAMES
OUT. TO
INTERTOLL TRAFFIC TRKS. OTHER
— TOoLL
OFFICES
INC.
TRKS.
TRKS. TO
TOLL COMPL.TRAFFIC LocAL
OFFICES

FIG.21 - SEPARATE TRAIN OFFICE
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INC.FRAMES INTERTOLL o
INC. TRAFFIC . OTHER TOLL
TRKS. TOLL COMPL. OFFICES
TRAFFIC 10
LOCAL OFFICES

FIG.22 - COMBINED TRAIN OFFICE

2.49 The minimum number of junctors in a

group is 20 for intertoll or combined
trains and 10 for toll completing trains,
Because of these different minimums, there
is a different set of junctor patterns for
each of the two types of trains, even
though they may have the same number of
frames. For example, an office with 10 in-
coming and 10 outgoing frames in an inter-
toll or combined train has a different
pattern from that of the same number of
frames in a toll completing train.

2.50 The reasons for the different mini-

mums for the two types of trains are
explained under (E) Control of Switching
Functions.

Intertoll or Combined Train

2.51 The minimum number of junctors in a
group is 20 for the intertoll or com-
bined train. Table B shows the number of
junctor groups and junctors from each in-
coming frame for offices with different
numbers of outgoing frames up to an ulti-
mate size of 10 incoming and 10 outgoing
frames. An even number of incoming frames
and an even number of outgoing frames are
always provided. Generally there are the
same number of incoming and outgoing frames.
In Tablé B the number of incoming frames
is not shown because all the data applies
independently to each incoming frame re-
gardless of how many there are. In fact,
the whole junctor story will be most easily
understood if the pattern is visualized as
it is seen looking from one incoming frame.
This gives the whole picture because the
junctors from all the other incoming frames
follow the same pattern.

TABLE B
Intertoll or Combined Train
Number of Junctors per Incoming Frame
for Offices up to an Ultimate Size of
10 Incoming and 10 Outgoing Frames

From Each Incoming Frame
No. of No. of *¥Total

No. of

Outgoing Junctor Junctors No. of
Frames Groups Per Grp. Junctors

2 2 60 120
4 N 40 160
6 6 30 180
8 8 25 200
10 10 20 200

*A junctor joins a vertical of an incoming
frame secondary switch to a vertical of an
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outgoing frame primary switch. All unused
incoming secondary and outgoing primary
switch verticals are cabled to the junctor
grouping frame. These are not junctors -
they become Jjunctors when they are joined.

2.52 This table shows the total number of
Junctors provided per incoming frame
as well as the number of junctors between
any incoming frame and each outgoing frame.
Since each incoming frame handles the same
amount of traffic regardless of the size
of an office, it follows that the traffic
carried by each junctor group from a given
incoming frame is equal to the total traf-
fic on that incoming frame divided by the
number of outgoing frames. Thus, in an
office with 4 outgoing frames, each junc-
tor group carries one fourth of the total
traffic from an incoming frame, whereas in
an office with ten outgoing frames each
junctor group carries only one tenth of the
total traffic. Therefore the size of the
Jjunctor groups must increase as the number
of outgoing frames decreases. This is evi-
dent from Table B.

2.53 It will be noted that in the smaller
offices the full capacity of 200

junctors for each incoming frame is not pro-
vided. For example, in an office with only
2 outgoing frames, each incoming frame has
only 120 junctors, (one group of 60 to each
of the 2 outgoing frames) instead of the
200 which could be provided.

2.54 There are several reasons why all the

junctors are not provided on these
small jobs. One is that the groups are
larger, and therefore more efficient. The
calculations required to determine the prop-
er number of junctors for each size of of-
fice are complicated and are beyond the
scope of this section. These calculations
have been made, and from them charts have
been prepared which show the number of junc-
tors per group for each size of office.

2.55 Figure 23, attached, shows the junctor
pattern for an office with an ultimate
size of 10 incoming and 10 outgoing frames
but equipped initially with 2 incoming and
2 outgoing frames. To simplify the diagram,
only one incoming frame is shown. For the
same reason only three switches O, 4 and 9
are shown on both the incoming and outgoing
frames. Directly cabled junctors and cross-
connected junctors are shown as well as the
spare incoming and outgoing verticals which
are cabled to the junctor grouping frame.
As shown in this figure the junctors are




connected from the incoming left half
switches to the correspondingly numbered
outgoing left half switches. The incoming
right half switches are connected in a
similar manner to the outgoing right half
switches.

2.56 Figure 23 also shows how the perman-

ently connected Jjunctors form a sym-
metrical pattern while the cross-connected
ones do not. This also is clearly shown in
Table C.

2.57 As discussed previously in connection

with Table A, when the office has
grown to its ultimate size of 10 incoming
frames and 10 outgoing frames, all junctors
will be permanently connected and in a sym-
metrical pattern for this type of office
and: '

(a) Inc. Fr. No. Out. Vert. No.

(b) Out. Fr. No. = Inc.'Vert. No.

(¢) Inc. Fr. Sec. Sw. No, = Out. Fr.
Pri. Sw. No. .

2,58 While the cross-connected junctors do

not have a symmetrical pattern, the
numbers assigned to the incoming frame
secondary vertical and outgoing frame pri-
mary vertical terminations of a junctor are
the same, for example, 3 and 3, 6 and 6,
etc., This simplifies the job of running
the cross-connections.

2.59 It was.pointed out in paragraph 2.51°
that the junctor story is most easily

SECTION A828.101

understood by visualizing the pattern as it
is seen from one incoming frame. With this
in mind, Table D was made up. On this
table two incoming frames are selected from
an intertoll or combined train office with
six ‘incoming and six outgoing frames and
the junctor pattern on each is shown sep-
arately.

2.60 The foregoing discussion of junctor

patterns applies specifically to an
intertoll or combined train installation
with an ultimate size of ten incoming and
ten outgoing frames. There are two other
ultimate sizes for intertoll or combined
train offices, to meet the requirements of
various areas. The junctor patterns for
these differ in detail but the same general
philosophy applies to them, that is, there
is a well defined symmetrical pattern for
the permanently connected junctors. The
minimum size junctor group is 20 for all
three sizes of intertoll and combined train
installations.

Ultimate Sizes of Offices

2.61 There are three ultimate sizes of
intertoll or combined train instal-
lations as follows:

(a)

10 incoming frames - 10 outgoing
frames - (plan TA4).

(b) 10 incoming groups (20 frames) - 20

outgoing frames - (plan TB).

(c) 20 incoming groups (40 frames) -
20 outgoing groups (40 frames) -
{plan TC).

TABLE C
Junctor Distribution
Intertoll or Combined Train
2 Incoming Frames - 2 Outgoing Frames
(Ultimate Size Office, 10 Inc. - 10 Out.)
(120 Junctors per Incoming Frame - 6 per Half Switch)

No. Inc. Out.
of Fr. Fr.
Junc- Inc. Out. OQut. Inc. Sec, Pri.
tors Fr. Vert. Fr. Vert. Sws.. Sws.
Symmetrical = Permanently (20 0 0 0 0 (OL-9L  OL-9L
Pattern Connected (OR-9R  OR-SR
(20 [¢] 0 1 1 " "
( 20 0 9 0 9 " 1]
Cross- (20 0 6 1 6 " "
Connected (20 0 3 [¢] 3 " "
(20 0 2 0 2 " "
Symmetrical = Permanently (20 1 1 0 0 " "
Pattern Connected (20 1 1 1 1 " "
(20 1 2 0 2 " "
Cross- (20 1 3 1 3 " "
Connected (20 1 8 0 8 " "
( 20 1 9 1 9 n "
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HALF NO. OF Iv JuNCTORs [ QUL | ov_No. NO.OF HALF
SWITCH NOS. JUNCTORS NO. CONNECTED NO. JCNO. JUNCTORS | SWITCH NOs.
oL To 9L oL To 9L
(A or T09R 20 Y PERMANENT o o 20 (" or TO 9R
SEE CROSS- SEE
(® notE o 1o 9 CONNECTED 9 1o ® vore o
SAME AS 20 I PERMANENT 0 20 SAME AS
(a) | (a)
SEE CROS S - SEE
| © wNoTE b io 9 CONNECTED 9 10 (©) NOTE b
N SAM&)AS 20 2 PERMANENT 0 20 SAM&)AS
C. 2
SAME AS o 7 CROSS - : 7 SAME AS
(0
F (B) CONNECTED (B)
R SAME AS SAME AS
3
M. A 20 PERMANENT ;5 0 20 R
SAME AS CROSS- SAME AS
10 7
g ) CONNECTED 7 10 (c)
SAME AS SAME AS
0 (* 20 4 PERMANENT 4 0 20 )
SAME AS CROSS - ' SAME AS
10 8 |
(B) CONNECTED 8 0 (B)
SAME AS 20 5 PERMANENT 0 20 SAME AS
(A) (A)
SAME AS o s CROSS - 5 s o SAME AS
(c) CONNEC TED ©)
HALF NO.O F TV JUNCTORS [ Q0T oV NO. NO. OF HALF
SWITCH NOS. JUNCTORS NO. CONNEC TED: e JC NO. | JUNCTORS | SWITCH NOS.
OL TO 9L oL TOSL
(A) or TO 9R 20 ] PERMANENT o 2 20 (AorTOSR
SEE CROSS - SEE
(®  NoTE @ ro 8 CONNEGTED 8 10 (8) noTE o
SANRS 20 I PERMANENT 2 20 AV
|
SEE CROSS- SEE
'L © jote b 1o 8 CONNECTED 8 ro ©)yoTE b
C. SAME AS 20 2 PERMANENT 2 20 SAME AS
; (A) 2 (A)
SAME AS CROSS - SAME AS
R (B) 10 9 CONNECTED 9 1o (8)
M,
N SAM&) AS 20 3 PERMANENT 2 20 ‘”‘M(i)AS
: 3
SAME AS ' CROSS - SAME AS
0. (c) 1o 9 CONNECTED 9 10 ©)
2 SAME A3 20 4 PERMANENT 7 20 SAME AS
( (
A) 4 A)
SAME AS o 7 CROSS - R o SAME AS
() CONNECTED (e)
SAME AS 20 5 PERMANENT 7 20 SAME AS
(A) 5 (a)
SAME AS Lo N CROSS- 5 o SAME AS
(c) CONNECTED ©

NOTE G.: OL,IR,2L,3R,4L,5R,6L,7R,8L,9R
NOTE b : OR,IL,2R,3L,4R,5L 6R,7L BR,9L

TABLE D - JUNCTOR PATTERN FOR 6 INCOMING- 6 OUTGOING FRAME
OFFICE AS SEEN FROM INCOMING FRAMES O AND 2,
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2.62 Early in the engineering stages of

each office a decision is made as to
which of these ultimate sizes will be used.
This decision affects the engineering,
manufacture, and installation of the job.
Here we are concerned with the effect of
ultimate size on frame arrangements and
junctor patterns.

2.63 Junctor distribution charts have
been prepared which cover the junc-
tor distribution for every size office for
each of the ultimate sizes of installation.
These are included in Section AA261.432.

Grouping of Incoming Frames

2.64 The 200 junctors per incoming frame

are sufficient to provide the mini-
mum of 20 junctors per group for installa-
tions with an ultimate size of ten incom-
ing frames and ten outgoing frames. 1In
offices with larger ultimate sizes, this
minimum group size is maintained by divid-
ing .gll the incoming frames, or both the
incoming and outgoing frames into "groups"
of two frames each, which share their
Jjunctors,

2.65 In the 10 Incoming Group - 20 OQut-
oing Frame size office the incoming
frames are paired to form Incoming Groups:
Incoming frames O and 1 are group O, frames
2 and 3 are group 1, etc. This grouping
is done even on the smallest initial size
office, which is 2 incoming groups and 4
outgoing frames, The 200 junctors from
each frame of a group are combined into a
pool of 40O which are shared by that group.

SECTION A828.101

The outgoing frames are not grouped and
therefore have a capacity for 200 junctors
each (See Fig. 24, attached.)

2.66 In order to provide space on each

incoming frame of a group for the
LOO junctors shared by that group, a sec-
ondary extension bay is added to each
frame. The verticals of the regular sec-
ondary and secondary extension bays of one
frame are multipled to like verticals on
the regular secondary and secondary ex-
tension bays of the other frame of the
group. Each incoming frame of the group
still has its individual 200 links which
are multipled to both bays. These two sets
of 200 links are served in common by the
4L,00 junctors,

2,67 It should be noted that in this ul-

timate size installation the incoming
frame secondary switches are not split as
they are in the 10 incoming - 10 outgoing
frame office. From a junctor pattern
viewpoint the regular secondary switch re-
places the left half switch and the exten-
sion secondary switch replaces the right
half switch of the incoming secondary ’
switches of the 10 incoming - 10 outgoing
frame pattern.

2.68 Table E shows the number of junctor
groups and junctors per Incoming
Group for different numbers of outgoing
frames in offices with an ultimate size of
10 incoming groups - 20 outgoing frames.

TABLE E

Intertoll or Combined Train

Number of Junctors per Incoming Frame for Offices
Up to an Ultimate Size of 10 Incoming Groups and
20 Outgoing Frames

From Each Incoming Group

No. of No. of No. of No. of
Incoming Outgoing Junctor Junctors
Groups Frames Groups Per Group
2 L b 60
3 6 6 60 or (a)(40)
I 8 8 40
5 10 10 L0 or (a)(30)
6 12 12 30
7 14 14 25
8 16 16 25
9 18 18 (b)22 or 23
10 20 20 20

Total

No. of
Junctors
24,0
360 or (a)(240)
320
400 or (a)(300)
360
350
400
4,00
400
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Notes:
{a) These are alternative arrangements
which are as follows:

2 Incoming Group - 4 Outgoing Frame,

(2 IG - 4 OF), initial size always uses
the next larger size - 3 IG - 6 OF pat-
tern.

3 IG - 6 OF initial size may use this
pattern or 5 IG - 10 OF pattern.

4 IG - 8 OF initial size always uses
the 5 IG - 10 OF pattern.

5 IG - 10 OF initial size may use this
pattern or the 6 IG - 12 OF pattern.

7 IG - 14 OF initial size always uses
the 8 IG - 16 OF pattern.

Which arrangement is used in a given
office depends upon the possibilities
of growth in that office. For example,
if initial requirements are for 3 in-
coming groups and outgoing frames

but studies indicate that the office
will soon grow to 5 incoming groups

and 10 outgoing frames, the pattern

for the 5 - 10 office can be installed
initially and there will be 40 junctors
per group instead of 60. This greatly
reduces the installation effort when
the office does grow. Of course until
this happens the number of junctors per
group will be smaller than in the regu-
lar arrangement, that is, the one with
60 junctors per group. However, 4O

No. of No. of
Incoming Outgoing Junctor
Groups _ Groups Groups
b L L
5 5 5
6 6 g
7 7
8 8 8
9 . 9 9
10 10 10
11 11 11
12 12 12
13 13 13
14 14 14
15 15 15
16 16 16
17 17 17
18 18 18
19 19 19
20 20 20
Notes:

junctors per group provide service
which meets Bell Systems standards for
an installation of 3 incoming groups
and 6 outgoing frames.

(b) This means that certain incoming

groups have 22 junctors to certain
outgoing frames and 23 to others.
Other incoming groups have 22 junctors
to different sets of outgoing frames
and 23 to the remaining frames. For
example, incoming group O has 22 junc-
tors to each of outgoing frame 2 to 15,
and 23 junctors to frames O, 1, 16 and
17. This makes a total of 400, In-
coming group 7 has 22 junctors to each
of outgoing frames O to 11, 16 and 17,
and 23 junctors to frames 12 to 15,
also making a total of 400.

2.69 The general similarity of Table E
to Table B is apparent.
2.70 Figure 25, attached, is a simple dia-

gram of an office with an ultimate

size of 20 Incoming Groups and 20 Outgoing

Groups.

In this type of office both the

incoming and outgoing frames are grouped.
Each incoming frame and outgoing frame
still has an individual group of 200 links,
but in this size office each Incoming
Group shares 400 junctors and each Out-
going Group shares 400 junctors.

2.71 Table F shows junctor arrangements

for offices up to an ultimate size

of 20 Incoming Groups and 20 OQutgoing
Groups.

TABLE F
Intertoll or Combined Train
Number of Junctors per Incoming Frame for Offices Up
To an Ultimate Size of 20 Incoming Groups and
20 Outgoing Groups

From Each Incoming Grou
No. of No. of Total

Junctors No. of
Per Group =~ Junctors
60 24,0
60 300
60 or (a)(40) 360 or (a)(240)
40 280
40 320
40 ; 360
40 or (a)(30) 400 or (a)(300)
30 330
30 360
30 390
25 350
25 375
25 4,00
(b)22 or 23 400
{b)22 or 23 400
20 380
20 400

{a) Alternative arrangements.
(b) See note (b) under Table E.
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Toll Completing Train

2.72 The general story on frame arrange-

ments and junctor distribution is
much the same on the toll completing train
as it is on the intertoll and combined
trains. For example, even numbers of in-
coming frames and even numbers of out-
going frames are always provided, and
generally there are the same number of each.
There are different junctor distribution
patterns for offices with different ulti-
mate sizes, and until these ultimate sizes
are reached some of the junctors are per-
manently connected and some are cross-
connected.

2.73 The minimum number of junctors in a

group is ten for this type of train.
The reason for the smaller number is ex-
plained under (E) Control of Switching
Operations. The differences in frame ar-
rangements and junctor distribution pat-
terns are mostly due to this smaller mini-
mum size of the junctor group.

2.74 There are only two ultimate sizes o
installations: :

20 incoming frames - 20 outgoing
frames (plan LA)

20 incoming groups - 40 outgoing
frames (plan LB) -

The outgoing frames are never grouped be-
cause even in the larger size installations
with 40 outgoing frames the minimum group
size of ten junctors can be maintained with-
out grouping. - (Because each incoming group
shares 400 junctors, these are divided over
the 4O outgoing frames, 10 junctors per
group.)

2.75 Table G shows the junctor distribu-
tion for different sizes of offices
up to an ultimate size of 20 Incoming

Frames and 20 Qutgoing Frames.

TABLE G
"Toll Completing Train
Number of Junctors per Incoming Frame for
Offices up to an Ultimate Size of 20 Incoming
and 20 Outgoing Frames

From Each Incoming Frame

No. of Wo. of No. of Total
Outgoing Junctor Junctors No. of
Frames Groups Per Group Junctors

g g 30 (a) 120

30 or (a)(20) 180 or(a)(120)

8 8 20 (a) 160

10 10 20 200

12 12 (b)13 or 1u(a) 160

14 14 (b)13 or 14 188

16 16 (b)12 or 13 200

18 18 10 (a) 180

20 20 10 200
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Notes:

laE Table G shows that, (as in the .
intertoll or combined train offices),

on some initial installations a pattern

for a larger size office may be used:

4 Incoming - L Outgoing Frame, (4 IF =
L OF), initial size uses 6 IF - 6 OF
pattern.

6 IF - 6 OF initial size may use this
pattern or the 10 IF - 10 OF pattern.

8 IF - 8 OF size uses the 10 IF - 10 OF
pattern.

12 IF - 12 OF size uses the 14 IF -
14 OF pattern,

18 IF - 18 OF size uses the 20 IF -
20 QF pattern.

(b) See Note (b) under Table E.

2.76 Figure 26, attached, shows the junc-
tor pattern for a 4 IF - L OF office,
(ultimate size 20 IF - 20 OF), using the
6 IF - 6 OF pattern. To simplify the dia-
gram, only switches O, 4 and 9 of one in-
coming frame are shown. Directly cabled
junctors and cross-connected junctors are
shown as well as the spare incoming and
outgoing verticals which are cabled to the
junctor grouping frame.

2.77 As with the intertoll or combined

train, junctors are connected from
incoming left half switches to correspond-
ingly numbered outgoing left half switches.
In a similar manner incoming right half
switches are connected to outgoing right
half switches.

2.78 Table H graphically illustrates the
symmetrical pattern of the permanent-

ly connected junctors in a 4 IF - 4 OF in-

stallation (ultimate size 20 IF - 20 OF).

2.79 When the office has grown to its ul-

timate size of 20 incoming frames -
20 outgoing frames, all junctors are per-
manently connected and are in a symmetrical
pattern for this type of office. In this
pattern:

(a) All Out. Fr. Vert. Nos. O connect
to Inc. Fr. Nos. O+1
All Out. Fr. Vert. Nos. 1 connect
to Inc. Fr. Nos. 2+3
All Out. Fr. Vert. Nos. 2 connect
tg Inc. Fr. Nos. 4+5
ete.

(b) A1l Inc. Fr. Vert. Nos. O connect
to Out. Fr. Nos. O+1
All Inc. Fr. Vert. Nos. 1 connect
to Out. Fr. Nos. 2+3
All Inc. Fr. Vert. Nos. 2 connect
tg Out. Fr. Nos. 4+5
etc.

(¢) Incoming frame secondary switch num-
ber is the same as the outgoing
frame primary switch number.
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TABLE H

Junctor Distribution
Toll Completing Train
L Incoming Frames - 4 Outgoing Frames (6 IF - 6 OF Pattern)
(120 Junctors per Incoming Frame - 6 per Half Switch)
(Ultimate Size Office 20 Incoming Frames - 20 Outgoing Frames)

Ine. Out.
Fr. Fr.
No. Sec. Pri.
of Inc. Out., Out. Inc. 1/2 1/2
Juncts. Fr, Vert. Fr. Vert. Sws. Sws.
( 10 0 0 0 0 a) (a)
(10 0 0 1 0 b) (b)
( 10 0] o] 2 1 (a) (a)
{ 10 0 0 3 1 (v) (b)
(10 1 0 0 0 (b)  (Db)
( 10 1 0 1 0] (a) (a)
. (10 1 0 . 2. 1 (v) (b)
Symmetrical = Permanently ( 10 1 0 3 1 (a) (a)
Pattern Connected ( 10 2 1 0 0 (a) (a)
10 2 1 1 0 (b)  (b)
10 2 1 2 1 (a) (a)
( 10 2 1l 3 1 (b) (v)
( 10 3 1 0 (o} (b) (v)
( 10 3 1 1 0 (a) (a)
( 10 3 1 2 1 (b) {b)
{ 10 3 1 3 1 (a) (a)
2 20 0 9 0 9 (c) (e)
20 0] 8 1 8 (e¢)  (c)
(20 0 5 2 5 () (e)
( =20 0 L 3 L }c) (c)
( =20 1 8 0 8 c) (e)
é 20 1 *] 1 9 (c) }c;
20 1 I 2 I (c) c
Cross ( 20 1 5 3 5 (c) (e)
Connected ( 20 2 7 0 7 (c) (c)
( 20 2 6 1 6 (e) (c)
( 20 2 9 2 9 (c) (e)
( 20 2 8 3 8 (c) (c)
( 20 3 6 0 6 (c) (c)
(20 3 7 1 7 (c) (e)
( 20 3 8 2 8 (c) (e)
( 20 3 9 3 9 (c) (c)
Notes:
(a) OL, 1R, 2L, 3R, 4L, SR, 6L, 7R, 8L, 9R.
{10 half switches)
(b) OR, 1L, 2R, 3L, 4R, 5L, 6R, 7L, 8R, O9L.
(10 half switches)
(c) OL to 9L and OR to 9R. (20 half
switches)
2.80 It will be noted that this pattern is 2.81 Table I shows junctor arrangements
symmetrical but is different from the for offices up to an ultimate size
symmetrical pattern for the intertoll train of 20 Incoming Groups and 40 Outgoing
10 IF - 10 OF office on Table C. Frames.
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TABLE I

Toll Completing Train
Number of Junctors per Incoming Frame for Offices
Up to an Ultimate Size of 20 Incoming Groups and
40 Outgoing Frames

From Each Incoming Group

No., of No. of No. of No. of Total
Incoming Outgoing Junctor Junctors No. of
Groups Frames Groups Per Group Junctors
I 8 8 40 (a) 320
5 10 10 40 400
6 12 12 20 (a) 240
7 14 14 20 (a) 280
8 16 16 20 (a) 320
9 18 18 20 (a) 360
10 20 20 20 or (a) (13 LOO or (a) 268
or 1l4)
11 22 22 (b)13 or 14 (a) 294
12 2 24 (b)13 or 14 (a) 320
13 26 26 (b)13 or 14 (a) 348
14 28 28 (b)13 or 14 (a) 374
15 30 30 (b)13 or 14 400
16 32 32 {(b)12 or 13 400
17 34 34 10 (a) 340
18 36 36 10 (a) 360
19 38 38 10 (a) 380
20 40 40 10 400
Notes:

(a) On some initial installations a pat-
tern for a larger size office may be

used.

4 IG - 8 OF uses the 5 IG - 10 OF

pattern.

6 IG - 12 OF, to 9 IG - 18 OF offices
use the 10 IG - 10 OF office size

pattern.

10 IG - 20 OF size office may use its
own pattern or the 15 IG - 30 OF size

pattern.

11 'IG - 22 OF, to 15 IG - 30 OF offices
use the 15 IG - 30 OF size pattern.

17 IG - 34 OF, to 20 IG - 4O OF offices
use the ultimate size pattern 20 IG -

LO OF.

{b) See note (b) under Table E.

(E) Control of Switching Operations

2.82 The L4A System is a Common Control
system. This means that a relative-
ly small number of circuits common to an
office, (common control equipment), store
the digits as they are received and then
set up the talking connection on the
switching train. The common control equip-
ment then releases and is ready to serve

another call. This type of system is dis-
tinguished from the Direct Dial Control
systems in which the switching train is set
up directly from the digits as they are re-
ceived.

2.83 Further, the LA system is a Marker
type of common control system. This

means that when an incoming call has been

recorded, the equipment called a marker
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first makes sure there is an idle outgoing
trunk to the called office. It then sets
up a talking connection between the incom-
ing trunk and the outgoing trunk on the
switching train. This is distinguished
from other, non-marker common control sys-
tems, which, after the call is recorded,
set up the switching train between the in-
coming and outgoing trunks progressively,
without first determining whether there is
an idle outgoing trunk to the called of-
fice.

2.8, Some of the common control circuits
are: markers, senders, decoders,

card translators, link controllers, and

trunk block connectors. These are des-

cribed in Part 3, Functions of Principal
Equipment Elements.

2.85 There are several possible connec-
tions between each incoming and every
outgoing trunk in an office. These are
called channels. A channel is a combina-
tion of an incoming link, a junctor, and
an outgoing link, that can be formed, (by
crosspoint closures), into a chain that
interconnects an incoming trunk and an out-
going trunk. (See Fig. 27, attached.)

2.86 On each call, the part of the common
control equipment called a marker
receives the location of the incoming
trunk which handles the call, and the lo-
cation of the called office. It then lo-
cates an idle outgoing trunk to the called
office and proceeds to set up a channel
between the incoming and outgoing frames.
‘Figure 28 shows this channel and the

relationship between the common control
equipment and the switching frames.

2.87 The location of the incoming trunk
is obtained by the marker in terms
of the incoming link frame number. This
number is given to the marker over the
winding of the primary select magnet asso-
ciated with the incoming trunk. The marker
then operates this select magnet and iden-
tifies the particular twenty links avail-
able to the incoming trunk - two to each
of the incoming frame secondary switches
on which one end of the ;unctors are ter-
minated. (See Fig. 20A.) Similarly, the
outgoing link frame number is obtained by
the marker over the winding of the second-
ary select magnet associated with the out-~
going trunk., The marker then operates this
magnet and identifies the twenty links
available to the outgoing trunk - 2 links
to each of the outgoing frame primary
switches on which the other ends of the
junctors are terminated. (See Fig. 20B.)

2.88 (To simplify the story, the follow-
ing discussion applies to the inter-
toll or combined train. The story is the
same for the toil completing train except
for the number ol junctors in the groups.)

2.89 While each incoming trunk and each
outgoing trunk has twenty links

which it can use, the total number of

junctors which can interconnect these links

to form channels varies from a minimum of

20 for the ultimate size office to 60 for

the smallest office. (See Tables B, E,

and F under Junctors.)

SWITCHING FRAMES
(TRANSMISSION PATH)

FROQ; INC. LINK FRAME OUT. LINK FRAME
ATLOCAL NG 19'-?,{'5 LOCAL
AND ;OLL IRKS. o INc | _ ouT OFFICES AND
SWBDS.AND ; I : TO TOLL
FROM OTHER LINK JUNCTOR LINK oPrIoEy

TOLL

CENTERS t ; I
SELECT IDLE CHANNEL,
(INC. LINK, JJUNCTOR,
AND OUT. LINK
OPERATE SWITCHING
DEVICES BETWEEN
INC.TRK.AND SEIZED
OUT. TRK.
IDENTIFY SEIZE IDLE
INC. TRK OUT. TRK.

RECEIVE CALLED
OFFICE NUMBER

COMMON CONTROL EQPT.

SEND CALLED
OFFICE NUMBER

FIG. 28 -~ RELATIONSHIP BETWEEN COMMON CONTROL EQUIPMENT
AND SWITCHING FRAMES.
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2,90 It is the function of the marker to
pick an idle channel between the in-
coming trunk handling the call and an out-
going trunk to the desired office. Twenty
incoming trunks share a given twenty in-
coming links. Similarly, twenty outgoing

. trunks share a given twenty outgoing links.

On the other hand, the group of junctors
which interconnect these sets of twenty
incoming links and twenty outgoing links
are shared at the incoming frame end by
the nine other sets of twenty incoming
links. In other words, all ten sets of
incoming links use the same group of junc-
tors to reach a given outgoing frame.

2.91 Because of this sharing of links and

junctors the marker has to select, or
"match" an idle incoming link, junctor and
outgoing link to form a transmission chan-
nel between the incoming trunk and the out-
going truhk.

2,92 When there are more than twenty junc-
tors in a group, they are divided

into subgroups of twenty. When the group
is not an even multiple of twenty, there is
one group of less than twenty. For example,
in an office with two outgoing frames the
60 junctors from the incoming frame to each
outgoing frame are divided into three sub-
groups of twenty. In an office with six
outgoing frames the 30 junctors are divided
into one subgroup of twenty and one of ten.

