
Chapter 11 

The Service and Feature Era 

The tendency and practice in the Bell System network are to continuously 
add new services and features. This began in the earliest days of network
ing, and it accelerated with the introduction of dial systems. In this sense, 
the network continuously grows more "intelligent" and more serviceable to 
customers. Moreover, the growth, while continuous, is nonuniform. Two 
events stand out: the development of No. 5 crossbar, which offered an 
enhanced level of switching flexibility on which new services and features 
could be built, and the invention and rapid expansion of stored-program 
control, which has in recent years found applications of even greater power 
and versatility in both electronic and electromechanical systems. Many of 
these applications impact the customer directly and many aid the internal 
management of the network; but directly or indirectly, all aim at better ser
vice at reasonable cost. 

One of the primary motives for introducing stored-program con
trol switching over the entire range of Bell System office require
ments was the need for flexibility to meet the growing number of 
sophisticated services and features for customers. Each generation 
of switching equipment introduces new features and services, and 
few are discontinued unless they are improved upon or no longer 
needed. The days of panel switching saw services and features such 
as interfaces with manual offices, prepay coin service (originally 
with dial-tone-first), free official numbers, automatic overtime mes
sage charging, and automatic sender test circuits. The No. 1 
crossbar system offered most of these, plus automatic trouble 
detecting and recording, larger nongraded trunk groups, PBX 
jump-hunting, number-checking, etc. The step-by-step system 
included such features as digit-absorbing selectors, service code and 
preliminary "1" correction (see Chapter 3, section II) combined 
selector repeaters, intertoll transmission, and pulse-correcting 
repeaters. 

The development of the No. 5 crossbar system, however, intro
duced a new era. The No. 5 system not only improved upon earlier 
features, its architecture offered a degree of flexibility not previ-
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ously known. Advantage~ was taken of this capability for over two 
decades while the telephone business grew and while electronic 
switching was being explored to improve even upon this advance. 
The No. 5 crossbar system made the organization of the basic 
switching and signaling functions more flexible and also improved 
the ability to add other features and services. Because of its flexibil
ity, the No. 5 crossbar system was the first to be designed to 
include most new services or features. This was due to the skill of 
the Bell Labs team, one of the most capable ever assembled for elec
tromechanical switching development. So high was their esprit de 
corps and the demand for their services that it was difficult for those 
developing electronic swHching to recruit them and to build upon 
their expertise. 

During the 1950s, the thrust toward new features meant expand
ing the application of No. 5 offices to permit their operation with 
various systems and switchboard interconnections, and to offer 
direct distance dialling. In the 1960s, the growth was primarily in 
new customer services. Moreover, the expansion of design was not 
confined to the No. 5 crossbar system. Although the No. 5 design 
was the leader, even panel and step-by-step were modified to 
accommodate changing and expanding service needs. 

I. INTRODUCTION OF NEW SERVICES 

The most important m!w service since World War II was direct 
distance dialing, DOD. By 1960, DOD was available to 54.4 percent 
of the Bell System. By 1965, 47.9 percent of the DOD calls included 
Automatic Number Identification (ANI). With full automation of 
station-to-station calling well under way, automation improvements 
and the offering of other services proceeded. 

1.1 TOUCH-TONE* Servict~ 

From the beginning, the use of pushbuttons has been the pre
ferred method of remotely controlling automatic switching systems 
(see Fig. 11-1). The effidency of pushbuttons had proved itself for 
operator control (see Chapter 3, section IV), but cost and electrical 
problems1 made such control for each telephone unattractive. The 
invention of the transistor, however, brought the cost to a point 
where the service might be offered at an attractive price. Much 
experimental work was carried out, including the study of different 
pushbutton arrangements (see Fig. 11-2). 

Pushbutton dialing was tried in the initial No. 5 crossbar office in 
Media, Pennsylvania in 1948 (see Chapter 7, section II), using 
vibrating reeds with 2-out-of-6 frequencies-similar to that used for 

*Registered service mark of AT&T Co. 
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Fig. 11-1. Pushbuttons were always the preferred method of placing 
calls automatically, but widespread application had to await the cost
reduction potential of solid-state electronics . 

interoffice pulsing2 (see Chapter 7, Fig. 7-6). An improvement, 
less prone to detecting false signals when speech signals reached 
the receiver, was an arrangement of 2 frequencies, each frequency 
1-out-of-4. This system was developed in the late 1950s. Technical 
trials were held in a step-by-step office in Hamden, Connecticut and 
in a No. 5 crossbar office in Elgin, Illinois in 1959. 3 Fig. 11-3 shows 
the trial results comparing the dialing times with rotary dials and 
pushbuttons as people learned to use the new "dials." 

Further technical trials focusing on central office equipment, 
revised on the basis of the previous year's trials, were held in 1960 
in a step-by-step office in Cave Spring, Virginia and in a No. 5 
crossbar office in Hagerstown, Maryland. Marketing trials were 
held in 1961 in Findlay, Ohio and in Greensburg, Pennsylvania. The 
economic provision of TOUCH-TONE capability in each type of 
local central office4 (see Fig. 11-4) and customer switching system 
was a development challenge not unlike the challenge of providing 
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Fig. 11-2. Experimental pushbutton telephone using transistor circuits 
to send multifrequency dial signals to the central office. 
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Fig. 11-3. Time to dial seven digits, comparing conventional rotary dial
ing with pushbuttons, 1959 technical trials in Hamden, Connecticut and 
Elgin, Illinois . 
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DOD in toll switching. A tri-company committee (AT&T, Bell Labs, 
and Western Electric) was formed in 1959 to insure that problems 
encountered during the introduction of TOUCH-TONE® service 
were dealt with promptly. The first commercial application was in 
the Switched Circuit Automatic Network (SCAN) project (see 
below, section 1.9). The first Bell System public offering was in the 
fourth quarter of 1963. 

1.1.1 Panel and No. 1 Crossbar Systems 

For these systems, subscriber sender designs were modified to 
include TOUCH-TONE™ receivers. To avoid modifying all senders 
in an office, lines originating TOUCH-TONE traffic were segregated. 

1.1.2 Step-by-Step Systems 

Two approaches were used to adapt TOUCH-TONE calling in 
step-by-step systems. Until this time, most step-by-step systems 
were directly controlled. To adapt them for TOUCH-TONE calling 
requires the addition of a form of indirect control to register the 
TOUCH-TONE dialing digits and then, at a slower rate, to outpulse 
them as dial pulses. This amounts to a very simple form of register
sender without translation, code-conversion, etc. For years Bell 
Labs engineers had considered "senderizing" the step-by-step sys
tem for its application in metropolitan areas, and one early design in 
1940 reached the laboratory stage. However, due in part to the 
adoption of the automatic ticketing system in the Los Angeles area 
(see Chapter 6, section 5.1) and in part to the interruption of Bell 
System development work during World War II, this project was 
dropped. After the war, "full senderization" was undertaken. In 
addition to the need for register-senders for TOUCH-TONE calling, 
there was also a need in some situations for more efficient interfaces 
between local originating step-by-step offices and other systems, 
both local and toll, using multifrequency pulsing. Further, there 
was a need to introduce a degree of flexibility into step-by-step 
systems. 

Therefore, in 1961 two TOUCH-TONE service projects were 
undertaken simultaneously, one called "noncompatible,"5 and the 
other "compatible"-that is, the common arrangement where the 
register-senders could, at a later time, be readily adapted to 
(1) access added common decoders for office code translations and 
(2) outpulse multifrequency once an outgoing trunk was reached. 6 

Telephone companies contemplating later conversion to full 
common control could initially order the converters for the more 
expensive "compatible" system. The first of approximately 250 
installations of the compatible TOUCH-TONE calling arrangement 
was in Kokomo, Indiana in March 1965. 

The first nonconvertible system was the equipment field-tested in 
1960 in Cave Spring, Virginia. This system used step-by-step 
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switches as the access !link to connect the line finders to the 
TOUCH-TONE register-s,enders. In this application, the step-by
step switches received about ten times the usage of the regular 
switch train service. As a result, the design was changed in 1967 to 
use a crossbar switch link, since the high usage of the step-by-step 
switch caused excessive wiper wear. 

The equipment arrangement of the original designs was in the Bell 
System tradition designed for the long term, for ease of growth, and 
for efficient maintenance. Later, as the end of life in these offices 
was predictable, because of their eventual replacement by electronic 
switching, a new lower-cost design, TOUCH-TONED, was 
developed without the long-term growth provisions and with 
cost-reduced TOUCH-TONE receivers. (TOUCH-TONE A was the 
original common-control system, TOUCH-TONE B was the non
compatible system" and TOUCH-TONE C was the crossbar switch 
link arrangement.) The first TOUCH-TONED was installed in Mon
tevideo, Minnesota in 197·4. 

TOUCH-TONE <:ailing was the first of the post World War II 
optional services :introduced that required specific local central 
office provisioning and customer premises equipment. By the end 
of 1976, about 70 percent of the Bell System lines could be provided 
with TOUCH-TONE service and more than 30 percent of the cus
tomers served by these lines had subscribed (see Fig. 11-5). 

1.2 Wide Area Telephone Service (WATS) 

To encourage broad usage of the telephone, flat rates for local 
exchange service were introduced in most areas. As dial service 
expanded to the suburbs, an expanded flat rate service to contigu
ous exchanges was offered as "extended area service" (EAS). 

When direct distance dialing became widespread, a new bulk rate 
plan for long distance service was offered, starting in 1961. This 
became known as WATS, for Wide Area Telephone Service. The 
rates vary, based on fih:!d tariffs and depending upon the geo
graphic area to which the customer wants to place calls. For its 
introduction, the local or tandem switching equipment had to be 
modified (1) to measure total (monthly) connect time of the WATS 
line, and (2) to screen calls so that they would be completed only to 
areas subscribed to by each customer. To simplify this process, the 
geographical "bands" to which calls may be completed according to 
the tariff are represented by groups of area codes. Customers sub
scribe to one or more bands. The switching equipment must thus 
match the area codes of the band(s) to which customers subscribe 
against the dialed area code. Total connect time is measured, since 
some rates allow only a certain number of hours at the base rate. 
This service was so successful (180,000 lines by year-end 1976) that a 
new version, INWATS was introduced. 
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Fig. 11-5. Growth of central office TOUCH-TONE capability and main 
telephone TOUCH-TONE lines. 

1.3 INWATS 

Inward WATS, or INWATS, is a toll service with a bulk measured 
rate that automatically reverses the charge to the called customer. 
The rates are for a measured period but apply to intrastate or inter
state with the latter accepting calls by originating band(s), again 
identified by area code. This popular service is identifiable by the 
prefix code "800" dialed ahead of a telephone number. The called 
telephone numbers are specially assigned for 800 service. For inter
state INWATS, the toll switching systems are arranged to use 
code-conversion and screening capabilities. A toll office near the 
originating point makes a six-digit translation of the dialed 800 
NNX. The NNX represents an area (usually an area code), so that 
10,000 INWATS numbers associated with an NNX code may be 
assigned in each area (a few areas are represented by more than one 
NNX). As a result of code-conversion, a new NNX that includes a 
representation of the band of the calling line is forwarded to a prin
cipal city toll office in the Numbering Plan Area (NP A) of the called 
line. A unique area code that includes the calling band number is 
generated for calls not routed directly to the principal city in the ter-
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minating NP A. At the terminating toll office, the received office 
code and three of the four numerical digits are used to determine 
the actual terminating directory number and to match the bands to 
which the called customer subscribes against the source of the call. 
The call is thereby screened to determine if it should be completed. 

This service was first offered intrastate in 1966 and interstate in 
1967. By 1976 it was provided to 108,000 interstate and intrastate 
lines. 

1.4 Centrex (also see Chaplter 13, section 3.1) 

During the post World War II period, dial PBX service was 
increasingly leased to businesses, especially for customers with 
large numbers of telephones. With dial service, therefore, more 
sophisticated and costly features could be offered. 

A basic new service idea, later called Centrex-CO, was studied 
and explored at Bell Laboratories in the late 1950s. This provided 
service from a nearby central office to telephones that would other
wise be served by a PBX (see Fig. 11-6). (An early name for the con
cept was Customt~r Group Service.) For this purpose, the central 
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Fig. 11-6. Centrex-CO service as supplied by No. 5 crossbar. Custom
ers (left) dial business extensions just as if PBX switching equipment were 
on premises. 
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office switching system is arranged to recognize and complete calls 
within a group of lines representing a customer when four or five 
digits are dialed (except specific initial digits such as 0 and 9). 
Several different customers may be served by the same central office 
equipment. 7 

Attendants' consoles are generally provided at the customer's 
premises for answering calls incoming to the listed directory 
number of the customer and for other features requiring judgment 
in rendering the service to meet customers' needs. Centrex service 
may be provided at several customer locations called "satellites." 
Bell Labs developed an arrangement for the attendants to be central
ized for these several Centrex serving vehicles8 (see Fig. 11-7). 

