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Foreword

Very soon after Alexander Graham Bell invented the telephone, it
became obvious that it would be impractical to extend wires from
every telephone to all other telephones. To conserve copper and
dollars, wires had to converge on central points where individual
telephone-to-telephone connections would be made. That is, calls
had to be switched. Moreover, another basic concept of telephony
also quickly emerged—namely, the trade-off between switching and
transmission. The transmission costs of wire, cable, and associated
plant could be optimized by having switching offices distributed to
serve centers of population. The number of switching offices could
be adjusted with changes in transmission costs. A classic and
continuing problem of switching, therefore, is to design switching
systems with capabilities that enable them to be sited at demograph-
ically advantageous points, so that total network costs are kept as
low as possible. Also, for public telephony the need for compatibil-
ity in the presence of technological growth was established very
early. Every item of equipment must function accurately and reli-
ably with every other item of equipment in a network, no matter
how spread out nationally or internationally. In addition, the net-
work must absorb a continuous stream of innovations so as to bring
the benefits of technology to its users as rapidly as possible.

In this book we see how these principles were applied during a
significant period of technological change in Bell System history.
The account begins in 1925, when various engineering and research
groups of the Bell System were reorganized as Bell Telephone
Laboratories. The nominal end point is 1975, which rounded out
the first century of telephony.

As it turns out, however, 1975 is a reasonably good year to mark
the end of one era of telephone switching and the beginning of
another: the rapidly emerging new era of a digital, stored-program-
controlled network. So, although we here concentrate primarily on
the years 1925-1975, we have not hesitated to cover certain post-
1975 developments started prior to 1976, when we knew them to be
significant to current trends.

1X



b Engineering and Science in the Bell System

An earlier volume of this series (A History of Engineering and Science
in the Bell System: The Early Years, 1875-1925), describes how tech-
niques born of necessity changed the telephone from a novelty to a
useful instrument of personal communication and of commerce.
Switching technology during this period was characterized by the
introduction and improvements in manual switchboards. In the
years covered by this volume, we see switching technology change
from the final refinements in manual switching to work leading
toward the introduction and complete take-over of automatic
sw1tch1n;7 In the process, the technology went through four succes-
sive phases: (1)indirect control, with switches requiring large
mechanical motions, (2)common control, with switches requiring
only very small motions, (3) stored-program control electronic switch-
ing, and, now (4) time division digital switching. At Bell Labs, each of
these technologies moved from concepts to innovations, and the
innovations were introduced to provide improved and expanded
resources for the administration and operation of switching offices.
The result has been high-quality and constantly improving tele-
phone service and features, not only in the United States where the
innovations were first employed, but throughout the world as these
concepts were widely emulated.

The first practical automatic switching system was the step-by-
step system, so-called because the switches move in step with, and
under the direct control of, the telephone dial. With step-by-step,
switch motions are limited by how fast (or slow) the customer dials,
by how long it takes for the pulses representing each digit to be
received and detected in the central office and, of course, by
mechanical inertia. Switching innovation progressed to the first or
indirect control phase, the panel system, separating the control of
switch mechanisms from the dialing process. With panel, non-
decimal power-driven switches of large capacity were introduced,
and the independence of dial and switches permitted translation
between the information dialed by the customer and the control
needs of the system.

In the second phase, crossbar systems were designed and com-
mon control was first introduced. With common control the call-
handling control was separated from the interconnection network
and great improvements in flexibility were provided. Translations
allowed complete flexibility in the assignment of lines and trunks,
numbering plan and routing flexibility was provided, and the trunk
network became more efficient and service again improved. In
addition, the crossbar switches themselves introduced precious
metal (platinum alloy) contacts into telephony which improved
transmission performance. These relay-like contacts operated with
very small motions and therefore with increased speed; this blended
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nicely with the common control equipment that controlled their
operation.

After World War II, the transistor and bulk electronic memory
created tremendous new potentials for switching, and many
exploratory developments were undertaken at Bell Labs to convert
them into realities. The result was the third and entirely new
approach to switching systems design—stored-program control—
and switching took its place at the frontiers of the new electronic
technology in terms of sophisticated hardware and software, sys-
tems architectures, complexity and size. The relationship to com-
puters is obvious, but the switching system designs were unique. In
real time, electronic switching systems process telephone calls with
an objective of two hours downtime in 40 years, or about
one-thousandth of one percent, compared to the one percent
performance of a typical commercial computer. Now more than
50 percent of Bell System calls are switched using stored-program
techniques.

The fourth era of switching technology, and the one currently in
progress, is a period of further extending digital techniques into
switching to encompass the interface with transmission as well and,
indeed, to require the engineering of switching systems and
transmission terminals carrying digital signals as single, integrated
entities. The Bell System was the first to combine stored-program
control and time division digital switching. Furthermore, a new
high-speed digital signaling technique, known as common channel
interoffice signaling (CCIS), was introduced in 1976 and soon will be
serving 50 percent of all toll calls.

Thus the foundation for future high-efficiency, low-cost telecom-
munications has been established. The new era of integrated digital
switching and transmission will continue to extend service beyond
the telephone to include more complex terminals and all forms of
information—voice, data, and video. The advantages are greatly
expanded services, new services, new and more powerful opera-
tional and management techniques, and sophisticated measurement
and maintenance arrangements. And the network will continue to
grow, both domestically with the cooperation of the independent
telephone manufacturing and operating companies and internation-
ally with the cooperation of foreign administrations.

In all probability, the next fifty years will see changes take place
even more rapidly than those of the first fifty years of Bell Labora-
tories and the first 100 years of the telephone. While telecommuni-
cation switching technology and its application will continue to play
important roles, the technical and managerial expertise of Bell Sys-
tem people will be the most important ingredient in insuring this

progress.
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The contributions of many Bell System people are acknowledged
in this bock, but it is important to recognize that, as the technology
has become more sophisticated, it has taken ever larger teams of
designers and managers to convert inventions into developed and
engineerable systems and, therefore, individual contributions are
not as easily identified. This book is dedicated to the generations of
engineers who made these accomplishments possible.

On a personal note, it has been my pleasure to share with many
colleagues in this, one of the great technological adventures of the
twentieth century. By whatever measure—complexity, numbers of
people, development costs, investment, or telephone traffic
processed-—this adventure is a huge one. The greatest satisfactions,
however, come not from designing something big but from seeing
the human achievements involved when individuals tackle and
solve some of engineering’s most challenging problems.

W. O. Fleckenstein
Vice President, Switching Systems
April 1982
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Over many years, during which colleagues have provided insight
into the developments with which they were engaged, I was
privileged to observe their progress, reflect on these activities, and
now to record in this volume the events as I recall them. The sub-
jects covered have been chosen from a larger set. There are always
questions of history that one cannot anticipate even in a most
comprehensive volume. I hope readers will find the material
included here interesting to peruse and useful for reference. A
thorough reading should provide an understanding of how the
research and development activities of Bell Laboratories during its
first 50 years have made available the switching techniques and
technology for serving the nationwide network during a critical
period of its growth.

Amos E. Joel, Jr.
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The Mulberry office switchboards (originating in the background and terminat-
ing in the foreground) used with the first panel switching equipment in Newark,
New Jersey in 1915. Although manual and semiautomatic switching were to
remain in use for many years, it became apparent that full automatic switching
and high-capacity transmission systems were the path to more and better telephone
services. To reach that goal, manual systems had to be adapted to work compatibly
with the new automatic systems. Moreover, telephone devices, logic circuits,
numbering and routing plans, and administration and maintenance techniques all
grew in complexity and ability to handle large amounts of local and toll traffic.