2.93 The marker tests twenty channels at

a time. In cases such as the above,
where there are more than twenty junctors
in a group, the marker can make several
tests using a different subgroup of Jjunc-
tors each time. However, the same twenty
incoming and twenty outgoing links are used
on each test because there are only twenty
available to each incoming and outgoing
trunk.

2.94, As has been stated, for safety and

traffic reasons, the outgoing trunks
to a given office are spread over as many
outgoing frames as feasible. If an idle
channel to the first idle outgoing trunk
seized by the common control equipment
cannot be found, this trunk is released and
the marker tries to find another. The
marker tests in such a manner that the
second outgoing trunk chosen is generally
on a different outgoing frame. If a second
idle trunk can be found, a new group of
junctors and outgoing links will be used.
Of course the incoming links are the same
since the same incoming trunk still has the
call, The marker can now test all the new
junctors in the same way until an idle
channel is found. If these tests fail, a
busy or reorder is returned to the incoming
trunk.

Minimum Size Junctor Groups

2.95 Now that the general method of pick-
ing an idle channel has beendiscussed,

SECTION A828.101

the reason for the different minimum sizes
of junctor groups for Intertoll or Combined
Trains and Toll Completing Trains can be
explained.

2.96 Toll completing trunks are less ex-
pensive than intertoll trunks and
therefore are engineered more liberally,
For this reason on a failure to match on a
toll completing train, there is a good
chance on second trial of finding an idle
trunk on a different outgoing frame, and
therefore a new group of junctors.

2,97 As contrasted with this, on the inter-
toll or combined train, there is a
good chance of finding the same idle trunk
on second trial because it is likely to be
the only idle trunk available. For this
reason, enough junctors must be provided
to match on the first trial. This is the
reason behind the difference in the minimum
groups of junctors provided for these two
types of trains - ten for toll completing
and twenty for intertoll or combined trains.

3. FUNCTIONS OF PRINCIPAL EQUIPMENT ELEMENTS

{A) General

3.01 The basic circuit functions of the

equipment elements (common control
and switching equipment) are described here.
In order to understand the functions of
these individual equipment elements, it
will help to see how they work together.
For this reason, an over-all picture is
presented first by taking a call through an
office. This illustrates the part each
equipment element plays in switching the
call. The function of each element is
briefly discussed but the primary purpose
is to name the elements and point out the
relationship between them.

3.02 Two calls are discussed: one through

a combined train office and the other
through a separate train office. In this
discussion, it is assumed that these calls
do not encounter any irregularities or com-
petition from other calls,

3.03 After tracing these calls, the func-

tions of each equipment element are
discussed more fully, emphasizing the how
and why of these functions.

(B) Calls

Call Through a Combined Train Office

3.04 A combined train office uses one
switching train to handle both inter-
toll and toll completing traffic.

3.05 The transmission path and the ele-
ments used in setting up the path for

a call through a combined train No, 4A

toll office are shown on Fig. 29, attached.

In this example, it is assumed that the call

requires 3-digit translation and is switched
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to a system which receives multifrequency
pulsing.,

3.06 This call arrives at the LA office

over an incoming trunk and leaves
over an outgoing trunk. The incoming trunk
may be selected by an outward operator or
it may be seized at a distant automatic
toll office. (The procedure in this 4A
office is the same in either case.)

3.07 As shown on Fig. 29, each incoming
trunk has- two major appearances in
a 4A office: one on the incoming frame
(used for the talking connection) and one
on the sender link frame (used for passing
information to the common control equip-
ment). The sender link frame appearance is
used first. :

3.08 The sender link frame consists of

two sets of crossbar switches. The
incoming trunks appear on one set of cross-
bar switches and the incoming senders on
another, )

3.09 As soon as the incoming trunk is
seized, it signals a sender link
(connection 1) to connect an incoming
sender for registering the incoming pulses.
Then the sender link connector signals a
controller connector to seize an idle link
controller (conn. 2). The link controller
then tests for and seizes an idle incoming
sender and closes the crosspoints between
this sender and the incoming trunk at the
sender link frame (conn. 3). This com-
pletes the function of the link controller
and controller connector so they release
from the connection and serve other calls,

3.10 As soon as the incoming sender is at-

tached, it signals either for the
outward operator to begin pulsing or, if
the call is from a distant automatic toll
office using senders, for the sender in
that office to begin pulsing. When the in-
coming sender in this office has received
and registered three digits, it signals the
decoder connector to seize an idle decoder
(conn. 4). This decoder immediately con-
nects to its home translator (conmn. 5),
which contains all the 3-digit code cards.
(The foreign area translator is used on
calls requiring 6-digit translation.) Now
the three code digits in the sender are
transmitted through the decoder to the home
translator. Here a card coded to corres-
pond to these digits drops. This card con-
tains information for switching the call
with 3-digit translation. (Pretranslation
and 6-digit translation are described later
in this part under Decoder.)

3.11 The decoder reads the card and signals

a marker connector to seize an idle
marker (conn. 6). When a marker is seized,
the marker connector signals the decoder
connector to connect the incoming sender to
this marker (conn. 7 and 7a). (This
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connection is necessary because the marker

has to give certain information to the [
sender later after the decoder may have

been released.)

3.12 The marker obtains the locations of
the outgoing trunks suitable for this
call from the decoder and the dropped card.
Guided by this information the marker se-
lects an appropriate outgoing trunk through
a trunk block connector %conn. 8). This
trunk then registers its outgoing frame -
appearance in the marker.

3.13 The decoder and the card also tell
the marker that the incoming sender .
should outpulse on a multifrequency basis
for this call, and whether the digits
should be outpulsed as received, or skipped,
or converted. When the marker has re- f
ceived all this information, it signals the
decoder to release.

3.14 Now the marker proceeds to set up the
: talking path from the incoming trunk -
to the selected outgoing trunk. Through
the outgoing frame connector, the marker
gains access to the outgoing links and to
the junctors (conn., 9). At the same time,
the marker gains access to the incoming
links through the incoming frame connector
(conn. 9). (The incoming trunk has already
registered its incoming frame appearance to
the marker over conn. 1, 3, 4 and 7a.) The
marker then tests the incoming and outgoing
links and the junctors to find an idle
channel between the incoming trunk and the
outgoing trunk. It then closes the cross-
points to establish this channel (conn. 10).

3.15 Now the marker passes the outpulsing

information to the sender and re-
leases from the connection. The sender
outpulses the digits through the sender
link over the transmission path to the out-
going trunk-and through to the called of-
fice; then the incoming sender and sender
link release,

3.16 The connections in the transmission

path remain until a disconnect signal
is received. Then all the connections are
released.

Call Through a Separate Train Office

3.17 A separate train office has one .
switching train that handles inter-

toll traffic, and another train that handles
toll completing traffic. Each train has a
separate set of incoming and outgoing
frames, markers and trunk block connectors.
Both trains share the same incoming senders
(and outgoing senders, where required)
sender links, link controllers and decoders.

3.18 An incoming trunk in this office also
has two major appearances: one on the

incoming frame, and one on the sender link

frame. Incoming intertoll trunks that

-~handle intertoll traffic as well as
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&mleting traffic have appearances on the
~acoming frames of both the intertoll and
toll completing trains.

3.19 In the example in Fig. 30, attached,

a call comes into a separate train
office on an intertoll trunk from an out-
ward operator or a distant automatic toll
office. It is -assumed that this call is
to be switched through the intertoll train
to another toll office that receives MF
pulsing. This call is also completed using
3-digit translation, and proceeds in the
same way as the call just described in a
combined train office, up to the point
where the decoder selects a marker (con-
nections 1 through 5).

3.20 The decoder reads the card which was
' "dropped on this call and is directed
to an outgoing intertoll trunk on the
dintertoll train, Therefore the decoder
signals a marker connector to seize an
idle intertoll marker (conn. 6). When a
markelr is seized, the marker connector
signals the decoder connector to connect
the incoming sender to this marker (conn.
7 and 7a).

3.21 The marker obtains the locations of

the outgoing trunks suitable for this
call from the decoder and the card. Guided
by this information, the marker selects an
appropriate outgoing intertoll trunk throu%h
an intertoll trunk block connector (conn.8).
This trunk then registers its outgoing
irame appearance in the marker.

3.22 The decoder and the card also tell

the marker that the incoming sender
should outpulse MF for this call, and
whether the digits should be outpulsed as
received or skipped or converted. When the
marker has received all this information,
it signals the decoder to release. Again
from this point on, the call proceeds just
as in the combined train office.

3.23 As a further illustration of the op-

eration of a separate train office,
if the call discussed above were a toll
completing call, then the toll completing
train appearance of the incoming trunk
would be used. This call would proceed in
the same manner as above up to the selec-
tion of a marker (see Fig. 30). Then a
toll completing marker would be used. The
call is completed on the toll completing
train.

Calls Requiring Outgoing Senders

3.24 Outgoing senders are necessary for

calls which are switched through a
LA office to offices which receive rever-
tive or call indicator pulsing. This is
because incoming senders can outpulse only
MF and DP to distant offices.,

3.25 The outgoing trunks that connect to
such offices have an appearance on
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outgoing sender link frames. These frames
are similar to incoming sender link frames.

3.26 A call going to an office that re-
quires PCI or revertive pulsing needs

‘two senders: an incoming sender to register

the called number and an outgoing sender
to outpulse the called number.

3.27 When an outgoing trunk to an office
requiring revertive or PCI pulsing
is seized .at the 4A office, it signals the
outgoing sender link that an outgoing
sender is needed. The sender link seizes
a link controller through a controller con-
nector. The link controller tests for an
idle sender and attaches it to the outgoing
trunk; the link controller and connector
thi? release and are free to serve other
calls,

3.28 As soon as the outgoing sender is at-

tached, a signal is sent to the in-
coming sender telling it to pulse thé
called digits into the outgoing sender.
(Incoming senders pulse d-c¢ K-P into out-
going senders.) These digits are pulsed
from the incoming sender through the in-
coming and outgoing frames, the outgoing
trunk, the outgoing sender link and into
the outgoing sender. The incoming sender
and sender link then release from the con-
nection. Now the connection consists of
the transmission channel, the outgoing
trunk, and the outgoing sender. The out-
going sender then outpulses the called
digits over the outgoing trunk and releases
from the connection. (See Fig. 30.)

(C) Equipment Elements

General

3+29 The major equipment elements are dis-
cussed in the order of their use

during a call with the exception of the

marker. The marker is discussed first be-

cause it controls most of the operations

of the other elements.

The Marker

3.30 The marker is one of the major equip-
ment elements in the No. LA toll

switching system. It locates an idle out-
going trunk and identifies the incoming
trunk handling a call. It then marks an
idle path between them and establishes the
transmission path. This path or channel
between the incoming and outgoing trunk
consists of an incoming link, a junctor,
and an outgoing link,

3.31 One of the features of the marker is

that if it encounters trouble during
a call, it can make another attempt (second
trial) to complete the call. The procedure
for this is discussed under Second Trial
Feature.
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3.32 The marker uses directive information

~ supplied by the card translator and
the decoder (see Fig. 31) to establish the
transmission path of a call through the
office. Some of this information is used
‘by the marker to seize a suitable outgoing
trunk. The marker stores other information
supplied by the decoder and card translator
and later transmits it to the sender. This
information instructs the incoming sender
how to outpulse the registered digits.

\ DECODER MARKER MARKER
FROM INCOMING CONNECTOR
SENDER o
cope— ({®DIRECTIVE
DIGITS. INFORMATION
e OUTPUT OR
(INPUT) (FRARSLAT ON
v
CARD
TRANSLATOR

FIG, 31 .= INFORMATION TO MARKER.

3.33 There are three types of markers:

Aintertoll, toll completing, and com-
bined. Intertoll and toll completing
markers are provided in separate train of-
fices, combined markers in combined train
offices. The operation of these markers
is so similar that no distinction is made
among them in. this discussion.

Establishing the Transmission Path

3.3, Seizing an Outgoing Trunk: In a A
toll office, all the outgoing trunks,

(a trunk group), going to a certain distant
office are spread over as many outgoing
frames as is practical. In order for the
marker to select one of these trunks with-
out having to go to each frame, the test
leads for a trunk group are gathered at the
trunk block connector. This arrangement
enables the marker to go to just one place
to test for an idle trunk to a certain of-
fice.

SEIZED
OUT. TRUNK
OUT TRUNKS
TOAME:
RKER BESQK DISTANT
MA YT o3 OFFICE
INFORMATION oo
FROM )
DECODER o-fo
AND CARD o
TRANSLATOR TEST

OUT TRKS. GATHERED
LEADS “—FOR MARKER TEST BY
CROSS CONNECTIONS.

FIG. 32 — SEIZING AN OUTGOING TRUNK.
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3.35 As shown on Fig. 32, information

from the card translator and the de-
coder directs the marker to the proper
trunk block connector which contains the
leads of the desired group of trunks. Here
the marker tests for an idle trunk and
seizes the first one available. As soon
as a trunk is seized, a signal is sent to
the distant office telling it to expect a
call on this trunk.

3.36 Identifying the Outgoing Frame: So
far the marker knows it has an idle

outgoing trunk but it does not know the
number of the outgoing frame on which this
trunk appears. It must know this in order
to establish the transmission path. The
outgoing trunk supplies the outgoing frame
number to the marker by sending the dis-
tinctive MF signal assigned to this frame
over the select magnet lead associated with
the trunk. This signal is extended to the
marker through the trunk block connector
(Fig. 33, conn. 2a).

3.37 Identifying the Incoming Frame: The
marker also has to know the incoming
frame number in order to establish the
transmission path. Therefore the incoming
trunk sends its distinctive MF signal iden-
tifying this number to the marker over the
select magnet lead associated with this
trunk. This lead is extended to the marker
through the sender link, the incoming sender
gg? the decoder connector (Fig. 33, conn.

3.38 Testing Incoming and Outgoing Links:

When the incoming and outgoing trunks
have identified their respective frames,
the marker reaches out to these incoming
and outgoing frames by seizing their as-
sociated connectors: an incoming connector
for the incoming frame and an outgoing con-
nector for the outgoing frame (Fig. 33,
conn. 1). Through these connector circuits,
the marker gains access to the incoming
links, outgoing links and junctors.

3.39 The marker operates the primary select

magnet associated with the incoming
trunk being served (conn. 2b). This opera-
tion signals, to the incoming connector, the
number of the primary switch on which the
incoming trunk appears (conn. 3). The con-
nector then presents the test leads of the
twenty incoming links which are between
this primary switch and the ten secondary
switches on the incoming frame to the
marker (conn. 4). °

3.40 Similarly, the marker operates the

secondary select magnet associated
with the seized outgoing trunk (conn. 2a)
and the secondary switch number is sig-
naled to the outgoing connector (conn. 5).
The connector then presents the test leads
of the twenty outgoing links between the
secondary switch and the ten primary switches
to the marker (conn. 6).
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SENDER INCOMING DECODER ;Eggﬁ
LINK SENDER  CONNECTOR MARKER CONNECTOR
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(3) i——C\ (5),
O
TWENTY TWENTY

INCOMING LINKS
INCOMING FRAME

OUTGOING LINKS
OUTGOING FRAME

FIG.33 - ESTABLISHING A CHANNEL.

3.41 Access to Junctor Group: Before the
marker can select the particular

links to be used in the channel, it must
gain access to the junctors. Since the
marker knows which incoming and outgoing
frames are being used on this call, it
also knows which junctor group is between
these frames. The outgoing frame connec-
tor extends the test leads for twenty
junctors in this group to the marker (conn.

3.42 Seizing an Idle Channel: The marker
now has access to the test leads for

the twenty incoming links, twenty junctors
and twenty outgoing links that can be used
to switch this call.

3.43 The marker tests these links and
junctors simultaneously and seizes
the first channel that matches. Matching
means that, starting with the primary
switch which has the incoming trunk hand-
ling the call, the marker must seize:

(a) An idle incoming link going to an
incoming secondary switch which

has:

(b) An idle junctor to an outgoing
primary switch which has, in

turn:

(c) An idle outgoing link to the out-
going secondary switch with the

seized outgoing trunk.
(See Fig. 33, conns. 4, 6 and 7.)

3.44 When the marker has seized the idle
channel, the incoming secondary and
outgoing primary select magnets and all
of the hold magnets associated with this
channel are operated. (It will be

remembered that the incoming primary and
outgoing secondary select magnets were pre-
viously operated by the marker.) This
establishes the transmission path between
the incoming trunk with the call and the
seized outgoing trunk.

Junctor Subgroups

3.45 The marker is arranged to test the

minimum size Jjunctor group in each
type of train at one time: that is, twenty
Jjunctors in an intertoll or combined train
and ten junctors in a toll completing
train. When the junctor group has nore
than the minimum number of junctors, then
the group is divided into subgroups.

3.46 For example, 2 combined or intertoll

train with four incoming groups
(eight inconiing frames and eight outgoing
frames) has forty junctors. in each junctor
group. Therefore each group is divided
into two subgroups of twenty. When the
marker is establishing the channel, it
first tests one subgroup for an idle junc-
tor that matches the incoming and outgoing
links and if none is found, the marker
"walks" to the other subgroup and repeats
the test. Another example of subgrouping
is in an office where there are seven in-
coming groups and fourteen outgoing frames
(combined or intertoll train). In this
case 25 junctors are available in each
group. These are divided into two sub-
groups, one subgroup with twenty junctors,
the other subgroup with five. The marker
first tests the subgroup of twenty junctors
and if an idle junctor which matches the
incoming and outgoing links cannot be found,
it tests the second subgroup of five.
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Junctor Pattern Feature

3.47 On both toll completing and intertoll

and combined trains, the marker, when
matching, always extends twenty junctor
test leads to the outgoing connector. The
outgoing connector, in turn, always con-
nects the test leads from twenty junctors
to these twenty test leads from the marker,
even though these twenty junctors may
overlap more than one junctor group. In
this case there is a junctor pattern fea-
ture in the marker which automatically makes
busy the junctors which cannot be used in
switching the call being served. This
junctor pattern feature can be included in
the marker because the junctor pattern for
all junctor groups in one particular office
is the same. The junctor pattern feature
for intertoll or combined trains can be
illustrated using the example above for an
office with seven incoming groups and four-
teen outgoing frames (25 junctors in a
group). The marker tests the first sub-
group of twenty junctors, then if they are
all busy, it again extends the twenty test
leads to the connector, which connects the
test leads of the second subgroup of five
junctors plus the. test leads of fifteen
junctors from some other group. Now only
these five wanted junctors are made avail-
able for test, the other fifteen appear
busy.

3.48 Another example is found in a toll
completing train office with twenty
incoming and twenty outgoing frames. In
such an office there are ten junctors in
each group. When establishing a channel,
the marker's twenty test leads are again
connected to twenty junctors. The junctor
pattern feature makes the ten junctors not
wanted appear busy and leave the ten wanted
Junctors for matching with the incoming
and outgoing links on the desired frames.

Information to the Incoming Sender

3.49 When the decoder and card translator

send information to the marker, some
of this information is used immediately
and some is stored in the marker. This
stored information is sent to the incoming
sender when required.

3.50 The stored information directs the
incoming sender to outpulse the
digits in such a way that the needs of the
next office are met. For example, if the
call is switched to a step-by-step office
then the sender spills forward dial pulses
to direct the step-by-step switches towsrd
completion of the call. In another case,
such as to another No. 4A toll office, the
- sender is directed to spill forward multi-
frequency pulses. If the call is switched
to a manual office, the senaer is told not

to spill forward any digits.
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3.51 Other directives include the number

of code digits to be outpulsed. For
example, the next office may not require
the area code therefore the incoming
sender is instructed to skip these code
digits when spilling forward. In other
cases, the incoming sender is instructed
to convert the code digits to fit the
needs of the next office. This is done
when the national of fice code keyed or
dialed by the outward operator is not the
same as the local office code used by
local subscribers. In this case, the in-
coming sender is instructed to convert the
registered national office code to the
local office code required by the switches
in the local office. Another important use
of code conversion is to switch calls
through step-by-step intertoll systems
which use arbitrary route codes.

Second Trial Feature

7 3.52 Tﬁe marker has a second trial fea-

ture for making a second attempt to
complete a call. Second trial is made
under various conditions: (a) if the
marker encounters trouble, (b) if the
marker cannot match a channel, and {c) if
the marker is given a second trial rout-
ing instruction.

(a) Second trial because of trouble
conditions is performed in two
slightly different ways depending on
what phase of marker operation the
trouble occurs. If the marker en-
counters trouble while the decoder is
still connected, the decoder causes a
trouble record to be taken by a piece
of maintenance equipment called a
trouble recorder. The decoder also
signals the decoder connector that a
second trial is to be made. Then the
decoder releases itself, the marker
connector, and the marker from the con-
nection. Now the call cycle starts
again: the decoder connector selects a
decoder which in turn selects a marker.
This marker is given a second trial
indication which causes it to change
the direction of its trunk hunting and
channel testing. In this way, if the
trouble encountered on first trial was
connected with the selection of a trunk
or channel, testing the second time
from the other end might avoid it.

If this marker also encounters
trouble in completing the call, the
above process is repeated. However,
this time the marker does not test the
outgoing trunks but routes the call
directly to reorder.

If the marker encounters trouble
after the decoder has been released in
the normal course of its functions,
the marker causes a trouble record to



be taken. Then the marker sends a
second trial indication to the decoder
connector and releases itself and the
marker connector. The call now pro-
ceeds in the same way as described
above: A decoder and marker are again
selected and ancther attempt is made
to complete the call.

(b) Failure to match: Second trial is

made when the marker has seized an
outgoing trunk but cannot establish a
channel between the outgoing and in-
coming trunks. This condition is
called failure to match and is usually
caused by not finding junctors that
match with the available links. The
procedure for second trial in this case
is exactly the same as those discussed
above except in one detail: no trouble
record is made.

(¢) On some calls, the marler is given
a follow with second trial routing
instruction by the dropped card. The
marker uses this instruction if it
finds: all desired outgoing trunks busy
on first trial. Then second trial is
made the same way as described before
except that no trouble record is made.

3.53 A sketch of the marker frame is
shown on Fig. 34.

Switching Frames and Their Connectors

Incoming and Outgoing Frames

3.54 The incoming trunk appearances used

in the talking connection are on the
incoming frames. Similarly, the outgoing
trunk appearances used in the talking con-
nection are on the outgoing frames. The
trunk capacities of these frames and other
features are described in Part 2.

(INCOMING FRAME NO.0)
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3.55 As discussed in Part 2, the primary
and secondary switches of both the
incoming frames and the outgoing frames are
connected by links, and the incoming and
outgoing frames are connected by junctors.

3.56 The marker gains access to the incom-

ing links for test purposes through
an incoming connector mounted on the incom-
ing frame. It gains access to the outgoing
links and the junctors through an outgoing
connector mounted on the outgoing frame.
(See Fig. 33, conns. 1, 4, 6 and 7.)

Home and Mate Operation of Frames

3.57 The marker has dual access to each
incoming and outgoing frame for
testing links and junctors. For this pur-

pose the incoming, and also the outgoing,
frames are paired into home and mate
frames. This pairing is as follows: O and
1, 2 and 3, etc, - (While it happens that a
pair of frames is also a group of frames,.
where grouping is done, there is no re-
lationship between pairing and grouping.
Frames are grouped into pairs to maintain
the minimum number of junctors per group

in large offices, as discussed in par. 2.64
in Part 2. On the other hand, frames are
paired with home and mate frames to prevent
a frame being put out of service by failure
of its connector.)

3.58 Dual access is provided by enabling

the connectors on home and mate
frames to reach both frames of the pair.
Therefore the marker has two ways to reach
each frame. Figure 35 shows how this home
and mate arrangement works.

3.59 The solid lines show how the marker
uses the home connector. When a call
comes in on an incoming trunk which appears
on frame O, the marker gains access to the
incoming links through incoming frame con-
nector O. Similarly, the marker, after

(OUTGOING FRAME NO.0)

OUT. FR. CONN.O }—————-——q

[———i INC. FR. CONN. 0 ]
P s P s
o OUT.
INCOMING A ) TRUNK
JUNCTORS I 1
TRUNK -b—q%—é ] 20 U';c ° ! :T
I -
PAIRED [ Nc. FR.conn. T |- ©=o] oUT FR.CONN.1 | ) ppep
P S ! |
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| I R |
(INCOMING FRAME NO.1) MARKER (oUTGOING FRAME NO.I)

FIG. 35 — PAIRING SWITCHING FRAMES. (HOME AND MATE OPERATION)

Page 45




SECTION A828.101

FUSE PANEL

CASING, FRONT &

_Jmisc Joc
M3 s |Mise

ic_{oe
= ST | oa] mMisc

COVERS REAR

REL. UNITS —

CROSS CONN.
TERM. STRIP

Page 46

/TRK BLK REL

PC_OFL & MISC

™ SPARE

f ROUP START & END

/ HOLD MAG, SLEEVE

[/
TRK BLK CONN RELS

GUARD 8 GONT TEST

GODE GONV &
T DIGIT CONT
| T SPARE —1
OUTING L GLASS RELS |
TRUNK T SPARE
TEST

FRAME CHECK, OFF
NORMAL & T.T. CONT

FRAME IDENT CONT /

1/’

J_misclmsc] BL |

T T
JP | JP (|SPA§E) JP

TC-TBI GS | GE [ MISC |MIS

E—— Wy <
ﬁ‘” FR RELS GHECK & ROUTING
/ CONT MKRS BEY
INC FR RELS
€ [/ JCTR WALK CKT
~——SPanE T JCTR PAT RELS
¢ I SPARE I
FRAME & JUNCTOR
CONTROL TIMING & TBL RELS
SPARE
CHANNEL CHANNEL TEST GONT
==y
SPARE / |

| |

| TROUBLE RCDR.

CONN. RELAYS

MISC. PWR. RES.

— REL. UNITS

FR. IDENT.
AMP UNIT

— FR.IDENT.
DET. UNITS

CROSS CONN.
TERM. STRIP

JACK PANELS

— REL.UNITS

/

F16.34

MARKER FRAME

‘v



=N

TN

SECTION A828.101

seizing an outgoing trunk on frame O, gains 3.62 Sketches of the incoming and outgoing
access to the outgoing links and the junc- frames are shown in Figs. 36 and 37.
tors through outgoing frame connector O.

Incoming Sender

3.60 The dotted lines show how the marker

can use the mate connectors to rzach 3.63 The major functions of the incoming
the same links and junctors. For example, sender are to register the incoming
if the incoming frame connector O is not digits and to outpulse them (according to
available for some reason, the marker uses directions from the marker) to a connecting
incoming frame connector 1 on mate frame 1 office or an outgoing sender. The incom-
to reach the links on incoming frame O. ing senders are arranged to register and

outpulse a minimum of three and a maximum

3.61 In the same manner, if outgoing con- of fourteen digits.

nector O is not available the marker
gains access to the links and junctors on 3.64 The incoming senders in a 4A toll
outgoing frame O through outgoing connector office are divided into two types
1. according to the kind of pulses they

- LOAD RESISTANGES
— FUSE PANEL'——

TERM. STRIP
[TERM. STRIP
C ks o |
| .
5Pl MARKER J l MISCLEY | MuLTI-FREQ,
HFCN ol . mc 9 J’ CONNECTO! N TONE COILS
i RELAYS [ oo 8 RELS.
TERM mMC (i MTG, PLT..
= o ol Ll coNTROL AND
STRIP MARKER PR - —RELS.
FERENCE S o R VETIPRIL veL. wo. Reis
Tgs'm'ssmlp 0 H IEg:JﬁECTOR
: oL_LCH Jo o Tlgu ! LRELs.
9 9 | 9 il o 9 [iiL-Term. sTRIP [[ 9 i 19
S i i [
[0] 90 0 90 [0) (0] 90 . 0 90 0
8 8 8 8ife 8 8 8
200 PT. 5W 200 PT. 5W 200 PT
CROSSBAR CROSSBAR 5W
7 7l SWITCHES |{ 7 707 7|l SWITCHES (|7 7 gnogs-
A
SWITCH-
6 6 6 ellle 6 6 sl ES
5 5 5 sli|5 5 5 5
DESIG. DESIG.
p” ” DESIG. STRIP . alla - S%Rp " rstae
L R L RIML R ML R
o c——c—3 1 1 1 | T 1 [—= —= [ me— w—]
' .\:—F’ "
3 3 3 3|3 3il vack, KeY & [|3 3
LAMP PAKELS
2 2 2 2fl2 2 2 2
i | ! 1 i i I
9 9 9 X E 19 9 9
oI oI e T ol MMM
90 () 90 o il %o 90 0 % 20 2
2-83 ——2-fp ————= | e 2-85 —
5-4:
PRIMARY EXTENSION FRAME PRIMARY BAY SECONDARY BAY SECONDARY EXTENSION FRAME

FIG. 36 - INCOMING FRAME

Page 47 .




SECTION A828.101

LOAD RESISTANCES

——FUSE PANEL—— ~FRAME CONNECTOR
| (TERM. STRIP
¥ 3 FR. IDENTIFI-
CONTROL "——J ﬂ__l MS GATION FREQ. L
= - RELS. 8 FoH o
AND MARKER R e Ls el MCE |3
PREFERENCE o I (il FMARKER
: MTG. PLT. | :
RELS. RELS, RES. a [l fol flo 0| L
oF= o / o CONDS. S TOR. <
Lem s il - FTERM. STRIP QI mea |3 RELA
LINK q JUNCTOR TERM.
’ v CONNECTOR 8 ren IQUILIMLLST e 18 CONNECTOR o STRIP
o s R_E'-AVS s ol S|l RELAYS pyvrven vwory
sl {1 I o 1T Hisfle 9 of (11T e
OFHHHLLHH 0 0 ol lilo 0 o
0. 90 0 o) 920 o liil"o 90 ) (0] 90
8 8 8 slllie 8 8 8
7 7|lr200 PT. N7 Tt 7(lteco pT. |17 7|(-200 PT
. 5W CROSSBAR | sw CrossaR| 5W
SWITCHES SWITCHES g:ogs-
6 6 6 6ljile 6 6 ¢ SwitaH
5 5 5 s{l|5 5 5 5
4 4 4 41 4 4 4 4 v
L R o . R
- — DESIG. STRIP | - = Rk Rl oesic. sTrip [f=— : 2%3'.&
—oc——D ——c—— o 1 [ .'l { | [ — JACK. KEY & —m — — ——
3]
3 3 5 allls 3 ||| LAMP PaneLS i3 3
2 2 2 2|lif2 2 2 2
II ) | I ] ] \
Iﬂ[[[ﬂﬂ[[l]]]ﬂﬂlg I I SIS
0o 90 0 % 90 09(ll% 50 o° % 90 o°
ﬁ—z-e% —-l z-s'; l 2-9'? —
: , al
)

PRIMARY EXTENSION FRAME PRIMARY BAY

SECONDARY BAY

SECONDARY EXTENSION FRAME

FIG.37 - OUTGOING FRAME

receive. Multifrequency senders register
MF pulses from switchboards equipped with
MF key sets or from senders in other auto-
matic offices which can transmit MF pulses.
Dial pulse senders register digits from
switchboards equipped with dials or from
senders which transmit dial pulses.