Among the outstanding features of Centrex service are (1) the 
ability to offer customers bills listing calls by extension number, 
known as Automatic Identified Outward Dialing (AIOD), and 
(2) inward dialing to specific extensions instead of only to an attend
ant answering calls to the base or directory number. This is known 
as Direct Inward Dialing (DID). Later AIOD and DID were generi
cally identified together as Centrex service, and the equipment for 
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Fig. 11-7. Arrangement allowing attendants to be centralized at a loca
tion serving several Centrex customers. 
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the service could be offered by dial PBX equipment located on the 
customer's premises together with cooperative modifications in the 
central office (see Chapter 13, section 3.1). 

Centrex service was first offered on a trial basis with a modifica
tion of the No. 5 crossbar system in Colorado Springs, Colorado in 
1958. The first commercial installation was for the Dow Chemical 
Corporation in Detroit, 1\llichigan in 1959. At about the same time, a 
step-by-step 701 PBX was modified for placement in quarters leased 
by the telephone company to serve two customers with Centrex ser
vice. When Centrex service was offered by PBXs on customer or 
leased premises, it was known as Centrex-CU. 

Centrex service :increased the number of telephones identified by 
a regular 7-digit directory number and therefore increased the use of 
central office codes. However, office codes may be shared by both a 
plurality of Centrex and regular customers. The crossbar tandem 
system was modified to outpulse station codes directly to Centrex
CU installations (initially these were step-by-step PBXs). Centrex
CO service was made available with No. 101 ESS in 1963, No. 1 ESS 
in 1968, and No. 2 ESS in 1971. As of the end of 1976, almost 6.5 
million Bell System telephones were served with Centrex service, 
with 70 percent served directly from a central office. 

1.5 Automatic Identified Outward Dialing (AIOD) and Direct Inward 
Dialing (DID) 

Centrex-CU service to provide charging on an extension basis 
requires the PBX to be equipped with a form of automatic number 
identification (ANI). Studies at Bell Laboratories in the early 1960s 
showed that transmitting this information over PBX trunks would be 
inefficient, costly, and time-consuming. As a result, it was decided 
that Automatic Identified Outward Dialing (AIOD) would be pro
vided using a separate data link to transmit ANI information from the 
PBX to the serving central office at the time the central office PBX 
trunk was seized. 9 Then! the extension number and trunk numbers 
would be stored in a magnetic memory and held until the central 
office ANI equipment attempted to obtain the calling line number. 
Upon discovering the number represented by a Centrex-CU trunk, 
the ANI equipment would refer to the AIOD store for the extension 
number associated with the identified trunk (Figs. 11-8 and 11-9.) 

The first AIOD equipment was placed in service in Princeton, 
New Jersey in 1965 serving the Western Electric Engineering 
Research Center. Later that year, the first standard system was 
installed in the Newark, New Jersey office serving the Prudential 
Life Insurance Co. This was known as AIOD-A1 and could serve a 
maximum of 1800 Centrex-CU trunks from 60 PBXs. Later a smaller 
version known as AIOD-A2 using a magnetic delay line store, ser·· 
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Fig. 11-9. Mr. C. Kuehner, Jr. examines the paper tape printout of the 
trouble recorder located on the station identification frame adjacent to its 
test panel. 

ving a maximum of 220 Centrex-CU trunks from nine PBXs, was 
placed in service10 in Wilmington, Delaware in 1970. The AIOD 
equipment was designed to work with all forms of ANI as well as 
the automatic message accounting translator in No. 5 crossbar sys
tems. The AIOD data line can also terminate in the No. 1 and 
No. 2 ESS. In addition, the No. 101 ESS information identifying 
extensions may be transmitted over a data link to the AIOD equip
ment or to an ESS central office. 

This project demonstrated the complexity of introducing a new 
service and the development coordination required among the 
many older and new generations of switching system designs. 
These characteristics of new service developments became increas
ingly commonplace in the late 1960s and 1970s. Each new service 
and many feature developments had an impact on the design of 
many central office systems. 

Direct inward dialing (DID) to a Centrex CU also requires central 
office modifications since Centrex (PBX) extensions are identified by 
the same 4-digit codes used by regular lines. Local office and tan
dem systems (such as step-by-step, No. 5 crossbar and crossbar 
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tandem) that provide for dial pulsing on trunks may treat these Cen
trex service PBXs as central offices. Except for very large PBXs, this 
is very inefficient service since it uses valuable central office (NNX) 
codes. It is most desirable to share central office codes with regular 
customers as well as other Centrex customers. This is readily 
accomplished in step-by-step. For ESS and crossbar offices, it is 
necessary to determine that on calls to particular directory numbers, 
outpulsing of the number to the PBX is needed and means must be 
provided for this function. 

A method developed for the No. 5 crossbar system completes the 
call to a PBX in the usual manner but with a central office PBX trunk 
circuit that is connected by the marker to a dial pulse sender to 
which it supplies the directory number (see Fig. 11-10). This 
feature, known as "line link pulsing,''11 was first installed in 
December 1962 in Michoud, Louisiana. 

RINGING 
SELECTION 

SWITCH 

INCOMING 
REGISTER 

TO PBX ..... 

Fig. 11-10. Line link pulsing arrangement used with No. 5 crossbar to 
avoid wasting central office (3-digit) codes. System distinguishes between 
a PBX customer and a regular customer, even though both have the same 
CO code. 
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1.6 Data Services 

One little-known development for the No. 5 crossbar system was 
an arrangement for the switching of wideband data, starting in 1967 
and known as "Dataphone* 50" data communications serviceY 
Until 1976, the only customer for this was the Long Lines Depart
ment of AT&T, which uses it daily for the interchange of toll call 
charges between itself and other operating companies. This service 
is known as CMD, for Centralized Message Distribution. (Since 
1976, other customers have been added.) Special frequency-shift 
pulsing senders and receivers (with 200 digits per second capability) 
were developed for the No. 5 crossbar system for this and other 
data services, thereby adding another pulsing language to this sys
tem and again demonstrating its flexibility in this regard. The fre
quencies used for this type of !JUlsing were 1170 and 2125 hertz. 
Another data service used transmission with a bandwidth of about 
one quarter of that required for speech. Special narrow-band trunks 
using the B1 data system (see Fig. 11-11) to carry this traffic were 
selectable on a class of service basis. A No. 2A remote line concen
trator (156 lines on 32 trunks) was developed for this service. 13 This 
crossbar concentrator could operate at high speed over long analog 
and telegraph carrier (up to 1000 miles) channels (see Fig. 11-12). 
This development also used frequency-shift pulsing over the data 
link for control of the remote and central office terminal. 

Teletypewriter (TWX) exchange service was transferred from 
manual to automatic service in 1962 by providing a dial and data 
modem at each TWX station and assigning the line to a central office 
with a regular directory numberY Only a small number of No. 5 
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crossbar offices were arranged for this service. Access to them was 
through No. 2A remote line concentrators. The No. 5 offices were 
modified for this service with frequency-shift pulsing to access 
narrow-band trunks, thereby forming a subnetwork of the DOD 
network for TWX service. Furthermore, the service started with 
teletypewriters with three rows of keys (32 characters), and later 
four-row (64-character) sets were introduced. 15 Different area codes 
(X10 series) were assigned to the lines with 4-row formats. The 
No. 4A crossbar offices used in this network were arranged with 
equipment to convert bt~tween three- and four-row signal formats 
and also different speeds (100 instead of 75 baud). These converters 
were inserted into the connection by loop-around trunks (trunk cir
cuits with an appearance on both the incoming and outgoing link 
frames). 

To permit billing for dial TWX calls, No. 5 crossbar offices 
equipped with local automatic message accounting were chosen for 
this service. However, since these offices were not always located 
where they could serve the lines directly, a divided access line cir
cuit was developed for proper charging on terminating calls. Origi
nating calls could reach the No. 5 crossbar office where billing 
records are made,. but calls terminating to these numbers could be 
routed through their regular step-by-step or crossbar office 
(Fig. 11-13). 

Another data switching development was the application of 
No. 1 ESS for store-and-forward switching. This arrangement, 
described in Chapter 9, section 6.3, was known as the No. 1 ESS 
Arranged for Data Features (ADF). More recently, the 758 PBX was 
modified to provide switched digital data services (SODS) of varying 
bit rates from 1.2K to 56.5K using registers that receive data signals, 
translate them into addresses that may be used by the marker to 
establish the desired connection, and relate the address information 
to the required data bit rate. This service has not been tariffed to 
date. 

1. 7 Emergency Service-911 

By mid-1955 the Bell System introduced the idea of special tele
phone sets with enclosed heavy duty housings, placed in outdoor or 
other public locations, for use in reporting crimes, fires, or other 
civil emergencies. 16 Calls from these boxes were automatically 
routed through switching systems to one of several centralized 
headquarters. By 1960 the service was also made available to cities 
for direct termination at police headquarters. 17 With the low calling 
rate characteristic of this type of service, it was natural that in large 
cities concentrators would be developed and used to provide the 
service more economicallly. 18 
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This was the status of emergency reporting when, on January 15, 
1968, the Bell System announced the dedication of the service code 
911 for emergency calling within an exchange. 19 Initially, regular 
telephone equipment, including an earlier design emergency-ser
vice manual switchboard, 20 was used to offer this service. Later, 
based on experience with this service, special central office and 
emergency bureau equipment was designed. With this special 
equipment, calls to the bureau could be held and rung back, since 
callers sometimes failed to give their identity. 21 Also, arrangements 
were required to force the release of connections by the bureau to 
prevent emergency lines from being tied up by malicious callers and 
otherwise. Fig. 11-14 shows an emergency service console for 911 
service. 

While 911 service served almost 50 million people with almost 600 
installations by the end of 1976, it has spread more slowly than 
desired by public officials. Among the difficulties is the lack of coin
cidence between the telephone exchange and political (town, city, 
etc.) boundaries. As a result of a study conducted by Bell La bora-

Fig. 11-14. A 911 emergency position. Special provisions are made to 
call back the caller and to force the release of emergency call connections. 
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tories at the request of the Law Enforcement Assistance Administra
tion telecommunications officials, 22 a comprehensive method for 
overcoming these deficiencies was devised, using the memory 
access and program flexibility of electronic switching. With ESS, 
calls can be routed to the proper bureau. Furthermore, ESS call
forwarding facilities can be used to move emergency calls to more 
appropriate bureaus (hospital, rescue, fire, etc.). Also, by identify
ing and routing these calls via an ESS tandem with a minicomputer, 
the address associated with a calling number can be determined for 
use in providing better service. A trial of some of these features was 
held in Philadelphia in 1974.23 A trial of all features that were 
developed took place in Alameda County, California starting in July 
1978. The service is known as expanded 911 (see Fig. 11-15). 

1.8 Coin Service 

Since the early 1920s, automatic switching systems were designed 
to serve coin telephones, some on a postpay (deposit and collection 
of coins upon call answer with no coin return) and others on a 
prepay (coin before call establishment) basis. For the initial charge 
on local answered calls, coin circuits were provided for automati-

PUBLIC SAFETY ANSWERING POINT 

STATION SETS 

• 
• • 

• ANI DISPLAY • • AND TRANSFER 
ANI • UNITS 

MASTER • 
CONTROLLER 

Fig. 11-15. Expanded 911 calls from local end offices are routed through 
the No. 1A ESS or No.1 ESS with or without a Peripheral Data Storage 
Processor (PDSP), serving as the Expanded 911 tandem to the Public 
Safety Answering Point. The ANI master controller routes calls to answer
ing attendants at station sets, and displays the calling number. Display 
and transfer units show the calling number, and are used for transferring 
calls. A teleprinter is used to record information about emergency calls. 
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cally collecting coins and, with prepay service, for automatically 
returning coins on unanswered calls. Circuits were also developed 
for dial system A switchboard (DSA) operators to collect and return 
coins on calls from prepay coin stations. 

Early panel system developments provided for prepay coin ser
vice (coin had to be deposited before call was completed), but dial 
tone was given without a check of the deposit at coin telephones. 
The coin test was made by the sender at the completion of dialing. 
This was known as dial-tone-first operation. Provision was made 
for free (and coinless) calls to operators, service codes, and selected 
"official" numbers. If coins were not deposited by the time the dial
ing was completed, the sender "stuck" and lighted a lamp before 
the DSA operator monitoring the sender, who asked the caller for 
the deposit. By 1930 it was decided24 to require a coin deposit on 
prepayment coin operation before giving dial tone. This became 
known as coin-first operation. It reduced false usage of equipment 
and made the service and meaning of dial tone more consistent with 
non coin service. 