Chapter 1

Setting and Scope

By 1925, Bell System engineers had built a large body of knowledge con-
cerning complex logic circuits and had begun to apply this knowledge to the
design of automatic switching machines, and, subsequently, to the design of
computers. Fifty years later, in 1975, a huge nationwide automated net-
work was in place and working. The soundness of common-control princi-
ples and of stored-program control had been repeatedly demonstrated, and
customers could look forward to a network of ever-greater machine intelli-
gence and utility.

I. THE SETTING

If one were to attempt a list of the major technological achieve-
ments in telephony to date, three of them would surely be analog
and digital multiplex transmission, common-control switching, and
stored-program control (SPC) switching. Multiplex transmission
greatly improves transmission efficiency by sending more than one
signal (sometimes thousands or even tens of thousands) over a sin-
gle transmission medium. Common-control switching and SPC,
though less well known outside of engineering communities, are at
least of equal importance in terms of economics and technical
sophistication.

Common-control switching and SPC are analogous to multiplex
transmission in the sense that they greatly improve efficiency.
Older systems tied up expensive equipment during the time of a
telephone call, but common-control systems segregate equipment
into a switching network and the control units. The switching net-
work consists of paths for voice signals that of necessity have to be
assigned for continuous use during calls because they carry instan-
taneous two-way telephone conversations. But the common-control
units quickly “jump in and out of” the various stages of setting up
and taking down a telephone connection, and so work quickly and
with great efficiency. And SPC has added new dimensions of flexi-
bility and speed. From these concepts and their application in many
intricate ways throughout the Bell System, there have flowed enor-

1



2 Engineering and Science in the Bell System

mous benefits to customers in terms of good service and new serv-
ices at attractive costs.

II. SCOPE

A previous volume of this series, titled A History of Engineering and
Science in the Bell System: The Early Years (1875-1925), covers impor-
tant Bell System innovations in manual switching and also covers
the beginnings of attempts to assist operators or to substitute for
operators through the use of switching machines.

From the earliest experiments with automatic switching, and
extending for almost a quarter century, the precise directions the
new switching arts should take were not entirely clear. Basic prob-
lems of the configuration and design of central office systems had to
be solved. With time it was appreciated that large cities required
switching capabilities different from those of less densely populated
areas. Large local networks were put in service with manual tech-
niques. Tandem offices (switching offices that serve other switching
offices) afforded opportunities in these networks to try some of the
new technologies of automated switching later to be applied more
generally throughout the Bell System. The new techniques helped
put to rest beliefs that semiautomatic techniques might be superior
to fully automatic switching. On the other hand, the new tech-
niques also showed the need to develop arrangements to handle
calls between manual and automatic offices during the transition
period.

By 1925 the designers of switching systems had become most
adept in devising complex logic circuits using general-purpose elec-
tromagnetic relays of telephone quality. Some of these circuits were
the forerunners of those used by designers of computers, who
began their work about 25 years later. Indeed, telephone engineers
at Bell Laboratories applied their art to the early relay computers
(see A History of Engineering and Science in the Bell System: National
Service in War and Peace: 1925-1975, pages 133 through 174).

During the second 50 years of telephone switching, covered by
this volume, manual switching was extended by using and improv-
ing upon many of the successful techniques invented and applied by
the pre-1925 pioneers. Long distance calling became possible
without the delay caused by the awkward procedure of having the
customer reach a second (toll) operator, hang up, and wait to be
called back.

The bulk of this volume, however, will of necessity be devoted to
a comprehensive account of Bell System developments in automatic
central office switching and in the types of switching used in private
branch exchanges (PBXs) and key telephones—the latter two
categories often characterized as customer-premises switching.
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The period covered, 1925 to 1975, is an especially important one
since these 50 years saw the integration, automation, and great
expansion of a nationwide telecommunications network. As men-
tioned above, this period is also characterized by the two pioneering
achievements of first introducing common-control electronic switch-
ing and, later, stored-program control electronic switching. In the
area of customer-premises switching, automated PBXs and key tele-
phone systems were gradually and ubiquitously introduced.

Complex logic circuits, and particularly the: skill with which they
were applied to insure reliable service, were keystones to the
development and expansion of the concepts of common-control
switching. Prior to the adoption of these principles, system intelli-
gence was in the logic circuits associated with the individual switch-
ing mechanisms that progressively established a connection. These
circuits could not be reused until the switches became available for
use on another call.

Innovative techniques, however, were applied with increasing
capability and skill by Bell Laboratories engineers, which meant that
the logic circuits could gather facts and make the decisions needed
to complete connections, and could do so “in common” for many
calls in sequence without awaiting the completion of any one call.
Furthermore, the decisions made by these control circuits could be
based upon the prior knowledge of the status of connections already
established. In a word, the systems were acquiring a form of
machine intelligence.

These fundamentals of indirect and common control brought
early, worldwide recognition to switching innovations of Bell
Laboratories people. Although others had proposed aspects of such
logic, Bell Labs engineers had devised the necessary and sufficient
conditions for their application in large systems. Most of the sys-
tems were perceived as being required to fill the expected growth of
the Bell System. These included switching systems not only for
small, large, and medium-size local serving areas, but for tandem
and toll service as well.

The success of development techniques and the deployment of
common control provided momentum towards allowing customers
to dial more and more of their own telephone calls. New develop-
ments in signaling and the recording of charges provided the tools.
Network plans first permitted operators to dial long distance calls,
then led to a transition period during which direct distance dialing
of long distance calls by customers became a reality. Important to
this work were devices, common-control circuit configurations, and
numbering and routing plans that today are integral to the nation-
wide network. At the end of this era, Bell engineers were able to
look back on the automated network of switching systems as the
largest distributed computer in the world.
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The application of common-control techniques approached a peak
in the 1950s with the maturing of developments for the No. 4A and
No. 5 crossbar systems. At the same time, and drawing on the large
base of electromechanical switching expertise, a new generation of
switching systems techniques emerged, using the new disciplines of
high-speed electronics as conceived and evolved in the research
efforts at Bell Laboratories. (These innovations are to be covered in
another volume of this series, dealing with research.) An explora-
tory development effort was started with the objective of applying
electronics for the logic and memory and in the network portions of
central office and PBX switching systems. The result was the subse-
quent development of the Morris (1960) space-division central office
electronic system, named for Morris, Illinois, the site of the first
field trial. This was followed in 1965 by No. 1 ESS (electronic
switching system), also a space-division central office electronic sys-
tem, and the No. 101 ESS (1963) time-division customer-premises
switching system.

The most important result of this exploratory effort was the emer-
gence of the concept of storing the logic of the system actions in
machine memory, a concept now widely recognized and used
worldwide as stored-program control (SPC). The Morris develop-
ment effort proved the effectiveness of the concept at its initial
implementation, and SPC subsequently ushered in a new era in
switching. Progress in SPC technology has now made it economical
to include SPC in the smaller switching and key telephone systems,
such as for community dial offices and customer premises.