3.65 Although they register different

kinds of pulses, these senders can
outpulse both MF and DP in accordance with
the needs of the next office. For example,
a call switched to a step-by-step office
requires the incoming sender to spill
forward dial pulses. This same sender can
be used on another call to spill forward MF
pulses.
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3.66 Both types of incoming senders are

‘ also arranged to outpulse d-=c key
pulses when serving calls that require out-
going senders, Outgoing senders are used
when the No. 4A toll systems switch calls
directly to panel offices or No. 1 Crosgsbar
systems which require revertive pulses, or
to manual offices equipped with call indi-
cator positions which require PCI pulses.
In such cases the incoming sender spills
forward d-c key pulses to the outgoing
sender. Then the outgoing sender converts
these d-c pulses to revertive or panel call
indicator (PCI) pulses and spills them
forward to the local office over the out-
going trunk.

I
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Seizure of the Incoming Sender

3.67 Upon receiving a signal from a sender

in a distant office, or from an op-
erator, the incoming trunk in the LA office
signals the sender link to connect an in-
coming sender. (Incoming trunks that carry
MF pulses have access to MF incoming
senders only, while trunks that carry dial
pulses have access to DP incoming senders
only.)

INCOMING
FROM FRAME
DIAL PULSE NG
PR CS—{ ,
SWBD. TRKT
FROM MF
- inc.Ld
SWBD, > NG
FROM ANOTHER
Notqo“ > INC
TYPE OFFICE TRK|
SENDER
LINK FRAME
P S e -
, INCOMING
| REC. | SeNDER
P s -
MF
INCOMING
1 I I —| REC. SENDER
SENDER
LINK FRAME
P s
INC.
SENDER

FIG 38 - ACCESS TO INCOMING SENDERS.

3.68 When the incoming sender is attached

to the incoming trunk and is ready to
receive pulses, it signals the operator or
sender in the distant office to begin out-
pulsing.

Registering the Pulses

3.69 DP Incoming Sender: When an operator

receives a signal from the sender,
she dials the called number., For example,
212-MU2-123L is dialed by the operator and
registered in a DP incoming sender in the
LA office. On some calls, the decoder. and
card translator tell the sender how many
digits to expect. On other calls, the
sender just waits a short time to make sure
all the digits are received.

3,70 MF Incoming Sender: When an operator
at a switchboard equipped with MF

keysets receives a signal, she keys KP
212-MU2-1234 ST. (The same digits are
pulsed when this call is outpulsed by an
MF sender in a distant office instead of
by an operator.)

SECTION A828.101

3.71 The KP pulse is a distinctive com-

bination of frequencies which pre-
pares the MF receiver associated with the
incoming sender to receive and register
the code digits 216-682, the numericals
1234 and the ST pulse which follow.

3.72 The ST pulse (start pulse) indicates

to the sender that all the digits
necessary for the control of switching the
call have been sent.

Outpulsing Instructions

3.73 After the code digits and numericals

are registered, the incoming sender
must receive instructions on how to out-
pulse this called number,

3.74 After the code digits are registered
the incoming sender seizes a decoder
and marker which instruct the sender how
to outpulse the called number. These in-
structions tell the sender: .

(1) The kind of pulses to be spilled.
forward (MF or DP).

(2) How many of the registered code
digits are to be spilled forward.

(3) Whether any of the code digits
should be converted before spilling
forward.

(4) Whether any code digits should be
prefixed before spilling forward,

(5) Not to outpulse anything (for
example, on a call to a manual
office).

Outpulsing the Digits

3.75 The incoming sender prepares to out-
pulse the registered digits in ac-
cordance with these instructions. In the
meantime the marker has established a chan-
nel between the incoming trunk and the
outgoing trunk. The incoming sender waits
for a signal from the distant office, or
from an outgoing sender in the same office,
that it is ready to receive pulses. Upon
receipt of this signal, the incoming
sender spills forward the digits, as in-
structed, via the sender link, incoming
trunk circuit, incoming frame, outgoing
frame and outgoing trunk circuit to the
distant office or outgoing sender.

3.76 At the end of outpulsing the incoming

sender and sender link release, leav-
ing the transmission path through the in-
coming and outgoing frames.

3.77 In case the call is to a manual office

and no outpulsing is required, the
sender simply checks that an outgoing trunk
is attached and releases.
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3.78 A sketch of the incoming sender frame
is on Fig. 39.

Sender Link Frame

3.79 At the sender link frame, incoming

senders are attached to incoming .
trunks, One frame has appearances for 100
trunks and 40 senders. BEach sender link
frame contains sixteen 100-point, 6-wire
crossbar switches. Eight of these are
primary switches and eight are secondary
switches. (See Fig. 40, attached.) (From
a circuit standpoint, eight 200-point
switches could have been used. 1l00-point
switches are used for equipment reasons.)
Incoming trunks appear on the horizontals
of the primary switches and incoming
senders on the horizontals of the secondary
switches. The primary and secondary switches
are connected by links which are spread in
a vertical-to-vertical pattern. This ar-
rangement permits any incoming trunk to
reach any available sender on the same
sender link frame.

Trunk Appearances on Primary Switches

3.80 As shown on Fig. 40, the eight pri-

mary switches are divided into two
groups: four A switches and four B switches.
The same trunks (a maximum of 100) appear
on both the A and the B switches in order
to give each trunk duplicate access to the
senders. These trunks are connected to
like numbered horizontals. Therefore, the
A and B groups of primary switches on one
sender link frame are symmetrical,

3.81 The four switches in each group are

arranged to accommodate 100 trunks.
These 100 trunks require 200 horizontal
terminations because each trunk has twelve
leads and these are only six-wire switches.
In order to get two horizontals for each
trunk each switch is split after every
second vertical (Fig. 40). This split
divides the four A switches into twenty
pairs of ‘verticals with 200 horizontals.
One group of ten trunks terminates on the
twenty horizontals of two pairs of verti-
cals.

3.82 Each trunk group has four sender

links. The A switches provide two of
these links, for example, links O and 1 for
trunk group O. The two additional links
are provided by the B switches. As shown
on Fig. 40, the trunk groups are multipled
to the corresponding B switches, therefore
trunk group O has links O' and 1' from the
B switches.

Sender Appearances on Secondary Switches

3,83 A maximum of forty incoming senders
have appearances on the horizontals
of the secondary switches. These senders
are arranged in four groups of ten or fewer
senders. Two of these groups appear on the
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A switches and two on the B switches. As
shown on Fig. 40, each group of ten senders
is terminated on two switches (twenty hori-
zontals). Two horizontals (one on each of
the two switches) are required for each
sender because the twelve leads from each
trunk must, of course, be carried all the
way from the trunk to the sender.

Sender Links

i

3.84 Each trunk group has four sender
links: two from the A switches and

two from the B switches. The sender links

from trunk groups O and 9 are shown in

Fig. 40, For example, trunk group O has .

links O and 1 from the A switches to the

senders on the secondary switches. Link

O consists of twelve leads: six from verti-

cal O and the other six from vertical O'.

These leads go to the verticals of secondary

switches OA and O0'A (sender group AO to A9

appears on these switches)., Similarly link

1 goes to secondary switches 1A and 1'A and

gets access to sender group AlO to Al9,

3.85 In the same way, the B switches pro-

vide the other two links to sender
groups BO to B9 and BlO to B19 for trunk
group O.

3.86 The four links provide duplicate ac-

cess for each incoming trunk in case
sender link equipment is removed from ser-
vice for any reason. Also, if either the
A or B group cannot be used, two links are
still available.

Attaching the Sender

3.87 When an incoming trunk signals for
an incoming sender, the sender link
connector signals a controller connector to
seize an idle link controller. The link
controller closes the crosspoints between
the incoming trunk on a primary switch
and the incoming sender on a secondary
switch as described under Link Controller
and Connector,

3.88 When the connection is established

between the incoming trunk and in-
coming sender, the sender link connector
releases and is ready to serve other calls
on its sender link frame.

3.89 MF incoming senders and trunks ap-
pear on some sender link frames and
DP incoming senders and trunks appear on
other sender link frames as shown on
Fig. 38. MF and DP senders and trunks do
not appear on the same frames. »

3.90 A diagram of a sender link frame is
shown on Fig. 41.

Link Controller and Connector

3.91 The link controller operates like
a simple marker (see Fig. 42). It
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closes the crosspoints between an incom-
ing trunk and an idle incoming sender on
a sender link frame.

LINK
CONTROLLER

|

CONTROLLER
CONNECTOR

A B

“SEND
LIN
CONNE

INCOMING INCOMING
TRUNK { ! SENDER
y

SENDER

FIG.42 - LINK CONTROLLER OPERATION

3.92 Each sender link connector has access

to two controller connectors (see A
and B on Fig. 42). When an incoming trunk
signals for an incoming sender, the sender
link connector signals one of the controller
connectors (depending on which is available
or, if both are available, which one is
preferred at that time) to connect to a
link controller.

3.93 Test leads associated with the in-
coming trunks, the sender, links, and
the incoming senders are closed through the
sender link and controller connectors to
the link controller. The link controller
then tests for and selects an idle sender

SL-4 SL-3 SL-2

SECTION A828.101

and sender link and connects the incoming
trunk to the sender. The controller then
releases from the connection and is ready
to serve other calls.

3.94 The link controller and connector

frame has space for two link con-
trollers and two controller connectors.
Link controllers and controller connectors
are usually furnished in groups of six
which are mounted on three frames, This
group of controllers and connectors serves
approximately twenty sender link frames.
The number of sender link frames served by
one group of six controllers is not fixed
because traffic requirements vary in dif-
ferent offices. When the capacity of six
controllers is reached, another group of
six controllers and connectors is pro-
vided.

3.95 Figure 43 shows the sender link

access to controller connectors and
link controllers when a group of six con-
trollers is used.

3.96 Another arrangement is available

where it can be definitely determined
that four link controllers can meet ulti-
mate requirements.

3.97 A diagram of the link controller and
connector frame is shown on Fig. 44.

Decoder
General

3.98 The decoder, together with the card
translator, decodes the code digits
registered in the incoming sender into in-
formation for switching the call. This
information is obtained from a card which
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the decoder causes to be dropped in the
card translator. The decoder, like the
marker, has second trial features, Because
these are associated with a card failing
to drop, they are discussed later in con-
nection with the card translator.

Seizure of the Decoder

3.99 When a decoder is seized by an in-
coming sender for the first time, it
always sends the first three digits reg-
istered in that sender to the home trans-
lator. Here a card corresponding to these
three digits is dropped. This procedure
can be considered a starting point for ob-
taining a translation on every call. Any
further action that the decoder takes is
determined by the information contained
on this first card as follows,

3.100 Three-digit Translation: If the

first card indicates that it has
enough information to switch the call,
then the decoder signals a marker connector
to seize an idle marker. The decoder then
passes the information it obtains from the
card to the marker. The call is then com-
pleted in the usual manner.

3.101 Pretranslation: When more than

three digits are required to obtain
a translation, the first card dropped in-
dicates specifically how many digits are
required. For example, one card indicates
that four digits are necessary for a cer-
tain call; another card indicates that
five digits are required for another call;
another card indicates that six digits are
required for a particular call. In all
these cases, the decoder action is the
same. The decoder restores the card, sig-
nals the incoming sender that more digits
are required, releases from the sen.-.r, and
is available for serving other calls.

3.102 Six-Digit Translation - Six Code
Digits Available After Pretransla-
tion: In this discussion, b6-digit trans-
lation is used as an example; the procedure
is the same for 4- and 5-digit translation.)
After pretranslation has taken place and
the sender has the six digits available,
it seizes an idle decoder through a de-
coder connector. Again the decoder drops
an identical 3-digit card in its home
translator. At this point the sender sig-
nals the decoder that six digits are avail-
able. This card then directs the decoder
to a card translator which has the card
corresponding to the six code digits. The
decoder restores the first card and reaches
out to the proper card translator and drops
the 6-digit card. The decoder reads and
decodes the informetion on the card and
signals for a marker. The marker then com-
pletes the call.

SECTION Ag828.101

3.103 Six-Digit Translation - Six Digits
Available When the First Card
Drops: If an incoming sender signals that
it has six digits when the decoder drops
the first 3-digit card, there is no pre-
translation. The decoder learns from the
first card (3-digit card) the number of the
card translator which contains the 6-digit
card., The decoder then restores the 3-
digit card and reaches out to this trans-
lator and proceeds with the call. Unlike
the procedure discussed in paragraph 3.101,
in this case the decoder does not release
after restoring the 3-digit card.

3.104 As the traffic in an office builds
up and incoming senders are waiting
for decoders, there will be more instances
when six digits are registered in the in-
coming sender when it first seizes a de-
coder., Therefore the number of separate
attempts for pretranslation will be con-
siderably reduced. However, this is only
true for calls requiring 6-digit transla-
tion; on calls requiring L4- or 5-digit
translation, there is always pretranslation.

Decoder Operation

3.105 One important item of information
that the decoder gets from the card
and passes to the marker is the location
of the outgoing trunks that can be used
for a particular routing. The locations
of a maximum of forty trunks can be ob-
tained from one card; if there are more
than forty trunks for a particular routing,
then two or more cards are necessary.
(One card is limited to forty trunks be-
cause the marker can test a maximum of
forty trunks at one time,)

3.106 When there are two or more cards
available, a decoder can operate in
one of three different ways: card-to-card,
relay-to-relay, or card-to-relay operation,
In card-to-card operation, the decoder
presents a series of cards to a marker and
ledves it up to the marker -to test for an
idle trunk. In relay-to-relay operation,
the decoder first checks for idle trunks’
and then presents the card corresponding to
the subgroup containing one or more idle
trunks to the marker. Card-to-relay opera-
tion contains certain features of both
card-to-card and relay-to-relay operation.

(1) Card-to-Card Operation: In this
type of operation, the decoder
advances from one subgroup of forty
trunks to another subgroup of trunks
by presenting a series of cards (maxi-
mum four) to a marker which then tests
for idle trunks in these subgroups.

From a routing instruction on the
3D card (or 6D card) that it drops,
the decoder learns that this is card-
to-card operation. It passes this
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information on to the marker by send-
ing a’hold signal {meaning more cards
available) along with the location of
the forvy trunks on the first card.

If the marker finds an idle trunk
con this 3D (or 6D) card, it signals
the decoder to release and proceeds
with the call. If the marker finds
the first forty trunks busy, it sig-
nals this to the decoder. Then the
decoder restores the 3D (or 6D) card
and, from information supplied by
this card, advances to another card
"(RAl card) which represents additional
trunks. In this way a maximum of four
cards, a 3D (or 6D) card and three
route advance cards (RAl, RA2 and RA3)
representing 160 trunks, can be pre-
sented to the marker.

In order to dispose of the call,
if there are no idle trunks available,
the last card carries a routing in-
struction which directs the marker to
connect the call to a reorder or
overflow trunk.

This type of operation is generally
used on outgoing trunks to local of-
fices.

(2) Relay-to-Relay Operation: In this

type of operation, unlike card-to-
card, the decoder does not present a
series of cards to the marker for find-
ing an idle trunk. In relay-to-relay
operation, the decoder first checks
for the availability of trunks in both
direct and alternate route trunk
groups before it presents a card to
the marker. However, the decoder does
not actually drop each card but it
learns from the 3D or 6D card which
trunks to check. It checks these
trunks by means of a group of route
relays known as a relay tree. Each
route relay represents a group of
(maximum) 160 trunks. These relays
are interconnected to provide a
definite order of progression (a
direct route progressing to success-
ive alternate routes) according to the
basic switching plan.

Each route relay is associated
with a maximum of four group busy
chain lead circuits; one chain lead
circuit for each subgroup of 4O trunks.
The operation of a route relay permits
the decoder to check the group busy
chain leads and determine whether
there are idle trunks in any of the
subgroups. If there are no idle trunks
the decoder operates the next route
relay and so on.

In order to dispose of the call if
there are no trunks available, it al-
ways appears to the decoder that there
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are idle trunks in the last subgroup.
Therefore the decoder drops the card
representing this subgroup and pre-
sents it to the marker. The marker
then tests these trunks, finds them
busy, and uses the routing instruction
on the card to dispose of the call.

A maximum of 960 trunks can be
checked by the decoder in relay-to-
relay operation. These 960 trunks
are represented by 24 cards called
alternate route (AR) cards. The de-
coder can drop any one of these cards
which contains idle crunks.

(3) Card-to-Relay Operation: This is
a combination of the above two
types of operation. The first part
of this operation is like card-to-card
operation: the decoder presents up
to a maximum of four cards to the
marker. The second part is like
‘relay-to-relay operation: -the decoder
goes to the relay tree and checks
the alternate route trunks that can
be used to switch the call.

During the card-to-card part of
this operation, the decoder presents
a 3D (or 6D) card and, if necessary,
a series of route advance (RA) cards
to the marker. If the marker finds
an idle trunk on one of these cards,
itl;ses this trunk to complete the
call.

However, if it is necessary to
advance as far as the last RA card,
the decoder starts the relay-to-relay
part of card-to-relay operation. This
last RA card carries the card-to-
relay routing instruction which tells
the decoder to go to the relay tree.

A maximum of 1120 trunks (160 in
the card-to-card part and 960 in the
relay-to-relay part) can be tested
in this way.

3.107 One of these three methods of opera-
tion is used by the decoder on every

call for which there are more than forty

trunks available. The decoder is told

which method to use on a particular call

by the routing instructions on the first

3D or 6D card dropped.

3.108 A diagram of the decoder frame is
shown on Fig. 45.

Card Translator

General

3.109 The card -translator translates the
code digits registered in the in-
coming sender into information which is
used by the common control eguipment to
switch a call. The card translator gets
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its name from the fact that metal cards

are used in the translation process. This
type of translator is new with the 4A
system and is quite different from the con-
ventional relay-type translators used in
other systems.

3.110 Each card translator contains metal
cards which provide the switching
information. As shown on Fig., 46, attached,
each uncoded card has 40 tabs and 118
holes. The tabs are used to mechanically
code the card so that the proper card can
be selected in the card translator. This
is done by removing some of the tabs so
that the remaining tabs are arranged in a
definite pattern. The holes in the card
are also coded; these correspond to the
switching information needed for a particu-
lar called code. Each of these holes has
a meaning and the switching information is
put on the card by enlarging certain of
the holes.

Types of Translators

3.111 There are four types of card trans-
lators:

(1) Home Translators

(2) Foreign Area Translators
(3) Decoder Foreign Translators
(4) Emergency Translator

These translators are basically the same
both from physical and electrical charac-
teristics. Their main difference is in
the type of cards they contain, for ex-
ample, cards for 3-digit translation in
home translators and cards for 6-digit
translation in foreign area translators.

3.112 The maximum number of card trans-
lators in one LA office is 40:

10 home translators (one for each decoder),

19 foreign area translators, 10 decoder

foreign translators (one for each decoder)

and one emergency translator.

3,113 One home translator is directly as-

sociated with each decoder in the
office (Fig. 47). On every call, once a
decoder is seized, it drops a 3-digit card
in its own home translator. It will be re-
membered from the discussion. of the two
calls in the beginning of this part, that
any decoder can handle any call. Therefore
all the home translators in the office con-
tain identical sets of cards.

3.114 If a 3-digit card fails to drop,
the decoder releases and gives a
second trial indication to the decoder con-

nector. The connector selects another de-

coder and a second attempt is made to drop
an identical card. If a card drops, the
call goes to completion and the decoder
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calls in the trouble recorder which re-
cords the failure to drop a card on the
first attempt. However, if a card fails
to drop on second trial, the decoder as-
sumes this is a blank code and routes the
call to a reorder trunk.

3.115 The home translator does two things:
{1) Provides switching information

for calls requiring 3-digit trans-
lation.

~

(2) Directs decoders tc foreign area
translators for calls requiring
L=, 5=, or 6-digit translation.

3,116 Each foreign area translator con-
tains all the 6-digit cards re-

quired for completion of calls to several

-particular foreign areas. For example,

one translator may contain all the cards
for three foreign areas and another for
five foreign areas. Therefore, unlike

home translators, a certain foreign trans-
lator must be used on each call. On a par-
ticular call the foreign area translators
are available to all decoders through con-
nectors. The card dropped in the home
translator directs the decoder to a speci-
fic foreign area translator.

3.117 These foreign area translators can

be arranged in two ways: (1) they
can be paired and nonpaired, or (2) they
can all be nonpaired.

3.118 Nonpaired translators contain 6-
digit cards for calls which, if

routing is not obtained (no card drops,

out of service, etc.) at the foreign area

translator, can be routed by principal city

routing from the home translator without

second trial. (See Part 1, par. 1.176

to 1.178.)

3.119 If there is no principal city rout-
ing for certain calls, then some of
the foreign area translators in an office
are paired. Both members of a pair of
translators have identical sets of cards.

3.120 If a 6-digit card fails to drop for
any reason in one paired translator,

the decoder releases and gives the decoder

connector a second trial indication. This

connector selects another decoder which

goes to the other translator in the pair

and attempts to drop a duplicate 6D card.

If the card drops, the call goes to com-

pletion and the decoder calls in the =

trouble recorder which records the failure

of the paired translator to drop a card on

the first attempt. However, if a card

fails to drop on second trial, the decoder

assumes this is a blank code and routes the

call to a reorder trunk.

3.121 The number of paired and nonpaired
foreign area translators depends on
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FIG. 47-DECODER ACCESS TO CARD TRANSLATORS

the needs of an individual office. Each
translator is numbered, starting with Ol
and going up to 19.

3,122 In some cases, the demand for 6~

- digit translations to certain
foreign areas is so heavy that decoder
foreign translators are needed. Like home
translators, these decoder foreign trans-
lators are directly associated with the de-
coders (Fig. 47). This avoids decoder
delays in obtaining translations which
might occur if the cards for these fre-
quently called foreign areas were in the
common group of foreign translators. For
example, New York may require decoder
foreign translators containing cards for
Washington and Philadelphia because of the
heavy traffic to those areas,

3.123 If a 6-digit card fails to drop in
the decoder foreign translator, the
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acticn taken depends on whether a princi-
pal city route is available for that par-

ticular call.

If there is no principal

city routei second trial is made, If there
p

is a princ

al city route, the decoder

goes back to the home translator and com-
pletes the call from the principal city
routing instruction on the 3D card.

3.124 Like the foreign area translators,
these translators must contain all
the cards for certain areas; however, be=-
caugse they are assoclated with decoders,
the decoder forelgn translators contain

identical sets of cards.

All deccder

foreign translators are designated 00,

3.125 One emergency translator is fur-
nished in each office. This trans-
lator can, when necessary, replace any

translator in the office.
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3.126 Whenever a translator has to be

taken out of service, its cards are
transferred to the emergency translator.,
Usually the emergency translator is fur-
nished with a set of home translator cards
so that a home translator can be replaced
very quickly.

3.127 In this discussion of the basic

functions of the card translator,
it is not necessary to distinguish be-
tween these four types.

Operating Features

3.128 One card translator contains a maxi-

-mum of 1020 cards and each card has
a different combination of tabs left on it
so that one card provides a translation
for one called code. One of the advantages
of the card translator is that a transla-
tion change can be made quickly by replac-
ing one of these cards.

3.129 1In the translator the cards are
stacked between a light source and
a bank of phototransistors. There is one
phototransistor for each hole in the card.
Each phototransistor has an amplifier and
detector circuits associated with it. The
principle of the card translator is based
on the activating of these light-sensitive
phototransistors by beams of light. The
phototransistors respond to these light
beams by passing a signal on to the ampli-
fier and detector circuits. These cir-
cuits operate relays that correspond to
the enlarged holes in the card and thus
transmit information to the decoder.

3.130 When the card translator is unop-

erated the light has no effect on
the amplifier and detector circuits. How=
ever, when thé translator is operated,
that is, a card is dropped, these circuits
are activated and then the light is ef-
fective.

3.131 Dropping a Card: In the translator,
the stack of cards rests on forty
code bars which correspond to the forty
code tabs. Figure L48A shows a card rest-
ing on these code bars when the card trans-
lator is unoperated. When the decoder
connects to 'its card translator, it oper-
ates certain code bars in the card trans-
lator to drop the desired card. One card
drops, all the rest remain in their ori-
ginal position. Figure 48B shows operated
code bars and how the card with the corres-
ponding tabs drops. It can be seen by
comparing Figs. 48A and 48B that the card
with the corresponding tabs drops down to
the operated code bars. Since each card
in one card translator has a different com-
bination of code tabs, only one card drops
at a time.

3.132 There are two holes in each card
(see Fig, 46) called index holes
(IND1 and IND2) which are used to indicate
whether the cards are in the proper posi-
tion during both the operated and unoper-
ated periods. When the card translator is
normal (unoperated), the light goes through
all the holes on the card, including these
INDl1 and 2 holes. If a card is dislocated
and the light through either or both of the

PORTION OF CARD "~

[

Al

PULL DOWN MAGNET POLE PIECES

BARS UNOPERATED

FIG. 48A-CARD SUPPORT AND CODE BARS NORMAL
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INDL and 2 holes is cut off, the card
translator sounds an alarm.

3,133 The INDl and 2 holes are never en=-

larged, therefore when a card drops,

the light channels through these holes are
always cut off. The cutting off of these

light channels signals the decoder that a

card is in position to be read. ‘However,

if a card does not drop properly, and the

light channels through either or both the

IND1 and 2 holes are open, the card trans-
lator sounds an alarm,

3.134 Reading the\Drggge% Card: When a
card drops, there 1s a shutter ef-
fect on all the light channels except the
ones in line with the enlarged holes on
the dropped card., Figure 49 shows a
dropped card with light channels goin%
through the enlarged holes and cut of
from the other holes., When the card is in
a position to be read, the amplifier and
detector circuits assoclated with the
phototransistors are energized and read
the coded light channels, The translation
information is then obtained by the de=
coder and the marker. (The "gate' shown
on Fig. 49 is the mounting for the photo~
transistors.)

3.135 It isdimportint toinote that wgen
a card translator is unoperate

the light shines through all the ho es in

the card., When a translator is operated

and a card is dropped, light passes only

thrgugh the enlarged holes on the dropped
card,

PORTION OF CARD
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Mechanical Segquence of Operation

3,136 Figure 50 is a simple schematie
showing the mechanical and optical
elements of the card translator. When a
decoder connscts to a card translator, the
pull-up magnets are energlzed to lift the
card stack about 3/16 of an inch from the

" code bars., This magnetic action also

tends to separate and stralghten the cards
in the stack., (To assist in lifting the

~stack of cards, the code bars under the

card support tabs (CSl1 and 2, Fig. 46)

also raise slightly. These tabs are al-
ways left on the card.) The latch support-
ing the code bars then operates, freeing
the code bars for downward motion.

3.137 As shown in the figure, there is a
' solenoid attached to both enda of

each code bar, The solenolds on the code

bars which correspond to the called code

" are activated by the decoder and pull down

the desired bars and the CS1l and 2 bars.
Then the latch relsases and holds the code
bars down. The pull-up magnets are re-
leased and the pull-down magnets operate.
All the cards now are back in their ori-
ginal position on the unoperated code bars
while the gselected card drops to the op-
erated code bars,

3.138 When the card has dropped, the
cutting off of the light channels
through the INDl and 2 holes in the face
of the card signals the decoder that a
card is in position to be read. The am=
plifier circuits associated with the

PULL DOWN MAGNET POLE PIECES

BARS OPERATED -

FiG. 48B=CARD SUPPORT AND CODE BARS OPERATED (CORRESPONDING CARD DROPSD
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phototransistors are then energized and
the decoder and marker read the open chan-
nels to obtain the translation information.

3.139 When the card translator is restored
to normal, the latches are again
operated. The pull-up magnets and the CS1
and 2 code bars again 1ift the cards off
the code bars which restore to their nor-
mal position. The latches alsoc go back to
their normal position, the pull-up magnets
and the CS1l and 2 code bars release and
the card translator is normal.

3.140 During periods of heavy traffic the .

card translator may be immediately
reseized. To save time, the pull=-up
magnets remain operated a short time in
order to permit releasing the latches im-
mediately upon reseizure.

The Light System

3.141 The light or optical system is ar-

ranged in the following way (see
Fig. 50). A lamp is mounted between two
slotted wheels (attached to a motor) that
are constantly chopping the light at 400
cycles a second. Mirrors A and B reflect
the light to two lenses (C) which are
mounted in front of the card stack. (Each
lens ‘covers half the card.)

Equipment and Maintenance Features

3.142 The card translator equipment is
mounted in a shop-wired metal floor
cabinet. This cabinet contains the de-
tectors, tubes, amplifiers and relay equip-
ment needed in the operation of the card
translator. The card translator machine
is mounted on top of this cabinet. (See
Fig. 51.) The 1020 cards in the card
translator are placed in 12 bins, each with
a capacity of 85 cards. (The minimum num-
ber of cards in one bin is 60.) However,
these cards are not in any particular order
and any card may be placed in any bin.

3.143 Provision is also made for removing
or inserting cards in the transla-
tor. A card can be selected and removed
by a mechanism in the translator which is
activated by some controlling keys on the
test frames. Cards are added by manually
inserting them in the bins (see Fig. 52).