The early panel systems, and later the No. 1 crossbar system, 
included provision for accepting a separate charge for coin service 
during each overtime period in excess of the period covered by the 
initial charge (at that time 5 cents). A few exchanges, mainly in 
New York City, had tariffs that provided for overtime charging. 
Equipment was developed for timing the initial period for a fixed 
period, usually 5 minutes. The initial deposit was automatically col
lected at the end of 4.5 minutes as a warning; then at the end of 5 
minutes the district selector or junctor was connected to a DSA 
operator who would answer the call by requesting the overtime 
deposit. 

By 1943 customer-dialed coin service was extended beyond the 5 
cents initial deposit, so that more distant points in metropolitan 
(multizone) areas could be dialed directly. 25 An operator was called 
in, for both the initial and overtime deposits, by outgoing trunk cir
cuits routed through panel sender or later (1953) crossbar tandem 
offices using panel call indicator pulsing .. !6 With this type of pulsing, 
it was possible to delay completion of the call until the operator col
lected the correct amount of additional coins. 

A unique system feature was designed into the No. 5 crossbar 
system in 1952 to provide coin service. For the panel, No. 1 
crossbar and step-by-step systems, special groups of originating cir
cuits (selectors and junctors) were required. In the No. 5 system, 
coin features may be inserted into a call using any outgoing trunk 
circuit by looping a call originating from coin telephones through a 
coin junctor27 (see Fig. 11-16). Later, in 1959, coin zone features 
were added to No. 5 crossbar using the same principle. 28 



The Service and Feature Era 

SWITCHBOARD 
IN SAME 

BUILDING 

357 

TO DISTANT 
SWITCHBOARD 

OUTGOING 
TRUNK TO 
DISTANT 

SWITCHBOARD 

LOCAL TRUNK 
TO LOCAL TOLL 

OR TANDEM 
OFFICE 

TO LOCAL TOLL 
OR TANDEM 

OFFICE 

Fig. 11-16. Unique No. 5 crossbar arrangement for coin phone service 
improved on No. 1 crossbar and step-by-step methods, which required 
special groups of originating circuits. 

Since operator positions may be located remote from the local 
office, special signals, both de and ac, 29 were developed for control
ling coin deposits. When the traffic service position (TSP) (1964) 
and traffic service position system (TSPS) (1969) were introduced 
(see Chapter 10, sections 1.3 and 1.4), zone and toll coin calls could 
be customer-dialed with operator intervention to request, verify, 
and collect the correct amount. A different "wink" signaling 
arrangement was later designed for TSPS coin operation. A most 
advanced coin service, automatic coin telephone service or ACTS, 
has been developed (see Chapter 10, section 1.9) using the TSPS. 

The first increase in the initial local coin charge, from 5 to 10 
cents, occurred in 1952, and by the late 1950s the 10-cent charge was 
common in many jurisdictions. Not only was the coin telephone 
design modified30 by the addition of a totalizer to take care of dif
ferent initial charges, but also single-slot telephones with electronic 
coin tone generators were developed to provide for returning single 
S-cent deposits on abandoned calls. 

A 911 service goal was to permit calls to emergency bureaus or to 
operators from prepay coin telephones without the deposit of a 
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coin. Bell Laboratories studies indicated that development of this 
feature would be costly in some local switching systems. This par
ticular service need-to arrange selected coin telephones to receive 
dial tone and to translate some digits before requiring the deposit of 
a coin-illustrated dramatically the differences in effort in develop
ing features for electromechanical and stored-program control elec
tronic switching systems. The effort for No. 1 ESS was one-third 
that required for the No. 5 crossbar system. 31 The differences in 
cost of implementation in the field were equally impressive. 

For the first time, the panel system was omitted from a new local 
service development, since by that time (late 1960s) an ambitious 
panel replacement program was gaining acceptance, and since most 
panel offices were in buildings with more modern switching enti
ties. Therefore, coin lines could be transferred from panel to other 
entities. The first dial-tone-first coin service was placed in operation 
on a trial basis in 1966 in a New York City No. 1 crossbar office and 
in Hartford, Connecticut on a No. 5 crossbar office. Standard 
arrangements were available in 1967 and 1968, respectively, for the 
No. 5 and No. 1 crossbar systems. 

For dial-tone-first operation, the step-by-step system was modi
fied with a new coin trunk between the line finders serving coin 
lines and the first selectors. 32 The first of these arrangements was 
placed in service in Cheyenne, Wyoming in October 1970. 

As with many service developments, coin service has kept pace 
with other needs, e.g., the design of circuits to detect full boxes and 
to extend coin service over longer loops, 33 and the development of 
automatic test sets for use by coin telephone installers and repair 
forces. 34 

1.9 Common-Control Switching Arrangement (CCSA) 

Growth in public switching was paralleled by expansion of private 
line services, and, as might be expected, this required special 
switching services and features. In particular, arrangements were 
developed for No. 5 crossbar35 and No. 1 ESS so that the central 
office provided not only Centrex service for one or more customers 
but acted in nationwide two-level hierarchical private networks that 
served the telecommunication needs of large businesses. By dialing 
an access code, usually 8, the customer's employees could reach 
company or agency locations on the network. In order for the 
switching offices to be shared by severall private networks, 
common-control switching was required, hence the name common
control switching arrangement, or CCSA. A special 4-wire version 
of the No. 5 crossbar system was developed in 1960 to serve as the 
first or higher-level (tandem) in these networks. Thirty-four of 
these offices, together with 54 2-wire and several other systems 
including No. 1 ESS, are used for this service. Networks for the 
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federal government-such as the Federal Telephone System (FTS) 
for civilian use (cutover February 1963), Switched Circuit Automatic 
Network (SCAN) for the army (first service December 1961), and the 
Command Automatic Dial Switching System for NORAD (service 
November 1963), later combined into AUTOVON for the Defense 
Department's general needs-were among the first to be placed into 
service. 36 By 1971 more than 25 of these networks were established 
for commercial customers with some offices serving as many as 4 or 
5 customers. 

While the intention was for this to be a fixed-rate service, provi
sion was added for recording automatic message accounting data on 
10 percent of the calls. In 1975, the systems were modified so that 
the access to facilities, including intraoffice trunk circuits, could be 
limited to a number subscribed-to according to revised tariffs. This 
is known as a simulated facilities group. 

In many cases, CCSA customer networks include not only PBXs 
but also Centrex service from the same switching systems. CCSA 
service includes not only access to private network switching and 
transmission facilities, but also local and distant (foreign exchange) 
access to the public network and direct or tie trunk facilities between 
PBXs connected to the network. Also added in 1975 were arrange
ments known as flexible or automatic route selection that permit the 
customer to choose the order and degree to which calls may be 
routed from particular telephones over the available facilities. 

1.10 Expanded DOD 

From a service point of view, direct distance dialing resulted in a 
great change in the public's dialing habits. Nevertheless, 40 percent 
of the toll calls, such as person-to-person, time and charge, etc., still 
required operator assistance. These calls were converted to cus
tomer-dialed calls with the development of the traffic service posi
tion (see Chapter 10, section 1). Service with TSP was originally 
known as "expanded DDD." 

The location of the stored-program controlled cordless positions 
in the telephone network makes the TSPS ideally suited for the 
introduction of many new services and the further automation of 
operator services. Since the service potentials of these systems are 
greater than expanded dialing of toll calls, this service name was 
dropped in the early 1970s. Some new services envisioned for 
expanded DDD are described under the name "Stored-Program 
Control (SPC) network" (see Chapter 12, section IV). 

1.11 Automated Intercept Service 

As described in the first volume of this History series, 37 calls to 
disconnected numbers were originally passed to special desks for 
the purpose of giving the caller information about the called number 
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or party. With the introduction of dial service, it was possible to 
dial numbers that were unequipped. Initially, a vacant code tone 
was applied to these terminals, but with ODD service the number of 
office codes that could be dialed expanded greatly. It became desir
able to indicate not only that an unequipped or unassigned number 
was reached, but where it was located. 

Recorded announcements not only provided an indication that an 
unequipped or unassigned terminal or code was reached, but could 
also contain a code or phrase indicating to where the call pro
gressed. The first of a series of magnetic drum recording systems, 
the 6A, was introduced in 195538 (see Fig. 11-17). Later, improved 
magnetic drum systems were introduced-the 9A39 and 11A40 in 
1959 and 1963, respectively. These systems were used not only for 
intercept but also when abnormal congestion was encountered in 
the network, indicating with a plant code the location reached in the 
network. 41 This was an important part of the DOD improvement 
program (see below, section 3.1). 

The later development and deployment of the automatic intercept 
system did not eliminate the need for routine plant announcements . 

Fig. 11-17. A. R. Bertels (left) and H. F. Brueckner discussing the mag
netic drums of the 6A recording system, introduced in 1955. 



The Service and Feature Era 361 

In 1977, one of the first applications of magnetic bubbles was in the 
13A announcement system, which eliminated the need for rotating 
magnetic drums. 42 

With the introduction of the automatic intercept system No. 1A 
(see Chapter 10, section III), which by the beginning of 1977 served 
40 percent of the Bell System, the quality of this aspect of rendering 
telephone service has been greatly improved. In the United States, 
at that time, the mobility of telephone subscribers was very great. 
In many locations, to gain one telephone required 10 to be removed 
and 11 to be installed. This has been called "churning." When such 
changes occur, the practice in the United States is temporarily to 
suspend the use of the number and route calls to "intercept." There
fore, the volume of intercepted calls and the quantity of directory 
numbers being intercepted may be large. The automation of this 
service not only greatly improved the speed of service but also 
added an important new ingredient. With manual service, callers 
give the operators the numbers they believe they dialed. With 
automatic intercept service (AIS), the number reached is automati
cally identified, and therefore does not depend upon the recollec
tion of the caller. Automatic intercept service in 1977 handled more 
than 3.3 million calls per day on this improved basis. 

To use the automatic intercept system most efficiently, not only 
was a larger file developed (see Chapter 10, section 3.1) but inter
cept trunks from local offices were concentrated so that the traffic 
could be brought over longer distances from within a numbering 
plan area. The No. 23 call distributor used in some locations for 
intercept operator access prior to the introduction of the AIS (see 
below, section 2.7.1) was modified so that it could be used as a con
centrator for traffic to an AIS location. In addition, a new trunk con
centrator (No. 1A) was developed for use in more remote areas 
where surplus No. 23 concentrators were not available. 43 This sys
tem, introduced in Marietta, Georgia in January 1975, provides 
switching to concentrate a maximum of 200 incoming intercept 
trunks to 60 outgoing trunks using the smaller crossbar switches. 
The switch can also be used to concentrate directory assistance 
traffic. 

1.12 Mechanization of Service Evaluation 

To insure the quality of service as seen by the customer, it has 
been the practice since 1915 to provide equipment to observe calls in 
progress. With the development in 1949 of the No. 12 service 
observing desk (see Fig. 11-18), it was possible to centralize these 
activities for many types of central office systems and switch
boards.44 The No. 12 system provided loops to observing points at 
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Fig. 11-18. New York City installation of No . 12 service observing 
desks, developed in 1949 to centralize this function for various central 
office systems and switchboards. 

switchboards or switching offices and included automatic call distri
bution to a team of service observers (see Fig. 11-19). 

In 1973, development was started on a semiautomatic system for 
service evaluation. Recognizing in the mid-1960s the need for 
automatically detecting call progress tones, such as dial, reorder, 
busy and ringing, a precise (machine-detectable) tone plan45 was 
developed and implemented. The service evaluation system 
(No. 1A) was first placed in service in Dallas, Texas in July 197646 

and takes advantage of the precise tones to gather statistics on call 
attempt originations, completion, and charging with only a mini
mum need for operators. With this development, one can be more 
selective in specifying which types of calls are to be observed and 
can free operators from making written records on all calls. 

1.13 Switching for PICTUREPHONE* Visual Telephone Service 

In 1969, development was completed on a wideband switching 
network for the No. 5 crossbar system (see Fig. 11-20). 47 This 
switching network can serve a 1-MHz bandwidth signal on a 4-wire 
basis. Special care was taken to balance the wiring between the two 
directions of transmission and to ground. The three-stage crossbar 

*Registered service mark of AT&T Co. 
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Fig. 11-19. Block diagram of No. 12 service observing system. 

switch network had a maximum capacity of 3200 lines and 400 
trunks. The regular No. 5 crossbar network carried the audio, and 
the control was modified to recognize PICTUREPHONE calls and to 
switch both audio and video. 

In addition to developments for the No. 5 crossbar system, key 
systems (1P1), the 850 PBX, and No. 101 ESS were arranged to pro
vide wideband data or PICTUREPHONE service, the latter two 
using the 4-wire ferreed switches developed for the AUTOVON 
No. 1 ESS (see Chapter 9, section 5.5). Unfortunately, the PIC
TUREPHONE developments were ahead of their time from an 
economic point of view, but these and other exploratory switching 
developments proved the feasibility of using space-division switch
ing for this type of service. 