The invention of SPC at Bell Laboratories was in part stimulated
by the growing capability required by common-control systems,
such as No. 5 crossbar, as described in Chapter 11 of this volume.
These many requirements for extending service beyond ““plain old
telephone service”” (POTS) made the switching systems of the grow-
ing network the locations for introducing many sophisticated
features that offered new services. Associated with this growth was
the realization of the need for many ancillary systems for traffic and
service measurement and evaluation, number services, network
management, and service maintenance. These adjuncts started
small, but as their need was proved by their development and
deployment, sometimes as small systems, they became a major class
of systems known as operation support systems (OSS).

This volume describes developments from the time when most
calls were handled manually, when the rudimentary long distance
network had just a few circuits, and when these circuits were avail-
able only after waiting in a queue. As the transmission art
developed and the network grew, larger groups of circuits were pro-
vided at lower cost. The switching challenge was to bring the calls
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to the network and to learn to serve them on demand, with essen-
tially no delay.

Recent developments in switching, described in Chapter 12, have
brought transmission and switching closer together technologically,
since each serves digital signals that represent the speech message
signals. Digital signals are switched using time-division tech-
niques—that is, the distinguishing feature of a signal is its
occurrence in a particular time slot, as distinct from space division,
in which a signal can be identified by its physical location in an array
of equipment. When the technology history of the next 50 years is
written, the digitization of the network will be a major theme.



Panel dial system Laboratory, New York City 1930. The direction of switching
systems development was influenced by the need for automatic equipment in the
large central offices served by the Bell System, and the panel system represented a
major effort of the years immediately preceding and following the establishment of
Bell Laboratories in 1925. Panel successfully divorced switch control from the
dial—a necessary prelude to modern switching efficiency and flexibility. The last
panel office in the Bell System was removed from service in 1982.



Chapter 2

State of the Art in 1925

By 1925, the Bell System had taken a number of basic steps leading
toward full automatic switching. Engineers had developed interfaces with
manual systems, without which dial systems could not grow. The principle
of indirect control of switches, initially with register-senders, was an estab-
lished design concept. And experimenters probed the idea of a coordinate
switch to decrease mechanical switch motions and thus speed servicing of
telephone calls.

The first half century of the telephone! was dominated by manual
switching systems and equipment. Practical methods of operation
were devised, and apparatus was developed for high reliability so as
to keep maintenance costs low.

The methods for operating manual switching equipment for both
local and toll switching were constantly improved so that the least
amount of labor and shortest call-completion times could be real-
ized. Prior to 1925, manual toll switching was also improved to the
extent possible with the limited amount of toll transmission facilities
then available. This meant devising methods for dealing with large
numbers of calls whose completion had to be delayed while await-
ing the availability of transmission facilities. Long distance signal-
ing methods were complex but, by today’s standards, primitive.

In automatic switching, Bell System developments were quite
significant, although they started slowly. While the step-by-step
system was being sold throughout the world, Western Electric Com-
pany engineers were devising switching mechanisms of greater size
so as to provide better service for the larger central offices found in
the Bell System. Initially, the approach was to use electromechani-
cal switching as an aid to the operators in establishing connections
rather than as a means to allow customers to dial their own calls.
This semiautomatic method of operating was first thought to be a
better mix between the labor costs and maintenance and operation

IReferences are grouped at the end of each chapter.
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than full automatic operation. Several field trials of panel and
rotary equipment devised by Western Electric engineers were tried
in this country and abroad. (See discussions of these systems on
pages 580 to 600 in ref. 1, A History of Engineering and Science in the
Bell System: The Early Years, 1875-1925.)

The application of these “machine’” switches brought forth many
new design concepts. Primary among these was the indirect control
of switches from register-senders. As a result, it was possible to
divorce the operation of the switches from the method used for plac-
ing information into the system and for making switch selections
required to reach the desired destination.

Another basic concept that accelerated the decision to accept full
automatic operation was the addition of letters as well as numerals
to the telephone dial (PENnsylvania 5000, etc.). As a result, there
was greater acceptance of the possibility that customers could accu-
rately dial six or seven digits, since the central office code, as well as
the numerical digits, could be dialed from memory. (As discussed
in Chapter 11, section 2.3, later human-factors studies showed that
there was no need for letters in the dialing sequence.)

To test the new switching systems in actual service meant that the
Western Electric designers had to solve the basic problems of inter-
connection between manual and automatic switching systems. Asa
result, the call indicator—a method of displaying numbers on calls
from automatic systems to operators’ positions—was successfully
tried, improved, and made ready for introduction. Also developed
were switchboards allowing ogerators to originate calls to be com-
pleted by automatic systems.? These innovations were known as
“semimechanical’” systems. Many of them were tried in a “metro-
politan tandem” system introduced into New York in 1920.3

By 1919, the Bell System had taken the major steps to go to full
automatic switching. Both the panel and step-by-step systems were
standardized, and Western Electric engineers set out to develop
both systems for large-scale manufacture and installation. Thus, by
1925 the number of dial telephones in the Bell System exceeded the
number in the U.S. independent telephone industry, which had
started automation much earlier.

Almost unnoticed during this period were the seeds planted for
the next generation of automatic switching equipment (see Chap-
ter 4, section I). In 1913, patents were secured by Western Electric
on coordinate switching mechanisms—methods for closing electrical
contacts at points in an x-y coordinate array, rather than by moving
a contact over an appreciable distance to make (establish) a desired
connection. Over the next ten years, many improvements in coordi-
nate designs were proposed, the purpose being to replace the rotary
and Keith* line switches used in the panel and step-by-step systems
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and the large vertical-motion switches of the panel system (see next
Chapter, section I). As more laboratory experience with these coor-
dinate line switches was obtained, the designers proposed complete
coordinate systems as improvements over the panel system designs.
This work went forward until 1923, when a complete coordinate sys-
tem was designed and set up in the Western Electric laboratories at
463 West Street in New York City (see Chapter 4, section 1.1). In
1926, it was decided not to proceed with the further development of
this system since it could not compete economically with the panel
system, which was still being improved and reduced in cost.

REFERENCES, CHAPTER 2
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Incoming selector frames, panel office, Cortlandt Street, New York City, 1931.
Installed primarily in larger cities, the panel system was the most sophisticated
automatic switching system of its day. Innovations incorporated by Bell Labora-
tories included a decoder using large multicontact relays, trouble indicators with
lamp or teletypewriter output, and line finders that removed the need for having
an individual switch for every telephone line. One version of panel included a
“call announcer’—a system of announcing station-code numbers by converting
dialed digits into voice messages using strips of sound-on-film. By 1958, panel

served over 3.8 million telephone lines in the Bell System.



Chapter 3

The Evolution of
Electromechanical and
Manual Switching
Technology
1925—-1935

One of the first large switching jobs of the newly incorporated Bell Labora-
tories in 1925 was to make major improvements in the panel system—an
effort that by 1927 resulted in a 60 percent cost reduction. Panel sender
tandem was also developed and introduced into service in 1931. Another
major effort was a thorough redesign of step-by-step to incorporate many
innovations, especially changes to improve short-haul toll performance and
to enhance access to regional networks by toll operators. So successful were
these and later innovations that by 1973 step-by-step served over 24 million
telephone lines. Concurrently, many new switchboard designs and signal-
ing developments were undertaken to interface with the growing automation
of local service, and these led to systems, beginning in 1936, whereby opera-
tors could dial up long distance connections.