3.144 The code bars, latches and

solenoids, which are the critical
apparatus, are built into a unit which can
be removed for maintenance purposes. The
lenses are also easily removable for clean-
ing. The phototransistors can be reached
by swinging out the gate on which they are
mounted.

3.145 Figure 53 is a photograph of the
punching machine used for enlarging
the holes and coding the tabs on each card.

SECTION.A828.101

The Translator Card

3.146 A short discussion of the sort of
information supplied by the trans-

lator card (see Fig. Lg) is given here.

The complete story on how various coded

cards are used is in the detailed Sec-

tion A828.121, No.4A Toll Switching Office.

3.147 The information on a card is divided
into two major categories: input
information and output information.

3.148 Input information is put into the
translator by the decoder in order
to drop a card. This information is put on
the tabs at the bottom of the card. As
mentioned before, the card is coded by
using various combinations of these tabs.
The arrangement of these tabs determines:

(a) What kind of card this is - 3=
digit, 6-digit, alternate route,
route advance.,

{(b) Called code - area code, national
office code, TX code, service code.

(c) The grade of trunk to be used in
the connection.

3.149 Looking at Fig. 46, the CG positio

identifies the kind of card. A -
combination of two tabs is used for each
kind. For example, a 3-digit card retains.
tabs 1 and 4, the other two tabs are re-
moved.

3.150 The A through F positions are used

for the various called codes. Using
a 2-out-of-5 coding system, two tabs are
left in each position to identify one digit.
For example, a card for area 201 would re-
tain tabs O and 2 in the A position, 4 and
7 in the B position, and O and 1 in the C
position. The tabs in the D through F
positions would be removed.

3.151 The VO and NVO tabs identify the

grade of trunk to be used in switch-
ing the call. The VO tab means Via Only
trunk (high grade transmission); the NVO
tab means Non Via Only (low-grade trans-
mission).

3.152 Output information, which is used

for switching a call, is provided by
the holes on the card. On Fig. 46, groups
of holes are labeled according to the types
of information they furnish. The enlarging
of certain holes within each group gives
the specific information. Not all groups
of holes are used on every call. Various
calls require different amounts and kinds
of information.

3.153 One of the most important pieces of
information provided by the card is

the location of the outgoing trunk to be

used in the call. This is given by the OGT
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FIG. 51
CARD TRANSLATOR
(COVER REMOVED)
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FIG. 52
INSERTING CARD IN
CARD TRANSLATOR
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FRONT ELEVATION GUARD REMOVED
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FRONT ELEVATION GUARD IN PLACE

FIG. 53
PUNCHING MACHINE FOR ENLARGING
HOLES IN THE CARD



appearance and the Trunk Block Connector

groups of holes. The following are other
examples of the sort of information that

the card provides:

(a) PRETRANSLATION - This tells
whether pretranslation is needed
and how many digits are required.
For .example, when the CA6 hole is
punched in the pretranslation group,
it means that 6-digit translation is
necessary and that the decoder should
"come again" when it has received six
digits.

(b) ROUTING INSTRUCTIONS - These in-
struct the decoder how to proceed:

SECTION A828.101

card-to-card, relay-to-relay, card-
to-relay; follow with second trial,
master busy, or overflow; and whether
there is principal city routing. For
example, a card-to-card routing in-
struction is shown by punching the
RIL and RI7 holes.

(c) VARIABLE SPILL CONTROL - This
tells how many digits are to be
spilled forward to the next office.
For example, when a called code is to
be spilled forward without any change,
the NSK (no. skip) hole is punched.

3.154 A list of the abbreviations for the

various holes and their meanings

is given below.

Significance

No come again
Come again with 4, 5 or 6 digits

Outgoing trunk appears on the intertoll train
Outgoing trunk appears on the toll completing

Outgoing trunk appears on both trains.
The decoder must determine the proper train
from the location of the incoming trunk.

Outgoing traffic separation class (arbitrary
numbers) peg count O through 6
Through traffic peg count

Trunk group peg count and overflow (arbitrary
numbers) O through 7

Index channels used for checking that card
dropped properly

Foreign translator box tens digit O or 1
Foreign translator box units digit O through 9
Class number tens digit O or 1

Class number units digit O through 9

Cancel delayed loop closure

No area code registered) wused on regular

Area code registered ) card

Alternate route ter-
used on alternate
route card

)
minates in home area )
Alternate route ter- )
minates in foreign %

Alternate route pattern number tens digit
0 through 9

Alternate route pattern number units digit
0 through 9

Routing instruction number O through 9
Continuity and digit control category O
through 9

Code conversion hundreds digit none

Code conversion tens digit none

Code conversion units digit none

Code conversion hundreds digit O through 9
Code conversion tens digit O through 9

Group Designation
PRETRANSLATION NCA
CAL=-5-6
OGT APPEARANCE IT
TC
train
ITC
TRAFFIC SEPARATION T30-2
PEG COUNT
THROUGH TRAFFIC PEG TPC
COUNT
TRUNK GROUP PEG TPO-2
COUNT AND
OVERFLOW
INDEX IND1=2
TRANSLATOR BOX HB Home box
NUMBER BTO-1
BUO-7
CLASS CLTO-1
CLUO=7
CDLC
AREA CODE CONTROL NAC
AC
AHA
AFA
area
ALTERNATE ROUTE ARTO-7
PATTERN NUMBER
ARUO=7
ROUTING INSTRUCTIONS RIO-7
CONTINUITY AND DIGIT CDCO-7
CONTROL
CODE CONVERSION CCHN
CCTN
CCUN
CCHO=-7
CCTO-7
CCUO0=7

Code conversion units digit O through 9
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Group Designation

VARIABLE SPILLING ) NSK
CONTROL SK3

TRUNK BLOCK CONNECTOR TCTO0-2

TCUO-7

TRUNK BLOCK TBO-7

GROUP START (Arbitrary GSTO-1

Numbers) GSUO0-7

GROUP END (Arbitrary GETO-1

Numbers) GEUO-7

Trunk Block Connector

3.155 As previously mentioned (par.—3.34),

an outgoing trunk group is spread
over at least two outgoing frames. In
order to facilitate the checking of these
trunks, leads from each of the outgoing
trunks are brought to trunk block con-
nectors and grouped according to destina-
tion. In this way, a marker goes to only
one place to test trunks that may be spread
over many outgoing frames. A marker seizes
the proper trunk block connector in accord-
ance with the information obtained from a
decoder and card translator. There a
marker tests for an seizes an idle outgoing
trunk.

3.156 A trunk block connector contains
the appearances of up to 400 out-
going trunks. These trunks are arranged
in groups of forty which is the maximum
number a marker can test at one time.

3.157 A connector is made up of multi-

contact relays and is mounted on a
2-bay frame called a block relay frame
(Fig. 54). It is divided into two parts
which are referred to as the even half-
connector (in the left bay) and the odd
half-connector (in the right bay). These
two half-connectors are exactly alike:
the 400 trunks which are terminated on the
even half-connector are multipled to cor-
responding contacts in the odd half-
connector. This is done in order to pro-
vide duplicate access for the markers to
these ,trunks.

3.158 The 400 trunks appearing on each

half trunk block connector are
divided into two groups (O and 1) of 200
trunks each. When a marker seizes group 0O
in the even half-connector, all other
markers are locked out of this connector
and group O on the odd half-connector
(since these are the same trunks). But
another marker can seize group 1 in the
odd half-connector.
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Significance

No skip (send as received)
Skip the first 3 code digits
Skip the first 6 code digits

Trunk block connector number tens digit O
through 2
Trunk block connector number units digit O
through 9

Trunk block number O through 9

Group start number tens digits O or 1
Group start number units digits O through 9

Group end tens number digits O or 1
Group end number units digits O through 9

3.159 The preference for a particular

trunk block connector depends on
the number of the sender used in the call.
A marker connected to an even-numbered
sender prefers an even half-connector while
a marker connected to an odd-numbered
sender prefers an odd half-connector.
However, if one of the connectors is busy,
a marker will use the other one, regard-
less of preference.

3.160 When a marker has selected an out-

going trunk, the trunk block con-
nector releases and is ready to serve
another call.

3.161 There are two trunk block connectors
mounted on each block relay frame.

As shown in Fig, 54, marker cut-in relays

are also mounted on this frame. In sep-

arate train offices, each train has its

own block relay frames. One such frame

can serve ten markers,

Connectors

General

3.162 The decoder, marker, and trans-

lator connectors are discussed here;
the incoming frame, outgoing frame, sender
link, and link controller connectors have
already been discussed together with their
respective frames.

3.163 The function of the various con-

nector circuits is to temporarily
join major circuits to each other during
the process of serving a call. This is
done by a group of multi-contact relays in
a connector which cut through a number of
leads between circuits,

3,164 Connectors are equipped with a

chain or preference circuit which
checks for and selects an idle equipment
element. For example, if a decoder signals
a marker connector to seize an idle marker,
the chain or preference circuit in the
marker connector selects an idle marker and
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then operates the multicontact relays to
close certain leads between the decoder
and the selected marker.

3.165 An exception to using a preference

chain for selecting is the transla-
tor connector because a decoder is in-
structed to connect to a specific card
translator, in order to obtain the proper
routing. in case the desired card trans-
lator 1s busy, the decoder must wait to
gain access to it.

Decoder Connector

3,166 This connector is used to connect

an incoming sender to a decoder and
later in the call (when the decoder seizes
a marker) to connect the incoming sender
directly to that marker.

3,167 A decoder connector can serve five

incoming senders. These senders
have access to all the decoders in the
office. Each decoder connector can reach
all the markers in the office.

3,168 When an incoming sender signals

for a decoder, a chain circuit in
the selected decoder connector selects an
idle decoder and cuts through the necessary
leads by operating its multicontact relays.
When this decoder signals a marker con-
nector to seize an idle marker, (for ex-
ample marker O), the marker connector then
signals the decoder connector to operate
the multicontact relay associated with
marker O. This ties the incoming sender
to the marker used on this call, When the
decoder is released, the incoming sender
remains connected to the marker until the
marker completes its functions. Then the
marker and the decoder connector are re-
leased.

3.169 Decoder connectors with different
capacities are provided in combined
and in separate train offices. A decoder
connector in a combined train office
(Fig. 55) can serve a maximum of ten de-
coders and ten markers in addition to five
incoming senders. A decoder connector in
a separate train office (Fig. 56) can serve
a maximum of eighteen decoders, twenty
markers (ten intertoll and ten toll com-
pleting), in addition to five incoming
senders.,

Marker Connector

3.170 This connector cuts through a large

number of leads between a decoder
and -2 marker, In addition, the marker con-
nector also signals the decoder connector
to cut through some leads between the in-
coming sender used on the call and the
selected marker.

3.171 Marker connectors used in a combined

train office can serve a maximum of-
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ten combined markers. When a decoder
signals a marker connector to seize an
idle marker, the chain, or preference cir-
cuit, selects any idle marker (since they
are all combined markers), and the marker
connector operates the multicontact relays
which cut through the leads from the de-
coder to the marker., Then the marker con-
nector signals the decoder connector to
cut through the incoming sender used on the
call to the selected marker. The marker
connector releases when the decoder is re-
leased from the call.

3,172 PFig. 57 shows a marker connector
frame for a combined train office.

3.173 Marker connectors used in a

geparate train office can serve a
maximum of twenty markers: ten intertoll
and ten toll completing markers.

3.174 In order to select the proper kind

of marker (intertoll or toll com-
pleting), this connector is equipped with
two chain or preference circuits. One
chain for the intertoll markers and an-
other for the toll completing markers.
When a decoder signals a marker connector
for a marker, the decoder also tells the
marker connector which kind of marker is
required. If an intertoll marker is de-
sired, the intertoll chain relays are used.
If a toll completing marker is desired,
then the toll completing chain is used.
In this way the proper kind of marker is
selected and seized.

3.175 The other functions of the con-

nector are the same as those de-
scribed for the combined train office
marker connector,

3.176 Fig. 57 also shows a marker con-
nector frame for a separate train
office.

Foreign Translator Connector

3.177 A foreign translator connector

connects a decoder and a foreign
area translator. Each foreign area trans-
lator has an associated connector to which.
all decoders have access.

3.178 Since a decoder must reach a

specific foreign area translator
to drop a card, if a particular foreign
area translator is busy the decoder must
wait its turn.

3.179 A foreign translator connector in
a combined train office (Fig. 58)
can serve a maximum of ten' decoders.

3.180 A foreign translator connector in
a geparate train office (Fig. 58)
can serve a maximum of eighteen decoders.
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Emergency Translator Connector

3.181 The emergency translator connector

" (see Fig. -59) is associated with the
emergency card translator., In a combined
train office, this connector can serve the
office maximum of ten decoders, In a
separate train office, this connector can
serve the office maximum of eighteen de-
coders.

Outgoing Senders

3.182 Outgoing senders are used to out-

pulse either revertive or PCI
pulses or both. This depends on the kind
of local offices in the area served by the
No. 4A toll office. Figure 60 shows an
outgoing sender frame.

3.183 Outgoing trunks to local offices
that require revertive or PCI
pulses are connected to outgoing senders
by an outgoing sender link and connector,
controller connector and link controller.
These connect the outgoing trunk to an

~outgoing sender in exactly the same way

as an incoming sender link and connector,
controller connector and link controller
connect an incoming trunk to an incoming
sender. (See paragraphs 3.24 to 3.28.)

Multifrequency Pulsing Receiving Frame

3.184 The receiving units on this frame

receive and amplify MF pulsing
signals., These signals are then repeated
as d-c pulses and transmitted to the
sender.

3.185 One MF receiving frame mounts

twelve receiving units. Each unit
serves one MF sender, therefore one re-
ceiving frame is required for four MF in-
coming sender frames (one sender frame
mounts three senders).

Multifrequency Current Supply Frame

3.186 This frame mounts the oscillator

units which generate the multi-
frequency current for MF outpulsing. Two
supply frames are furnished in each office.
{See Fig, 61.)

Frame Identification Freguency Supply

Frame

3.187 This frame mounts the oscillators

which supply the frequencies for
frame identification during marker opera-
tion. Figure 62 shows this single bay
frame and the oscillators, amplifiers,
and mixing resistances which are mounted
on it.

Alternate Route Traffic Control Frame

3.188 Provision is made to deny alternate
route traffic to CSP's that become
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congested. For example, office B is used
as an alternate route by office A in order
to reach offices C and D. When office B
becomes congested, office A is notified.
Then, at office A, the key regulating al-
ternate route traffic via B is operated.
Now all alternate route traffic from of-
fice A, regardless of whether it goes to
office C or D, is temporarily cut off from
office B, As soon as office B is able to
handle alternate route traffic again, of-
fice A is notified and the traffic control
key is restored.

3.189 This type of operation applies only

to alternate route traffic, direct
traffic between office A& and office B is
not affected by the alternate route traffic
control keys.

3.190 The traffic which is denied access

to the trunk group to B as an al-
ternate route is automatically transferrved
to master busy.

3.191 The route transfer relays that are

controlled by the operation of a
traffic control key are located on the al-
ternate route traffic control frame (see
Fig. 63)., These relays are associated with
the decoders in an office. In a particular
CSP, there is one relay for each trunk
group between this CSP and all the other
CSP's it can reach, A CSP will not have
trunk groups to more than 100 other CSP's,
therefore a maximum of 100 route transfer
relays is provided, There is one traffic
control key and lamp for each route
transfer relay., These keys and lamps are
in the operating room of the traffic
supervisory rack.

Overflow Trunks and Trunk Group Busy
Relays

3.192 The outgoing intertoll trunk group

busy relays and the overflow trunks
and their control circuits are on the-
overflow trunk frame (see Fig, 64). These
items are all concerned with the overflow
traffic in the office.

3.193 Overflow trunks are associated with

certain trunk groups (usually out-
going intertoll trunks) in the 4A office.
When these trunk groups are busy, cdlls
are connected to overflow trunks. Then an
overflow signal (30 IPM) is sent from that
trunk to the outward operator. As soon as
a trunk in the desired group becomes idle,
a reorder signal (120 IPM) is substituted
for the overflow signal by a control cir-
cuit. Then the originating operator again
tries to complete her call,

3,194 However, if a reorder signal is not
sent back -within a short time, the
outward operator releases the connection.
Then she usually turns the call over to a
delay through operator at a No. 5 switchboard
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for completion. (In some installations a
No. 3CL switchboard will be used instead
of a No. 5 switchboard.)

3.195 1If, at the originating toll office

in the connection, not only the out-
going trunks but also the overflow trunks
in a group are busy, then the call is con-
nected to a master busy trunk. This trunk
sends an irregular flashing signal to the
calling operator indicating a fairly long
delay. The operator can ring forward over
this master busy trunk and reach the delay
through operator at a No. 5 switchboard in
the toll office because this trunk has a
jack appearance at this board. The call-
ing operator can then leave the call with
the delay through operator.

3,196 When the all trunks busy condition

is encountered at an intermediate
toll office, a master busy signal is re-
turned immediately to the originating op-
erator. She then rings forward over this
trunk and learns from the delay through
operator where the all trunks busy condi-
tion has occurred.

3.197 The trunk group busy relays are

used to indicate the state of the
trunk groups. There is one relay for each
group of forty trunks. These relays are
operated when there are any idle trunks in
the group and released when all the trunks
are busy.

3.198 The group busy relays are connected
with the overflow control circuits.
They notify the control circuits that there
is an idle trunk in the group and to sub-
stitute a reorder for an overflow signal.
Leads from these relays also appear at
"the No. 5 switchboard and, by means of
lamps, inform the operator that there are
idle trunks in certain trunk groups.

3.199 These relays have another important

use in connection with decoders.
Chain leads from the trunk group busy re-
lays are used by decoders to check the
availability of trunks during relay-to-
relay and card-to-relay operation.

No. 5 Switchboard

3.200 A No. 5 switchboard is provided in

a LA toll switching office for
handling assistance traffic for originating
operators. If an originating (outward) op-
erator encounters a trunks busy condition,
she refers the call to a No. 5 operator.

3.201 For inward assistance, the outward

operator keys a 121 code to reach
the inward No. 5 operator. The No. 5 op-
erator then attempts to complete the call
when there are trunks available.

3,202 For through assistance, the out-
ward operator keys a 151 code and
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reaches the No. 5 through operator. This
operator attempts to complete the call
when a circuit is available.

3.203 A No. 5 operator can also be reached
by ringing forward over a master
busy signal. This is an important feature
because when an outward operator gets
master busy signal from a distant or
through office (built-up connection), she
does not know where this office is. There-
fore she rings forward over this signal
and reaches the No. 5 operator at the of-
fice where the busy situation has occurred.
The originating operator can then refer
the call to the No. 5 operator located in
her own toll center area.

3..204 The No. 5 switchboard also has pro-

vision for informing originating op-
erators of the specific delay on their
calls to a distant toll center. When such
a situation occurs, the overflow trunks are
patched to the proper delay quote trunks.
The length of the delay is announced over
these trunks. The delay quote trunks ap-
pear in the answering jack multiple on the
No. 5 switchboard. For example, if there
is a 2-hour delay on calls going through
Chicago to St. Louis all these calls are
put on the delay quote trunks., These
trunks appear before a delay quote operator.
This operator plugs into any lighted jack
and quotes the delay to the originating
operator.

3.205 The No. 5 switchboard differs from

the conventional type because it is
equipped to switch calls by 4-wire switch-
ing.

3.206 Trunks to the No. 5 switchboard

terminate on twin jacks (L4-wire)
for use in switching calls. These twin
jacks have double appearances in the
multiple. They permit the operator to
change cords, when necessary, and not
lose the associated equipment such as the
associated circuits on the incoming and
outgoing frames. Each end of the cord
circuits is equipped with four-wire twin
plugs.

3.207 Each No., 5 position (three per
section of switchboard) is equipped

with ten button keysets which are used to

complete calls on an MF pulsing basis.

Trans and Trunk Relay Equipment

General

3.208 Two general types of trunks, inter-
toll trunks and toll connecting

trunks carry traffic to and from a No. 4A
toll switching system. An intertoll trunk,
as the name implies, carries traffic be-
tween two toll offices. Examples of inter-
toll trunks are (1) trunks between two No.
LA toll offices, (2) trunks between a No.
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LA office and a step-by-step toll office,
(3) trunks between two manual toll offices.
The toll offices and intertoll trunks are
referred to as the toll network.

3.209 A toll connecting trunk, as this

name implies, connects {ocal of-
fices (and outward switchboards, etec.,)
with the toll network. Thus, this type of
trunk carries traffic to or from a toll
office. Examples of toll connecting trunks
are (1) a trunk from a DSA switchboard to
a No. LA toll office, (2) a trunk from a
No. 4A toll office to a No, 1 Crossbar
office.

3.210 There are several categories of

intertoll and toll connecting
trunks. These categories are discussed
here together with the functions of trunk
relay equipment.

Intertoll Trunks

3.211 Terminal, Via, and Common Grade
Trunks: Intertoll trunks carry
intertoll traffic which is defined as

traffic from one toll center to another.
They are divided, depending on their usage,

into three grades: via grade, common grade,

and terminal grade. These three grades
fall into two classes from the standpoint
of quality of transmission, the via and
common grades constituting one class and
the terminal grade the other.

3.212 A terminal grade trunk provides a

transmission quality which is satis-
factory for connections in which only one
intertoll trunk is required. Thus ter-
minal grade trunks carry intertoll traffic
which originates in one toll center and is
completed in a second toll center without’
intermediate switching.

3.213- Via and common grade trunks have a

higher transmission quality and are
used when there are two or more intertoll
trunks in the connection. These trunks
carry intertoll traffic which originates
in one toll center, is carried over two or
more via or common grade intertoll trunks
to a third (or fourth, etc.) toll center,
and is completed in the third (or fourth,
etc.) toll center.

3.214 As indicated in par. 3,211, the dif-

ference between common grade trunks
and via grade trunks is one of usage.
Whereas via grade trunks are used only when
there are two or more intertoll trunks in
a connection, common grade trunks are also
used to carry overflow traffic from ter-
minal grade trunks (see par. 3.212).

3.215 There can be various combinations
of these types of trunks between
two toll offices:

(1) Terminal and Via trunks
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(2) Common trunks
(3) Terminal, Via and Common trunks
(4) Terminal and Common trunks

In case (3), the traffic from both the ter-
minal and via trunks can-overflow to the
common trunks; in case (4) the traffic from
the terminal trunks can overflow to the
common trunks.

3.216 Carrier trunks have transmission
quality equivalent to common and
via grade trunks, As more and more carrier
systems are introduced and the conversion
of voice frequency trunks to carrier trunks
is made, an ever-increasing number of inter-
toll trunks will be of the same transmission
quality and therefore less and less grading
will be required. ‘

3.217 One-Way and Two-Way Trunks: Inter-

toll trunks are also classified ac-
cording to direction of traffic flow.  An
intertoll trunk that carries traffic in
only one direction is called a one-way
trunk. For example, a trunk that carries
outgoing traffic from office A to office B
is called a one-way outgoing trunk at of-
fice A and a one-way incoming trunk at
office B. ‘

3.218 Some intertoll trunks carry traffie

in both directions. These are called
two-way trunks because they carry incoming
traffic to the office and outgoing traffic
from the office.

3.219 The type of intertoll trunk, from

both the transmission and direction
standpoint, (i.e. one-way or two-way) de-
termines its appearances on the incoming
and outgoing switching frames of a No., 4A
toll switching system.

3,220 In a separate train system, a one-
way incoming via or common grade
intertoll trunk has two appearances, one
on an incoming frame of the intertoll train
and the other on an incoming frame of the
toll completing train. An appearance on
each of the trains is needed because this
type of trunk may be connected either to
other intertoll trunks (through the inter-
toll train) or to toll connecting trunks
(through the toll completing train).

3.221 A one-way incoming terminal grade
intertoll trunk has only one appear-
ance which is on an incoming frame of the
toll completing train. Only one appearance
is needed because this type of trunk can
only be connected to a toll connecting
trunk and never to another intertoll trunk.

3.222 In general, a one-way outgoing inter-
toll trunk (terminal, via, or common
grade) has an appearance on an outgoing
frame of the intertoll train. However, if
there is a heavy load on the intertoll
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train, some of the one-way outgoing inter-
toll trunks may be associated with the
toll completing train in order to spread
this load.

3.223 A two-way via or common grade inter-

toll trunk has three appearances on
the frames of a separate train system. It
has an appearance on an incoming frame of
both trains for incoming traffic and on an
outgoing frame of the intertoll train for
outgoing traffic. However, in some cases
in order to balance the traffic load, the
outgolng appearance may be associated with
the toll completing train.

3.224 A two-way terminal grade trunk re-

quires only two appearances. It
has an appearance on an incoming frame of
the toll completing train and on an out-
going frame of the intertoll train. How-
ever, for the same reasons as mentioned
above, a terminal grade trunk may have its
outgoing appearance associated with the
toll completing train.

3.225 In combined train systems, an inter-

toll trunk has an appearance that
corresponds to its directional name.
one-way incoming (terminal, via, or common
grade) trunk has an appearance on an in-
coming frame; a one-way outgoing trunk has
an appearance on an outgoing frame; a two-
way trunk has appearances on both an incom-
ing and an outgoing frame.

3,226 Dial, Multifrequency, Ringdown, and
Automatic Operation: s discussed

earlier in this part a No. 4A system can

receive and send both dial and multifre-

quency pulses. Multifrequency pulse opera-
tion is used on intertoll trunks (both one-

‘'way and two-way) between two No. 4A sys-

tems. Dial pulse operation is used on
intertoll trunks (both for one-way and
two-way) between a No. LA system and a
step-by-step intertoll system. In some
cases, multifrequency is used from a.
switchboard in a step-by-step toll office
in one direction and dial pulse is used in
the opposite direction. Either multifre-
quency or dial pulse operation is used on
one-way trunks from a manual toll office
to a No. LA system.

3.227 Many of the manual toll centers to
which a No. 4A toll office will have
trunks will not be equipped to receive and
translate dial or multifrequency pulses
for some time to come, The intertoll
trunks between the manual toll offices in
these centers and a No. 4A toll office are
usually two-way trunks using either ring-
down operation in both directions or auto-
matic operation in one direction .and multi-
frequency (or dial) operation in the other
direction.

3.228 Ringdown operation permits a No. 4A
system to use existing ringdown
intertoll trunks between the switchboards
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at the No. 4A location and the switch-
boards at the distant manual toll office.

A trunk of this type appears in the multi-
ple of the inward and through switchboard
and in the multiple of the outward switch-
board at both locations, By means of a
circuit known as a ringdown applique cir-
cuit, an appearance is also obtained on an
outgoing frame of the No. 4A toll switching
system,

3.229 When the No. LA toll system has a
call for the distant manual office,
it seizes the ringdown intertoll trunk . and
a ringing signal is sent to the distant
office. The inward operator responds to
the signal and the originating operator
passes the call on to her for completion.

3.230 When an operator at the distant
manual toll office has a call, she
seizes the trunk and rings toward the No.
LA office. At the No, LA office, the in-
ward operator answers the ring and is told
the destination of the call. The inward
operator then selects a trunk to the No.
LA switching equipment and advances the
call by keying the necessary routing infor-
mation.

3.231 In the automatic type of operation,

the intertoll trunk does not have
an appearance on the inward or outward
switchboard in the No. 4A office. Instead,
it has an appearance on an incoming and an
outgoing switching frame. When the No. 4A
system has a call for the distant manual
toll center, it seizes the outgoing frame
appearance and a signal is automatically
sent by a composite or single frequency
signaling circuit to the distant end. The
inward operator answers the signal and is
verbally informed of the destination of
the call.

3.232 When the manual toll office has a

call, the operator selects the trunk
and a signal is sent to the No. 4A switch-
ing equipment. An incoming sender is then
attached and the operator keys the required
routing information.

3.233 In some cases there will be one-way
trunks carrying traffic from a No.
LA system to a manual toll office. These
will be operated on a ringdown or auto-
matic basis. In other cases there will be
one-way trunks carrying traffic from the
manual office to the No. 4A system, these
will be operated on a dial or multifre-
quency pulse basis as already mentioned.

Toll Connecting Trunks

3.234 Trunks which connec¢t a No. 4A toll

office with local offices and with
switchboards are called toll comnecting
trunks. These include the toll tandem and
the toll switching trunks.

3.235 Toll Tandem Trunks: Toll tandem
trunks provide outward toll operators
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at a No. 4A toll office and DSA operators
at local offices with access to the No. 4LA
toll switching system. These trunks are
one-way trunks which transmit MF or DP
pulses and can only be used to place calls
through the No. LA switching system.

3.236 Because they are one-way trunks
they appear on the incoming switch-
ing frames only. In a separate train of-
fice two arrangements are possible. In
some cases a toll tandem trunk group has
appearances on the incoming frames of both
the intertoll and toll completing trains.
This procedure is usually followed on
trunk groups from the DSA switchboards at
local offices. In other cases, usually
when the switchboard is in the same build-
ing as the No. LA equipment, two separate
trunk groups are provided; one group has
access to the intertoll train; the other
group to the toll completing train. In
these cases, an outward operator selects
a tandem trunk with access to the required
train since her instructions direct her to
use one trunk group for certain calls and
the second trunk group for other calls.

3.237 Toll Switching Trunks: Toll switch-

ing trunks are used to switch calls
from a No. 4A office to local and community
dial offices. They can be connected to in-
coming toll tandem trunks or incoming
intertoll trunks.

3.238 Toll switching trunks are one-way

outgoing trunks and appear on the
outgoing frames of an office. In a separ-
ate train office, they are usually on the
toll completing train.

3.239 These trunks are arranged for dial

pulsing to step-by-step offices,
multifrequency or revertive pulsing to
crossbar offices, revertive pulsing to
panel dial offices, and panel call indi-
cator to manual offices.

Miscellaneous Trunks

3.240 These trunks have appearances on
the outgoing frames and are spread

over the various trains according to the

requirements of individual offices,

3.241 TX Trunks carry delayed call traffic
between the No, LA toll switching
system and TX operators.

3.242 Service Trunks carry traffic be-

tween the No. 4A toll switching
system and assistance operators and test-
boards. These include trunks to the in-
ward operator (code 121), delay operator
(code 151), testboard (code 101}, and in-
formation (code 131).