1.14 Electronics in Local Electromechanical Switching 

As new electronic devices appeared, efforts were made to apply 
them to electromechanical switching. In fact, the use of the transis
tor in the 4A crossbar translator (see Chapter 8, ~ection 1.2) was its 
first commercial application. 48 Other applications were in signaling 
and timing circuits. 
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None of these had the impact of complete new switching systems 
using electronics with stored-program controls. Studies were made 
more or less continuously in attempts to apply subsystems from ESS in 
electromechanical systems. A popular application was for translators 
(see this chapter, section 2.6, and Chapter 10, section II). But most 
important was their application in attempts to provide the new ser
vice, administrative, and maintenance techniques that ESS generated. 

1.14.1 Custom Calling Services 

Stored-program control electronic switching opened a new era of 
services and feature implementation, including a new category of 
services known as custom calling services (see this chapter, section 
4.1), which were implemented and tariffed for the electronic switch
ing system. This created a need to explore methods for implement
ing them in electromechanical systems. The principal development 
efforts in this regard were made in the No. 5 crossbar system. A 
trial of the four custom calling services-abbreviated dialing (now 
called speed calling), call transfer (now called call forwarding), 
three-way calling, and call waiting-was held in a Columbus, Ohio 
central office between 1963 and 1965.49 The first two services were 
the first to use the piggyback twistor memory in commercial tele
phone service. 50 Marketing trials of these services were conducted 
in Sioux City, Iowa and Wellesley, Massachusetts in 1966. The 
results indicated that in particular the call-waiting service appeared 
popular. A further trial of this service was conducted in Upper 
Arlington, Ohio in November 1971.51 While the service was well 
received, it proved to be too expensive in the No.5 crossbar system. 
Many arrangements were studied in efforts to reduce costs, but 
none proved economically viable. 

1.14.2 Modernization 
As electronic switching systems evolved, additional effort was 

expended in attempts to introduce their services and techniques into 
electromechanical systems. In 1970 a committee studied the possi
bilities of modernizing the No. 5 crossbar, step-by-step, and 
crossbar tandem systems by adapting stored-program control tech
niques. (The 4A crossbar system had already been successfully 
modified with an SPC electronic translator system; see Chapter 10, 
section II.) At that time, electronic technology was not low enough 
in cost for the new services to be provided at tariffs comparable with 
the ESS family and for administration cost reductions. 

1.14.3 No. 5 Crossbar ETS 

By 1975 the electronic technology for stored-program control had 
advanced to a point where it was possible to demonstrate that the 
3A central control (see Chapter 9, section 7.2 and Fig. 11-21), could 
be applied in No. 5 crossbar offices where local AMA recording is 
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required for most calls (see below, section 2.8 on usage-sensitive 
pricing). At the same time, it could replace the number group, route 
relay, and AMA translator frames, thereby eliminating all cross
connection operations. Fig. 11-22 shows some of the considerable 
cross-connection activity these frames require. (In 1958 a feature 
was added to the system to enable an automatic cross-check of these 
translators' on-line service order activities. 52) 

This modification of the No. 5 crossbar system, known as the 
No. 5 crossbar ETS for Electronic Translator System, was installed 
in Tarrytown, New York and became generally available in 1977.53 

While the principal purpose of No. 5 crossbar ETS is to reduce rou
tine effort in executing service orders, it also provides for improved 
AMA magnetic tape recording as measured service is applied to a 
greater portion of local calls. 

1.15 Other New Services 

In Chapter 7 the tremendous growth of features and services for 
the No. 5 crossbar system was indicated. As discussed in this 

Fig. 11-21. Electronic translator system for the No. 5 crossbar system 
adds duplicated 3A central controls and high-speed electronic memory in 
place of number group and translator frames. 
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Fig. 11-22. Checking cross-connections in number group frames and 
AMA frames of a No. 5 crossbar-ETS. 

chapter, many of these services had an impact on other local and toll 
switching systems as well. In addition, some new services such as 
Centrex and AIOD (see above, section 1.5) required the simul
taneous development of customer premises equipment, such as 
attendants' consoles and automatic number (station) identification 
facilities for PBXs. 

In this volume it would be difficult to include a description of how 
every new service evolved. However, below are some that should 
be mentioned, particularly since they involved close cooperative 
development of switching with other parts of the plant. 

1.15.1 Group Alerting 

Group alerting is an arrangement for simultaneously calling a 
number of lines in an emergency. 54 This is widely used by volunteer 
fire and rescue squads. 

1.15.2 Rate Quote System 

Another development was the rate quote system, a centralized 
audio response arrangement for operators to obtain rate and routing 
information. 55 Operators would key in the area and office codes and 
receive an announcement of the required information. 

1.15.3 BELLBOY* Radio Paging Service 

Step-by-step, crossbar tandem, and No. 5 crossbar offices were 
modified in 1964 to permit outpulsing of called numbers represent
ing paging receivers served by Jl control terminals. 56 

*Registered service mark of AT&T Co. 
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1.15.4 Mobile Radio Service 

Switching arrangements were developed to permit mobile tele
phones (including those on railroads) to originate and terminate 
calls without operator intervention-in particular the MJ dial mobile 
radio system. 57 This system also provided operator access for mobile 
telephones roaming beyond their normal service area where dial 
service for them was not available. 

Starting in the late 1950s, research was initiated at Bell Labora
tories on methods for expanding mobile service beyond acquiring 
new frequency bands. In response to an FCC question in 1968, the 
Bell System proposed to respond with respect to the feasibility and 
characteristics of high-capacity mobile systems. After an 18-month 
study, the FCC permitted development to proceed on a proposed 
cellular system under an experimental license with marketing and 
technical trial service in the Chicago area. This service started in 
late 1978. The important role of switching in this development is 
described in Chapter 9, section 6.10.1. 

II. GROWTH OF SERVICE 

Not only were innovative services growing in our systems, but the 
services that had been long offered were also growing. As a result, 
continual study at Bell Laboratories and among the operating com
panies indicated new and changing requirements for the services 
and features of existing systems. 

2.1 Unigauge 

As the suburban and rural areas expanded, service was needed 
over longer loops. Initially, dial long line circuits were used. 58 With 
electronics, it was possible to miniaturize such circuits to take care 
of their ever-growing numbers. In 1966, a new outside plant con
cept was conceived that recognized the economic trade-off between 
small (26) gauge cables in the distribution plant and the use of cen
tral office range extension such as used in dial long line circuits. 
This also avoided the necessity for introducing loading into the new 
plant. 

Instead of dial long line circuits being placed on specific lines, a 
common set of long line or "range extenders with gain" was 
designed into the "B" links of some line link frames of the No. 5 
crossbar system (see Fig. 11-23). Other portions of the system were 
also modified so that higher voltages could be used on these calls to 
obtain minimum required loop current. This is a good example of 
the complexity of a switching system development; while the con
cept is simple, its execution requires modification of many portions 
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Fig. 11-23. No. 5 crossbar modifications for Unigauge, including the 
addition of range extenders to links in the line link frame. (IEEE Transac
tions on Communication Technology, April1968.) 

of the system. This 1966 development, known as Unigauge, was of 
help in offices experiencing rapid growth distant from the wire 
centers. 59 A field trial was held in Rockford, Illinois in October 1966. 
The first standard office was in Dubuque, Iowa in June 1969. The 
Unigauge concept was also applied to No. 2 ESS and was initially 
used in 197160 in the second No. 2 ESS office to go into service, in 
North Madison, Connecticut, in August 1971. A similar loop range 
extension feature was later developed for the No. 1 ESS. 

2.2 Foreign Area Translation 

When direct distance dialing was introduced, the ability to route 
according to the dialed area code was assigned to control switching 
points (CSPs). At these points the six digits comprising the area 
code and office code could be translated (see Chapter 8, section I). 
In most cases the area code is for an area different from that of the 
caller. This is known as foreign area translation (FAT). 
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As direct distance calling increased the need for more direct inter
toll trunking, calls to adjacent numbering plan areas increased. 
Therefore, a limited foreign area translation capability was designed 
into No. 5 crossbar, 61 crossbar tandem, 62 and step-by-step CAMA 
common-control systems, as well as into No. 1 and No. 2 ESS. 

2.3 All Number Calling 

With the expansion and acceptance of direct distance dialing, it 
was discovered fairly early that local central office names, particu
larly their spelling, made nationwide universal calling more diffi
cult. Customers at distant locations were not familiar with these 
names and made dialing errors. 

It became obvious that the two-letter, five-number system of 
office identification, in use since the late 1940s, could no longer be 
preserved. The letters represented local names, the spelling of 
which was not always understood by the distant caller. But, more 
important, the letters appeared only in pronounceable combina
tions, thereby restricting the number of usable codes. The original 
three-letter, four-number directory numbers :required three letter 
combinations from central office names (see Chapter 2), severely 
restricting the useful codes in large cities among the possible 512 
codes. By going to two letters and five numbers, this was expanded 
to 640. As the metropolitan areas grew, there was a need to use all 
of the 9 x 8 x 10 = 720 central office codes. Therefore, eventual 
conversion to all number calling (ANq was made part of the Bell 
System policy in the late 1950s. 

In Wichita Falls, Texas in January 1958, for the first time the tele
phone numbers were all changed to seven numerical digits without 
letters or names. 63 Earlier, steps were taken to introduce digit dial
ing locally. This required the introduction of digit-absorbing selec
tors into the step-by-step offices (see Chapter 3, section II). The 
trial in Wichita Falls showed that the accuracy of dialing was not 
affected by all number calling (ANC). The public had become used 
to dialing, a far cry from the time, 40 years earlier, when the letters 
were originally introduced. The trial also showed that ANC was 
faster. Now each area could support 720 central office codes. 

The conversion has taken some time, primarily because of public 
resistance to losing favorite office names. As of 1977, however, 
better than 74 percent of the Bell System numbers are ANC. While 
the process has been slow, with mixtures of 2-5 and 7 in the same 
area, the conversion process is now in its final stages. 

2.4 New Numbering Plan 

The 10-digit nationwide dialing established in 1945 has stood up 
well. 64 However, confining area codes to the 152 that have only 0 or 
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1 in the second digit (such as 201 or 312) results in the danger of a 
shortage of these numbers. In 1947, only 86 area codes were 
assigned. By 1960, due to expanding service needs, 117 codes had 
been assigned. A plan was devised to enable the use of three-digit 
area codes without restriction. 65 The consequence is that area codes 
may be identical with office codes. Therefore senders and registers 
have to time after the seventh digit is received to determine when 
dialing is completed. Also, preceding the 10-digit called numbers by 
1 or 0 could help distinguish toll calls from local 7-digit calls. The 
new area codes could be unique if these central office codes were 
not assigned in all areas. A complementary development was the 
development of arrangements to use area codes as office codes by 
timing for the end of dialing. 

Changes were developed from 1961 to 1964 for all switching sys
tems to enable their operation with conflicting area and office codes. 
All systems were also modified for 0+ dialing to reach TSP opera
tors. In 1970, the step-by-step local SAMA equipment in Los 
Angeles, California was also modified to accept the 0+ calls. 66 

2.5 Local/Tandem/Toll 

As mentioned in connection with the need for foreign area trans
lation (FAT) in local offices (see above, section 2.2), the growth of 
toll calling, both interstate and intrastate, made it economical to 
establish more class 4 toll switching offices. One of the most 
economic and popular ways of doing this was to provide the class 4 
functions-particularly two-way intertoll trunks, facilities for test
ing them, and FAT-in offices already established for local service. 
For the No. 5 crossbar system, these provisions were made in 
1955.67 Also, the No. 5 system was provided with complete CAMA 
and local tandem features in 195868 so that it could act as an outward 
class 4 toll point. Similar arrangements were made for the No. 1 
ESS with first service in Wichita Falls in October 1974.69 

The crossbar tandem system is used extensively for toll operation 
with features developed in 1956. 7° Crossbar tandem was also modi
fied to act as an end office on direct inward dialed (DID) calls for 
Centrex service, for radio paging on inward calls (see above, section 
1.15), and for WATS outward calls. 

An early application of the No. 1 ESS in Nashville, Tennessee in 
November 1968, was as a local tandem office. Later, to accommo
date more trunk terminations for tandem service, a 2048-
termination remreed trunk link frame was developed and first 
placed in service in Brooklyn, New York in 1975. 