I. PANEL SYSTEM IMPROVEMENTS

As with all switching developments, one finds many vintages of
equipment and varieties of features required to meet current and
foreseen service needs. During the initial development of the panel
system, some of these needs were obvious. For example, in those
days the number of digits dialed on a call was limited to the require-
ments of the community in which the central office was located.
Thus, the first Bell System panel system, placed in service in
Omaha, Nebraska in 1921, was designed to interpret only two-digit
office codes. This process, known as “translation,” was provided
by using a separate power-driven rotary switch (see Fig. 3-1) in

11
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Fig. 3-1. Power-driven rotary switch used for translation in initial Bell
System panel switching system.

each sender with access to 44 terminals as code points. When the
panel system was extended to work with three-digit office codes
(first cut over in the PENnsylvania New York City office in 1922),
two panel selectors per sender were used' for this function
(see Fig. 3-2). This gave a capacity of 400 code points. At the time,
it was felt that the resultant 400 office codes would be sufficient for
the largest cities. With the 400 code points, however, the up-and-
down movement of panel selectors for translation was found to be
undesirably time-consuming.

From the development work on the coordinate system (see
Chapter 4, section 1.1), a new translation technology using mul-
ticontact relays (see Fig. 3-3) was explored. As a result, the panel
decoder was developed, the first major new improvement in the
panel system after Bell Laboratories was incorporated as a separate
company of the Bell System in 1925? (see Fig. 3-4). The decoder
development was the first to use large multicontact relays (based on
the flat-spring R relay design) and short holding time common con-
trols (less than three tenths of a second). As many as 300 senders
were connected to no more than five decoders, greatly concentrat-
ing this control function. A large number of leads passed between
the senders and decoders and were connected using the multicon-
tact relays that comprised the major elements of the decoder con-
nector. Also, a technique for checking the vast multiple wiring
through the decoder connector was developed to insure that dirty
contacts and crossed wires would not give false translation
information.> To make this arrangement practical, the stepping
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CLUTCHES
DRIVE MOTOR

Fig. 3-2. Panel selector used for translation with later versions of the
panel system, beginning with the New York City PENnsylvania office in
1922. (New York Telephone Company, December 1926.)

switches used to register the called number in panel senders were
eliminated and replaced by relays.* Fig. 3-5 shows an “all-relay”’
panel subscriber sender frame, and Fig. 3-6 shows a sender unit
with the doors open.

The ability to detect and locate troubles opened up a new era in
the maintenance of switching systems. Up to this time only routine
test sets were used to generate calls to check that the equipment was
functioning properly” (see Chapter 11, section 3.3). The use of con-
trols that could act on many calls in the busy hour opened the door
to new maintenance techniques. The panel senders were designed
to test the trunks over which pulsing took place. If trouble was
detected, the sender “stuck’” or held the tacility so that the trouble
could be traced to its source. The invention of the central decoder
with the self-checking of internal logic of the system brought forth
the development of the first centralized maintenance tool designed
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Fig. 3-3. Multicontact relay used for panel system translation. This
new technology led to the panel decoder, a major post-1925 improvement
in the panel system. (New York Telephone Company, December 1926.)

specifically to aid in locating troubles detected in processing calls.
This was known as the “trouble indicator,””® shown in Fig. 3-4. It
was used to record on lamps the identity of the particular combina-
tion of system elements involved in a given trouble. After leaving a
trouble record, the call was given a “’second trial” using, if possible,
a different decoder. For the first time, full advantage could be taken
of using memory to register and reuse the call information.

Prior to the panel system development, most systems used small
rotary switches per line to access the first stage of selection. These
were known as “line switches.”” They were used in the first panel
system offices, and a version known as “Keith” or plunger line
switches was used in step-by-step offices manufactured by the
Automatic Electric Company. The Bell System pioneered in the con-
cept of the “line finder’” in the panel system and later in the step-
by-step system (see section Il below). Associated with each first
selector were other panel selectors that could access lines. These
selectors were known as “line finders”” and avoided the need for an
individual selector switch per line.

The first line finder development for the panel system was begun
in March 1919. These line finders were designed to serve 300 lines
and were required to hunt for a line over as many as 50 terminals.
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Fig. 3-4. Panel decoder frame (left) and decoder trouble indicator and
test frame (right). (New York Telephone Company, December 1926.)

They were tried in Paterson, New Jersey in May 1922, and the first
standard installation was in Seattle, Washington in March 1923.
Where these were used, it was found that, for those lines at the top
of a multiple, the time to connect a line to a sender was too long.
Also, the floor space taken by these frames was greater than that
required for the rotary line switches used in the initial installations.
Finally, since the panel system could be engineered for offices in
residential areas in large cities, it was found that higher concentra-
tion ratios were more economical.

Therefore, by 1925, the first improved line finder was placed in
service.” This had a capacity of 400 lines with a maximum hunt over
40 lines and a multiple reversal such that the average hunt was only
ten lines (see Fig. 3-7). This line finder arrangement, first placed in
service in Philadelphia, Pennsylvania, became standard thereafter.
The line finder required new traffic engineering considerations, and
the first published line finder traffic tables were made available in
1924.
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Fig. 3-5. An ““all relay” subscriber sender frame for the panel system.
(New York Telephone Company, December 1926.)

Fig. 3-6. Two senders of type mounted on frame (see Fig. 3-5) with
doors open.
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Fig. 3-7. Improved line finder placed in service in 1925 to allow more
economical concentration ratios. (Miller, Kempster B., Telephone Theory
and Practice, McGraw-Hill, 1930.)

The line finder and the decoder arrangements reduced the need
for individual 22-point electromechanical rotary switches, which
had proved difficult to maintain in adjustment. Another step
toward eliminating these switches from the panel system was taken
when they were removed from the sender finders.® Initially a two-
stage power rotary link had been used to improve the efficiency of
the access between district selectors and senders, which previously
were limited to 22 senders per district. These links were first placed
in service in 1926.° In 1927, developments had proceeded to the
point where special panel link frames, shown in Fig. 3-8, had been
developed to replace the rotary switches. 1

The major panel system developments—such as decoders, panel
links, 400-point line finders, etc.—were accompanied by many
detailed arrangements and improvements. For example, better
methods were developed for grading the multiple of the district and
incoming selector frames and for monitoring stuck senders at dial
system ““A” (DSA) switchboards.!! Constant effort was applied to
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Fig. 3-8. Special panel link frames, developed in 1927 to replace earlier
rotary switches. (Miller, Kempster B., Telephone Theory and Practice,
McGraw-Hill, 1930.)

the development of the panel system, resulting in cost reductions
amounting to over 60 percent in the three years from 1925 to 1927.
As a result, a whole new look was taken at the panel system and, as
with many large switching projects, a new improved generation of
equipment was developed. (See Fig. 3-9 for a block diagram of the
revised system.) For convenience, this equipment is broadly identi-
fied as panel equipment with “battery cutoff’—meaning battery on
the cutoff relay. By this time more than 600,000 lines of panel
equipment with “ground on the cutoff relay’”” had been shipped and
installed by Western Electric.