3.243 Reorder Trunks are used to send a
reorder signal to the outward op-

erator. When the outward operator re-

ceives a reorder signal, she usually
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rechecks her routing information and ori-
ginates the call again,

3.244 Overflow Trunks are used to send an

overflow signal to the outward op-
erator indicating that an all-intertoll-
trunks-busy condition has been encountered
in the 4A toll office in the home toll
center,

3.24,5 Master Busy Trunks are used to send
a master busy signal to the outward
operator when an all-intertoll-trunks-busy
and all-overflow-trunks-busy condition has
been encountered at the No. LA toll office
where a connection is built up. These
master busy trunks are arranged so the
outward operator in the distant office can
ring forward to reach an assistance op-
erator in the toll office where the all-
trunks-busy condition was encountered.

Trunk Groups and Subgroups

3.246 A trunk group is made up of all the
trunks extending from one switching
office to another, For example, all the
trunks between two LA toll offices like
New York and Boston are a trunk group.
Trunks are further identified by dividing
a trunk group into subgroups according to
the traffic usage and transmission char-
acteristics of the trunks in the group.

3.247 1In general, only the intertoll
trunks are subgrouped on a traffic
and transmission basis; therefore these are
discussed here. As mentioned before, there
are incoming, outgoing, and 2-way intertoll
trunks which can be terminal, via or common
grade. A subgroup is made up of trunks
which have the same traffic and transmission
characteristics. For example, in a group

.of outgoing trunks which contain terminal

and common grade trunks, the terminal grade
trunks form one subgroup and the common
grade trunks form another,

3.248 On a particular call, as discussed

previously- under the Marker and
Trunk Block Connector, a marker is directed
to a suitable trunk subgroup. If this sub-
group contains forty or fewer trunks, the
marker can test them all at the same time.
However, if there are more than forty
trunks, the marker tests a maximum of forty
trunks at a time. For example, a trunk
group of 80 trunks has one subgroup of 57
common grade trunks and another subgroup of
23 terminal grade trunks. When a marker is
directed to the terminal grade trunk sub-
group, it tests all 23 trunks at one time.
When a marker is directed to the common
grade subgroup, it first tests forty trunks
and, if these are busy, then tests the re-
maining thirteen.,

Pads

3.24,9 In order to understand pads, which
are used to introduce a transmission



loss on certain trunks, it is necessary to
understand some of the fundamental require-
ments of a good transmission system.

3.250 Experience indicates that a tele-

phone user is generally neither
aware of nor interested in the routing of
his call, the number of switching points,
etc. He is however, concerned about
whether he gets a good or bad talking con-
nection. He measures his satisfaction
with a call by comparison with his ex-
periences on other calls. He is conscious
of differences in transmission on calls he
makes to different telephones and especial-
ly so on calls he makes at various times
to the same telephone.

3.251 One of the transmission objectives
is to make these differences as
small as practicable regardless of whether
the call is routed over the preferred
route or an alternate route or whether the
call is a single switched or multiswitched
call. To meet these objectives, the first
step is to determine a reasonable grade of
transmission. The next step is to insure,
insofar as practicable, that all connec-
tions have at least as good a grade of
transmission as this. The effect of this
is to reduce transmission differences on
different calls between the same two tele-
phones as well as calls to different tele-
phones made from the same telephone.

3.252 The following paragraphs discuss

what is done to intertoll and toll
connecting trunks in order to reach this
objective. The intertoll trunks are dis-
cussed first.

3.253 Obviously, if all the intertoll

trunks in a connection had no trans-
mission loss, the received volume on all
connections (assuming the same talker and
neglecting the effect of the toll connect-
ing trunks for the moment) would be the
same regardless of the type or length of
the connection. The reduction of trans-
mission loss to zero is not practicable
for several reasons, one of which is that
if repeater gains were set high enough to
do this, "singing" would occur.

3.254 However, by reducing the transmis-

sion loss of every intertoll trunk
to a very low value (through the use of re-
peaters), the over-all loss for all practi-
cal purposes is about the same regardless
of whether there is one or several inter-
toll trunks in the connection.

3.255 The different intertoll trunks

making up a group are composed of
different elements. Some are composed of
carrier facilities of various types, others
are composed of voice-frequency facilities;
some are open wire, others cable or coaxial
conductors; some are lcaded, others are not;
some are equipped with echo suppressors,
others are not. All of these factors af-
fect the loss of an intertoll trunk.
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3.256 Regardless of the make-up of a

trunk, repeater gains are set to
levels high enough (with gain to spare) to
give adequate transmission on the highest
loss intertoll trunk plus a high loss toll
connecting trunk in the connection. The
spare gain is used to compensate for loss
of toll connectiné trunks as explained
later in par. 3.260.

3.257 It is not desirable to readjust re-

peater gains whenever an element is
changed, added to, or removed from a trunk.
Nor is it desirable to have at the toll
testboard and the circuit patching bay of
a particular office, appearances of trunks
with various transmission levels. Uni-
formity of levels at the toll testboard
and at the circuit patching bay facilitates
maintenance, makes it convenient to patch
one circuit in place of another and to

.build up temporary circuits, etc.

3.258 This uniformity of levels is ob-
tained by the use of adjustable
pads, called "P" pads {(pads are artificial
conductor losses). These pads are in-
serted between the testboard and the cir-
cuit patching bays in both the transmitting
and receiving branches of every trunk. For
each trunk, these pads are adjusted to a
loss which when added to the loss caused
by echo supporessors, signaling units, and
office cable, etc. brings the transmission
level of the particular trunk into uni-
formity with the others appearing at the
testboard and circuit patching bay. Thus,
the loss introduced by "P" pads varies
from trunk to trunk depending upon the
make-up of the trunks. For each trunk the
loss in the P pads remainsfixed unless a
change is made in the office layout of
such a nature as to change the office loss
for example, removing an echo suppressor.

3.259 The loss of a toll connecting trunk

also affects the received volume.
These trunks vary from very short to very
long and the losses on them vary corres-
pondingly. It is not economical to use re-
peaters to bring all these trunks to the
same grade of transmission as is done with
intertoll trunks. Therefore, what is done
is to divide all the toll connecting trunks
into two classes, a high loss class and a
low loss class and to treat these classes
differently in order to offset the higher
losses and thus bring both classes closer
together.

3.260 As discussed in par. 3.256 spare
gain is provided by repeaters on
intertoll trunks to compensate for loss in
toll connecting trunks. The use of this
spare gain is controlled by inserting
switchable "A" pads in the transmitting
and receiving branches of the intertoll
trunks. The loss introduced by the "A"
pads offsets the spare gain until it is
required and then the pad is switched out.
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3.261 Part or the whole of this pad is
switched out depending upon the
class of toll connecting trunk connected
to the intertoll trunk.. When a high loss
toll connecting trunk ,is connected to the
intertoll trunk, the full "A"™ pad is
switched out; when a low loss toll connect-
ing trunk is connected to the intertoll
trunk, part of the "A" pad is switched out,
This pad control is accomplished by the
No, LA system,

3.262 The "A" pads are switched out only
at the points where the intertoll
trunk connects to the toll connecting
trunks. Where intertoll trunks are con-
nected (for example, at an intermediate 4A
office) the "A" pads stay in the connection.

Trunk Relay Equipment

3.263 Trunk relay equipment, as shown in

Fig. 1, is associated with the in-
coming and outgoing ends of every trunk.
This equipment performs both signaling and
transmission functions. The signaling
functions consist of receiving and forward-
ing supervisory signals exchanged by a call-
ing office and a called or intermediate of-
fice. The transmission functions include
continuation of trunk conductors, connect-
ing 2-wire trunks to the four wires going
to the switches, and passing information
to the common control equipment.

3.264 Signaling Functions: Incoming trunk

relay equipment receives supervisory
s8ignals, for example re-ring or disconnect,
from an originating switchboard or a pre-
ceding toll system. It passes these sig-
nals to outgoing trunk relay equipment
which in turn passes them on to the next
office. The outgoing trunk relay equipment
also receives signals such as start dialing
and off-hook which it passes back to the in-
coming trunk relay equipment. Then this
equipment passes the signals back to the
originating switchboard or the preceding
toll system.

3.265 Transmigssion Functions: Trunk re-
lay equipment provides a transmis-
sion path for the trunks to and from the
LA switches. Intertoll trunks can be
brought directly through the LA switches
without conversion. However, the toll
tandem and toll switching trunks regquire
conversion by the trunk relay equipment.

3.266 Toll tandem trunks are 2-wire when

they leave the DSA or outward switch-
boards. A trunk of this type is converted
from 2-wire to L-wire by a repeat coil hy-
brid in the incoming trunk relay circuit.
This circuit also contains the balancing
networks needed to balance a particular
trunk.

3.267 Toll switching trunks are outgoing
to 2-wire local switching offices

therefore the four wires from the No. LA

switches are converted to two wires in the
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outgoing trunk relay circuits. These cir-
cuits also contain repeat coil hybrids and
balancing networks.

3.268 Passing Information to Common Con-

tro quipment: When a ca arrives
at a No. LA office, it is the trunk relay
equipment which sends the signal to a link
controller and tells the controller that
this trunk has a call and wants an incoming
sender. After the sender is attached to
the trunk through the sender link frame,
the trunk rela{ equipment passes informa-
tion over the links to the sender (see Fig.
4LO). Class marks (VO or NVO) and how the
pulses are being sent - by the loop or CX
method (if the sender is a dial pulse in-
coming sender) are typical of the type of
information passed from a trunk relay cir-
cuit to an incoming sender,

L. METHOD OF OPERATION ON TYPICAL CALLS

(A) General

4,01 This part describes the operation and

some of the circuit features of the
No. 4A toll switching system under specific
call conditions. These calls are carried
through one or more No. 4A toll offices and
illustrate many of the various methodsof
routing calls. The descriptions make refer-
ence to the functions and sequence of opera-
tions of the various equipment elements as
the calls progress.

4,02 However, the purpose of this part is

to illustrate how the No. 4A toll
switching system routes calls. Therefore,
all the details concerning the operations
and functions of the individual eleménts are
not given since these are described in pre-
cedin§ parts of this section. Very little
detail is given where the equipment element
operates in a similar manner on every call.
For example, an incoming sender receives and
registers pulses on every call regardless of
whether the call is to be completed in the
area, sent to another area, etc. More de-
tail, however, is given of the decoder and
card translator operations because -of the
many variations; for example, whether this -
is a call requiring 3-digit translation or
6-digit translation or whether this is a
call requiring an intertoll or toll switch-
ing trunk.

4L.03 As discussed before, this type of in-

formation is obtained from a card
dropped in a translator. In order to show
how the marker and decoder use this infor- -
mation, the majority of the card holes (see
Fig. 48) are discussed. (A complete des-
eription of the functions of all the holes
and the relays associated with them is
given in Section A828,121,)

4.04 The five t{gical calls described in

this part lustrate some of the
methods used by the No. 4A toll switching
system to route .calls. They are covere
under the following headings:

1. (B) Call Illustrating Six-Digit
Translation - Two Trunk Groups
to an Area.




i

2, (C) Call Illustrating Automatic
Alternate Routing.

3. (D) Call Illustrating Vacant Code
Routing.

L, (E) Call Illustrating Six-Digit
Translation - Terminal and

Common Grade Trunks.,

5. (F) Call Illustrating the Prefixing

of an Area Code,

As mentioned, these are typical calls and
may not represent actual application in
the toll network.

4.05 To assist in studyin% these typical

calls, Figs. 65 and 66 show the rela-
tive time that each equipment element in
one No. 4A office is used as a call pro-
gresses. The relationship for the equip-
ment used to switch a call that requires
3-digit translation is shown on Fig. 65;
Fig. 66 shows this relationship for the
equipment used to switch a call that re-
quires 6-digit translation. Each equipment
element is shown as a block; the element
used first is at the left and the one used
last at the right. The height of a block
indicates the relative holding time. The
top of the block indicates the time of
seizure; the bottom of the block the time
of release.

(B) Call Illustrating Six-Digit Transla-
tion - Two Trunk Groups to an Area

General

4.06 As explained in Part 1, under nation-

wide dialing, calls are switched on a
destination basis rather. than on a trunk
route basis. This means that all of the
No. 4A toll switching systems through which
a call progresses know the basic numbering
plan area in-which the call terminates. It
was also explained in Part 1 that when a
No. 4LA toll office has trunk groups to two
or more toll centers in another basic num-
bering plan area, 6-digit translation is
necessary. A call illustrating this condi-
tion was briefly described. In this part,
a similar call is described but in more
detail,

4.07 Six-digit translation is illustrated
in the following call from a sub-

scriber in New York City to a subscriber

in Bar Harbor, Maine (see Fig. 67, attached).

L.08 It is assumed that at Bar Harbor
there is a manual toll board and a
manual local board. The Bar Harbor toll
center receives traffic from New York via
the Bangor No. 4A toll office. New York
has direct trunks to the Bangor toll office
and also to the Portland toll office which
are both in basic numbering plan area 207
(area 207 includes the whole state of Maine).
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Therefore, when New York has a call for
area 207, the No., 4A system in New York
must determine (by making 6-digit transla-
tion) whether to route the call to Bangor
or Portland for completion.

4.09 1In the following description of the

call, the operations necessary to
perform 6-digit translation at New York
are described. However, to give an over-
all picture of a call, the description
continues by taking this call through the
Bangor and Bar Harbor offices.

4.10 Figure 67, as the titles indicate,

is also used to illustrate two other
calls. The second and third callsdescribed
later under (C) and (D), are also between
the same two subscribers. For the second
call, it is assumed that all the New York
to Bangor trunks are busy., It is there-
fore necessary at New York to alternate
route the call to Boston which has trunks
to Bangor. For the third call, it is
assumed that the Bar Harbor national office
code appears as a vacant code at New York.
Because of the vacant national office code,
it is impossible to make 6-digit transla-
tion at New York. Therefore this third
call is routed via the principal city
(Boston) for area 207,

4.11 For all these calls, the following
assumptions are made:

(a) The outward switchbpoard in New York
is equipped with multifrequency
key sets.

(b) The No. 4LA toll office in New York
has separate-trains., This call
uses the intertoll train.

(¢) The No. 4A toll office in Bangor
has a combined train.

(d) The called number is Bar Harbor

6531. The national office code
for the local office in Bar Harbor is
227, an arbitrary number.

(e) There is a high usage group of
eight common grade intertoll trunks
between New York and Bangor.

(f) Bangor and Portland "home" on the

Boston No. 44 toll office. {See
Part 1, par. 1.169 for definition of
"home". )

(g) Boston homes on the New York No.
LA toll office.

(h) Boston is the principal city for

New York traffic to the Maine area
because both Bangor and Portland toll
centers home on Boston.

(i) In the discussion of the third call,
227 is assumed to be a new code,
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FIG.85-PROGRESS DIAGRAM THREE-DIGIT TRANSLATION CALL

Description of Operation

4.12 The calling subscriber dials 211,
reaches an outward toll operator in
New York, and gives her the called number,
Bar Harbor 6531. The operator then se-
lects a toll tandem trunk which has access
to -the intertoll train in New York. Her
outing instructions direct her to key 207
(area code for Maine) plus 227 (national
office code for Bar Harbor). The numeri-
cals 6531 are not keyed because the outward
operator has to pass Bar Harbor 6531 ver-
bally when the inward operator at the
manual toll board in Bar Harbor is reached.

k.13 At New York the incoming toll tandem
trunk is connected to an MF incoming
sender at the sender link frame by a con-
troller connector and link controller.
After the sender is attached, the controller
connector and link controller release.
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4.1, Then the No. 4A toll switching sys-

tem signals the outward operator
that a sender is attached and that she
should begin keying. She keys 207-227.
Upon receipt of 207, the incoming sender
signals a decoder connector to seize an
idle decoder. The decoder then sends the
code 207-3D to its home translator where
the corresponding card drops. (On this
particular call, it is assumed that pre-
translation takes place.)

4.15 This card has certain holes enlarged:

1., PRETRANSLATION - CA6 - (come again
with six digits)

2. AREA CODE CONTROL - AC - (Area code
registered in sender)

3. TRANSLATOR BOX NUMBER - (Tens and
units digits of foreign translator
number)
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F1G,66 - PROGRESS DIAGRAM SIX-DIGIT TRANSLATION CALL

L. OGT APPEARANCE - IT - (Outgoing
trunks appear on the intertoll
train)

5. TRUNK BLOCK CONNECTOR, TRUNK BLOCK,

GROUP START, and GROUP END -~ (Tens
and units digits which direct the
marker to the outgoing trunk group and
identify the trunks it should test
first and last)

6. CODE CONVERSION - CCHN, CCTN, CCUN-

(No code conversion of hundreds,
tens or units digits required)

7. VAR SPILL CONTROL - NSK - (Do not
skip any digits when outpulsing)

8, CLASS - (Tens and units digits of
class number which gives informa-

tion concerning type of outpulsing

required, in this case MF pulses)

9. ROUTING INSTRUCTIONS - (Follow
with overflow)

Only the first three items are used to
route this call; the others are used to
route a vacant code call via a principal
city (Boston) as explained later in (D) Call
Illustrating Vacant Code Routing.

4L.16 When the 207-3D card drops, it tells
the decoder that six code digits are
required (pretranslation using the CA6
hole) before a call can be switched to
foreign area 207. If six code digits have
not been registered in the incoming sender
by the time the 207-3D card drops, the de-
coder, after advising the sender that six
digits are needed, releases. The home
translator also restores to normal and the
decoder is available to serve other calls,
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L,17 When the six digits (area code plus

national office code) have been
registered in the incoming sender, it
again signals a decoder connector to seize
an available decoder. When a decoder (it
may or may not be the same one) is seized,
it sends the code 207-3D to its home
translator and an identical (or the same)
card drops. By this time, the incoming
sender has signaled the decoder that six
digits are registered and the decoder pro-
ceeds with the call,

4 .18 From the TRANSLATOR BOX NUMBER holes

on the 207-3D card, the decoder now
learns which foreign area translator con-
tains the 207-227-6D card, the card which
has the information for routing this call.
The decoder then restores the first card
(the 207-3D card) and signals a translator
connector to connect to the particular
foreign area translator containing the
207-227-6D card.

4.19 Now the decoder passes 207-227-6D to

this foreign area translator and the
corresponding card drops. This card,
representing the eight intertoll trunks
between New York and Bangor, has the fol-
lowing holes enlarged:

1. ROUTING INSTRUCTIONS - (Relay-to-
relay routing) :

2. ALTERNATE ROUTE PATTERN NUMBER -
(Tens and units digits of a route
relay number)

3. OGT APPEARANCE - IT

L. TRUNK BLOCK CONNECTOR, TRUNK BLOCK,
GROUP START, AND GROUP END

5. CODE CONVERSION -~ CCHN, CCTN, CCUN

6. VAR SPILL CONTROL - SK3 - (Skip the
first three digits when outpulsing)

7. CLASS - (MF pulsing)

4,20 With a relay-to-relay type of rout-

ing instruction, the decoder first
determines that there is an idle trunk
among the eight high usage trunks between
New York and Bangor or among those on some
alternate route before it presents a card
to the marker. Therefore, the decoder im-
mediately goes to the relay tree and op~
erates the route relay corresponding to
the number in the ALTERNATE ROUTE PATTERN
NUMBER holes. By the group busy chain
lead method, the decoder checks these eight
trunks and, in addition, the alternate
route trunks via Boston.

4.21 For this call, it is assumed that
there is an idle trunk among the

eight trunks to Bangor. (The next

call (C) Call Tllustrating Automatic Al-

ternate Routing, describes the method of

Page 90

operation when the decoder does not find
an idle trunk and must go to the Boston
trunks.)

4 .22 When the decoder determines that

there is an idle trunk among those
represented by the 207-227-6D card, it
uses the information on this card to switch
the call. The IT hole on the card tells
the decoder that these outgoing trunks are
on the intertoll train and therefore the
decoder signals for an idle intertoll
marker. A marker is seized through a
marker connector and is then connected to
the incoming sender through the decoder
connector,

k.23 Next, information is passed from the
decoder and the dropped card to the
marker, as follows:

(a) Location of the outgoing trunks.

(b) To follow with second trial in

case the marker finds all trunks
busy when it attempts to select one
from the information supplied by the
card, (When a decoder gets a relay-to-
relay routing instruction, it auto-
matically gives a follow with second
trial indication to the marker. See
par. 3,120,)

(¢) No code conversion is required.

(d) Skip three code digits when out-

pulsing. The area code (207) is
skipped because these trunks terminate
in that area,

(e) To outpulse on a multifrequency
basis.

Items (¢), (d), and (e) are transmitted
to the incoming sender by the marker.

4,24 The marker checks for receipt of

all information and signals the
decoder to release. At this point, the
card is restored and the card translator
is available for another call.

L .25 The marker then seizes an idle out-
going intertoll trunk, establishes

a channel between the incoming tandem trunk

and this outgoing trunk, and releases.

4.26 When the outgoing trunk is seized,

it sends a signal to the Bangor No.
LA toll office. Upon receipt of this
signal at Bangor the trunk is connected to
an MF incoming sender there.

4,27 When a sehder is attached to the
trunk, a signal is sent to the sender

at New York. Then the New York sender

outpulses 227 (Bar Harbor national office

code) on a multifrequency basis. After

the incoming sender at Bangor receives 227,

it signals a decoder connector to seize



an idle decoder. The seized decoder sends
the code 227-3D into its home translator
and the corresponding card drops.

4,28 The 227-3D card which drops in the
home translator has the following
holes enlarged:

1. PRETRANSLATION - NCA - (No come
again, three code digits are suf-
ficient)

2. AREA CODE CONTROL - NAC - (Not an
area code, 227 is a national office
code)

3. TRUNK BLOCK CONNECTOR, TRUNK BLOCK,
GROUP START, AND GROUP END

L. CODE CONVERSION - CCHN, CCTN, CCUN
5. VAR SPILL CONTROL - SK3

6. CLASS - (No outpulsing required =-
manual class)

7. ROUTING INSTRUCTIONS - (Follow with
overflow)

The NCA hole tells the decoder that three
digits are sufficient to route this call,
an example of 3-digit translation. There-
‘fore the decoder proceeds with the call.

4.29 The decoder signals a marker connec-
tor to seize a combined marker.

After it is seized, the marker is connected

to the incoming sender through the decoder

connector, Thenthe decoder passes the

following information to the marker:

. (a) Location of the desired outgoing
trunks.

(b) To follow with overflow 4n case
these are busy.

(c) No code conversion is necessary.

(d) No outpulsing is required because
the call is to a manual toll office.

The marker passes items (c¢) and (d) to the
incoming sender and signals the decoder
to release. '

4.30 The marker seizes an idle outgoing
intertoll trunk, establishes a chan-

nel and releases. The incoming sender also

releases because outpulsing is not required.

L.31 At the same time, a signal is sent

to the inward switchboard at Bar
Harbor. The inward operator at this
switchboard answers the signal and obtains
the called number from the outward opera-
tor in New York. The call is then com-
pleted to the called subscriber,
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C) Call Illustrating Automatic Alternate
Routing

General

4 .32 Automatie¢ alternate routing is neces-
sary for nationwide toll dialing.

As described in Part 1, a No. 4A toll

switching system can automatically exaniine

and choose an alternate route for a call

without requiring any additional informa-

tion other than that furnished by the

originating operator (or a preceding toll

switching system). A second call made by

the same subscriber in New York to the

same subscriber in Bar Harbor (see Fig. 67),

which illustrates this method of routing

is now desc¢ribed. It is assumed that the

New York to Bangor route previously used

is not available because all the trunks

are busy.

Description of Operation

4.33 This call progresses in the same

manner as the previous ohe up to
the point where the New York decoder
checks for idle trunks to Bangor among
those represented by the 207-227-6D card.
This time the decoder finds all the New
York to Bangor trunks busy.

434 The 207-227-6D card has a relay-to-

relay routing instruction, as des-
cribed in paragraph 4.20, This type of
instruction tells the decoder to go to
the relay tree and check for idle trunks
among those in the direct route and those
ih alternate routes.

4.35 The ALTERNATE ROUTE "PATTERN NUMBER
holes tell the decoder which route
relay in the tree to operate. As discussed
in Part 3, a route relay has associated
with it a maximum of L4 cards, each having
information on 4O trunks. These cards are
also numbered in accordance with the route
relay number. For example, route relay 21
has cards 210, 211, 212, and 213 associated™
with it. The decoder, from information
supplied by group busy chain leads, se-
lects the first card with idle trunks.
If there are no idle trunks on cards 210
and 211, but there are idle trunks on
card 212, the decoder presents the infor-
mation on this card to the marker as
follows.

4.36 The decoder restores the Bangor
card (the 207-227-6D card) and re-
leases the foreign area translator and
connector. Then it drops the 212 alter-
nate route card (212-AR) in its home
translator. This card is coded 212 in
the A, B and C positions and AR in the
CG position. (Actually AR is indicated
by a two out of four code in the CG group
of holes.)

4.37 The 212-AR card has the following
holes enlarged:
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1. AREA CODE CONTROL - AFA - (Alter-
nate route this call through a
foreign area)

2. OGT APPEARANCE - IT

3. TRUNK BLOCK CONNECTOR, TRUNK BLOCK,
GROUP START, and GROUP END

4. CODE CONVERSION - (These holes

are coded with area code 617, the
area in which the trunks terminate.
This code is used to provide variable
spill information as described below.)

5. CLASS - (MF pulsing)

6. ROUTING INSTRUCTIONS - (Follow with
second trial)

4.38 An intertoll marker is seized and
then receives the following informa-
tion from the decoder and the dropped card:

(a) Location of the desired outgoing
trunks,

(b) To follow with second trial.

(c) To outpulse all digits registered

in the incoming sender. This in-
formation cannot be provided by the
variable spill control holes because
an AR card furnishes information for
various calls which require different
spilling conditions. For example, the
same AR card may be used to serve calls
going both to Bangor and to Boston.
The call to Bangor via Boston requires
the area code digits to be forwarded
{an NSK signal) while a call which
terminates in the Boston area requires
the area code to be skipped (an SK3
signal).

Because both indications cannot be
put on the same card, the spilling in-
formation is provided by the code con~
version holes in an operation called
code matching. These holes are coded
with the area code of the area in which
the group of outgoing trunks terminate.
The decoder compares the area code on
the card with the area code registered
in the sender. If they match, an SK3
signal is given; if they do not match,
an NSK signal is given.

For this call, the decoder matches
the 207 area code in the incoming sender
with the area code 617 punched in the
code conversion holes of the AR card.
They do not match, therefore all the
digits have to be outpulsed and an NSK
signal is given.

4.39 After a channel is established, the
New York incoming sender spills for-

ward 207-227 to the Boston incoming sender.

The Boston No. 4A toll office makes 6-digit
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translation and then switches the call to
the Bangor No. LA toll office where the
call is advanced to the manual toll and
local offices as described previously.

(D) Call Illustrating Vacant Code Routing

General

4L.40 A third call between the same two
subscribers can be used to illustrate
vacant code routing. To illustrate this
type of routing, it must be assumed that
Bar Harbor is a new local office and that
the 6-digit card (card 207-227-6D) repre-
senting Bar Harbor has not yet been made up
at New York. Therefore the code 227 looks
like a vacant code to New York and the call
is routed to Boston, the principal city for
area 207, by information obtained from the
207-3D card. At Boston, where the code 227
is recorded, the call is routed to Bangor.

Description of Operation

4.41 The call progresses as previously
described until the decoder at New
York attempts to drop the 207-227-6D card.
No card drops, therefore the decoder as-
sumes that this is a vacant code and goes
back to its home translator. There it
drops the same 207-3D card that was ori-
ginally dropped under control of the first

three digits (see par. 4.15).

L.42 As was mentioned in connection with
the first call, this card, in addi-

tion to referring the decoder to a 6D card,

also has specific information concerning

trunks to the principal city (Boston).

L.43 A marker is seized and receives the
following information from the de-
coder and the dropped card:

(a) Location of the desired outgoing
trunks.

(b) To follow with overflow.
(c) No code conversion is required.
(d) To outpulse all digits.

(e) To outpulse on a multifrequency
basis.

Lokl After the channel is established, the

New York sender outpulses 207-227 to
Boston. At Boston 6-digit translation is
made and the call is switched to Bangor
where it is advanced to Bar Harbor.

(E) Call Illustrating Six-Digit Translation-
Terminal and Common Grade Trunks

General

L.45 To simplify the initial discussion
of 6-digit translation, no reference



was made to the grades of trunks used. In
the description of the following call, the
grade of trunk is considered. As explained
in Part 3, there are three grades of inter-
toll trunks and a No. 4A switching system
must make sure that it connects intertoll
trunks of the proper grade. This call il-
lustrates the selection of the proper

grade of trunk using 6-digit translation,

L.46 TFigure 68 shows that there are 65
intertoll trunks between Pittsburgh,
Pa. (area 412) and Cleveland, Ohio (area
216). Fifteen of these trunks are ter-
minal grade trunks: trunks which from a
transmission standpoint are only satis-
factory for calls originating in Pittsburgh
and terminating in Cleveland. These trunks
are used when there is only one intertoll
trunk in the established connection be-
tween the calling and called subscribers.

L.47 The other 50 trupks are common grade

intertoll trunks. Common grade
trunks are of better transmission quality
than the terminal grade trunks and are
used when there are two or more intertoll
trunks in the connection between the call-
ing and called subscribers. For example,
they can be used for calls originating in
Pittsburgh and going through Cleveland to
another toll center.

L.48 In order to select the proper grade
trunk for a call originating in the
Pittsburgh area and going to area 216, the
No. 4LA system at Pittsburgh must determine
whether the call is to terminate in
Cleveland or is to go through Cleveland
to another toll center. Using 6-digit
translation, the Pittsburgh No. LA system
translates the national office code on
every call to area 216 and determines
whether this is the code of a local office
in the Cleveland area (for which the ter-
minal grade trunks are used) or is the
code of a local office reached through
still another toll center (for which the
common grade trunks must be used).