The growing need for tandem offices in metropolitan areas to dis
tribute incoming toll calls to the growing number of local offices 
made special "sector" and "high volume" tandems economically 



372 Engineering and Science in the Bell System 

attractive (see Fig. 11~24). The first No. 4 ESS was applied as a 
selective routing tandem in January 1976.71 

From the above it may be observed that multipurpose switching 
centers serving local, tandem, and/or toll traffic became common~ 
place. The flexibility of the common~control and stored~program 
architectures made it possible to provide these many services and 
features. 
2.6 No. 5 Crossbar Route Translator 

The complexity of serving a number of Centrex, AUTOVON, 
common~control switching arrangement (CCSA), and other special 
services on the same No. 5 crossbar system, in addition to many 
other services, has been discussed. Each of these services, as well 
as the many improvements in features such as CAMA and dial 
TWX, reacts on the translation functions. The intertwining of the 
translation requirements for these services and features indicated 
the advantage of developing an electronic route translator. 72 This 
equipment was not deployed since it was not cost~effective. Later, a 
stored~program version was developed and placed into service (see 
Chapter 11, section 1.14.3). 

2. 7 Directory Assistance 

2.7.1 Automatic Call Distributor 

The TSPS development inspired telephone companies to request 
an equally efficient arrangement for distributing calls to directory 

A, B, C, AND DARE END OFFICES 
PREFERRED ROUTES ARE IN THE 
ORDER DASHED, DOTTED, SOLID. 
NOT ALL ROUTES SHOWN. 

Fig. 11-24. Arrangement of tandem offices for high-volume service in 
metropolitan areas. (Minutes: ODD Subcommittee meeting with AT&T 
representatives, February 2, 1968.) 
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assistance (DA). The growth of ODD as well as extended area dial
ing had greatly increased DA traffic (13,600 positions in 1970). The 
step-by-step call distributors, No. 2 from 1929 and No. 3 from 
194173 and the No. 23 crossbar call distributor from 1950/4 then 
standard, served only a maximum of 66 positions. All positions had 
to serve the same type of traffic (e.g., local or toll). The No. 23 
operating room desk system could connect 140 trunks with 40 
operator positions (see Fig. 11-25). Many different physical 
arrangements were possible; Fig. 11-26 shows one of them. The 
controls were unduplicated. The No. 23 system was modified in 
1969: (1) to provide greater reliability, since by then it was serving 
12,000 operator positions through the Bell System; (2) to be used as 
a concentrator for intercept trunks ahead of the No. 1A automatic 
intercept system; and (3) to serve on a preferential basis four dif
ferent classes of traffic. 

To attain an expanded-size call distributor, a version of the No. 2 
ESS was first considered. While its stored-program control offered 
attractive flexibility, the additional development effort requirement 
came at a time when the No. 2 ESS initial development was peak
ing. Therefore, with the assistance of New York Telephone, a new 
version of the No. 5 crossbar system was developed in 1968 to serve 
a maximum of 2400 trunks with up to 500 positions (see Fig. 11-27). 
The positions may be remoted to six operator locations, each with 
no more than 100 positions. 75 Special gating was added to the line 
link frames, on whicp the incoming trunks appeared, to insure calls 
were served in strict order of arrival. Five classes of service could 
route calls to preferred operator groups. 

The first of 91 No. 5 automatic call distributors (ACDs) was 
installed76 in New York City, starting in 1969. The first 42 entities 
served 82 percent of the positions. By 1973, phase II of the develop
ment was completed. 77 This included announcements of origins to 
the operators when their positions are seized by calls, gradual close
down of operator groups, geographical groupings, and call transfer, 
as well as new auxiliary service positions. More than 49 of the 
No. 5 ACDs of the phase II type were installed, starting with an 
installation in Omaha, Nebraska in September 1973. 

2.7.2 Information Retrieval 

The operation of directory assistance positions developed using 
printed directories with a bulletin showing frequently called 
numbers and daily or weekly addenda. Starting in the summer of 
1958 in Washington, D.C. a trial was conducted using cards with 
microfilm frames of directory pages and a special reader 
(see Fig. 11-28). In 1961, experimental installations used microfilm 
projector methods, with sticks supporting film frames replacing 
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Fig. 11-25. Arrangement for distributing directory assistance calls from 
140 trunks to 40 operator positions, as used in the No. 23 crossbar call dis
tributor, which was then one of three standard call distributors. 
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Fig. 11-26. No. 23 system directory assistance installation. Many dif
ferent office configurations were possible. 

directory pages (see Fig. 11-29). This arrangement saved part of the 
time to use and file microfilm images. 78 However, a trial in Brook
lyn, New York showed insufficient savings in operator work times 
to pay for the film-handling equipment. 

Computer developments made many think of computer retrieval 
of directory information, with keyboard input and a display on a 
cathode ray tube. Generally this took too much input information to 
save operator work time that would pay for the computer installa
tion and operation time. In 1963, R. L. Deininger of Bell Labora
tories came up with an idea that made computerized DA (DA/C) 
attractive. It was an algorithm indicating that the use of as few as 
four characters could result in only a limited number of listings 
being retrieved. The set of four characters was termed a "combina
tion of details" and consisted of such elements as two letters of the 
last name, a first initial, and an address letter or number. 79 A simu
lation of this method, known as MECHSIM, was held in East 
Orange, New Jersey in 1968 (see Fig. 11-30), and a full trial was 
conducted in Oakland, California in 1971. 80 Later, improved com
puter DA/C and microfiche DA/M81 systems were developed by the 
general trade under the auspices of the business information sys
tems area of Bell Laboratories82 and adopted by most Bell operating 
companies. 

2. 7.3 Directory Assistance Charging 

The growth of directory assistance resulted in intensive studies to 
identify the manner in which this service is used. Details of long 
distance DA calls (NPA + 555-1212) were AMA recorded with list
ing made and charging nullified at accounting centers. To study 
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Fig. 11-28. Experimental directory assistance positions, Washington, 
D.C., 1958. Telephone numbers on microfilm replaced directories . 

Fig. 11-29. Trial in 1961 of microfilm-strip based directory assistance 
system. Expense of film handling and replacement proved excessive. 
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local calling habits, similar modifications were made to record and 

screen 411 DA calls. 
Directory assistance calls increased 93 percent in 10 years from 

1963 to 1973. Only 10 to 15 percent of the customers accounted for 

50 percent of the calls. In March 1974, the Cincinnati and Suburban 

Telephone Co. started charging 20 cents for all DA calls over the 

first three per month. Calls decreased by 74 percent. 83 Other com

panies have now introduced similar plans . As usual, to effect such 

plans required switching developments at Bell Laboratories. All 

systems with AMA recording were arranged to record 411 and 114 

DA calls on a regular basis. In some locations, charge keys were 

added to DA positions to control whether there would be a charge 

indication for the call . 

2.8 Charging 

Initially, charge recording was for short haul toll calls, as 

described in Chapter 8, section 3.1. Paper tape recording for these 

calls was adequate. Magnetic wire recording was studied at an early 

stage but was rejected because of the uncertainty and cost of the 

technology. As charge recording was required for ODD, the same 

paper tape method was employed. 

Fig. 11-30. MECHSIM 1968 trial position layout. As few as four 

alphanumeric characters produced a limited number of telephone li stings 

from which the directory assistance operator could choose. 
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With the growth of traffic, there was a greater advantage to plac
ing AMA recording in the local office (LAMA), since here there was 
more freedom in call routing and, here, records from fewer locations 
containing calls frorr. the same line needed to be correlated in the 
accounting process. While paper tape LAMA was applied to a few 
step-by-step (SAMA)B4 and No. 1 crossbar offices,85 the principal 
LAMA application was in No. 5 crossbar offices. The ESS86 and TSP 
systems were already using magnetic tape recording, so magnetic 
tape recording was examined for No. 5 crossbar in 1966. A system 
of magnetic tape recording (MfR) was developed and applied in 
about 60 new offices. This highly integrated arrangement was 
found too costly as a general replacement for paper tape AMA. 

Eventually a system known as LAMA-C was developed in 1974 
(first service Buffalo, New York, March 1975), and 21 No. 5 crossbar 
systems were so modified. It was applicable most economically 
where most of the trunk circuits were already arranged for AMA and 
would therefore facilitate conversion to magnetic tape recording. 

In the meantime, a different approach to paper tape replacement 
was proposed by the International Business Machines Corporation 
(IBM). This approach, using duplicated IBM System 7's, was based 
on minimizing changes in the switching system by electronically 
scanning the control and data wires of the paper tape recorders. An 
added feature was scanning the trunk supervisory relays directly to 
obtain answer and disconnect time. As a result, the determination 
of the total connect time was made more precisely by the electronic 
computer techniques than formerly possible with relay equipment. 
Also, in this manner the expansion to trunks not originally arranged 
for AMA was made easier. 

This equipment was first installed in Cincinnati, Ohio in 1974, and 
was highly successful. It showed that within the approved tariffs, 
greater revenues were obtainable. The development was applied to 
centralized AMA offices that were already equipped with large 
numbers of paper tape recorders and where maximum benefit could 
be obtained at least cost. As of January 1, 1977, 155 of these sys
tems, known as CAMA-C, were installed in crossbar tandem and 
No. 4A crossbar offices. Later the programs for these offices were 
modified to seek out potential troubles and suspected fraud situa
tions, based upon the detected supervisory signals. 

As a result of the CAMA-C experience, improved call timing was 
developed for application to the paper tape and LAMA-C systems. 
The LAMA-C system mentioned above was similar to the CAMA-C, 
but utilized Digital Equipment Corp. (DEC) PDP 11/30 computers 
programmed by, and with scanners and other interface equipment 
developed by, Bell Laboratories. 
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The growth of AMA recording also required changes in the pro
gramming and provision for additional AMA tape recorders in 
No. 2 ESS. By this time (1974), it became obvious that the growth 
of charge recording had only reached a plateau and that future tariff 
trends would require charge recording on all calls as the Bell System 
moves from flat rate to "usage sensitive pricing" (USP) plans. 
Furthermore, the growth of recording has r~equired tapes to be 
picked up more frequently at central offices. The natural trend, 
therefore, was to consider data links to replace manual handling of 
even the magnetic tapes. 

In March 1975, the first AMA recor;~ing ctmter (AMARC) was 
placed in service in Buffalo, New York. 8' This system, initially using 
duplicated commercial computers, is used to record AMA call data 
transmitted from the local offices, generally in real time 
(see Fig. 11-31). The first systems modified to work with the 
AMARC were quite naturally the local step-by-step systems that 
generally have not included LAMA capability and did include ANI. 
This required a "call data accumulator" {CDA) to be developed (and 
ANI modified) for the step-by-step system. 

For crossbar systems a billing data transmitter (BDT) was 
developed to interface the former paper tape AMA equipment with 
the new AMARC. By January 1, 1977, 22 AMARCs were in service 
and many more are expected. The trend to this method of recording 
is indicated by developments to transmit AMA data from No. 2 and 
No. 3 ESSs to AMARC. 

Originally, to flash supervisory lamps on switchboards on calls to 
busy lines or busy trunk groups, short reversals of the de current 
were sent over the loop 60 or 120 times per minute. To avoid false 
charges, 2 seconds were allowed for answer supervision. This tim
ing was performed by mechanical intEmupters with a 50 percent 
tolerance. With the availability of electronic timing circuitry and the 
elimination of lamp flashing, it was possible in 1973 to introduce 
more precise answer supervision timing. This resulted in more 
accurate charge time recording. 

Finally, another development resulting from growth of traffic was 
the provision of charge recording arrangements for directory assis
tance calls (see above, section 2.7.3). This affected all systems, as 
described, including provisions for routing these calls. Of particular 
interest was the addition of CAMA provisions on the No. 5 crossbar 
ACD system in 1975 when optional charging for DA was introduced. 

While systems were developed to improve AMA recording, the 
New York Telephone Co. initiated a development with the VIDAR 
Company for a system that automatically recorded message unit 
charges for local calls in metropolitan areas. The system scanned 
these leads in panel and No. 1 crossbar offices, recording the pulses 
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that appeared on the message register leads together with the line 
number and time of day. 88 This system, known as Electronic Local 
Message Metering System, was installed in about 100 offices by the 
end of 1973. 

2.9 Increased Crossbar System Capacity 

The development of new processors for electronic switching sys
tems (see Chapter 9, sections 6.9 and ~7 .2) was symptomatic of the 
growth of service needs as well as the rapid cost reductions possible 
with the new electronics developments. However, electromechani
cal switching systems were also being modified to meet the growing 
service needs being encountered where these systems were 
deployed. 

The No. 5 crossbar system originally provided for 40 line link 
frames. Later it was modified to accommodate 60 line link frames, 
giving it a capability of 35,500 lines. (So far as is known, no No. 5 
crossbar office has attained this size.) To improve efficiency in serv
ing traffic among several No. 5 crossbar offices in the same build
ing, an "intermarker" group operation arrangement was developed 
so that interoffice pulsing over the trunks is not necessary89 

(see Fig. 11-32). The call-carrying capacities of all crossbar systems 
were increased by the use of a higher-voltage surge ( + 135 volts) to 
operate the hold magnets of crossbar switches more quickly, one of 
the actions contributing to a considerable portllon of marker holding 
time. 90 The system was also redesigned to use the faster wire spring 
relays and the smaller crossbar switches to gain trunk capacity (see 
Chapter 7, section IV). 