Placing battery on the cutoff relay improved the circuit margins
and reduced the possibility of double connections when final selec-
tors were hunting over PBX trunk terminals. The Bell System elec-
tromechanical design standards required that apparatus connected
directly to central office battery be “self-protecting”; i.e., a direct
ground on a terminal opposite battery will not start a fire. By plac-
ing battery on the cutoff relay winding rather than on a resistor in
the final selector circuit, lower sleeve resistance to battery resulted
and a greater busy-idle voltage differential could be obtained.
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All panel selector circuits were improved in this redesign.!? The
first installation of this equipment was in Detroit, Michigan in 1929.
In particular, improvements were made in the supervisory arrange-
ments of panel incoming selectors, so that they could operate over
distances of as much as 25 miles. ! Later extensions permitted them
to operate over more than double this range. In particular, panel
selectors were operated in Providence, Rhode Island, under control
of senders in panel tandem offices in Boston, a distance of some 60
miles.

The panel system was indeed an illustrious example of the type of
innovation of which the Bell System was most capable. Many new
concepts were introduced. By judicious effort based upon experi-
ence, costs were reduced to the original objectives. Methods used
for engineering and installation were constantly improved and com-
plexity overcome. Eventually (by 1958) more than 3,830,000 lines of
panel equipment had been produced and placed in service. The last
new office was installed in New York City (HYacinth-9) in 1950.
Although the panel system was designed to function for 30 years,
many systems served well over longer periods. Besides the continu-
ous changes and additions needed to make it a viable component to
meet the telephone demand in the post World War II years, the sys-
tem was modified to accommodate customer nationwide area code
dialing,*'5 changes in call charging methods (see Chapter 4, sec-
tion 2.2) and routing, and even the provision of TOUCH-TONE®
dialing.'® Many 1mprovements were made in the apparatus such as
the sequence switch contacts!” and selector clutches. '8

Panel systems were installed primarily in the larger cities, such as
Boston, Chicago, New York City, Philadelphia, San Francisco, St.
Louis, and Washington, D. C., which formed the backbone of ser-
vice for the business communities. The planning and implementa-
tion of the electronic switching developments of the 1950s and 1960s
(see Chapter 9, section IV) evolved at a time when the panel offices
were reaching the end of their useful lives. In this way a new gen-
eration of switching equipment for use in large cities (beside the
No. 1 crossbar system introduced in 1938) was brought into service
at a time when business communities could benefit from the many
new features that electronic switching was able to provide.

The application of panel switches to local tandem operation had
been introduced with the semimechanical metropolitan tandem in
New York City in 1920.1° Initially this served to improve the effi-
ciency of manual tandems in an all-manual environment. A unique
feature of the panel system was the development of office selector
tandems that enabled more efficient gathering of traffic from a
number of originating offices to the same terminating offices.?
Since these office selectors operated over a trunk pair, they were
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known as “2-wire”’ office selectors as contrasted to the 3-wire
variety used within an originating office.

With improved panel equipment and growth of panel systems in
the larger cities where manual tandems were in operation, it was
natural that a full-mechanical panel tandem would be developed.
This system used the latest decoders, all-relay senders, and
improved selectors. The 2-wire office selector tandems were limited
to selections among only 25 groups of trunks and could only work
on a revertive pulse basis. The “panel sender tandem,”?! as the
new development was named, could receive the entire called
number (7 or 8 digits) by the same form of pulsing used to operate
with call indicators, known as “panel call indicator”” or PCI puls-
ing.?? This is a form of direct current 4-bit binary signaling where
two bits of the code are positive or null and two bits a high or low
negative current flow. Digits can be transmitted interoffice at a rate
of about 3 digits per second.

The panel sender tandem could outpulse with revertive, dial, or
PCI pulsing, according to the dictates of the called office. In addi-
tion, it could serve “B” switchboards on a straightforward (noncall-
indicator) basis with calls from originating operators through the
panel sender tandem. The system also included call-distribution
operator positions so that manually originated calls, particularly
from the growing suburbs, could be routed and completed into ter-
minating panel units (see Fig. 3-10).

e e

Fig. 3-10. Operator positions for the panel sender tandem system.
(Miller, Kempster B., Telephone Theory and Practice, McGraw-Hill, 1930.)
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As the number of dial offices in an area increased, and as the
phasing-out of manual offices could be foreseen, the economic via-
bility of adding call indicators to these offices diminished. In
response, an invention derived from the work of Bell Laboratories in
the sound-motion picture business filled the gap. It was known as
the “call announcer,””? and was used to convert the station code
portion of dialed numbers into a voice announcement produced by
sound-on-film strips (see Fig. 3-11). This, then, constituted another
form of “outpulsing” made available to senders in these tandem
offices, making possible the more economical, simple, and easy
extension of dial-originated calling into the manual offices remain-
ing in metropolitan areas.

The decoder trouble indicator proved so successful in the local
panel offices that for the panel sender tandem a teletypewriter form
of trouble recorder was used.? This enabled the recording of more
successive troubles while the trouble indicator could store only one
indication at a time and had to be reset manually.

The first panel sender tandem, known as “‘suburban tandem,”
was placed in service in New York City in January 1931, and
included the call announcer feature. Five other panel sender tan-
dems were subsequently placed in service in Boston, Philadelphia,
and Chicago. All have now been retired.

Detailed improvements in panel apparatus continued well into the
1940s.% Also there was much experimentation to keep the bank and
sequence switch terminals clean to reduce noise introduced into the
connections by poor contacts.?® As new circuit and testing tech-
niques became available, particularly after the invention of the
transistor, many new maintenance techniques were applied to the
panel system, even in the 1960s.%”

II. STEP-BY-STEP IMPROVEMENTS

Although the Bell System decided in 1919 to adopt the step-by-
step dial system for single and small multioffice exchange areas,
Western Electric did not begin production of step-by-step equip-
ment until 1926. During this period Western Electric installed
equipment manufactured by Automatic Electric.

Once the step-by-step system was standardized by the Bell Sys-
tem, the Western Electric engineering department and its successor,
Bell Laboratories, were engaged in an extensive program of improv-
ing the design and engineering of step-by-step equipment.?® The list
of improvements contributed by the Bell System is too long to dis-
cuss in detail. Fig. 3-12 shows some of the apparatus improvements
made between 1926 and 1948. The principal thrust was to improve
operation for short-haul toll dialing and to provide adequate inter-
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Fig. 3-11. Call announcer system using sound-on-film to produce voice
announcements of dialed numbers. Left to right: C. J. Beck, F. K. Low,
and C. C. Towne.

faces between the step-by-step dial offices and operator access to
the toll network.

Also during this period, long-range development plans were
made for improving and extending the application of step-by-step
equipment. For the first time, prepaid coin service features and
message register arrangements were added to step-by-step systems.
By 1925 the Bell System design requirements information for all
step-by-step central office equipment had been established. These
were also adopted by Automatic Electric Company. Included in the
standard specification was the introduction of 11 foot, 6 inch high
frames to the step-by-step system as designed by Bell Labora-
tories.? Previously the Automatic Electric Company equipment was
arranged for 9 foot double-sided frames. In 1925, the first Western
Electric-engineered job wusing equipment manufactured by
Automatic Electric Company was completed (Champaign, Illinois).
The first job engineered and manufactured by Western Electric was
for Springfield, Massachusetts, and was completed in January 1927
(see Fig. 3-13).

Once Bell Laboratories engineers became thoroughly familiar with
the state of the art in step-by-step switching, they proceeded to
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LINE FINDER

. Normal Post and Spring Assemblies

Four changes, 1928-1940: Redesigned
post, springs, and operating cam.
Results: 2,9,11,

. Vertical Off-Normal Spring Assemblies

Five changes, 1926-1948: Redesigned
lever and springs.
Results: 2,11,17.
. Rotary Armature
Nine changes, 1926-1946.
Results: 5,9,11.