L4.49 Of course, if a call to area 216
does not originate in the Pittsburgh
area but comes into the Pittsburgh No. 4A
office over an intertoll trunk, it is
routed over a common grade trunk regard-
less of whether it terminates beyond
Cleveland or in the Cleveland area.

4,50 In order to tell the Pittsburgh No.
LA switching system.how the call
arrived - over a toll tandem trunk from
a switchboard within the area or over an
intertoll trunk from another toll switch-
ing system outside the Pittsburgh area -
each trunk is equipped to give a signal
(called a clas$ mark) to the incoming
sender. A toll tandem trunk gives an NVO
(Non Via Only) and an intertoll trunk a VO
(Via Only) class mark. (Since common and
via grade trunks have the same transmission
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qualities, the VO class mark is used for
both.)

L.51 The following paragraphs describe

the method of selecting the proper
grade trunk for a call from a subscriber
in the Pittsburgh area to a subscriber
served by a No. 1 Crossbar office in the
Cleveland area., For this call, the fol-
lowing assumptions are made:

(a) The DSA switchboard at Pittsburgh
is equipped with multifrequency
keysets.

(b) Both the Pittsburgh and Cleveland

No. 4A toll offices have separate
trains. This call uses the intertoll
train at Pittsburgh and the toll com-
pleting train at Cleveland.

(c) One intertoll trunk group between

Pittsburgh and Cleveland has 15
terminal grade trunks and another 50
common grade trunks,

(d) There are 50 toll switching trunks
from the Cleveland LA office to the
No. 1 Crossbar office.

(e) The No. 1 Crossbar office is
equipped with multifrequency ter-
minating senders.

(f) All six code digits have been

registered in the sender when the
decoder in Pittsburgh is seized the
first time.

{(g) There is no principal city route

- available for this call, therefore
paired foreign area translators are re-
quired at Pittsburgh (see Part 3,
par. 3.119). '

Description of Operation

L.52 The DSA operator at Pittsburgh re-

ceives the called number (Cleveland,
Ohio LA 5-6328) from the calling subscri-
ber. The operator then selects a toll tan-
dem trunk which has access to the intertoll
train in the Pittsburgh No. 4A toll office.
This toll tandem trunk is then connected to
an incoming MF sender at the sender link
frame.

L.53 When the DSA operator receives a sig-

nal that the sender is connected, she
keys 216<LA5-6328 into the incoming sender
at Pittsburgh. The incoming sender also
registers the NVO class mark of the incom-
ing tandem trunk. Upon receipt of 216, the
sender signals a decoder connector to seigze
an available decoder.

L4 .54 The decoder now transmits 216-NVO-3D

to its home translator where a card
coded 216-3D drops. Both the NVO and VO
tabs have been removed from this card
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because this same card drops whether a call
comes in over an intertoll trunk (VO class
mark) or over an incoming tandem trunk
{NVO class mark). This is true because the
card merely tells the decoder that 6-digit
translation is necessary and where to find
the proper card.

L.55 Because in this example it is assumed

that there is no principal city route
available and consequently a decoder would
have no reason to come back to this card,
no other information such as trunk block
connector, trunk block, SK3, etc. is re-
quired.

4,56 On this card, holes in only four
groups are enlarged:

1. PRETRANSLATION - CA6
2. AREA CODE CONTROL - AC
3. TRANSLATOR BOX NUMBER

4, ROUTING INSTRUCTIONS - NPCR =
(No principal city route available
for this call)

4.57 Since six code digits are assumed

to have been registered in the in-
coming sender by the time the 216-NVO-3D
card dropped, pretranslation is not neces-
sary and the decoder proceeds with the
call. From the card the decoder learns
that the 6D card is in paired foreign area
translator No. 05. The decoder signals
translator connector No. 05 and tells it to
connect to this translator. The .decoder
then transmits 216-525-NV0-6D (525 = LAS5)
to the translator and the corresponding
card drops. This card represents the
fifteen terminal grade trunks to Cleveland
and therefore retains the NVO tab.

4,58 Actually, because of the two grades
of trunks, two different 6D cards
are provided in each of the paired transla-
tors at Pittsburgh for each local office in
the Cleveland area. One 6D card has an
NVO tab and represents the terminal grade
trunks; this card is used on the call being
described. Another 6D card has the VO tab
and represents the common grade trunks;
this card (coded 216-525-V0-6D) is used if
a call for the same local office comes into
the Pittsburgh area over an intertoll trunk
(VO class mark) from some other toll center,

4L .59 The NVO card represents the fifteen
’ terminal grade trunks which can be
used on this call, However, if all the
terminal grade trunks between Pittsburgh
and Cleveland are busy, one of the common
grade trunks can be used. A common grade
trunk can be used instead of a terminal
grade trunk because it has a higher grade
of transmission. However, a terminal grade
trunk can never be used in place of a com-
mon grade trunk.
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4.60 Therefore, in order to be able to
use a common grade trunk if neces-
sary, the NVO card has a routing instruc-
tion which tells the decoder to check the
common grade trunks also. Thus the NVO
card has the following holes enlarged:

1. ROUTING INSTRUCTIONS - (Card-to-
Relay)

2. ALTERNATE ROUTE PATTERN NUMBER
3. OGT APPEARANCE - IT

4. TRUNK BLOCK CONNECTOR, TRUNK
BLOCK, GROUP START, and GROUP END

5. CODE CONVERSION - CCHN, CCTN,
CCUN

6. VAR SPILL CONTROL - SK3
7. CLASS - (MF pulsing)

4,61 The card-to-relay routing instruction

tells the decoder to go to the relay
tree and check the trunk subgroups to see
if there are any idle common grade trunks
at the same time that it is presenting this
card (216-525-NV0-6D) to a marker and the
marker is checking for an idle terminal
grade trunk.

4 .62 If the alternate route pattern number

is 19 the decoder goes to route relay
19. This relay has two cards (190-AR and
191-AR) associated with it; these cards
contain the information concerning the
fifty common grade trunks.

4L .63 Meanwhile, the decoder signals the

marker connector to seize an inter-
toll marker, After the marker is seized,
it receives the following information from
the decoder and card:

(a) Location of the outgoing trunks
{(b) No code conversion is required
(¢) To skip three digits
(

d) To outpulse on a multifrequency
basis.

The marker finds an idle terminal grade
trunk and establishes a channel. It also
passes items (b), (c),and (d) above to the
incoming sender and releases.

4,64 When the intertoll trunk is seized,

a connect signal is sent to the
Cleveland No. 4A toll office. This trunk
is then connected at Cleveland to an MF
incoming sender at the sender link frame.
When the Cleveland incoming sender is
ready to receive the MF pulses, a signal
is sent to the Pittsburgh sender which then
spills forward 525-6328, skipping the area
code .



4.65 When the incoming MF sender at
Cleveland receives 525, it signals
a decoder connector to seize an idle de-
coder. The decoder transmits 525-3D to
its home translator and drops the corre-
sponding national office code card.

L,.66 The 525-3D card that drops has the
following holes enlarged:

1. PRETRANSLATION - NCA
2. AREA CODE CONTROL - NAC

3. ROUTING INSTRUCTIONS - (Card-
to-Card)

L. OGT APPEARANCE - TC- (Toll Com-
pleting)

5. TRUNK BLOCK CONNECTOR, TRUNK
BLOCK, GROUP START, and GROUP END

‘6. CODE CONVERSION - CCHN, CCTN, CCUN
7. VAR SPILL CONTROL - SK3
8, CLASS - (MF pulsing)

4,.67 The card-to-card routing instruction

is used because there are 50 toll
switching trunks between the Cleveland No.
LA office and the No. 1 Crossbar Office
and this, the first, card represents only
40. The remaining trunks are on the second
card, which is coded 525-RAl1, (If the
marker does not find an idle trunk on the
first card, the decoder restores that card
and drops the second card. This card in-
cludes under ROUTING INSTRUCTIONS a "fol-
low with reorder" routing instruction.
Therefore, if no idle trunks are found on
the second card either, the decoder uses
the follow with reorder instruction on
this card to route the call to a reorder
trunk.)

4,68 When the first card (525-3D) drops,

the decoder signals the marker con-
nector to seize an idle toll completing
marker. This marker obtains the location
of the toll switching trunks represented
by the card and seizes an idle trunk.

4,69 The marker passes the following
information to the incoming sender:

(a) No code conversion is required.

(b) To outpulse on a multifrequency
- basis,

(c) To skip three digits (national
office code) when outpulsing.

4,70 The marker then establishes a chan-
nel from the incoming intertoll trunk
to the seized toll switching trunk.

4L.71 When the toll switching trunk is
seized, a signal is passed
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to the local No. 1 Crossbar office. Here
the trunk is connected to a multifrequency
terminating sender. Then the sender in

the Cleveland office outpulses 6328 to the
terminating sender. The No. 1 Crossbar
office then switches the call to the called
line.

(F) Call Illustrating the Prefixing of an
Area Code

General

L .72 As pointed out in Part 1, a No., 4A
toll switching system has more compre-
hensive variable spilling and code conver-
sion features than the previous crossbar
toll switching systems. One of these addi-
tional features is the ability to auto-
matically prefix the three digits of an
area code to the digits registered in an
incoming sender. Prefixing an area code
is necessary when one subscriber calls
another subscriber in the same area and the
call must be routed through a foreign area
and back to the home area.

L.73 Figure 69 shows a case where the pre-
fixing of an area code is required.
The Lambertville, New Jersey toll office is
in area 201 but because there are no direct
trunks between Lambertville and Newark,
New Jersey it homes on the Philadelphia
toll office in area 215. When a subscriber
in Morristown, New Jersey calls a subscri-
ber in Lambertville, the call is routed
through Newark in area 201, then out of
area 201 to Philadelphia, and then back
into area 201 to Lambertville.

4 .74 The following assumptions are made:

(a) The outward toll switchboard at
Morristown is equipped with multi-
frequency keysets.,

{b) The Newark and Philadelphia No, 4A
toll systems are separate train
systems. This call uses the intertoll

trains.

(¢) Lambertville is a manual toll
center.

Description of Operatidn

4.75 The outward operator in Morristown

selects a toll tandem trunk and
keys 536 (the national office code for
Lambertville) into the incoming MF sender
at Newark. (The area code is not keyed
because the call is between subscribers in
the same home area.) The sender in the
Newark office obtains a decoder. This
decoder then sends 536-3D to the home
translator where thé corresponding card
drops.

4.76 This card represents the trunks to
Philadelphia and has the following
holes enlarged:
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1. PRETRANSLATION - NCA
2. AREA CODE CONTROL - NAC

3. ROUTING INSTRUCTIONS - (Relay-to-
Relay)

L. ALTERNATE ROUTE PATTERN NUMBER
5. OGT APPEARANCE - IT

6. TRUNK BLOCK CONNECTOR, TRUNK BLOCK,
GROUP START, and GROUP END

7. CODE CONVERSION - (Area 201 coded
in these holes because this code
must be prefixed as described below.)

8. VAR SPILL CONTROL - NSK
9. CLASS - (MF pulsing)

4.77 Because this card has a relay-to-
relay routing instruction, the de-
coder immediately goes to the relay tree
and tests for idle trunks among those
represented on the card (the 536-3D card)
and among those on any alternate route
cards. Assuming there are idle trunks on
the 536-3D card, the decoder signals for
an intertoll marker and then passes the
required information on to the marker.

4.78 In addition to telling the marker
the location of the outgoing trunks,
the decoder also tells the marker that the
sender must prefix area code 201. This
information is furnished by putting area
code 201 in the code conversion holes
and enlarging the NAC and NSK holes. When-
ever a 3D- card has an NSK hole and an NAC
hole enlarged, the decoder knows that the
code in the code conversion holes must be
prefixed to the digits in thé sender and
then all digits spilled forward.

L4.79 After the marker performs its func-

tion of establishing a channel, the
sender outpulses 201-536 to Philadelphia.
At Philadelphia 6-digit translation is made
and the call is routed to Lambertville.

5. MAINTENANCE FEATURES

’SA{ General

5.01 The maintenance of a toll crossbar
system requires close coordination
of toll line maintenance with maintenance
of the switching equipment. Therefore,
along with the description of the mainten-
ance facilities provided for the LA system,
facilities used for toll line maintenance
are also included.

5.02 Most of the maintenance elements used

in the toll crossbar system with No.
LA switching equipment are similar to those
used with the No. 4 and No. ALA systems.,
The most important new component is the
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Trouble Recorder Frame which replaces the
Trouble Indicator Frame used in the pre-
vious crossbar toll systems.

5.03 This part gives a highlight descrip-
tion of all of the maintenance facil-
ities which were designed specifically for
the Nos. 4, ALA and LA toll switching sys-
tems. Miscellaneous testing equipment such
as the 35F Relay Test Set, 2B Signaling
Test Set, 4LOB Transmission Measuring Sys-
tem, etc. which have been in use in other
systems for some time are not described.

5.04 More detailed descriptions of the

maintenance test frames, including
block diagrams of typical test set-ups are
covered in several Sections in the A700
series.

5.05 Maintenance facilities are located in

two equipment areas, the toll test
and terminal room and the No. LA system
switch rooms.

5.06 The 4A switching system maintenance

equipment is generally concentrated
in a section of the floor called the
"mainte nance center".

5.07 To permit coordination of the activi-
ties in the toll test and terminal
room and the maintenance center, intercom-
municating trunks are provided. Trunks re-
quired for communicating with other points
are also provided in the toll test and ter-
minal room and in the maintenance center,

5.08 Following is a summary of the main-

tenance components provided in the
toll crossbar system which are described
here.

Switching Maintenance Equipment

Test Frames Located in Maintenance Center
(a) Trouble Recorder Frame
(b) Incoming Sender Test Frame
(¢) Outgoing Sender Test Frame
(d) Sender Make Busy Frame

(e) Automatic Outgoing Toll Connecting
Trunk Test Frame

(f) Manual Outgoing Toll Connecting
Trunk Test Frame

Toll Line Maintenance Equipment

Equipment Located in Toll Test and Terminal Room
(a) 17C Toll Test Board
(b) Patching Bays

(c¢) Automatic Outgoing Intertoll Trunk
Test Frame




—

.

Miscellaneous Test Sets - Portable, Semi-
Portable and Frame-Mounted

Switching Maintenance

(a) Incoming, Outgoing and Intertoll
Trunk Test Set

{(b) Incoming Trunk Test Line

(c) Frame Identification Frequency
Test Set

(d) 100A Test Set -
Toll Line Maintenance

(e) Test Line Circuit for Making Balance
and Noise Tests

(f) Test Line Circuit to Milliwatt
Distributing Circuit

(B) Switching Maintenance Equipment

Trouble Recorder Frame

General

5.09 The primary functions of the circuits
located on the Trouble Recorder Frame
are:

l. Production of card records on ser-
vice calls encountering trouble and
test calls.

2. Testing of decoders, markers, trans-
lators and link controllers.

3. Electrical control of translator
circuits to permit certain manual
operations to be performed.

5.10 This frame mounts the perforator test
unit and is also a central location
for circuit busy indicating lamps, make
busy jacks, alarm lamps and keys, and the
Jjacks which are used to put the emergency
translator in service in place of a regular
translator. '

5.11 All of the functions listed in 1, 2

and 3 are performed by two circuits:
the Decoder-Marker Test and Trouble Re-
corder Circuit and the Link Controller Test
Circuit. The miscellaneous lamps and jacks
are included in the Miscellaneous Circuit
for Trouble Recorder Frame.

5.12 One trouble recorder frame (Fig. 70)
is provided in each 4A installation.

Production of Card Records on Service Calls
and Test Calls

5.13 The trouble recorder mechanism which
is located on the Trouble Recorder
Frame perforates card records on service
calls which encounter trouble as they are
being set up by the common control equipment.
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When desired, card records are also per-
forated on test calls., The same circuit
and perforating mechanism is used to per-
forate both types of records. A single
trouble recorder is mounted on the frame.
It can perforate one card at a time.

5.14 On service calls encountering trouble,
the trouble recorder may be summoned

by a decoder, a marker or a link controller,

depending on where the failure occurred.

5.15 On test calls the trouble recorder

may or may not be called in depending
on the setting of keys on the test frames.
When the keys are set to make card records
on test calls, the test circuits compete
with service calls for the use of the
trouble recorder. Whether it is seized by
a service call or by a test call, it is
made busy until the record on that call is
completed.

5:,16 If a service call cannot get the re-
corder, the circuits in trouble are
re leased without waiting to make a record.
In such cases a "display lost" lamp is
lighted, an alarm sounds, and a register
counts the failure to make a record.

5.17 While test calls compete with service
calls for the recorder, the mainten-
ance force can control this competition.
Test calls are set up one at a time by the
test frame attendant. Therefore the number
of test calls can be regulated so that
interference with the demands for card
records by service calls can be controlled.

5.18 As has been indicated when trouble is
encountered in the common control
equipment during the switching of a call,
a decoder, a marker or a link controller
puts in a bid for the trouble recorder
(which one puts in the bid depends on how
far the call had progressed when the fail-
ure occurred). When the trouble recorder
is seized, multicontact relays in these
circuits operate and extend trouble indi-
cating leads to the recorder perforator
circuit. In addition, multicontact relays
are operated in the incoming sender, de-~
coder connector, card translator and incom-
ing frame which also extend leads to the
perforator so that a complete story on the
failure can be recorded. These latter
frames cannot summon the trouble recorder.

5.19 The decoders, markers and link con-

trollers are equipped with timing cir-
cuits which permit reasonable intervals for
completing certain functions or series of
functions. If any of these intervals are
exceeded, because of some circuit failure,
the trouble recorder is summoned by the
circuit involved.

5,20 There are four stages in the setting

up of a call during which the common
control equipment may call for the trouble
recorder.
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FIG.70-TROUBLE RECORDER FRAME



5.21 The first, or controller stage, is

when the link controller is connect-
ing the incoming trunk to an incoming
sender. In this stage the link controller
summons the trouble recorder.

5.22 The second is the decoder stage,
which is from the time the decoder

is seized until a marker is connected. The

third is the decoder-marker stage, which

is the interval during which both the de-

coder and marker are engaged on the call.

During these stages the decoder calls for

the trouble recorder.

5.23 The fourth, or marker stage, is when
the decoder has released and the
marker is connected to the incoming sender.
The marker summons the trouble recorder at

this stage.

5.24 As previously noted, when the trouble

recorder is seized during any of
these stages, other common control equip-
mert may be called in to complete the
trouble record.

5.25 A trouble record on a service call or
a test call includes the following
typical kinds of information.

1. The identity of the circuit which
seized the trouble recorder, that

is, the decoder, link controller,

decoder-marker test circuit, etc.

2. The identity of the major equipment

units used on the call, for example,
the decoder, marker, incoming sender,
link freme, connector, etc. The iden-
tity of the switching channel is also
recorded. '

3. How far the decoder, marker and con=-

troller had progressed at the time
of failure. This is indicated by
making a record of the relays which
were operated at that time.

Hor. Vert.
Designation Row. Col.
M S8 1
TR1 58 8
0 S8 20
0 s6 0)
0 s6 8)
1 56 19
TO S5 15)
Uo S5 17)

SECTION A828.101

4. The kind of trouble that -caused

the failure. For example, failure
of the "2 out of 5" check, whith is
made when the number of the trunk
block relay is transmitted to the
marker.,

5. The results of cross detecting and
continuity tests which the decoder
and marker make on certain leads.

5.26 A card is always in position in the
trouble recorder perforator, ready
%o receive a record. Figure 71, attached,
shows a card blank and a card which has
been perforated with a trouble record.

5.27 It will be noted that the card is
divided into 18 horizontal rows inter-
sected by 60 vertical columns. One inter-
'section of a horizontal row with a vertical
column is reserved on the card for each of
the trouble indicating leads from the
switching units which can be connected to
the trouble recorder. Each of these inter-
sections has a number or letter, or a com-
bination of numbers and letters which tell
what the trouble indicating lead has to
say. For example, under "SOURCE OF RECORD",
a perforation above D means that a decoder
had seized the recorder, a punch above 3
under "DECODER" indicates that it was-de-
coder number 3. Similarly, a perforation
above DCB on row R1l, vertical O under
"DECODER PROGRESS", indicates that the DCB
relay in the decoder was operated at the
time of the failure. A perforation above
FTD on row S8, vertical 52, under "DECODER
TIME-QUT" indicates that the decoder had
not been connected to a foreign area trans-
lator in the time allowed for this job.

'5.28 The following tabulation gives a
general idea of the information

punched on the card shown in Fig. 71. The

meanings of all of the designations on the

card and several typical trouble records

are discussed in detail in Section A828.131.

Meaning

Record was made during marker stage and
therefore the marker seized the recorder.

Record was made during marker first

trial.

Marker No. O.
Sender frame No. 00.

Dial pulse sender No. 1.

Decoder connector frame No. 0OC.
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Hor. Vert.
Designation Row Row
Cco S5 27

Perforations in horizontal rows
SOi and R4 to R7 (verticals O to
29

Perforations in horizontal rows RO
and Rl (verticals O to 29)

TMZ 38 58
TO S6 30)
U1 S5 31)

0 56 35)
2 36 37)
5 Sk 35
0 s1 31
0 s1 35
CNO S1 4O
RTB R8 57

5.29 The trouble recorder can perforate

about thirty cards per minute. How-
ever, this rate might result in excessive
decoder or marker holding time due to
repetition of records on the same trouble.
It might also rapidly exhaust the card bins.
For this reason, a key is provided which
can be operated to limit the number of
records that can be made in a given time,
For example, the number of records taken
in a minute can be reduced from thirty to
as few as five,

Test Circuits on Trouble Recorder Frame

5.30 General: The test circuits on the
trouble recorder frame are manual
in the sense that they cannot automatically
progress from one circuit unit under test
to the next. The keys must be manually
set for each unit to be tested. The circuit
tests this unit, gives a visual indication
as to whether the test was successful or
not and if the test was successful it re-
leases. If the test encounters a failure
the test circuit stops.

5.31 Keys are provided in each test cir-
cuit by means of which card records
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Meaning
Decoder connector No. O.

This is routing information received by
the marker, either directly or in-
directly from the card translator.

Show what relays were operated in the
marker at the time the record was made.

Indicates that too much time elapsed
between connection of the marker to
the incoming frame and the release of
the marker. (See par. 5.19.)

Trunk block connector frame No. Ol.

(This is a

Trunk block relay No. 2.
0+2 = 2,)

"2 out of 5" indication.

Incoming frame group No. 5. (Includes
incoming frame Nos. 10 and 11.)

0dd incoming frame, therefore No. 11.

0dd trunk block connector was con-
nected to the marker,

0dd connector relay, (CNO) was oper-
ated in marker. Therefore, odd
connectors on trunk block, incoming
and outgoing frames were tried
first,

Junctor walking circuit was in posi-
tion to test second subgroup of
junctors when recording was made.

can be made on all test calls, or only on
those encountering trouble, or so that no
card records will be made on any test calls,

5.32 The decoder, marker and translator
tests cannot be made simultaneously

because they are made by the same test cir-

cuit (the decoder-marker test circuit) and

some of the equipment and paths are used

in common.

5.33 On the other hand, the link control-
ler test circuit and the decoder-~
marker test circuit can be operated at the
same time, but with certain limitations.
If the keys in both test circuits are set
up to make card records, they compete with
each other and with service calls for the
use of the trouble recorder. Under this
condition, that is, where both test cir-
cuits are making card records, if the re-
corder is busy on a test call, or on a
service call, another test call cannot be
started until the recorder is available
to it. The test keys can be set up and
the start key operated but the tests will
not begin until the test circuit has seized



e

the recorder. When it does, it holds the
recorder busy until its tests are completed
and a card record is made.

5,34 Link controller tests can proceed at
the same time that the decoder-

marker test circuit is working, provided
that the key in the link controller test
circuit is operated to cancel the card re-
cording feature. In this case, the link
controller does not seize the trouble re-
corder circuit but operates independently
of it and the results of the test are de-
termined solely from the end result lamps.

5.35 However, the reverse is not true, be-
cause even though the key in the

decoder-marker test circuit is operated to
cancel card records, this test circuit must
still seize the .recorder circuit before it
can start a test call. This is because the
leads by which the decoder-marker test cir-
cuit gains access to decoders and markers
for testing are also used in making card
records,

5.36 Decoder, Marker and Translator Veri-
fication Tests - Manual Operations
Control of Translator: Decoder, marker and
translator verification tests are performed
by one circuit -~ the Decoder-Marker Test
and Trouble Recorder circuit. The setting
of a three-position key on the trouble re-
corder frame determines which class of

test is made. The decoder-marker test cir-
cuit has direct access for testing, to
decoders, markers and card translators.
This access is through the same relays that
are used for trouble recording since most
of the leads are used for both functions.
For this reason, on test calls the decoder-
marker test circuit must obtain the trouble
recorder before the test call can proceed,
whether or not a card record is made.

5.37 The test circuit simulates normal
service sequences and operations.

In all classes of tests a decoder is se-
lected and the test circuit primes it with
information normally received on various
types of service calls. The decoder can be
made to pick a particular marker, or to
select one on a service basis,

(a) Decoder Test

The test call is stopped after the
marker has received all the information
from the decoder and the decoder has
released. This checks the operation of
the decoder and card translators and
verifies the successful transmission
of information from decoders to markers.

(b) Marker Test

The test call proceeds until the
marker completes all of its functions
including the selection of an outgoing
trunk. This test checks the marker's
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functions, including connections to
the trunk block connectors and to the
incoming and outgoing frames.

(¢) Translator Verification Test

The test call is interrupted at
the point where the marker has checked
the integrity of its information from
the decoder. The card translator is
held operated until a complete record
of the information on the translator
card is perforated by the trouble re-
corder.

By operating the proper keys, the
test circuit can pick any card in the
translator and have the trouble re-
corder make a complete record of its
information. This feature is useful
when new translator cards are put into
service.

A test of all of the 116 output
channels in the translator can be made
simultaneously. This checks the opera-
tion of the phototransistors and trans-
lator amplifiers under worst circuit
conditions. A lamp indicates that all
116 channels are satisfactory. If the
lamp fails to light, a card record can
be made of the particular channel that
failed on the test.

(d) Manual Operations Control of
Translator

A circuit is provided on the trouble
recorder frame which performs electri-
cal functions that are necessary when

" translator cards are added or removed.
This circuit is also used when certain
types of maintenance jobs must be done,
such as replacing a selector bar unit.
Keys permit any one of the card trans-
lators to be selected. The selected
translator is then made busy and the
emergency translator is substituted for
it while the manual operations are being
performed.

No records are perforated in con-
nection with these operations.

(e) End Result Lamps

In addition to the perforated card
records which give a complete record
of test calls, the important end re-
sults of the tests are always recorded
on locked-in "end result" lamps. The
indications given by these lamps will
make it feasible to dispense with card
records on test calls when this is de-
sirable,

5.38 Link Controller Tests: The link
controller test circuit unlike the

decoder-marker test circuit, busies only

the actual circuit under test - the link
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controller circuit. It can simulate any
desired combination of incoming trunk,
sender link and sender found in the office
by means of keys located on the trouble
recorder frame, The test circuit furnishes
all the information the controller would
normally receive through the sender link.

5.39 As in the case of the decoder-marker
test circuit, certain end result
lamps are provided which give some informa-

tion as to the results of the test. As
has been noted, provision is made for mak-
ing card records on all test calls, only
on test calls encountering trouble, or for
making no cards at all. This test circuit
is optional equipment.

5.40 Miscellaneous Alarm and Make Bus

Features: The trouble recorder frame
is a central location for lamps, audible
alarms, make busy jacks and plant regis-
ters associated with miscellaneous mainten-
ance features. Many of these have no direct
association with the trouble recorder and
test circuits on the trouble recorder
frame.

5.41 Some of the miscellaneous features
are:

1. Audible and visual alarms to indi-

cate 48-volt fuse operation, fail-
ure of perforator motor, seizure of
trouble recorder due to a trouble on a
service call, failure to obtain the
trouble recorder on a service call,
ete.

2, Make busy jacks for making trouble

recorder busy to any one or all of
the decoders, markers, and translators,
for making link controllers busy, etc.

3. Test battery supply jacks and ter-
minals, frame line jacks, jacks

for putting emergency translator in

place of any other translator, etc.

4. "In use" lamps to show what de-
coders, markers, connectors, or
link controllers are in use.

5. Plant registers to count the number
of "lost display" calls, the number

of decoder and marker first trial calls

and second trial calls, etc.

6. Sender link delay lamps.

Incoming Sender Test Frame

5.42 The incoming sender test frame is used
to make routine and trouble location
tests of incoming senders. The sender is
seized by the test frame dand selected codes
are transmitted to it on either a multi-
frequency or a dial pulse basis. The out-
put of the sender is then automatically
checked against the input. Lamps are
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provided to indicate the progress of the
tests and to indicate any failure of the
sender on specific tests.

5.43 The test frame can be operated on an
automatic progression basis or on a
particular circuit basis.

5.44 ‘This frame is shown on Figure 72,
Automatic Tests

5.45 When the frame is operated on an

automatic basis, it automatically
progresses from one sender to another until
all the incoming senders in the office have
been tested, or, on certain tests, until
all the senders of a class, that {s, dial
pulse or multifrequency, have been tested.
If trouble is encountered the test frame
stops and an alarm is operated.,

5.46 Senders that are busy may be passed

over automatically. The sender under
test is identified by lamps at the test
frame. Lamps are also provided to indicate
the progress of the various tests, and on
test failure to indicate the point of
failure.

5.47 The test frame can be operated so

that it will automatically progress
through all the MF senders and DP senders
with one key setting. This is useful when
no tests of features peculiar to MF or DP
are desired. On this type of test the test
frame simulates service calls which may be
to any point, and which are carried to
completion.