Similar increases were made in the trunk and call-carrying capac
ity of the No. 4A crossbar system. 91 From the introduction of DDD 
to the present, and with the electronic translator, the 4A capacity 
has increased from 84,000 to 130,000 busy-hour call attempts and 
from 16,000 to 19,200 incoming trunk terminations. 

2.10 Party Lines and Concentrators 

Immediately after World War II, the· demand for service was so 
great that party line service (some lines with as many as eight par
ties) continued to be commonplace. With several customers on one 
line, the outside plant requirements would be reduced if they could 
be served by the same cable pair. All switching systems were 
arranged for this service, including improvements in the panel and 
No. 1 crossbar systems. 92 For the most part, the arrangements to 
provide these services were developed prim to the war to meet 
depression needs. While party line service has been declining 
(see Fig. 11-33), it was extensive enough for this capability to be 
included in the No. 1 ESS in 1970. 
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Fig. 11-33. Forecast, early 1970s, of the gradual disappearance of party 
lines, which were developed to meet depression needs. 

The possibility of moving the first stage of switching closer to the 
customer has always seemed attractive for reducing the amount of 
cable required to render service. Therefore much research and 
exploratory development work has been done by Bell Laboratories 
in trying to find economically viable solutions (see Chapter 9, sec
tions III, 4.3.1, 4.3.2, and 4.6). The first Bell System production 
remote line concentrator was the No. 1A. 93 It provided service to 50 
or 100 lines over 10 or 20 trunks, plus control pairs (see Fig. 11-34). 
To reduce power requirements at the remote terminal, special 
magnetic-latching crossbar switches were developed. The system 
was called a universal concentrator since expansion was provided in 
the central office so that each line had an identifiable termination 
and could be used with any switching system. The first concentra
tors were installed in Gulfport, Mississippi and Eau Claire, Wiscon
sin in 1961 (see Fig. 11-35). A total of 4300 systems were built, and 
at its peak no more than about one half were installed at any one 
time. They were used primarily to defer supplementing outside 
plant distribution cable. The No. 1A concentrator could not be fully 
utilized because of traffic limitations and lack of sufficient customers 
to fill the terminal, and because of maintenance costs higher than 
those of central offices. 

More recently, with the reduction of the cost of applying modern 
electronics technology to the loop plant,. a new universal concentra
tor system known as the loop switching system or LSS has been 
developed and was under field test in 1977.94 Not only has the 
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Fig. 11-34. Diagram of lA concentrator, introduced 1961. By moving 
the first stage of switching closer to customers, expensive cable plant 
required to render service is saved. 

technology reached the point where concentrators might be able to 
compete favorably with cable, but Bell Labs engineers now better 
understand how to provide suitable traffic capabilities in a concentra
tor. 95 As a result, graded line link multiples have been used to reduce 
the number of crosspoints required per line (see Fig. 11-36). These 
gradings (for the graded multiple concept, see Chapter 5, sec
tion3.1) help make the concentration function more economical, not 
only in concentrators but also in ESS (see Chapter 9, section5.3). 
The loop switching system, which uses miniature relay selectors, 
provides for 96 lines on 32 trunks, so that on the average it should 
have fewer traffic limitations and should render better service. 

III. QUALITY OF SERVICE 

Starting in 1970, service in some cities, particularly New York, 
deteriorated to a point where it was noticeable by a segment of the 
public. This "service crisis," as it became known, cannot be attri
buted to any one cause, nor was there a single "magic relay" solu
tion. Commonly accepted major contributors were (1) poor main 
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Fig. 11-35. Pole-mounted lA concentrator unit. Magnetic-latching 
crossbar switches reduced power requirements . 

distributing frame administration due to the large number of service 
orders, (2) poor switching system and trunk maintenance and 
administration, (3) deficient installation of the many new features 
and growth additions to switching systems, (4) poor training of 
maintenance personnel, and (5) an unforecast surge in traffic in the 
business community, particularly in the New York securities 
market. 96 While the service crisis was repugnant to the very core of 
the Bell System's dedication to service, the System benefited greatly 
in the long run from the Bell Laboratories investigations and solu
tions that developed from the various service situations. 

In particular, Bell Laboratories responded to the opportunity by 
making many corrective contributions. These contributions were 
not only of great immediate importance but they ushered in a new 
era of major developments now known collectively as operation 
support systems (OSSs). 97 While not all of these systems were solely 
switching oriented, many were inspired by those developed initially 
for switching systems. 

3.1 DDD Improvements 

Even before the service crisis, the rapid growth of DDD facilities 
and traffic gave some advance warning of things to come. Some cus-
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Fig. 11-36. Graded multiple concept as applied to concentrators. Grad
ing results in fewer crosspoints, hence lower costs. 

tomers and Bell System reports indicated that an unexpectedly high 
percentage of offered DDD calls were not reaching their destinations. 

Bell Laboratories has for many years, particularly since the tech
nology explosion of the 1950s, maintained project lists, better 
known as "grocery lists", of items identified as possible develop
ments, in many cases requiring systems engineering studies to 
determine if a development is justified and has sufficiently high 
priority. As a result of the DDD service situation it was decided by 
executives at AT&T and Bell Laboratories that the many items on 
the list that had an impact on ODD service needed higher priority. 
To accelerate their development, operating company engineers 
were transferred to Bell Laboratories. These developments gen
erally included improvements in existing or new test equipment 
(frames and portable sets), service evaluation arrangements, and 
call-progress signal improvements. They were accelerated at Bell 
Laboratories and by Western Electric, and in addition the Operating 
Telephone Companies were held responsible for their deployment 
and utilization. 

Some other developments accelerated as a result of the DDD 
improvement program were precise tones (this chapter, section 1.12 
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above), recorded plant code announcements (see above, section 
1.11), traffic control centers (Chapter 5, section 3.4.1) and 
automatic trunk test circuits (below, section 3.3). As a result, DDD 
service did indeed improve. In recent years the emphasis has 
shifted from the technical facilities to the increasing percentage of 
call attempts that result in revenue-producing messages, known as 
DDD call-completion. Among the features recently developed are 
automatic checking for completeness of translations in elec
tromechanical systems (that is, the ability to reach any number) and 
the noting of destination offices that are "hard to reach" based on 
offered traffic at stored-program controlled toll offices. 98 As an 
adjunct, TSPS operators, encountering difficulties on calls, key 
information about such calls into the system. These data are gath
ered nationwide by an operation support system known as NOTIS, 
for Network Operator Trouble Information System. The data are 
used as clues which, when correlated with other reports, direct 
maintenance forces to possible trouble sources in the public message 
network. This technique has now been extended to include other 
sources of information and is known as the Network Operations 
Trouble Information System II. 99 

3.2 Main Distributing Frame (MDF) 

The main distributing frame (MDF) principlE!, patented in 1893,100 

had hardly changed in 75 years. Over the years, Bell Laboratories 
had im~roved the MDF by providing for growth in larger wire 
centers. 01 But perhaps no single item had contributed more to the 
service crisis in New York. This was due primarily to the large 
amount of telephone movement, or "churning," within wire 
centers. Instead of meticulously removing unneeded jumper wires 
on the MDF, many were left in place, so that after a while the sheer 
weight of the "dead" jumpers severely restricted the ability to 
"operate" the frame. Jumpers broke when others were pulled. 
Fig. 11-37 shows an example of one of the frames in trouble. 

Bell Laboratories engineers became involved in this problem and 
proposed short- and long-range solutions. A new frame had 
already been designed for wire centers with only ESS102 

(see Fig. 11-38). A new version of this frame, turned 90 degrees, 
was proposed for general application (see Fig. 11-39). This was 
known as the COSMIC* (COmmon System Main InterConnecting) 
main distributing frame that computerized the assignment (and 
removal) of jumpers on main distributing frames in general. 103 How
ever, it was early recognized by A. E. Joel, Jr}04 that in the long 
term, the MDF functions of cross-connect and test access should be 

*Trademark of Western Electric Co. 
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Fig. 11-37. Tangle of jumper wires on a main distributing frame-a source of 
trouble posing a major challenge to designers and administrators. 

automated to cope with increasing labor costs and to permit remote 
operation. A proposed solution looked upon the MDF as just 
another switching center network. Another proposal, by J. G. Kap
pel, was a multistage manual switchboard. 105 

Therefore, Bell Laboratories engineers proposed many arrange
ments for automating the MDF. SARIS (Switched Access Remote 
Test System)106 was a partial response to the remote test access, but 
its cost permits its application only for special service lines. In gen
eral, these proposals involved trading crosspoint costs for speed. An 
exploratory automatic MDF project was started in 1974 after a solu
tion promising to achieve this trade was proposed by R. F. Bergeron 
and H . Southworth. 107 A laboratory model (Fig. 11-40) was built, but 
the initial cost was still too high to justify its application in all but a 
few very large and active wire centers. Efforts were directed to 
improved MDF administration with computerized systems such as 
COSMOS (COmputer System for Main frame Operations System). 
Congested frames have been sectionalized, and computerized data 
base systems have been designed to aid in their administration. 108 

3.3 Maintenance Improvement 

From the very beginning of the introduction of the dial system 
into the Bell System, test sets and test frames were developed for 
use with each system. 109 In some cases these test arrangements-for 
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Fig. 11-38. Main distributing frame for No. 1 ESS, requiring one half or 
less of the space required for earlier MDFs. 

example, sender test frames for tandem and toll offices-were quite 
comprehensive for testing most call cornbinations. 110 Indeed, they 
constituted some of the most complex relay and switch circuit 
designs, next in complexity to markers. They were the first circuits 
to be functionally subdivided (see Fig. 11-41, for example). 

Initially, the test arrangements for automatic switching systems 
were designed to check only the circuits of the switching system of 
which they were a part. With each new generation of automatic 
switching, however, the environment of the system was tested to a 
greater extent. For example, to insure proper functioning of distant 
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Fig. 11-39. COSMIC variation of the No . 1 ESS main distributing frame 
proposed for general use . It used a minicomputer support system to aid in 
the administration of cross-connections . 

Fig. 11-40. Laboratory model of an automatic main distributing frame, 
judged too expensive except for large, active wire centers. 
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selectors, the panel system makes a trunk guard (TG) test of the 
trunk conductors. If the test fails, this means that the sender origi
nally "stuck" (did not release), requiring an operator to release the 
connection (see discussion of the sender monitor in Chapter 3, sec
tion IV). In succeeding systems, more comprehensive tests were 
made of lines and trunks. Crossbar and electronic switching sys
tems make false cross and ground tests and automatic line insula
tion tests (see below). ESS also checks for foreign potentials on call 
originations. 111 The sensitivity of ESS to its environments has been 
responsible for stimulating improvements in the outside plant when 
an ESS replaces an electromechanical switching system. 

Maintenance centers were established with the introduction of 
crossbar offices. At a maintenance center, all frame-mounted rou
tine test and trouble recorder equipment for a particular office was 
located together (see Fig. 11-42). Also at this location, manual 
access to trunk conductors and access to make trunks busy were 

Fig. 11-42. Central maintenance facility of a No. 5 crossbar office. 
Grouping of a variety of automatic and manual test points improved 
maintenance efficiency. 
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made possible by manual outgoing trunk test frames. The many 
maintenance frames in a typical toll crossbar switching office are 
listed in Table 11-1.112 

While circuits for routinely testing trunk circuits did detect some 
outside plant troubles, it remained for automatic trunk transmission 
testing to check more positively and completely the operational qual
ity not only of the trunk facilities but also of the trunk circuits at the 
distant end and at its termination. The initial emphasis on automatic 
trunk testing came with the crossbar tandem and toll systems. 

Table 11-1. Equipment Quantities for a Large No. 4A 
Toll Crossbar Switching Office. 

Automatic Outgoing Intertoll 
Trunk Test Circuit with 
Automatic Transmission 
Measuring Circuit, 17C Toll 
Testboard or Portable Tea
wagon Test Set* 

Portable Tea-wagon Test Set* 
Automatic Outgoing Toll 

Completing Trunk Test Cir
cuit or Manual Outgoing Trunk 
Test Circuit* 

Automatic Incoming Trunk 
Test Circuit* 

Automatic Outgoing Sender 
Test Circuit* 

Automatic Incoming Sender 
and Register Test Circuit* 

Trouble Recorder, Decoder and 
Marker Test Circuit, Translator 
Verification Test Circuit* 

Master Timing Circuit 
Link Controller Test Circuit* 
640 Outgoing Intertoll Trunk 

Circuits 
5600 Two-way lntertoll Trunk 

Circuits 
300 Incoming Intertoll Trunk 

Circuits 

*Test circuits. 