. Test Jack and Lower Cover Plate

Eight changes, 1926-1948: Redesigned
test jack; hinged number plate holder.
Results: 29,11,

. Wiper

Six changes, 1925-1947: Contour of tip;
improved assembly; detachable guide;
repiacement spring; noble metal tip.
Results: 2,6,11.

. Shaft Spring Assembly

Two changes, 1931-1946: Changed to
helical spring.

Results: 59,11,

. Shaft

Three changes, 1928-1939: Reduced
varieties; improved construction.
Results: 2,10.

Interrupter Springs (Verticat and
Rotary)

Two changes, 1929-1942: Bell crank
design; improved design of spring.
Results: 5,910,

. Commutator and Wiper

Five changes, 1927-1947: Redesigned
spring; changed terminal and mounting.
Results: 5,9,15.

Fig. 3-12

SELECTOR

““B’* Position Relay

Five changes, 1926-1945: Redesigned
bearing; 1:1 ratio armature.

Results: 9,11,13.

Double Dogs

Three changes, 1931-1939: improved
bearing; cover guide added.

Results: 2,10,

Wiper Cords

Three changes, 1925-1929: Termination
at test jack; tinsel cords; solderless tips.
Results: 2,10.

. Cam Springs

Three changes, 1926-1928: Eyelected
studs; redesigned cam and bracket.
Results: 9,11,

Relays

' 22 changes, 1928-1947: Improved

coil construction, bearings, and
mounting; redesigned armatures.
Results:2,4,8,9.

. Vertical Armature

Eight changes, 1926-1946.
Results: 5,9,11.

. Magnet Coils

Four changes, 1926-1940: Self
protecting windings; filled

coil construction.

Results: 3,7.

. Banks

Seven changes, 1928-1945: Radial-
sided contacts; mechanized
assembly; solderless terminals.
Results: 2,6.

. Release Mechanism

Three changes, 1929-1947: Redesigned
armature and spring; redesigned armature
and spring; redesigned release link.
Results:1,2,9.

CONNECTOR
Mounting Plates and Covers

) Nine changes, 1925-1948: Redesigned

front and rear covers and mounting
plates.

Results: 2,10,

Condensers and Networks

Three changes, 1938-1948:
Developed smaller units; included
in switch assembly.

Results: 2,12,16.

General Changes

Ten changes, 1928-1948: Improved
finishes and spring pileups;
lubrication; increased pulsing
range.

Results: 2,11,

Results: Legend

Easier Adjustment

Reduced Cost

Avoided Fire Hazard

Improved Capability (Capacity)
Improved Operation

Improved Service

Improved Stepping Capabilities
Improved Transmission

Longer Life

10. Easier Maintenance

11. Reduced Maintenance

12. Easier Rearrangements

13. Improved Release Time Capability
14. Improved Release Time

15. Easier Wiring

16. Simplified Wiring

17. Improved Operating Margin

CONDO A WN =

. Improvements in step-by-step switching, 1926-1948.
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Fig. 3-13. Springfield, Massachusetts, 1927 installation of step-by-step
equipment, the first job engineered and manufactured by Western Electric.

apply their creativity and standards to many parts of the system.
From 1925 to 1927, most of the basic selector and connector circuits
were redesigned. Not only were connectors and other circuits
developed to provide for the superimposed selective ringing as used
by the Bell System to some party lines, but provision was also made
for automatic revertive calling on these lines. As shown in Fig. 3-14,
new types of selectors were developed which for the first time pro-
vided for digit absorption.® These were used with discriminating
selector repeaters in small offices,?! but later proved most useful
when the Bell System went to universal 7-digit dialing in the early
1950s (see Chapter 6, section 3.2).

Arrangements were developed to prevent wrong numbers due to
preliminary pulses which might be falsely generated at the start of a
call when the receiver is first taken off-hook.3? This also resulted in
the standardization of 11X service codes as compared with “X11"
for the panel system (see Fig. 3-15).
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NORMAL
POST
SPRINGS

Fig. 3-14. Two-digit, digit-absorbing step-by-step selector.

In 1926 Bell Labs engineers adapted from the panel system the
ideas of commutators and multiple reversals and applied them to
the basic step-by-step switching mechanism, so that this mechanism
could be used as a line finder to replace the individual or plunger
line switches that had been standard to that time® (see Fig. 3-16). A
simple arrangement was developed to allot idle finders with the
shortest travel distance to serve calls from each level.

Due to the limited access inherent in each level of the step-by-step
switch, much effort was expended to obtain efficient gradings* (see
Chapter 5, section III). In addition, the concept of providing access
greater than 10 was adopted. This was done by introducing an addi-
tional stage of 22 terminal switches, known as rotary out-trunk
selectors (ROTS) to reduce the number of succeeding switches and
trunks.®

At the terminating end of the switch train, new level-hunting con-
nectors were developed that enabled the system to serve PBXs with
more than ten trunks without the grading of the connector multiple,
thereby obtaining better call completion.? New dial long line cir-
cuits and improved relays increased the subscriber loop range of the
system.

The administrative and maintenance aspects of the step-by-step
system improved. Test trains and dial and ringer testers that could
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Fig. 3-16. Step-by-step switch adapted for use as a line finder.

be used by installers were added® (also for the panel system, as
shown in Fig. 3-17).

The Springfield, Massachusetts office cutover in January 1927,
was not only the first office completely engineered, manufactured,
and installed by Western Electric, but it also contained many of the
Bell Laboratories innovations to that date.

Early work on new applications of the step-by-step system to
intermediate (tandem) offices was started in 1924 with the rehabili-
tation of the Los Angeles plant that the Bell System had consoli-
dated in 1918. These changes, while not standardized, were placed
in service in 1926 and paved the way for new standard
developments for tandem and toll applications.®® Until these
improvements were made, all calls from within Los Angeles to the
suburbs were treated as toll calls and were passed to toll switch-
boards. The new arrangements permitted A" or dial system assist-
ance (DSA) as well as toll switchboard operators to dial these points
directly and complete the calls to distant offices. This method
became known as ““A-B Toll” and was applied to dial and manual
completion.

These arrangements, which included improvements in signaling
as well as new selectors and connectors, provided for toll grade
transmission, improved pulsing range, and pulse repeating selec-
tors that could be located in intermediate offices (see Fig. 3-18).
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After a successful trial, the Los Angeles development was standard-
ized in 1931% after being applied in most of the state of Connecticut
in 1929,% and in Denver, Colorado, Albany, New York, and San
Diego, California.

Since the Bell System was using the panel system for automating
service in large cities, and since the 1919 decision assigned step-by-
step the task of automating service in smaller communities, Bell
Laboratories devoted some of its efforts to developing very small
step-by-step offices. Here the operator functions were located
remote from the switching office. The maintenance needs were so
infrequent that resident craftspeople were not necessary. Fig. 3-19
shows a general schematic of such an office, which became known
as unattended community dial offices (CDOs). The first one, later
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coded the 350A, was placed in service in San Clemente, California in
July 1927.41

A trial of this system was held in Sinking Springs, Pennsylvania in
1926. The 350A, which has a maximum capacity of 1500 lines, was
soon followed by the 360A with a capacity of only 500 lines*2 and the
370A and B (1932) with very small capacity (fewer than 100 lines),
with selector connectors, and operating over two-way trunks®
(see Fig. 3-20). A network of 14 of these offices was placed in South-
ern California by the end of 1929.44

Since the contract with Automatic Electric Company guaranteed a
minimum production level, Western Electric suspended production
of step-by-step equipment during the depression from 1932 to 1936.
Community dial offices by Automatic Electric Company were intro-
duced, most notably the system identified as 35E97. (Others were
375A/B, 385, 386, 32A32, 32A44, and 36A1.)