5.48 Where distinctive features peculiar
to MF or DP operation are being
tested the test frame progresses through
one class of sender and then stops.
5.49 Various combinations of input and’ \
output conditions are checked, many |
on a marginal basis., The test frame is ‘
equipped with a full keyset and a number
of lever type keys for establishing the
various test conditions,

Manual Tests

5,50 When desired, for example, for

trouble location tests, a particular
sender can be selected. This sender can
then be tested under manual control, or
repeated tests can be made automatically.
The repeated test feature is of particular
value in locating an intermittent trouble
condition or for insuring satisfactory op-
eration of a sender before returning it to
service.

5.51 The test circuit is arranged for re-
mote control from the sender loca-

tions so that the sender operation may be

observed under controlled conditions.
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Outgoing Sender Test Frame

5.52 This test frame has general functions

similar to those of the incoming
sender test frame, that is, automatic pro-
gression over the outgoing senders, or in-
dividual circuit testing; comparison of
input with output information, indicating
lamps, etc.

5.53 This frame is shown in Fig. 73.

Sender Make Busy Frame

5.54 There is a make busy jack on this
frame for each incoming and outgoing

sender in the office. These jacks are

used to remove senders from service, Asso-

ciated with each make busy jack is a "can-

cel timed release" key, a stuck sender lamp

and a priming jack.

5.55 When a cancel timed release key is

operated, it cancels the timed re-
lease feature in the associated sender and
causes it to stick after it times out on
the next trouble it encounters. This in
turn causes an individual stuck sender lamp
to light and an audible and visual alarm.
A peg count register records the number of
these stuck senders. If it is desired to
free a stuck sender a make busy plug is
momentarily inserted in the priming jack,
This primes the sender and causes it to
make a normal release.

5.56 For each group of senders a group

busy alarm lamp is provided which
locks in and operates an alarm when all the
senders of a group are busy.

5.57 Also included on this frame is a peg

count register which counts the num-
ber of times trouble occurs in any of the
link controllers.

5.58 A telephone circuit with associated

keys and lamps is provided for con-
nection to intercommunicating trunks to
other frames,

5.59 The sender make busy frame is shown
in Fig. 74.

Automatic Outgoing Toll Connecting Trunk
est Frame

5.60 This frame is used to make over-all

circuit tests of toll switching trunks

to local dial and manual offices, trunks to
TX and other operators, and miscellaneous
trunks and terminals such as master busy,
overflow, reorder, information trunks, etc.
(See Fig. 75.) Like other automatic test
frames, it can be operated on an automatic
progression, particular circuit or manual
basis,

5.61 Toll switching trunks to local dial
offices and certain service trunks
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such as reorder, master busy, etc., can
be tested automatically or manually as de-
sired.

5.62 Toll switching trunks to manual local
offices as well as miscellaneous
trunks which appear in front of an operator
at the distant end are tested on a manual

basis.

5.63 A particular circuit feature on the

test frame permits the attendant to
select any toll switching trunk and make
single tests or repeated tests as desired.
A remote control feature is provided so
that tests can be made from the position
of the trunk relay circuits.

5,64 The test frame obtains access to the

outgoing trunks through the regular
switching train. A service marker is used
to route the call through the incoming and
outgoing links to the trunk. The marker
is then released and the test frame goes
ahead with the test.

5.65 Lamps are provided on the test frame

which indicate the progress of the
tests. When a failure occurs on a trunk,
lamps indicate the general nature of the
trouble which caused it.

Automatic Tests

5.66 When the test frame is operated on an

automatic basis, it progresses from
one trunk to another in a predetermined
sequence, testing every toll switching
trunk to dial local offices and certain
service trunks, stopping only when it has
tested all the trunks or when it encounters
a trouble.

5.67 On these automatic tests, the test

frame directs the toll switching
trunk to a test line or a busy line in the
distant office (both of which appear as
subscribers' numbers) by pulsing out the
appropriate standard line number. No pro-
vision is made for changing these numbers
during the course of the testing and there-
fore if the standard line number is not
used at a given distant office the group
of trunks to that office must be tested
manually.

5.68 When a test frame encounters a trunk

to a manual office or any operator
trunk it makes a simple continuity test of
the four trunk wires as far as the trunk
relay circuit and then steps to the next
trunk. It does the same thing on trunks
which cannot be automatically connected to
a test line or to a busy line.

5.69 By means of keys the test circuit can
be set either to wait a predetermined

interval for busy trunks to become idle,

or to pass by them, as desired.



FUSE PANEL

SECTION A828.101

TERMINAL STRIPS

=

l— CALL INDIGATOR
GHECGK UNIT

D—— P GI REGISTER UNIT

—— REVERTIVE SELECTIONS
CONTROL UNIT

—— REVERTIVE PULSING &
CHEGKING UNIT

—— NUMERICAL REGISTER
UNIT

—— LEAD CHECK 8
CLASS UNIT

SENDER SELEGTING
UNIT

MESSAGE REGISTERS 8

SELECTORS ASSEMBLY

KEY 8 LAMP PANEL

PIGEON HOLES &

WRITING SHELF

| O l-— TELEGRAPH REL AY

MOUNTING ASSEMBLY

— D.C.K.P UNIT

SENDER CONNECTOR

UNIT

of——

FIG.73-OUTGOING SENDER TEST FRAME

Page 105




SECTION A828.101

[ { FUSE PANEL

TERMINAL STRIPS

RELAYS,ETG.

FRONT GASING,
REAR COVERS
STUCK SENDER AND
TROUBLE REGISTERS
L —
JAGK,KEY AND
LAMP PANEL
g.L‘: ALARM PANEL
e’ bLad
2-4 ]

FIG.74 -SENDER MAKE BUSY FRAME

Page 106



.

1
-

TERMINAL STRIPS

—
=
z;:

H—RELAYS, ETC.

FRONT CASINGS,
REAR COVERS

——TROUBLE
REGISTERS

=19

—JACK, KEY AND
LAMP PANEL

H

#——PIGEONHOLES &
WRITING SHELF

)

L RELAYS, ETG.

L

e 2-84 %I

FIG. 75 - AUTOMATIC OUTGOING TOLL
CONNEGTING TRUNK TEST FRAME

SECTION A828.101

Page 107




SECTION A828.,101

5.70 The test circuit transmits the trunk

test line (or busy line) number to
the incoming trunk or terminating sender
in the distant office, which causes the
distant incoming trunk to be connected to
the proper one of these lines through the
local switches. The tests are made by an
exchange of signals between the test frame
and the test line,

5.71 Tests to a busy line include a con-

tinuity test and a test of the ability
of the trunk supervisory relay to follow
busy back flashes.

5.72 Tests to a trunk test line are more

complete and include tests of ring-
ing, tripping and supervisory features of
the No. 4A outgoing trunk and the distant
incoming trunk.

Manual Tests

5.73 A ten button MF keyset and a dial

are provided at the test frame for
making manual tests. The attendant operates
the proper keys to select the trunk for
test and then obtains the operator at the
distant office on a straightforward basis
or by dialing or key pulsing., The attend-
ant makes the test in cooperation with the
operator.

5.74 Manual tests can be made on toll

switching trunks to local dial of-
fices as well as on trunks to manual of-
fices. On such tests an outgoing trunk is
selected, automatically, or by the attend-
ant. Continuity and other tests proceed
automatically up to the point where the
trunk (SL) relay has been tested and the
outgoing trunk is connected to the distant
incoming trunk or terminating sender for
pulsing. The test frame then stops and the
attendant can dial or key pulse any desired
subscriber number. When the off-hook con-
dition occurs at the called number, a lamp
lights at the test frame. This test can be
used to check the supervisory and trans-
mission performance of the trunk. The at-
tendant manually releases the test frame.,
If it is set for automatic testing, it will
immediately select the next trunk and go
through the tests up to the test of the
(SL) relay when it will again stop and wait
for the attendant to complete the test.

Transmission Measurements

5.75 For making transmission measurements

the outgoing trunk is connected to a
test line, which provides a one milliwatt
source of 1000-cycle tone. (See par. 5.143.)
On trunks to dial offices, the trunk can be
directed to a transmission test line on a
pre-set number basis.

5.76 On trunks to manual offices, the

test frame attendant obtains an at-
tendant at the distant office over the
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outgoing trunk and requests him to connect
it to & transmission test line.

5.77 In either case, the control of the
test frame and the transmission
measurements are manually supervised,

Miscellaneous Features

5.78 A telephone circuit is provided for
communication with operators when

toll switching or miscellaneous trunks to

operators or desks are being tested.

5.79 When two outgoing test frames are
provided in an office, the 8000 trunks
associated with each test frame can be
interchanged by means of a transfer arrange-
ment on the test frames so that either
frame may have access to all of the trunks
appearing on the other test frame.

Manual Outgoing Toll Connecting Trunk Test
¥Yrame - Test and Make Busy Frames

5.80 In addition to the test facilities of
the automatic test frame just des-
cribed, a manual test frame is provided
which has facilities for making additional
types of tests on outgoing trunks. For
making these tests, the outgoing trunks
are equipped with test and make busy jacks
which can be used to patch the trunks to
the test frame. These jacks appear on one
or more test and make busy frames which are
located adjacent to the outgoing toll con-
necting trunk frame. (See Fig. 76.)

5.81 The test jacks are bridged to the
cable side of the outgoing trunks,
thus bypassing the outgoing trunk relay
equipment. This permits voltmeter, trans-
mission and continuity tests to be.made
directly out on the cables. This type of
test is of considerable assistance in lo-
cating cable troubles. Other tests can be
made which are of value in localizing trunk
troubles, that is, determining whether they
are in the LA switching equipment or in the
terminating office equipment. These in-
clude tests of the incoming trunk and se-
lector equipment in the distant office.

5.82 The test circuit includes a voltmeter
circuit, a telephone circuit and
sender and supervisory features. Two trunks
can be patched to the test frame at a time

but only one of them can be set up for
testing. The other trunk can then be used
for communicating with an attendant at the
distant office, or for making interference
tests, by operating a hold key on the first
trunk at the proper time,

5.83 Each test and make busy frame has a
capacity for 2000 jack circuits for
2-wire trunks., It has smaller capacities.
for different combinations of two-wire,
three-wire and four-wire trunks. The jacks
are arranged for cross-connection to the
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outgoing trunks to permit grouping by of-
fice designations. As many jack bays as
are required may be provided. Additional
test frames may also be furnished.

(C) Toll Line Maintenance Egpipmént

5.84 The toll test and terminal room

equipment for testing and maintain-
ing the intertoll trunks which are part of
the toll crossbar system is similar in
general to that used in other toll systems
with the exception of some changes that
have been made to work with crossbar auto-
matic switching.

No. 17C Toll Testboard

5.85 The No. 17C toll testboard is the

principal point of access for test-
ing intertoll trunks. From this testboard
operational tests can be made on a complete
incoming and outgoing trunk, from one end
to the other. It serves to centralize the
over-all maintenance of these trunks, to
localize troubles in the toll circuits, and
to expedite the restoration of service when
failures occur.

5.86 This testboard is also the central
point in the toll crossbar system for
receiving trouble reports from outward op-
erators and from maintenance personnel in
this and other offices. For this purpose
from four to six incoming trunks are pro-
vided from the switching equipment to the
testboard. These are the code "101" trunks.
These trunks are also used in connection
with certain types of talking, transmission
and supervisory tests on intertoll trunks,

5.87 About the same number of outgoing

trunks (i.e. four to six), are pro=
vided from the testboard to the switching
equipment for the purpose of gaining access
to the outgoing intertoll trunks. This
access is on the same basis as a service
call., These trunks are used for communi-
cation with other toll offices. A ten
button keyset and dial are provided for
pulsing the desired codes.

5.88 All intertoll trunks have jack ap-

pearances at the testboard. There is
a receiving and a transmitting jack for
each trunk since transmission is on a
four-wire basis. The jacks are in multi-
ple with the link frame side of the trunk
relay equipment. Talking, monitoring,
signaling, transmission, noise and balance
tests are made from these jacks. The test-
ing path is through the trunk relay equip-
ment, toll line equipment, the toll line
itself, and through similar equipment at
the far end to the testboard there.

5.89 Outgoing intertoll trunks are made
busy by plugging into the associated

test jacks and operating a lockout key. A

lamp associated with the *jack circuit lights
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to indicate the busy condition. These

lamps are also used in connection with
trouble tracing, to identify outgoing inter-
tcll trunks held through the switching
train by an incoming intertoll or toll tan-
dem trunk. The operator who reports

trouble on such a connection knows the
number of the incoming trunk and she gives
this number to the attendant at the test-
board.

5,90 If it is an intertoll trunk, the at-
tendant simply plugs into the test
jack associated with this trunk and oper-
ates a lockout key. This lights the lamp
associated with the outgoing intertoll
trunk and removes the trunk from service.

5.91 Incoming tandem trunks do not have

an appearance at the testboard. To
identify an outgoing trunk held by one of
these trunks, the attendant dials the num-
ber of the tandem trunk which was reported
by the operator into the Trouble Tracing
Selector Equipment, using a dial located
on the testboard. This is a selector ar-
rangement with the tips and rings of the
tandem trunks' transmitting paths appearing
on the banks of the second selectors. The
selector equipment locates the outgoing
intertoll trunk and causes the associated
lamp at the testboard to light. It also
operates a lockout feature which removes
the outgoing trunk from service.

Patching Bays
General

5.92 There are many types of patching bays
in the toll test and terminal room
of a crossbar toll switching office. These
bays. are used for building up toll lines
from facilities located in the office, and
for increasing the size of trunk groups or
rearranging them, to care for emergencies
or for changes in traffic requirements and
to permit ready access for testing. They
are also used for substituting spare out-
side plant cables, and inside plant equip-
ment, such as signaling circuits, repeaters,
trunk relay circuits, etc., when failure
occurs.

5.93 Tests are made at these bays to
localize troubles between the line

and drop sides of the toll circuits and

to determine the nature of such troubles.

5.94 It is not within the scope of this

section to go into any detail on the
great variety of patches and tests which
can be made using the jack facilities just
mentioned. However, the following short
descriptions will give a general idea as %o
their place in the toll system.

5.95 Figure 77, attached, is a simple dia-
gram which shows a carrier cable
entering a toll crossbar office. It shows



. a voice frequency circuit derived from the
carrier channels and the various inside
plant facilities which may be used on a
toll line through the office, including
the LA switching system. Carrier has been
selected for this example because of its
extensive use in the toll plant.

5.96 The cable carrying the carrier fre-

quencies enters the toll crossbar
office at cable terminals, such as the
sealed test bay. (Voice frequency cables
appear on jacks at the primary testboard.)
Here jacks are provided for testing and
for substituting spare carrier groups when
a failure occurs. On its way to the high
frequency patching bay, carrier elements
such as repeaters, filters, equalizers,
etc., are connected to the circuit.

5.97 Jacks in the high frequency patching
bay are provided for testing and for
substituting spare carrier elements of the
types just mentioned.
5.98 From the high frequency patching bay
the carrier circuit enters the chan-
nel bank equipment where the voice frequency
circuits are derived from the carrier chan-
nels.

5.99 (It is necessary to change to voice

frequency in the toll office for
many reasons. One is that we must be able
to terminate calls coming into the toll
office on carrier to local offices in the
area, or to switch or patch them to voice
frequency circuits going to other toll of-
fices. Another reason is that many of the
toll connections are switched through the
LA system and it is impractical to switch
carrier frequencies with standard switching
equip?ent with its high unshielded capaci-
ties.,

Four-Wire Voice Frequency Bays

5.100 The derived voice frequency circuits
are carried through series jacks in
these bays. These jacks are provided for
making tests on carrier channels between
carrier terminal points. They are also
used for patching in spare voice frequency
channels to replace those in trouble.

5.101 Spare pads are also terminated on
this bay. Using one of these pads,
the channels of two terminating circuits
can be patched together to make a through
circuit. {(Pads are devices for adjusting
transmission levels so that different level
transmitting and receiving branches of a
toll circuit can be connected together.)

5.102 Jack-ended trunks are provided from

these bays to the patching trunk
bays and tandem patching trunk bays which
are described later on.
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Circuit Patching Bays

5.103 On its way to the circuit patching

bay the voice frequency circuit
picks up a single frequency signaling cir-
cuit and a pad.

5.104 The circuit patching bays (see

Fig. 78, attached) are provided
mainly for rerouting circuit groups, or for
increasing groups to care for temporary
traffic demands. They are also used for
substituting drop circuits or replacin
those on which trouble has occurred. %Drop
circuits include the intertoll trunk relay
equipment and the switching paths to the
LA system incoming link frames.) The line
and drop circuit transmitting and receiving
patching jacks, and the line and drop cir- -
cuit signaling patching jacks appear in
these bays. These jacks are in series be-
tween the line and drop circuit sides of

~ the intertoll trunks.

5.105 The patching jacks can also be used

for trunk testing with the wagon
type incoming, outgoing and intertoll trunk
test set and as an aid in sectionalizing
troubles between the line and drop circuit
sides of the trunk.

5.106 The signaling patching jacks are

used for making signaling and super-
visory tests towards the drop circuits or
towards the lines.

5.107 These bays also include jacks for

spare pads and relay type auxiliary
pulse links. These jacks are used with
the intertoll patching jacks for patching
two intertoll trunks together to make a
through connection.

5,108 Auxiliary pulse links are required

when two composite signaling cir-
cuits, or a composite signaling circuit and
a single frequency signaling circuit are
connected in tandem. They are also re=-
quired when a two-wire and a four-wire
single frequency signaling circuit are con-
nected in tandem. If both are four-wire
they can be patched at the voice frequency
bay without using a pulse link.

5.109 Local trunks to other maintenance

points in the office and a telephone
set are provided as required. Trunks are
also provided to permit patching between
the circuit patching bays and the patching
trunk bays and the tandem patching trunk
bays.

Patching Trunk Bays

5,110 The patching trunk bays contain

jacks for terminating patching
trunks to the various line facility bays,
such as the voice frequency patching jacks
of the carrier systems and the voice
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frequency repeater jack bays. Jack-ended
patching trunks are also run to the cir-
cuit patching bays.

5.111 1In addition to the jacks for patch-

ing trunks, jacks connected to
spare equipment such as pads, signaling
units and echo suppressors are located in
the patching trunk bays.

5.112 The patching trunks are used for

substituting new outside plant and
for rearranging line equipment to take care
of outside plant changes. They are also
used for connecting together two intertoll
circuits (derived from widely separated
line facilities) to form a through connec-
tion.

5.113 New toll circuits can be made up by

patching the jack-ended spare equip-
ment at the patching trunk bays to the
patching trunks to the line facility and
circuit patching bays.

5.114 The patching trunk bays greatly re-

duce the number of interbay trunks
required between the line facility and cir-
cult patching bays and simplify patching
procedures.

5.115 Local communication trunks, order
wire circuits and talking facilities
are provided as required.

Tandem Patching Trunk Bays

5.116 Ordinarily, tandem patching trunk

bays are provided only when there
are more than two groups of patching trunk
bays. In such cases tandem patching trunks
are provided from the tandem patching trunk
bay to each of the groups of patching trunk
bays.

5.117 These bays are similar to the patch-

ing trunk bays in many ways. Like
them,. jack-ended spare equipment, local
communication trunks, order wire circuits
and talking facilities can be provided as
required. The bays may also include patch-
ing trunks to various groups of widely
separated line equipment facility bays and
circuit patching bays.

Trunk Assignment Patching Bays

-5.118 These bays (see Fig., 78) are pro-
vided for use in conjunction with
the circuit patching bays, for temporarily
increasing the size of outgoing intertoll
trunk groups and for substituting or re-
placing trunk relay circuits when failures
occur.

5.119 For these purposes, as many working
outgoing intertoll trunk relay cir-
cuits as desired are cross connected to
jacks in the trunk assignment patching bays.
_In addition, spare jack-ended trunk relay
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circuits are provided. Both the working
circuits and the spare circuits appear on
two jacks each, a trunk block jack and an
out trunk jack.

5.120 Generally some of the spare trunk

relay circuits are preassigned to
each (or most) of the outgoing trunk groups.
This is done by cross-connecting the trunk
block jacks of the spare circuits to the
trunk block relays of the desired outgoing
intertoll trunk groups. Normally there are
dummy plugs in the trunk block jacks of the
spare trunk relay circuits and this causes
them to test busy to the marker. When addi-
tional trunk relay circuits are required
they are cut into service by patching them
at the circuit patching bay to line equip-
ment connected to the proper distant office
and then removing the dummy. plugs.

5.121 If desired, spare trunk block jacks
without relay equipment can be pre-
agsigned to some or all of the outgoing
trunk groups. With this arrangement, any
spare trunk relay circuit appearing on the
trunk assignment patching bay can be
patched to these jacks to increase the size
of the associated trunk groups. It is
necessary, of course, to patch the spare
trunk relay circuits to the proper line
equipments at the circuit patching bay.

5.122 Faulty trunk relay circuits in any

outgoing trunk group can be re-
placed by patching in a spare trunk relay
circuit, or by borrowing one from another
group of trunks,

Automatic Qutgoing Intertoll Trunk Test

Frame

5.123 This test frame (see Fig. 79) is

provided to make over-all tests of
outgoing intertoll trunks and the outward
paths of two-way intertoll trunks to other
toll offices. The tests are made auto-
matically or manually, depending upon
whether or not the trunks can be terminated
on an intertoll trunk test line.

5.124 The general operation and arrange-

ment of the test frame is similar
to that of the automatic outgoing toll con-
necting trunk test frame which has already
been described (par. 5.60 and following
pars.). As on that frame, access to the
outgoing trunks is through the regular
switch train. The same general types of
tests are made, with the exception that
there is no equivalent of the test to a
busy line in the distant office.

Automatic Tests

5.125 On automatic tests, a three-digit
code 103, is pulsed forward to
reach the intertoll trunk test line ter-
mination (see par. 5.135) at the distant
office. No provision is made to change the
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code during the course of the test cycle
and therefore the test line termination
must have the same code at all distant of-
fices. Where a distant office has no test
line, or uses a non-standard code, auto-
matic tests cannot be made.

Manual Tests

5,126 A manual key is provided for test-

ing trunks to such offices and to
care for intertoll trunks which appear in
front of an operator at the distant office.
On DP or MF trunks the attendant dials or
keys the code to reach an operator or the
distant toll testboard. On straightforward
trunks he operates a key ‘to reach the
distant operator. "In either case the tests
are made in cooperation with the operator
or testboard attendant in the distant of-
fice.

5.127 A particular trunk can be selected
for test and tested repeatedly as

many times as desired. This feature is

of value in locating a trouble or in test-

ing a new trunk prior to putting it into

service,

5.128 Transmission tests are made manually,
using the LOB transmission measuring
system, :

5.129 The test circuit has been designed

to anticipate the later addition of
facilities for automatically making trans-
mission measurements.

(D) Miscellaneous Test Lines and Test Sets -

Portable, Semi-Portable and Frame
Mounted

Incoming, Outgoing and Intertoll Trunk Test

of the test equipment is to provide the
various forms of pulsing and signaling re-
guired to satisfy the trunks, and to work
as a return test line, as mentioned later,
In all cases the relay rack unit is re-
motely controlled by the test wagon, and
its signal translations are returned to
the test wagon for observation. The test
wagon unit contains all operating keys, a
keyset, a dial, lamps, and a precision
timer (Sl typei for measuring trunk timing
intervals. A telephone set is also pro-
vided for talking on a two-or four-wire
basis as required.

5.132 Tandem trunks are equipped with
jacks at the relay rack on the line
side of the trunk into which the test unit
may be patched. Operation of the test set
causes the trunk to be connected through
the regular switching train to a return
test line, which is patched into the test
set. Subsequent testing of the trunk is
accomplished by an exchange of signals be-
tween the test set and the return test

line,
5.133 Incoming intertoll trunks are tested
in a similar manner. However, access
to the line side of the trunk is obtained
over a system of test lines and patching
trunks to the toll test and terminal room.
5.134 Outgoing intertoll trunks are reached
for test by the test set by gaining
access to the drop (switch) side of the
trunk via a test line to the 17C toll test-
board. At this point the test line is
patched to the required trunk. The line

side of the trunk is reached as described
above for incoming trunks.

Set

5.130 Reports of trouble encountered by
operators in the use of tandem or
intertoll trunks, or troubles picked up in
intertoll trunk relay equipment as a result
of tests made by the toll testboard men,
may be referred to the switching mainten-
ance force for test and clearance. A port-
able trunk test set is provided in order
that the trunk relay equipment may be
tested under such conditions. The test set
can also be used to test trunk circuits
outgoing from the No. 5 toll switchboard.

5.131 The test equipment consists of a tea
wagon-type test set which works in
conjunction with a relay rack unit and
with patching and test line jack appearances
at the trunk relay bays, the toll test and
terminal room patch bays, and the 17C toll
testboard. The test wagon may be used near
the relay equipment, and after completing
patches to the test lines and relay rack
test unit, the functions of the trunk equip-
ment may be exercised and observed. The
purpose of the relay rack mounted portion
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Incoming Trunk Test Line

5.135 A test line circuit is available

for rapid testing of incoming tandem
and intertoll trunks (see par. 5.125). The
test line is similar in general functions
to that used in local crossbar systems.
Over-all tests may be originated at outward
switchboards over tandem trunks to the 4A
system, or from distant toll offices over
intertoll trunks. The test call is directed
to the test line by keying the three-digit
universal code 103, and when the test line
is reached a signal is returned to the
originating test point. The tests are
relatively simple and do not check all
functions of the trunks, but they have the
advantages of being rapid and not requiring
assistance at the terminating end, and
they provide reasonable assurance that the
switching, signaling and supervisory fea-
tures of the trunks are in operating con-
dition.

Frame Identification Frequency Test Set

5.136 A portable test set (box type) is
provided to test the multifrequency



supply and distribution system used for
link frame identification purposes and to
facilitate the location of circuit troubles
involving crosses or attenuated (lowered
level) signals. The test set consists of
eight filters corresponding to the frame
identification frequencies, an amplifier,
and a rectifying meter.. Keys are provided
so that with a given input signal of one
or more frequencies the meter may be asso-
ciated with any one of the filter circuits
thereby providing an indication of the
magnitude and frequency components of the
input signal,

100A Test Set

5.137 This portable test set is used to

check the output of the phototrans-
istors and the transistor amplifiers in
the card translators.

5.138 1In testing the phototransistors used

on the "regular" channels (there are
116 in each card translator) the plug-ended
transistor amplifier associated with the
channel under test is removed and the test
set is plugged in its place. The test set
applies a load on the phototransistor
equivalent to the worst transistor ampli-
fier. The output of the phototransistor
under this worst circuit condition can then
be measured using a high impedance volt-
meter.

5.139 In the test of the phototransistors
used on the "index" channels (two
in each card translator) the dummy plug
normally in place in the channel under test
is removed and the test set is plugged in
its place. The output of the associated
phototransistor can then be measured.

5,140 A transistor amplifier is tested by

removing the cold cathode tube in
the channel under test and plugging in the
test set in its place. The output of the
transistor amplifier (that is, the voltage
it delivers to the cold cathode tube) can
then be measured.

Test Line Circuit For Making Balance and
Noise Tests

\

5,141 This test line is used for terminat-
ing calls from intertoll trunks when
balance and noise tests are being made. On
trunks to dial offices the test call is
directed to the test line by keying the
three-digit universal code 100, and when
the test line is connected a signal is re-
turned to the originating test point. The
tests can be made from any of the test ap-
pearances of the outgoing or two-way inter-
toll trunks - for example, from the toll
testboard or the outgoing trunk test frame.

5.142 On trunks to manual offices the test
frame attendant obtains an attendant
at the distant office over the outgoing.
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trunk and requests him to connect it to the
test line.

Test Line to Milliwatt Distributing Circuit

5.143 This test line provides a one milli-

watt source of 1000-cycle tone which
is used for making transmission measurements
on intertoll trunks. The test call is di-
rected to this test line by means of a uni-
versal three-digit code 102, pre-set in the
Automatic Outgoing Toll Connecting Trunk
Test Frame in the distant office. The num-
ber can also be keyed from this frame.

5,144 On trunks to manual offices the con-

nection to the test line is made
manually in a manner similar to that just
described in par. 5.142.

Other Miscellaneous Test Sets

5.145 In addition to the test lines and

test sets just described, which were
designed for toll crossbar switching sys-
tems, other test sets are provided for the
LA system which have been in use for some
time in other switching systems. These
include:

(a) Test Set for Testing 275 and 276
Type Relays.

{b) Pulse Repeating Test Set

{(c) Pulse Checking Test Set for Check-
ing Pulsing Speed and Per Cent
Break of Interrupters

(d) Test Set for Timing Tests

(e) Test Set for Testing 209FF, 209FK,
209FL and 209FM Relays

(£) Continuity Test Circuit
Alarms

5.146 Alarm features in addition to the

trouble indicator previously des-
cribed are provided in a manner similar to
other crossbar switching systems. These
alarms consist of fuse alarms, time alarms
for the sender link and control circuits,
markers, marker connector, etc. Directing
pilot lamps, namely frame aisle pilots,
main aisle pilots, floor pilots and exit
pilots are provided together with dis-
tinctive audible alarms. These lamps and
signals are so arranged as to indicate
audibly the severity of the alarm condi-
tion (major, minor or power failure) and
to show visually the type of failure (fuse,
time alarm or test frame alarm) and the
aisle location of the individual circuit
alarm lamp. Arrangements are provided to
extend the alarms from one floor to
another.,
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6. EQUIPMENT
(A) General

6.01 As in every telephone office, the

equipment in a No. 4A toll office is
laid out for efficiency in the operation
and maintenance of the office. Of course,
the actual arrangement of equipment may
vary from office to office because the
number of trunks and the kind of traffic
an office handles determines the types and
amount of equipment necessary. The shape
of the building also influences the equip-
ment layout.

(B) Frames

6.02 The basic framework, the height and
depth of the frames, is the same
throughout the LA toll switching system.
The bays are 11-1/2 feet high, 10-1/2
inches deep and their width varies from 22
to 55 inches. Generally, they are arranged
with the apparatus sides of two lineups
facing each other with a three-foot aisle
between them. The wiring aisles between
the backs of the frames are two feet wide.
Protection against dust is provided by
cabinet doors for the front and removable
covers for the back of certain frames.
A-c outlets are provided on some frames
and are located so that all frames may be
serviced from them.