1000 Tandem Trunk Circuits 
3500 Toll Completing Trunk 

Circuits 
1100 Service (Through Traffic, 

Inward & Information Opera
tors, etc.) Trunk Circuits 

1200 Incoming CAMA Trunk 
Circuits 

20 Outgoing Senders 
240 Incoming Multifrequency 

Pulsing Senders 
40 Incoming Dial Pulsing 

Senders 
60 Incoming CAMA Senders 
100 Incoming Dial Pulse 

Registers 
10 Transverter Circuits 
3 Billing Indexers 
2 Position Link Frames 
18 Decoders 
20 Markers 
27 Card Translators 
56 Incoming Link Frames 
56 Outgoing Link Frames 
40 Trunk Block Connectors 
15 AMA Recorders and 

Associated Connector Units 
36 Link Controllers 
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To test an incoming trunk circuit required that the circuit be made 
busy manually at the outgoing trunk test frame at the distant end. 
The two techniques shown in Fig. 11-43 were developed so that 
automatic testing could be employed with a circuit in the terminat
ing office such as shown in Fig. 11-44.113 The trunk could be 
automatically "made-busy" if the originating office had an outgoing 
trunk circuit that could respond to a reverse battery make-busy sig
nal (Fig. 11-43a), or a "reserve" trunk could temporarily take the 
place of the trunk under test (Fig. 11-43b). 

The trunk circuits in No. 5 crossbar are quite complex and varied 
in features. To make automatic, definitive tests of outgoing trunks, 
an automatic progression trunk test was developed.ll4,11S This test 
circuit used a punched paper tape to supply the test circuit with 
information to access the trunk and the types of tests to be made 
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Fig. 11-43. Two ways of making a trunk busy, for test purposes, at a dis
tant tandem office with trunks using: (a) "make-busy" circuit to signal the 
unavailability of the trunk during testing and (b) temporarily a reserve 
trunk circuit takes the place of the trunk circuit to be tested. 
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(see Fig. 11-45). Since the tests varied with the features or charac
teristics of the trunk circuit, it was a precursor of the modern 
computer-driven test circuits that test not only the switching equip
ment but also the transmission facilities. 

Automatic progression testing of lines started in 1952, with a test 
set known as the automatic line insulation test (ALIT) frame. 116

,
117 

This frame-through a no-test trunk and marker connector 
appearances-gains access to lines on terminals one at a time. It is 
used in the early morning hours when the lines are most likely to 
show high leakage to ground and other incipient impairments. Ini
tially, the lines showing measurements below threshold were 
printed out (or used the trouble recorder) by line equipment 
number. Later this was changed to directory number and the tech
nique found much wider acceptance. 118 

While the stored-program technique was being introduced into 
switching systems, large computers were becoming more powerful 
and new small computers known as "minicomputers" were becom-
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Fig. 11-45. Automatic progression trunk-test circuit with paper tape drive. 
System was a precursor of modern computer-driven test equipment. 
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ing relatively low in cost. Minicomputers, such as the Digital Equip
ment Corporation PDP* series, found widespread application in the 
Bell System operations support systems. 

3.3.1 Central Office Maintenance and Administrative System (COMAS) 

Coincident with the New York service crisis, a special Bell Labora
tories project was under way to help New York Telephone Co. 
rewire the ring translators used for route translation. These cross
connections had become abnormally congested in a crossbar tandem 
office. The Bell Laboratories solution was to introduce temporarily a 
PDP/8E computer in place of the ring translator, so that the latter 
could be stripped of its cross-connections and rewired. (Like the 
main distributing frame, as described above in section 3.2, the trans
lator included some dead jumpers.) 

The minicomputer was successfully introduced into this service in 
April1971. Not only was it used in place of the ring translator, but 
it was also used to check the rewiring to make sure that it was com
plete and correct. This operation was so successful that Bell Labora
tories engineers next considered applications of minicomputers to 
assist in the service crisis. By November 1971, a trial was started 
using a PDP 11 minicomputer in the New York City (Chelsea 2) 
crossbar tandem to record and correlate ineffective call attempts (by 
senders) and to improve the operation of the network as seen by 
this office. This system was known as. the Central Office Mainte
nance and Administration System (COJ'v1AS). Minicomputers were 
added to a number of crossbar tandem and No. 4A crossbar offices 
in New York. The first standard phase I development-providing 
route verification, foreign area translation, and exception reporting 
on ineffective attempts-was placed in service in Boston (Franklin), 
Massachusetts in January 1972. 

In 1972, a new version known as mini-COMAS was tried in Man
chester, Massachusetts, and a standard version was first placed in 
service in 1973 in Manhattan. Eventually, three versions of this sys
tem were developed, and more than sixty were placed in service. 
The peripheral bus computer (PBC) as applied to the 4A crossbar 
ETS offices (see Chapter 10, section 2.1) also evolved from this 
effort. 

3.3.2 Quick Tests 

While COMAS was a boon to searching out troubles in the net
work, Bell Laboratories investigative teams noted that the pace of 
developments and growth in offices (s,ee above, sections I and II), 
particularly new offices, had caused some of them to be performing 

*Trademark of Digital Equipment Corporation. 
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poorly. In mid-1972, F. R. Wallace of the Columbus Laboratories 
devised a special set of manual tests for No. 5 crossbar offices. 
These tests rapidly checked the operational capability of the office, 
including the functioning of all markers, connectors, features, and 
options. They were dubbed "quick tests." Later they were docu
mented, standardized, and offered as a service by the Western Elec
tric Co. installation service forces. Still later (1975) they were 
extended to the No. 1, No. 4A, and tandem crossbar systems. 

3.3.3 Automatic Trouble Analysis 

As the ideas and advantages of ESS maintenance techniques per
meated the Bell System, the electromechanical switching develop
ment area of Bell Laboratories also began using the new-found tools 
of minicomputers. The trend started with a minicomputer used to 
store the records issuing from the trouble recorder. Previously, 
these records had been placed on punched cards (see Chapter 7, 
section 1.2). Storing the results permitted programs to be written to 
analyze the trouble indications as they accumulated. 

Initially these programs merely summarized the reports. Later, 
under the name Automatic Trouble Analysis (ATA) a more sophisti
cated program was written for the No. 5 crossbar system to perform 
the type of analysis carried out by the craft personnel. A number of 
the most experienced No. 5 crossbar craftspeople were brought to 
Bell Laboratories in 1975. They were then asked to devise a pro
gram strategy that represented the best of their techniques. These 
were then converted to ATA minicomputer programs by Bell 
Laboratories experts. The first standard ATA program for No. 5 
crossbar was applied in Warren, Michigan in January 1976. For the 
No. 1 crossbar system a similar program was first placed in service 
in New York City in the second quarter of 1976. 

3.3.4 Switching Control Centers for Electromechanical Switching 
Systems 

Initially the minicomputers used for ATA were used locally with 
the trouble recorders in No. 5 crossbar offices. This was in contrast 
with the centralization of maintenance administration in electronic 
switching which progressed with the No. 1 and No. 2 switching 
control centers (see Chapter 9, section 6.7.2). 

While alarms for community dial offices had always been remoted 
to operator switchboards, the systematic collection of alarm monitor
ing and control and trouble recording at a central point for the other 
electromechanical switching systems was needed. The need became 
apparent as more offices were unattended for longer periods, and as 
the administration of craft personnel was centralized. Known as 
Centralized Status, Alarm and Control System (CSACS), this single 
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telemetering system was developed for appllication to all step
by-step and crossbar offices. The first, placed in service in Atlanta, 
Georgia in July 1974, served three remote offices, and the second, in 
Wheaton, Illinois in December 1974, served four remote offices. The 
CSACS has recently been replaced by the Telecommunications Alarm 
Surveillance and Control (TASC) system. 

Eventually a more encompassing concept of a switching control 
center for electromechanical offices, Switching Control Center-EMS 
(electromechanical switching), emerged by bringing together ATA, 
TASC, and various computerized administrative systems. The first 
of these centers was established in Clinton, 11.1ichigan in January 
1977. 

3.4 Traffic Measurement Systems 

As described in Chapter 5, section 3.3, the history of traffic meas
urements goes back to the days of the 1early manual switchboards, 
when operators kept track of calls served by moving small wooden 
pegs119 in cribbage board-like counters, hence the well-known traffic 
term "peg counts." Electromechanical registers were used in 
increasing numbers with the more sophisticated manual and elec
tromechanical switching systems. These counters, or registers as 
they were called, were read by clerks, and later recorded by cam
eras, periodically, during the busiest periods of the day. Statistics 
were collected on the volume of traffic served and the volume 
denied service due to lack of facilities. 

3.4.1 Traffic Usage Recorder (TUR) 

The measuring of only peg counts presented a problem in admin
istering and engineering trunks and switching equipment because 
the most appropriate measure of traffic flow, which is the total call
seconds of use, or usage, had to be computed by multiplying peg 
count times an estimated holding time. In the ]late 1940s, a portable 
scanning device, then known as the Trunk Group Usage Equipment 
(TGUE) and later known as a Traffic Usage Recorder (TUR) was 
developed.. It measured the use of each trunk by examining 
whether it was busy or idle each 100 seconds. A grouping arrange
ment was provided in which all of thE! "busies" in each selected 
trunk group were fed to a corresponding traffic register, which then 
recorded hundred call-seconds of use (CCS) for the group. This 
development and the theoretical studies behind it120 proved that the 
data collected in this manner would be satisfactory to indicate 
whether the size of the trunk group was adequately engineered for 
the traffic offered during the busiest hour of the busiest season. 
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The traffic usage recorder was developed in 1953 for this purpose, 
and is extensively used in electromechanical offices. 121 A separate 
lead is cabled to each circuit to be measured. These leads are 
scanned by crossbar switches and relays at the rate of 36 tests per 
hour (once every 100 seconds). Typically, as with the TGUE, these 
leads are the sleeve leads of trunk circuits (see Fig. 11-46). The 
development of the TUR opened the door to better and routine 
traffic measurements and, in turn, improved service by revealing 
the adequacy of trunk circuit provisioning. The TUR No. 4A pro
vided for scanning 3600 circuits in as many as 120.0 groups. The first 
TUR No. 4A was placed in service October 1953 in the Newark, New 
Jersey No. 4A toll crossbar office. 

A smaller portable TUR unit was developed to serve up to 800 
inputs and 100 groups122 (see Fig. 11-47). The counts were still 
recorded on a register provided per trunk group. 

3.4.2 Traffic Data Recording System (TDRS) 

While the frame-mounted version of the TUR was a great step for
ward in obtaining the basic information for engineering the nation
wide toll network, it was still quite labor-consuming since, each 
time a trunk assignment was changed, a change was also required in 
the cross-connection field. Furthermore, the registers still required 
reading by clerks, either directly or from photographs. This entire 
process, including the computation (subtracting the previous read
ing from the current reading), was subject to inaccuracies. To over
come these disadvantages, a new system known as the Traffic Data 
Recording System (TORS), began to be developed in the early 
1960s. 123 It was the first attempt at centralizing the recording of 
administrative information in the Bell System. 

The TDRS consisted of a terminal in the central office that took the 
place of the TUR registers (see Fig. 11-48). The terminal sent coded 
digital signals over a data link to a centrally located magnetic tape 
recorder for each count pulse received. Similar data links were 
established to all offices in an area or region. The recorder consisted 
of a special magnetic tape with 40 tracks. The raw data were 
recorded during busy hours and then, during off hours, the same 
equipment was used to summarize the data-that is, to take all "peg 
counts" of each code and add them together by trunk group for a 
traffic-engineered period. The system could be programmed to 
indicate the association of specific trunks within a group. The sum
mary information was then printed. Magnetic tape output was also 
provided for further data processing in connection with the traffic 
engineering and provisioning process. 
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Fig. 11-46. Traffic usage recorder frame. By replacing peg counts with 
usage measured in call-seconds, TURs greatly aided the engineering and 
administration of trunks and switching equipment. 
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Fig. 11-47. S. J. Brymer, left, and G. E. Linehan inspecting circuits of a 
traffic usage recorder No. 3B designed for smaller installations. 

Some 23 of these systems were installed throughout the Bell Sys
tem. The initial network consisted of one for each Long Lines 
region, and could be used not only to summarize traffic data but 
also to provide traffic usage information on a quasi real-time basis . 
This means that the data were recorded and summarized within a 
15-minute period, so that traffic administrators, located at network 
control centers remote from the TORS location, could use the data in 
managing the network by recognizing unusually heavy usage and 
overflow traffic. Such a network was in place feeding data to the 
Holmdel, New Jersey Bell Labs installation of the TORS in 
November, 1963 (see Fig. 11-49). The first field installation of the 
TORS took place in Washington, D.C. in 1968. 