The Bell System acquired through purchase of independent tele-
phone companies about 100,000 lines of step-by-step equipment of
Automatic Electric Company manufacture prior to the 1919 agree-
ment. Under this agreement, another 2.3 million lines of Automatic
Electric Company manufactured equipment meeting Bell Labora-
tories specifications were placed in service in the Bell System. After

Fig. 3-20. Small-capacity 370B step-by-step office in Manakin, Virginia.
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World War II when the Automatic Electric Company could not meet
both the Bell System and independent telephone company needs,
Bell Labs designed and Western Electric manufactured step-by-step
equipment (initially manufactured by the Automatic Electric Com-
pany) for use as additions in Bell System offices.

The success of and demand for small offices after the depression
stimulated a new equipment design with uniform-size frames and
switch types that were packaged for easy engineering and installa-
tion. This system, developed by Bell Laboratories, was known as
the “355A”'% (see Fig. 3-21). Among the features was a new com-
bined line and cutoff relay as well as a separate optional “line
lockout” relay for use of lines with a high incidence of line faults.

The first installation was cut over in Batavia, Ohio in 1939. A total
of about 3500 offices serving about 4 million lines demonstrate the
success of this development. There is more of this code of switching
system manufactured and placed in service in the Bell System than
any other code at any time. After World War II an improved pack-
age known as the “356A"” was developed but found limited success.
As late as 1957, new equipment designs were being made for the
still popular 355A CDO.%

Many individual innovations continued to be made in the step-
by-step system. For example, an arrangement was added to provide
for early detection and operator interception of permanent signals in
1963, and also the timed disconnect of connectors when only the
called party goes on-hook so that he or she may originate a new call.

Other improvements to maintain the step-by-step system as a
viable member of the Bell System network are described elsewhere
in this chapter. The step-by-step system provided automatic service
for more Bell System lines than any other switching system when it
reached its peak of 24,440,000 lines in 1973. (Later the same year
the No. 5 crossbar system exceeded this number.)

III. APPARATUS AND EQUIPMENT

From its beginning, switching has depended upon the availability
of specific and unique apparatus designs that could perform with
high reliability. Moreover, until the introduction of digital time-
division electronic switching (see Chapter 12, section I), switching
required apparatus or devices that went hand-in-hand with switch-
ing developments and generally preceded the design of new sys-
tems. The relays and switches, as well as the improvements
referred to in the previous section, are examples of this close
partnership. Not only was new apparatus developed to accompany
system improvements, but existing apparatus in large-scale produc-
tion was modified to reduce cost* and to improve performance.*
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Fig. 3-21. Line finder equipment of a small step-by-step office, 355A
design. This community dial office was produced in large numbers,
beginning in 1939.

Other partners in the development of systems were the equip-
ment designers. They had the knack of “putting it all together,” so
that the bits and pieces of a system were made into a whole when
placed in the hands of the operating telephone companies. They
also were responsible for documentation that described the general-
ities of the system before one plunged into its specific details. Dur-
ing the pre-World War II period at Bell Laboratories, many new sys-
tem concepts as well as improvements reached the point where field
testing or field trials were necessary. The Bell Labs equipment
engineering organization headed by H. H. Lowry had separate
departments for organizing, constructing, and implementing field
trials. It was through this organization that many young engineers
passed before becoming full-fledged equipment designers.

In the switching systems organization there was a similar depart-
ment devoted to the construction and testing of laboratory models
of systems. These system laboratories were established in separate
buildings at the West Street location of Bell Labs in New York City,
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where many young engineers learned about switching on the job.
This included learning firsthand about the construction of switching
equipment frames and the adjusting and testing of the apparatus.

The relays and switches used in the prewar systems all required
adjustments. Fig. 3-22 shows the array of tools required to adjust
step-by-step switches. A separate organization in the systems test-
ing department provided engineering information for the apparatus
codes for specific circuit applications of apparatus designed in the
switching apparatus organization. It was here, also, that many
young engineers learned the intricacies of switching circuit design.

A book covering switching technology during the electromechani-
cal era would not be complete without recognizing the contributions
made by Bell Laboratories apparatus engineers in understanding
and applying the principles of electromagnetics in relay technology.
Many designs were placed into production and continually
improved. These designs were necessary to meet the changing and
greater capabilities required by each succeeding generation of
switching systems. Much of this progress has been recorded in
ref. 50.

IV. SWITCHBOARD AND TESTBOARD IMPROVEMENTS

The development of manual switchboards peaked before 1925,
but many significant innovations were introduced after this date.
“Straightforward operation’ of manual switchboards eliminated call
wire and provided “automatic listening’” at the “B” board, and was
introduced after 1925.5! Automatic listening required that only one
call at a time be connected to “B” operator positions. This was the
first among development requirements for a non-marginal relay
lockout or contention circuit.?? These circuits were among the most
complex ever introduced into manual switchboards. They paved
the way for understanding similar problems in circuits competing
for service within the crossbar systems when those systems were
designed a decade later.

Several new switchboards were developed and introduced during
the early years of Bell Labs. The most innovative was the No. 3 toll
switchboard shown in Fig. 3-23, introduced in 1927. Although it
was never used as a local central office switchboard, it was the most
successful manual switchboard ever introduced, accounting for
more than 50,000 positions over more than 35 years of production.
Previous switchboards such as Nos. 1 and 11 used different cord cir-
cuits for the particular type of traffic being served. The No. 3
switchboard represented a major change in design philosophy with
very simple cord circuits and the complexity of signaling and super-
vision being provided, as shown in Fig. 3-24, in the trunk circuits
mounted on separate relay racks away from the switchboard.”
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ok s

Fig. 3-22. Tools needed to adjust step-by-step switches.

Fig. 3-23. No. 3 toll switchboard, high keyshelf type. Over 50,000 posi-
tions of the No. 3 were produced.
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Fig. 3-24. Relay racks designed to handle complexities of signaling and
supervision, thus simplifying the manual positions of the No. 3 switch-
board. No. 3 equipment represented a major change in design philosophy.

Features included transmission pad switching and provision for
20-, 135- or 1000-hertz ringing, depending upon the origin and des-
tination of the call and the technical requirements of the trunk.

As trunk groups became larger, toll switchboard operation was
improved by providing magnetic drops in the multiple to indicate
the next idle trunk in the group.>* Since at least one of these was
operated at each position for each trunk group, the use of lamps to
replace the drops created power distribution problems. A Bell Labs
innovation was the use of ac to power them.*

In 1940, a new version of the No. 3 switchboard including both
30-inch and 40-inch keyshelf heights, the No. 3C, was introduced to
serve as a combined toll and DSA switchboard.”® A packaged ver-
sion, the No. 3CF, was also introduced. A new design eliminating
platforms and high-type chairs with a low keyshelf (30 inches) was
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developed after World War II and became generally available in
1950. It was known as the 3CL switchboard, shown in Fig. 3-25, and
was used to replace the then standard 15-type DSA board as well as
to provide a new standard toll switchboard.