6.03 Aisle pilot lights for the alarm

system are mounted on end guards at
the main aisle end of a lineup. An end
guard is a metal panel which is placed on
the side of the frame at the end of a
frame lineup. Frame distributing fuses
are also mounted at the top of the end
guard panel.

6.04 To identify the frames in a lineup,

the end guard has a card holder which
contains frame designation cards. Each
card has the name and number of one of the
frames in the lineup. Also, each frame is
stamped with its name and number.

6.05 Another type of card, a tracing
designation card, is provided on in-
dividual frames to show their interconnec-
tion with other frames. This card is
mounted on a particular frame and contains
the designation of this frame and that of
the frame to which it interconnects. If
a frame has interconnections with several
frames then other cards are provided.
These cards provide information for trac-
ing a call or a trouble through an office.

6.06 There are blank spaces for filling
in various types of information

such as the trunk numbers, link numbers,

switch numbers, etc. at an individual

Bell Telephone Laboratories, Inc.
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office. For example, each sender link
frame has a designation card which contains
the number of each incoming trunk that ap-
pears on this frame and the number of the
switch and the number of horizontal where
it appears.

6.07 Distributing Frames: In addition to
switching and common control frames,
distributing frames are provided for making

cross connections between frames where
flexibility is required.

6,08 The intermediate distributing frame
(IDF) provides means for cross con-

necting:

(a) Toll terminal equipment with the
circuit patching bay.

(b) Intertoll trunk relay equipment
with the circuit patching bay.

(c) Toll connecting trunk relay equip-
ment with trunks to local offices.

(d) No. 5 switchboard with incoming
and outgoing frames.

6.09 The trunk distributing frame (TDF)
provides means for cross connecting:

(a) Trunk relay equipment with incom-
ing and outgoing frames.,

{b) Intertoll trunk relay equipment
with the 17C testboard. -

{c) Incoming toll tandem trunks with
second trouble tracing selectors.

6.10 The assignment distributing frame
(ADF) provides means for cross con-
necting:

(a) Outgoing frames and outgoing trunks
with assignment patching jacks and
trunk block relays.

(b) Outgoing trunks with assignment
patching jacks and overflow trunk
circuits.

{c) Outgoing trunks with test and make
busy jacks.

6.11 The junctor grouping frame, as des-

cribed in Part 2, provides means for
making cross connections between some in-
co?ing and outgoing links (see Figs. 23 and
24) .

6.12 The traffic register distributin,
frame provides means for cross con-
necting:

(a) The traffic registers with the
traffic register relays.

(b) The traffic register relays with the
trunks requiring group busy regis-
trations.
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NUMBERING PLAN FOR NATIONWIDE TOLL DIALING

SUBSCRIBER'S NATIONAL TELEPHONE NUMBERS

NUMBER OF DIGITS DIALED OR KEYED TO REACH CALLED SUBSCRIBER

FROM ANOTHER NUMBERING AREA (NOTE 1)

1 2 3 4 5 6 7 8 9 10 11
5 AREA CODES NATIONAL OFFICE CODES NUMERICALS PARTY
s (NOTE 1) DIGIT
P>
0] 0 To 9
3 | AOX or AIX ABX 0 To 9 or
(NOTES 2 & 3) (NOTES 2 & 4) J(5),M(6),
o R(7)or W(9) |
z
NOTES:
(1) VWhen toll calls are completed within the same numbering area,
the area code is not usually dialed.
(2) Code legend
A, B, C - Any digit except 1 or O
D - Any digit except 1
E - Any digit except 0
X - Any digit
(3) The 0 digit is not assigned as the 1st digit of the area code

because it would interfere with the subscriber obtaining the

zerg operator when
into effect.

customer

national toll dieling comes

The 1 digit is not assigned as the 1st digit of the area code
because the equipment recognizes this digit as the start of
either a toll service code (1D1) or a TX code (11EX).

The digits from 2 to 9 inclusive are not assigned as the 2nd

digit of the area code.

it from a national office code.

Digit 0 Indicates a single-area code,
area covers the entire state area.

Digit 1 Indicates a multiarea code,
numbering areas may be required to cover the
state.

BELL TELEPHONE LABORATORIES, INC.

i.e.,

i.e.,

The use of either 0 or 1 distinguishes
one numbering

two or more

CITY
Newark,N.J.

Montclair,N.J.

Salem, Ore,
Denver,

Spokane,

NOTES:

Colo.
Wash.
Richmond, Va.

(Contd.)

SECTION A828.101

TYPICAL EXAMPLES OF NATIONAL OFFICE CODES
BUILT UP FROM LOCAL DIRECTORY LISTINGS

LOCAL
DIRECTORY
LISTING

MArket 2-1234
(5)MOntclair 2-10214
5678

TAbor -1234
Broadway -1234

4 -1234

TOLL
DIRECTORY

LOCAL LISTING TOLL
CUSTOMER (NATIONAL OPERATOR
WILL DIAL OFFICE CODE) WILL DIAL
MA2-1234 MA-2 MA2-1234
MO2-10214 MO-2 MO02-10214

5678 (6)725 725 - 5678

TA -1234 TAB TAB-1234

B -1234 BRO BRO-1234

4 -1234. RI-4 RI4-1234

(4) The digits 0 and 1 are not used as the first two digits of

‘office codes in 2-5 numbering areas (two letters and

5 numericals, MA2-1234). The national and the local office

codes are identical for these offices.

(5) This is a manual office which will be straight 2-5 numbering
when converted to dial.

(6) This is a flexible type of code and may
any relationship to the letters of the
codes will be furnished by bulletin or
than secured from the number passed by

FIG. 8

NUMBERING PLAN FOR NATIONWIDE TOLL DIALING

not necessarily bear
city name since the
route operator,
the customer.

rather

FIG. 8




SECTION A828.101

i
|

|

HORIZONTAL (MULTIPLE SOLDERING TERMINALS
SELECTING MAGNET ; :

O o ) SELECTING FINGER.

MPING SPRING

(c ° ©
)/

SELECTING BAR
| DA

— —

SPRING

OPERAT\NG

VERTICAL UNIT

“— SELECTING OFF-NORMAL SPRINGS

%IG.M—
PARTIAL PERSPECTIVE VIEW OF 20 — VERTICAL UNIT CROSSBAR SWITCH (200 POINT)

BELL TELEPHONE LABORATORIES, INC. 1 FiIG.14

PRINTED IN U-S.A.




SECTION A828.101

-y ' 20-VERTICAL UNIT 200- POINT CROSSBAR SWITCH

FIG. 18
CROSSBAR SWITCHES
BELL TELEPHONE LABORATORIES, INC. FIG. 18

PRINTED IN U.S.A.
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SECTION A828.101
INCOM ING FRAME OUTGOING FRAME
SECONDARY Bay (1) PRIMARY BAY (1) ’ SECONDARY BAYS (2)
R L R L R L ] L R
345678lolo1 234586780 0123456789 01 23456789 0123456789 0123456789 o|2345,67ago|2345678!9 01234567890123456781‘3 ~
0000000000000 C 9 9000000000 000000000 (o 0d @ 0000000 0000 99 o L '6000000 3000000000 g 9090000000 QL 0000009 9
i i 1 T |
4= ‘4 4= ;4 : ;
i 4
it O 04
: : | : ! |
i QUT,
5 5 E0 - = of lHo 3l 8 3 0 : lo TRKS.
0 0.0.0¢ O 0,00 O,
O BYg 08,08 0,02 50,0 o g .0 T9< 10,0:5°9° 0005 sTg
sw.9 .
SW.9
~
SW. 9
|
94 00 91 ) o g Q0 = o0 %20 ] a¢ 90 20 00 q ™
2483 °9 0 2180 ° 49 b 2 Loo 2 ° o2
o | ouT.
oo 00 ! oo 00 00 o TRKS.
|
SW. 4 SW. 4 ! sw.4 7
9900 94 g 00 99 00 20 14 gLOO ° g o0 26 o 00 90 00 9¢ o 00 29 00 99 9 )
- Q o O= < el
| OUT.
Oo 00 Oo- o0 0 o2 TRKS.
SW.0 S
SW.0 ‘ i sw.o
FiG. 20A Filg.20B
DISTRIBUTION OF INCOMING LINKS, DISTRIBUTION OF QUTGOING LINKS,
FIG. 20




INCOM ING FRAME

PRIMARY BAYS (a)

SECONDARY BaAY (1)

PRIMARY BAaY (1)

OUTGOING FRAME

DISTRIBUTION OF INCOMING LINKS.

BELL TELEPHONE LABORATORIES,INC.

L R L R L
_ 10!234567890I23456759 10!234567890!23456789 01234567809 0l 23456789
9 000000(?0 (00090000( 9 00 000 0D O [eNoWeNe] [eRoRelNe 9 0000 o0 Q0 (?OOOOOO o0 9
| T ! 1]
|
! ! 4
| i 4
4 Q- 40 i 9
] 1
I NG, | i ! ! i
TRKS, o' 0 e Ol 41516 “‘2"’ 39
. 0 Q00 070 C 0O o) o} Qe
071 2% © 6P afe] 1923 O ° 95
SW.9
S
SW. 9
- go? 90 o0 2 900 20 00 9(l ok 90 9 Q0 °¢ 8,
INC. |
TRKS. 0 0 oo 00
Sy X
SW.4 SW. 4
r 200 90 00 ) 9 00 99 00 ) g_ 00 ) 00 90 14
G oo ~
T
TRKS. o 0, 0o o
Ny
SW. G SW.0
NOTES:
NUMBER OF PRIMARY SWITCH = NUMBER OF SECONDARY
SWITCH HORIZONTAL
HUMBER OF SECONDARY SWITCH NUMBER OF PRIMARY
SWITCH VERTICAL.
FI1G. 20A

L R L
0123456789 01234586789 012345678)9C
gl 9Q00Q Q00 09000 090 9 P O000000 0000
! T
| 1
4l 14
i 1
i |
d |
o ;) 4 8
\oélozog 00,0 ng o
sSw.e
o} 9 [o} 9 0
o o]
24 9 49 9990
0o 00
SW. 4
J
|
|
|
|
<
9&00 9 o 26 o 00 99 90
Oo. 00
SW:0
FIG.20B

DISTRIBUTION OF OUTGH
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NOTES:

20 JUNCTORS PERMANENTLY
CONNEGTED TO EACH OF OUT-

SECTION A828.10l

OUTGOING FRAME |
PRI. BAY _

. - — o - O o —
. THERE ARE TWO GROUPS OF 60 JUNCTORS FROM EACH INC. GOING FRAMES O AND I. [y g 2 Luagew » o4
FRAME TO EAGH OUT, FRAME, 20 OF THESE ARE CABLED TR l R
DIREGTLY TO THE OUTGOING FRAMES AND 40 ARE CABLED T
TO THE JUNCTOR GROUPING FRAME WHERE THEY ARE GCROSS- , -9 213 4 51607 o lod! (243:4.516.7 819
CONNEGTED TO THE CABLES FROM THE OUTGOING FRAMES, 9¢ 09
2. VERTICALS ON THE INGOMING AND OUTGOING FRAMES ! }
SHOWN WITH LIGHT LINES ARE NOT USED AND ARE 4b 54 SW.9
CABLED TO THE JUNCTOR DISTRIBUTING FRAME AS SPARES. : |
0¢ Lo
\ 0I\2534?!,678%0l23,45[!6‘783
|
|
| £z @ fizl: 2 =&
! H>Hn-l - & u>-n-c - -
et ok ]
, oli J2]3 4 516 7 8lololi lel3 a.sle 7 slo
| 9 59
i | |
) |
Y <4 SW.4
| |
0 -0
obi I283ials del7 Jelobol {ellalse[7lel9
I |
- _Oo-— o —=_O-— o —
! ESER B EESER KB
sngon f Ly " el
6 FORAMEG olil2]3 45le 7 8lolol lz 34567 8lo
80 JUNGTORS 80 JUNCTORS 9o ~ o9
TO 1 y ; | |
ING. N et = ! 4
FRAME | 80 SPARE a0,” |80 VS)IPARET dd 4o |4 SW.0
VERTICALS ,/ VERTICALS ! |
|
7/ - Do —0 Q
5 | /7 ac INCT
80 JUNGTORS _ |/~ 40 | 80 J# NCTORS _ L Lols lalsls [7lefotof Bolsialshe l7lelo
[ I 1 .
< 80 SPARE | 80 SPARE p — — —
VERTICALS VERTICALS INCOMING FRAME O OUTGOING FRAME O
_ _ SEG. BAY . "PRI. BAY _
| EEEE
L R__ L 1 R
oli 2.3456789loll 234567869 | 012345?67890123456769
90 i B : 29 90 ~09
1 | 1 1 i
| [ { | |
X 1 : | | |
ae ! 4 SW. 9 L —~4 SW. 9
| i 1 I
0o : bo | 0¢ Lo
Lol {2 30405: (s17lslotol Jols 4,5'55 718l Lol k234l s [rletobolid2l3]a 5 [e[71sls
| I
Tozl T Eoul e
[urh_jurpur] - —
L R | l l R
olt 234567890l 23456789 | oli k]34 56 7l8lolol J2]3 4 56 7]8lo
9¢ 09 90 29
: 3 l |
4c 4 SW. 4 4e —~4 SW.4
| | | |
| 3
Ooc- o} o} o0
ol 1213 [alsls[rlelolol 1314 skelr [ele | ' of felz1al5 e l7isliol (2131215 slrAsko
] L i
_"O_O o) ':O_O -0
% oot L ESER e
L R R
oli 23456 789l0li 23456789 | olilol3 4 567 lslololl Jol3.4 5 6 7lelo
9 2] 9o 09
: | | :
| |
as 24 SW. 0 4{ 4:4 SW. 0
| | I |
o¢ ) 0o : 50
ol 232 slol 2314]5]s]7 I
|| 12 S 6 TLB 24 4617 18j° | l LOJ\LZ SL445 67883?30 )I\.:z 134351847 qu/
I I
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FI1G. 23

JUNCTOR DISTRIBUTION- INTERTOLL OR COMBSINED TRAIN OFFICE WITH TWO INCOMING AND TWO OUTGOING FRAMES
BELL TELEPHONE LABORATORIES,INC.

FiG. 23
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JUNCTOR DISTRIBUTION
INTERTOLL OR COMBINED TRAIN
10 INC. GROUPS=20 OUT, FRAMES
CULTIMATE SIZE)
INC. INC. ouT.
NO.OF INC.| OUT. GROUP OUT. | crouUP FR.
JUNCTORS |GRouP | VERT. [SRIPL PR | Tsec. | 1 PRl
: SW. 2 sw.
6| o 3 o 0_ | REG. 0-9 | oL-9L
o] o 0 0 0 | ExT.0-9 | OR-9R
0] o 0 | 2 | REG.0-9 | OL-9L
6] o 0 | 2 | EXT. 0-9 | OR-9R
o] o 0 2 4 | REG.0-9 | oL-oL
0| o 0 2 4 | EXT.0-9 | OR-9R
60 | o0 o [3Tos|EYEN| REG.0-9 | oL-9L
60 | o o |3tos|EYEN,| ext. 0-9 | oR-9R
0| o 0 9 18 | REG.0-9 | oL-9L
o | o 0 9 8 | EXT. 0-9 | OR-9R
0| o 0 0 | REG.0-8 | OL-9C
0] o 0 1o || ExT.0-9| OR-9R
0 o X i 3 | REG.0-9[ oL-9L
o | o 0 K 3| EXT. 0-9 | OR-9R
70| o o |atois| %P, | REG.0-9 | oL-oL
70| o o |izTo’|s33%7| EXT. 0-9 | OR-9R
o] o 0 9 19| REG. 0-9 | OL-9L
io | 0 0 19 | 19 |EXT.0-9 | OR-9R
TOTAL 400
o | 7 7 0 0 | REG 0-9 | oL-9L
o 7 7 0 0| EXT. 0-9 | OR-9R
10| 7 7 i 2 | REG.0-9 oL-9L
o | 7 7 1 2 _|EXT.0-9 | OR-9R
8o | 7 7 |2To9|fYENe| REG. 0-9 | OL-oL
80 | 7 7 |atoo|SYEN | exT. 0-9 | oR-9R
10| 7 7 10 || REG 0-9 | oL-9L
0 | 7 7 0 T__|EXT.0-9 | OR-9R
o[ 7 7 I 3 |REG.0.9 [ OL-9L
o | 7 7 0 3 |EXT. 0-9 [ OR-9R
so | 7 7 |i2To1e | (S faie| REG. 0-9 | OL-3L
8o | 7 7 21019 |0 0| EXT.0-9 | OR-9R
TOTAL 400
NOTES!

(o) INC.GROUP REG. SEC. BAY SW. NO,= OUT. FRAME PRI.

BAY LEFT HALF SW. NO.

(b) INC. GROUP EXT.
BAY RIGHT HALF SW. NO.

(c) INC. GROUP NO.= OUT. FRAME VERT. NO.

BELL TELEPHONE LABORATORIES,INC.

SEC., BAY SW. NO.= OUT. FRAME PRI,

200
INC. LINKS
TO PRI,
SWITCHES 0-9

ON INC. FRAME |

200
INC. LINKS.
TO PRI.
SWITCHES 0-9
ON INC. FRAMEO

QUTGOING FRAMES 0-19

OUT. FRAME 19

SECTION AB828.10I

INCOMING GROUP O

(INCOMING FRAMFS 0 AND i)

FIG. 24
PAIRING OF INCOMING FRAMES TO FORM GROUPS OF TWO WHICH SHARE
400 JUNCTORS(ULTIMATE SIZE OFFICE

I0IG - 20 OF)

|
OQUTGOING FRAME 0

PRI. BAY
SWITCH ©

PRI. BAY
SWITCH 0
L R
oL 9L OR 9R N
99 9 9 9 ?9
o o)
200
OUT. LINKS
INCOMING GROUPS 0-9 L TO séqc.
SWITCHES 0-9
1 0 °1° 9 ON OUT. FRAME 19
- oL oL ® OR 9R® :
40 JUNCTORS FROM O SWITCHES IN INC. GROUP 0 P
360 ADDITIONAL JUNCTORS FROM |-9 SWITCHES IN INC.GROUP 0 |
400 JUNCTORS FROM INC. GROUP 0 |
o lov 1oL o R 19R :
OUTGOING FRAMES
I -18
INC., FRAME | INC. FRAME |
SEC. BAY SEC. EXTENSION BAY
SWITCH © SWITCH © '
0 0 [
oL 19L. OR I9R |
|
|
I
J
oL L R |
9 1oL o JOR 19R o Lot 9L, o ¢ 40R R,y |
O==m O >
|
|
INC. FRAME 0 INC. FRAME O |
SEC. BAY SEC. EXTENSION BAY 200
SWITCH 0 SWITCH 0O OUT. LINKS
L TO SEC.
"SWITCHES 0-9
9 0 0 ' I 0 ON OUT. FRAME 0
%L 9L %0R %9 °oL 9L ® oR 9R

FIG.24 |




| SECTION A828.10!
JUNCTOR DISTRIBUTION "
INTERTOLL OR COMBINED TRAIN
20 INC. GROUPS - 20 OUT. GROUPS
(ULTIMATE SIZE)
OUT. INC INC. OuUT. OUTGOING GROUPS 0-19
NO. OF INC. : ‘| OUT. | GgroOUP GROUP
GROUP |GROUP SEC PRI
JUNCTORS  |GROUP |70 " | 0T |GROUP o o, QUTGOING GROUP 19
. . . g OR ~N
0 | © 0 0 0 |REG.0-9 |EXT.0-9 99 Pte o 29 Re g
10 0 0 0 0 |EXT.0-9 |REG.0-9
10 0 0 [ 1__JREG.0-9 |EXT. 0-9 v
1o o o 1 I |EXT. 0-9 |REG.0-9 ouT. {ERNAS*ngWBAY T Ay o028 ks
i0 0 [s] 2 2 REG.0-9 |EXT. 0-9 PRLE?WITCH [} SWIT‘CH [) B T'O SEC.
10 0 ) 2 2 |EXT. 0-9 |REG.0-9 swgchEs
170 0 0 |3TOISI3TOI9|REG.0-9 |EXT. 0-9 o 0 0 0 ON OUT. FRAME 19
170 0 0 |3TOIS|3TO I9|EXT.0-9 |REG.0-9 7
TOTAL 400 oL 1oL OR 19R
10 7 7 0 o |REG.0-9 |EXT. 0-9
10 7 7 ) 0 |EXT.0-9 |REG.0-9 P
10 7 7 1 | REG.0-9 |EXT. 0-9
10 7 7 1 i _|exT.0-9 [REG. 0-9
o 7 7 2 2 |REG.0-9 |EXT. 0-9 ~
10 7 7 2 2 |EXT.0-9 |REG.0-9 o 0L 19L0 ¢ 9 JOR 19R9 o
170 7 7 |3T0 19]|3TO I9|REG. 0-9 |EXT. 0-9 & &
170 7 7 |2 To19[3TO I9]EXT. 0-9 [REG. 0-9
| TOTAL 400 INCOMING GROUPS Q- 19 OUT. FRAME I8 OUT. FRAME 18 200
PRI.EXTENSION BAY PRI. BAY OUT. LINKS
SWITCH O SWITCH O TO SEC.
SW(I)T%HES
0 0 ) 0 ON OUT. IFRAME: 18
L,
NOTES: -F oL 1oL ° OR 19R® |
(o) INC.GROUP REG. SEC. BAY SW.NO=OUT.GROUP EXT. PRI, BAY SW. NO. |
b) INC. GROUP EXT. SEC. BAY SW. NOSOUT. GROUP REG.PRI.BAY SW. NO |
( ) : T R «PRI.BAY SW. NO. 40 JUNCTORS 0 SWITCHES IN INC. GROUP 0 / ]
(c) INC. GROUPNO= OUT. GROUP VERT. NO. 238 jﬂﬁ%?g?@ -QC sév;BB%Hes IN'INC. GROUP © |
NC. 0
(9) OUT. GROUP NO.=INC. GROUP VERT. NO. OUTGOING GROUPS
1-18
¥ _ |
|
-3 |
! “ 1 '
g éoL 1oL 9 YOR I9R g foL 19L9 o 9 JOR 19Ro o ) :
>, o O
|
: |
INC. FRAME | INC. FRAME | OUT. FRAME | OUT. FRAME | 200
200 SEC. BAY SEC. EXTENSION BAY PRI. EXTENSION BAY PRI. BAY OUT. LINKS
INCT D NKS SWITCH O SWITCH © SWITCH 0 SWITCH © TO SEC.
TO PRI — , L SWITCHES
: ! 0-9
SWITCHES 9 0 0 0 0 0 ON OUT. FRAME |
0-9 o o o
oL risL ?OR P 19R oL 19LY POR 19RQ
~ S
- g o0L oL g QOR >I9R g 6OL 19L0 o o SOR toRdg
> [+
INC. FRAME O INC. FRAME 0 OUT. FRAME' 0 OUT. FRAME 0
200 SEC. BAY SEC. EXTENS{ON BAY PRI EXTENSION BAY PRI BAY 200
INC. LINKS SWITCH 0 SWITCH © SWITCH o SWITCH O ou;’b léll_:b::KS
Shrnks [ swirons
0-9 9 0 o o 0 0 0-9
‘ ON OUT. FRAME ©
oL d19L G0R 819R ooL 19L. 0 4oR 19R ©
~

-L TELEPHONE

LABORATORIES, INC.

INCOMING GROUP 0
(INCOMING FRAMES O AND I)

FIG. 25

PAIRING OF INCOMING FRAMES AND OF OUTGOING FRAMES
TO FORM GROUPS OF TWO WHICH SHARE 400 JUNCTORS
(ULTIMATE SIZE OFFICE 20IG—20 0OG)

OUTGOING GROUP 0O

OUTGOING FRAMES O AND 1)

FIG.25

TED ¥ U.S.A.




JUNCTOR DISTRIBUTION
INTERTOLL OR COMBINED TRAIN
20 INC. GROUPS - 20 OUT. GROUPS
(ULTIMATE SIZE)
Y T TR ST OUTGOING GROUPS 0-19
NO., OF INC. OuUT, GROUP GROUP
JUNCTORS |GROUP G\?;’lerp f‘l'zc:_lfp GROUP |  SEC. PRI, OUTGOING GROUP 19
. : : d oL oL OR I9R
o 0 0 9 0 |REG.0-9 |EXT.0-9 S & LR 78
10 ;) ) 0 0 |EXT.0-9 |REG.0-9
) 0 0 1 I___|REG,0-9 |EXT. 0-9 .
- - OUT. FRAME 19 OUT. FRAME I9
10 ° o ! |__|EXT. 0-9 |REG.0-9 PRI.EXTENSION BAY PRI, BAY
{0 [*] 2] 2 2 REG.0-9 |[EXT. 0~-9 SWITCH 0 SWITCH O
10 0 0 2 2 |EXT. 0-9 |REG.0-9 ‘
170 ) 0 I3TOI9|3TOI9|REG.0-9 |EXT. 0-9 0 0 0 0
170 | o 0 |3TOIS|370 I9|EXT. 0-9 |REG.0-9 ] ] i
TOTAL 40 0 oL 1oL OR I19R
10 7 7 0 0 |REG.0-9 |EXT.0-9
10 7| 7 ) 0_ |EXT.0-9 |REG.0-9
10 7 7 i | |REG.0-9 |EXT. 0-9
10 7 7 1 i |EXT.0-9 |REG. 0-9
10 7 7 2 2 |REG.0-9 |EXT. 0-9
10 7 7 2 2 |EXT.0-9 | REG, 0-9 g §OL 19L9 o o 9OR 19RO o
170 7 7 1370 19]3TO 19| REG. 0-9 | EXT. 0-9 ° o
170 7 7 |3 TO19|3 TO I9|EXT. 0-9 | REG. 0-9
| TOTAL 400 INCOMING GROUPS 0 - 19 OUT. FRAME (8 OUT. FRAME I8
PRI.EXTENSION BAY PRI, BAY
SWITCH 0 SWITCH 0
0 0 0 0
o o o—
ey e s o) o o
NOTES: oL 1oL OR 19R
(o) INC.GROUP REG. SEC. BAY SW.NO=OUT.GROUP EXT. PRI BAY SW. NO.
b) in c =
(b) INC. GROUP EXT. SEC. BAY SW. NOSOUT. GROUP REG. PRI.BAY SW. NO. 40 JUNCTORS FROM © SWITCHES IN INC. GROUP 0
(c) INC. GROUPNO.= OUT. GROUP VERT. NO. 360 JUNCTORS FROM (-9 SWITCHES IN INC. GROUP O
400 JUNCTORS FROM |INC. GROUP O
(d) OUT. GROUP NO.=INC. GROUP VERT. NO- i
 gdoL oL s loR I9R 9 0L 19L9 o 9 l'OR 19Rg g
—% e} -0 o O
INC. FRAME | INC. FRAME | OUT. FRAME I OUT. FRAME |
200 SEC. BAY SEC. EXTENSION BAY PRI. EXTENSION BAY PRI, BAY
INC. LINKS SWITCH O SWITCH 0 SWITCH 0 SWITCH ©
TO PRI —
SWITCHES o o ° o o °
0-9 o Oz
oL oL OR 19R doL 1oL YOR 19R
d g PoL 1oL 9 OOR I9R 9 oOL 19L0 9 g OOR 19R$ g
s (o2
INC. FRAME O INC. FRAME 0O OUT. FRAME 0 OUT. FRAME ©
200 SEC. BAY SEC. EXTENSION BAY PRI EXTENSION BAY PRI, BAY
INC. LINKS SWITCH 0 SWITCH O SWITCH © SWITCH ©
TO PRI —
SWirGes 0 0 0 o 0 0
L~ (-2 Q=
doL dioL dor S19R soL YR S0R 19R 6
~

BELL TELEPHONE

LABORATORIES, INC.

SECT!I

INCOMING GROUP O

(INCOMING FRAMES O AND 1)

FIG. 25

OUTGOING GROUP O

(OUTGOING FRAMES 0 AND 1)

PAIRING OF INCOMING FRAMES AND OF OUTGOING FRAMES
TO FORM GROUPS OF TWO WHICH SHARE 400 JUNCTORS
(ULTIMATE SIZE OFFICE 20IG—20 0G)
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OUTGOING FRAME I SECTION A828.101

10 JUNCTORS PERMANENTLY CONNECTED - ' PRI. BAY
TO EACH OF OUTGOING FRAMES 0 TO 3 | Jo PYTyy =y oo -
w> Ll >, S [N T
. o) 23456 7]8}9;0# 2.3 456[7]8)o
99 —9
I )
| | |
49 94 SW.9
| |
* | |
0o ||
! (.OL l\02030405 k L?FLQI 6!1\0203 4054507 885,90
L T
w209 LDgL o8 e
- L Pl bt b = R et ang b bt |
[}
JUNGTOR ol 232 slel7lele oJ|c20304 5]6]7 s]e
GROUPING 9¢- ©9
FRAME i |
. 80 JUNCTORS| 80 JUNCTORS 4% %4 SW. 4
IN%. - \R\ N | : : '
80 SPAR 80 SPAR
FRAME 3 < E / |80 sPare e O ol zla s lel7 telololi 2 3 als el isls” ©
VERTICALS (20) / |VERTICALS \ — "\ ———
80 JUNCTORS |~ 80 JUNCTORS “owo MmO — O o~
TO - A w>u> Ll Ll w> Wl
ING \\\ /(20) - ok g Bt b bt S ek et B
FRAME 2 80 SPARE \ / |80 sPaRe / L 5ol R ” J '
VERTICALS // / |VERTICALS ! Off 23ctomedr sl 2 3 Yasks
/ 9o ©9
80 JUNCTORS |/, /|80 yuNcTORS ? i
TO / /120) TO | |
INC. AN OUTGOING 49 ?4 SW.0
FRAME | 80 SPARE // .~ |80 SPARE FRAME 2 ! |
VERTICALS J VERTICALS | I |
/// l 0° Lo(.{020304055.(7£§(9(.0 |02030405!€L7!§L§°o
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FIG. 78 ASSIGNMENT PATCHING BAY AND CIRCUIT PATCHING BAY
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