While the TORS showed the feasibility of gathering traffic infor
mation in this manner, it was, for a number of reasons, slow in its 
implementation. First, it used electronic technology which was 
rapidly changing and, therefore, the initial design was almost out of 
date before the system could be deployed. It was through this sys
tem, however, that traffic administrators learned that the quality of 
their efforts was only as good as the data they could collect. The 
records of cross-connections in the central office generally were not 
maintained accurately, so the collected data did not keep pace with 
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the changes and rearrangements of actual facilities they were 
intended to measure. Much effort was expended to improve this 
process. 

3.4.3 Engineering and Administrative Data Acquisition System (EADAS) 

By 1971, commercially available minicomputers became attractive 
enough that a more efficient processing system could be imple
mented. The summarizing and subsequent engineering of summar
ized data could also be included and made much more efficient. As 
a result, the Engineering and Administrative Data Acquisition Sys
tem (EADAS) was developed.124 EADAS extended the concepts of 
the TORS but used a commercial minicomputer for central process
ing and control. While it could use the TORS terminals, new, more 
efficient terminals were designed to reduce costs and improve 
features. Real-time (30 to 15 minute) data availability was a prom
inent feature. The first installation of EADAS used a PDPll /40 DEC 
minicomputer, and was placed in service in Kansas City in October 
1973. EADAS was also designed to include data link inputs from 
program-controlled systems such as electronic switching systems 
and traffic service position systems. 

The EADAS system was extended, in a manner similar to that 
described for TORS, to provide information collected in quasi real 

Fig. 11-49. J. L. Mollica (foreground) and V. L. Ransom operating the 
Bell Labs Holmdel, New Jersey installation of TDRS. 
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time (5 minutes) for use in network management. 125 This system, 
EADAS/NM, was placed in service in Milwaukee, Wisconsin in Sep
tember 1975. The second EADAS/NM was placed in service in 
Wayne, New Jersey in December 1975. lt was the first regional net
work operations center to benefit from this system. A special ver
sion of the EADAS/NM was developed for the national control 
center, operated by the Bell System's Long Lines department, ini
tially located in Netcong, New Jersey and later moved to Bedmin
ster, New Jersey, where it was placed in service in July 1977 
(Fig. 11-50). 

3.4.4 Total Network Data System (TNDS) 

At the same time that EADAS was developed, a number of large 
programs for batch processing of administrative data for traffic, 
maintenance, and billing from switching systems were also being 
developed. The name, Total Network Data System, was given to the 
collection of systems (such as EADAS), and these programs had to 
act together to give informatio to telephone company engineers 
and administrators based upon processed data. 

The TNDS has three basic stages: data acquisition, provided by 
EADAS as well as by general trade systems or by manual methods; 
data storage, verification, and distribution provided by a batch com
puter program called the Traffic Data Administration System 
(TDAS); and a number of applications programs to process data for 

Fig. 11-50. AT&T Long Lines national control center, Bedminster, New 
Jersey, used to monitor and administer the functioning of the nationwide 
network. (Long Lines Magazine, AT&T, March 4, 1977.) 
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use in central office and trunk engineering administration. In the 
switching area, the Load Balance System assists traffic loading of 
central offices. Two Central Office Equipment Report systems 
(COERs) prepare data for use in central office engineering. No.5 
crossbar offices are served by their individual COERs, while all of 
the ESSs are served by ESS COER. (ESS COER was originally known 
as PATROL, Program for Administrative Traffic Reports On-Line.) 
ESS COER uses both batch processing and interactive communica
tion with its users. 

Another part of TNDS is network management. Extensive net
work management features were built into the No. 4A crossbar ETS 
and No. 4 ESS stored-program controlled electronic switching sys
tems (see Chapter 10, section II and Chapter 12, section 1).126 These 
features not only automatically controlled traffic in real time, but the 
data on the imposition of these controls were sent to the network 
managers. This reporting function is an additional feature of the 
network management portion of TNDS. The network management 
control center using EADAS/NM can command these systems to 
implement the various preprogrammed controls in these stored
program control toll offices. 

Finally, to round out the traffic measurement administrative sys
tems developed as part of TNDS, there are systems that deal with 
the operator force at switchboard and position system installations, 
such as the Traffic Service Position System (TSPS), the Automatic 
Intercept System (AIS), the No. 5 Automatic Call Distributor (ACD), 
and other directory assistance system installations. These were 
known as Force Administration Data Systems (FADS). 

The purpose of the FADS traffic measuring system is to inform 
administrators, in real time, of the average holding time per call and 
other pertinent information. These administrators supervise opera
tors or attendants interfacing a telephone network at positions or 
consoles. The information helps insure good and efficient use of the 
human resources. 

The first FADS was a combination of a TUR, a unique electronic cir
cuit called a totalizer to count calls arriving at a high rate, and electri
cally resettable registers. It was used with an airlines ACD in 1967. 
Later, it was widely used with manual switchboards. Fig. 11-51 
shows the plan of the system and what it measures.127 Fig. 11-52 
shows the register cabinet of the system, used here in association 
with a telephone company business office. A computerized system 
known as Automatic Force Administration Data System (AFADS) 
was developed after experience with the less-sophisticated FADS 
equipment. 

TNDS was the first attempt to bring together the burgeoning 
software revolution in operation support and administrative sys
tems being developed at Bell Laboratories. Toward the close of the 
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The Service and Feature Era 409 

----
Fig. 11-52. AFADS installation . Display of information aids supervision 

in administering the workforce. 

period covered in this book, broader views were being taken of 
these systems to include not only traffic data acquisition and 
administration but also the operation of the network as a whole. 
This system is known as TNOP, for Total Network Operations Plan. 

3.5 New York Fire 

On February 27, 1975, a serious fire started in the cable vault of a 
large central office building at 204 Second Avenue, New York City. 
Before the fire was extinguished it ravaged the equipment, includ
ing the main distributing frame in the lower three floors of the 
10-story building. Fig. 11-53 shows fire-damaged panel switching 
equipment. Much of the remaining equipment in the building was 
damaged by heat, smoke, and water. The building was serving 
170,000 lines and also acted as a tandem point for switching many 
calls through New York City to Long Island. The fire was the big
gest disaster in telecommunication history.128 
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Fig. 11-53. Panel switching equipment damaged in the disastrous 
February 1975 fire in New York City. Large Bell System resources were 
employed to restore service quickly. 

Bell Labora tories engineers, along with large groups from the 
entire Bell System, were called upon even before the fire was 
extinguished to aid in the restoration of service . The Bell Labs force, 
led by J. E. Mack and W. B. Macurdy, was organized to study the 
smoke, particulate, and chemical damage to the electromechanical 
(principally crossbar) switching system equipment in the upper 
floors of the building. Bell Laboratories chemists recommended 
cleaning procedures and studied the possible long-range effects of 
the damage to the equipment. Simultaneously, plans were made to 
route traffic intended for the tandems in the building via an ESS tan
dem in Brooklyn. However, before this could be done, a change 
had to be made in the system program, since the rerouted traffic 
required different charge treatment (CAMA for calls from panel 
offices) than the traffic it was handling. Network management 
features and systems all over the country performed in blocking, 
near their sources, calls intended for the out-of-service offices. Net
work managers implemented reroutings, some based on earlier Bell 
Labs studies of off-peak traffic, so that some calls originating from 
the Atlantic coast area were completed via midwest and California 
switching centers back to Long Island. 
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Plans were made to restore local switching capacity in the 
burned-out areas of the building, using a new No. 1 ESS that 
included the latest remreed network frames. It was manufactured 
by Western Electric and tested at the Indian Hill (Illinois), Bell 
Laboratories prior to its rapid installation and cutover within only 
four months of the fire. Prior to the cutover, most of the lines had 
been cabled to electronic switching systems located elsewhere in 
New York City. These offices were programmed to serve the 
affected customers without number changes, which enabled service 
to be restored within three weeks. Bell System people were proud 
of the contributions they could make assisting the New York Tele
phone Company recover from this disastrous event. 
IV. NEW FEATURES MADE POSSIBLE BY ELECTRONIC SWITCHING 

Almost from the very beginning and prior to the invention of 
stored-program control, it was realized that the bulk memory avail
able in electronic switching systems could be used to offer many ser
vices and features. One of the first, suggested by W. A. 
Malthaner, 129 was to build into the memory in the central office a 
listing of numbers called frequently by the customer. These 
numbers could be accessed by having the customer dial a short or 
abbreviated code. This was particularly important as one looked 
forward to 10-digit nationwide dialing. 

After the invention of stored-program control, and as plans 
matured for the Morris trial (see Chapter 9, section 4.6), many addi
tional new services were conceived. These included what is now 
known as add-on service, automatic call transfer (now call forward
ing), and distinctive ringing to permit intra-calling among extension 
telephones. All of these except the last were successful. Almost 
from the beginning they were called custom calling services. 130 

4.1 Custom Calling Services 
The No. 1 ESS program used in the first commercial office in Suc

casunna, New Jersey included abbreviated dialing, call transfer, and 
add-on. The marketing department later changed these names to 
speed calling, automatic call forwarding, and dial conference. The 
call-transfer feature is provided so that the customer can change the 
number to which calls are forwarded. In Succasunna a preset 
arrangement was also tried. There is a fixed monthly charge for 
these services, although in 1973 in Trenton, New Jersey a trial was 
conducted with a No. 1 ESS program modification to charge casual 
users on the basis of usage. 

A call-waiting feature was initially implemented and market 
tested in the No. 5 crossbar system (see above, section 1.14.1). This 
service proved so popular that it was added to the No.1 ESS pro
grams in 1969. When the No.2 and No.3 ESSs were developed, the 
same features were included in their initial programs. 
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Since these features were available only in ESS, it was difficult to 
advertise them widely; they were then available to only a small per
centage of customers in the Bell System. With the growth of availa
bility of ESS in the 1970s, custom calling services grew in popularity, 
as shown in Fig. 11-54. The growth rate of these services by the early 
1970s exceeded the rate of growth of ESS lines in the Bell System. 

In developing and standardizing these services, stored-program 
control proved to be of considerable value. It was possible to try dif
ferent rate treatments for these services by engineering temporary 
program changes. For example, call-forwarding, rather than being 
subscribed to on a monthly basis, could be offered generally to all 
customers in the office on a usage basis. With electronic switching 
well embedded in the message network, it is expected that many 
new services will be added to the original list to take advantage of 
bulk memory and stored-program control (also see Chapter 12, 
section IV) .. 

4.2 Feature Growth 

Once ESS became standard in the Belll System, the many services 
and features covered elsewhere in this chapter were built into the 
programs of ESS systems so that thes'e offices could become full 
members of the switching family. (It has been traditional in switch
ing that each new generation eventually include most of the features 
and services available in previous-generation systems, although the 
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Fig. 11-54. Growth in the use of custom calling services, 1973-1977. 
Such features were made possible by the bulk memory and stored
program control used in ESS. 
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reverse is not always the case.) Furthermore, the flexibility of 
stored-program control enabled many more features to be added to 
electronic systems than the electromechanical systems, and the ser
vices were offered in more variety. For example, it was possible to 
add many different types of call transfers in Centrex service, more 
in keeping with the similar features being provided in stored
program control PBXs. It was also possible, when offering 911 
emergency service, to record in the line class of service a coded indi
cation of the town in which a given telephone line was located, so 
that such calls could be routed to the proper 911 bureau (see above, 
section 1. 7). With ESS it was also possible to have these numbers 
located in a centralized memory in an ESS tandem office used for 
extending the 911 service. 

Many other examples of new services for No. 1 ESS could be 
given. The list of features is impressive since it includes those that 
were of great benefit in unattending and remotely attending switch
ing systems once the basic concept of automatic trouble-locating 
was available with ESS. Fig. 11-55 shows the growth of features 
and service in No. 1 ESS since its initial service in 1965. The illus
tration also shows that the rate of growth of features in No. 2 ESS 
follows the same rate of introduction of new features as in No. 1 
ESS. Plotted on the same graph is the corresponding feature and 
service growth for the No. 5 crossbar system, which grew over a 
longer period. With the establishment of the stored-program con
trol network (see Chapter 12, section IV) the rate of growth of 
features is expected to further accelerate in the years to come. 
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Fig. 11-55. Numbers of services and features offered with No. 1 and 
No. 2 ESS, 1965-1976. 
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Time multiplex switch of the No. 4 ESS lab, Indian Hill , Illinois location of Bell 
Laboratores, about 1975. As a result of intensive Bell System studies, a digital 
time-division switching network for toll ESS was decided upon in January 1970. 
Among the advantages of this ambitious project: an essentially nonblocking net
work, incorporation of common channel interoffice signaling, reduced floor space, 
lower installation costs, less processor time per call, plus all the advantages of 
stored-program control. The No. 4 ESS call processing program contains more 
than one million software instructions and diagnostic testwords, and the system 
by cutover date in 1976 achieved a capacity of 550,000 call-attempts in the busy 
hour . . Over $400 million dollars were invested in No. 4 ESS before it entered 
service. 