As the number of toll lines to large cities increased, it was no
longer possible to reach all of them from each toll switchboard posi-
tion. (The No. 3 switchboard provided for a maximum of 600 toll
trunks.) To provide for the outward switching of calls from local and
outlying combined line and recording (CLR) toll positions (see
further discussion of the CLR method later in this section),” the toll
tandem switchboard, using the No. 3 switchboard principles, was
developed in 1930.°® These positions, with single-ended cords
(Figs. 3-26 and 3-27), could reach 3600 trunks. A 3B switchboard
was developed in 1937,% further improving on the concept of the
toll tandem. For inward calls, automatic distribution using the first
application of crossbar switches was developed in 1935.

In 1931, the No.12 manual switchboard® was developed
(see Fig. 3-28). It was a small-capacity system (640 to 2000 lines)
without line relays. Its primary function, in small communities, was
to replace switchboards used with magneto lines as they were con-
verted to common battery. It was one of the first applications of
solid state technology to switching since it used a varistor to reduce
lamp failures due to line voltage surges.®!

The physical and equipment aspects of switchboards were greatly
improved: keyshelf clocks,® keys, ticket handling and dispatching,
and operator chairs®® (see Fig. 3-29). Throughout this early Bell
Labs period, many new ancillary switchboards and desks were
developed so that administrative personnel could conveniently
assist customers. Many new information (now “directory assist-
ance”’) desks were developed to accommodate the growth of tele-
phone service and the accompanying increase in directories and

Fig. 3-25. No. 3CL switchboard with low keyshelf.
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Fig. 3-26. The toll tandem switchboard, developed in 1930.

their size. The No. 1 and No. 2 information desks® were arranged
for operator call selection, while the No. 3 information desk was the
first to provide automatic call distribution using selector switches®
(see Fig. 3-30) and including call storage and call waiting indicators.
New repair service desks for responding to trouble reports were
developed, including the popular 14-type local test desk (see Fig. 3-31)
introducedin1931.

To centralize the local test desk operation, particularly during
off-hours, an arrangement was developed in the early 1960s so that
lines could be tested remotely. Local test trunks included test dev-
ices that could be accessed and controlled from distant locations. %
By 1970 a new cordless local desk, shown in Fig. 3-32, was
developed that also could be used in centralized repair service
centers.®’

Toll testboards were introduced with the expansion of toll service.
Jacks on “primary” testboards permitted toll lines to be disconnected
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board, a design based on No. 3 switchboard principles.

Fig. 3-28. The No. 12 manual switchboard, developed in 1931 to serve
640 to 2000 lines without line relays.
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Fig. 3-29. Large switchboard installation of the 1930s. Note operators
on roller skates.

from the toll switchboards, signaling, and other terminal equip-
ment.® Measurements then can be made on toll lines to isolate and
locate troubles.®® The Nos. 5, 16, and 16A are examples of early toll
testboard developments”’ (see Fig. 3-33). The No. 8 test and control
board was an attempt to extend the toll test function to include an
overview of service operations from both plant and traffic points of
view. As shown in Fig. 3-34, circuits could be plugged “out-of-serv-
ice’”” with lamps at control centers indicating this condition.”

This testboard also included “patch jacks,”” later called “’second-
ary jacks,” between the switching equipment and the terminal
equipment (see Fig. 3-25). These were to permit patching around
terminal equipment in trouble using spare or other facilities, or to
permit the use of toll facilities for rerouting.”

A number of toll testboards and smaller toll test units later were
developed and became standard. Most notable are the 3A, 4A, 5A,
17B, and 17C types for secondary testing and the 1A, 2A, and 19B
types for primary testing. Also developed were many testboards for
special services such as private lines and government projects.

The first manual mass announcement and distribution system was
introduced in 1930, initially for time-of-day announcements’>
(see Fig. 3-36). In 1939, after public use at the New York World Fair,
Bell Laboratories developed the first commercial use of magnetic
tape recording, applying it to weather announcing.” For the more
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difficult time announcements that change continuously, a com-
pletely automatic system was introduced in 1953.7 Each of these
service offerings required trunk circuits designed for each switching
system so as to synchronize charging with the announcement and to
prevent excessive holding time. More specific recorded announce-
ments to inform customers about service situations were introduced
in 1958.

As electromechanical switching took hold, greater emphasis was
placed on efficient interconnection between automatic and manual
switching offices. New cordless call distributing ““B”” switchboards,
known as dial system “B” or DSB switchboards, were devel-
oped.”®7” They were of importance particularly for the step-by-step
system where pulsing to the manual office required considerable
time, making it advantageous to use registers that were indepen-
dent of the positions.”® Included were centralized call distributing
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Fig. 3-30. Main switching steps (simplified) showing call distribution
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Fig. 3-32. The No. 16 cordless local test desk, introduced in 1970. .
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arrangements that could serve terminating dial equipment in several
buildings.” This need arose as more and more switching was fully
automated. Among other DSB functions, centralization required
special provision for holding and reringing on calls from a distant
office. As the incidence of manual into automatic calling decreased,
centralization enabled more efficient operator grouping.

Where the panel sender tandem system was used to complete
calls to manual offices, the innovation of automatic call announcing
made it possible for the first time to automate calls to operators at
cord switchboards without adding call indicators at ““B"" positions
(see Section I above). Nevertheless, for areas where panel sender
tandem could not be economically applied, a small call indicator was
developed which took the place of several cord circuits.® Call indi-
cators originally arranged to display when a key was depressed
(KDCI)® were redesigned and modified for automatic display
(ADCI).% Many types of local switchboard designs were involved.

Early in the deployment of dial systems, it became Bell System
policy that customers served by dial offices could reach operators for
assistance. This required the development of dial system “A” or
DSA switchboards.® These switchboards were also convenient for
monitoring dial system alarms, “‘stuck sender’” conditions, overtime
and stuck coin conditions on coin telephone calls, and for line-busy
verification. As the public became more accustomed to dial opera-
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Fig. 3-36. Schematic of 1930 system of distributing time-of-day
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tion, the traffic handled by these operators decreased, and these
switchboards were centralized® in large cities or combined with the
toll switching boards in smaller cities. Many types of DSA boards
were developed for application with different dial systems.® The
DSB function diminished along with manual service and, as
described above, was either centralized for a number of offices3¢ or
added to DSA boards.

Also, as local switching for more of the metropolitan areas became
automated, it was necessary to introduce into them new features
accessible from switchboards that would give the operators and
craft personnel the same capabilities that had been available to them
with manual operation. One of these was the provision of no-test
access to lines from test desks and from dial system “A’" switch-
boards. With no-test trunks, it was possible to verify that lines
found repeatedly busy or engaged in conversation could be inter-
rupted for emergencies.

The combined line and recording (CLR) method of toll operation
became widespread to provide toll service without requiring the
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calling customer to hang up and be called back. It then became
necessary to verify or check the number of the calling customer as it
was given to the recording operator. Number-checking directly
from CLR switchboards or through the services of the DSA switch-
board was developed for the panel and step-by-step systems. In
large city offices the DSA switchboards were equipped with a spe-
cial compact single-conductor multiple field of line jacks,® as shown
in Fig. 3-37. By touching the tip of a number-checking cord to the
line identified by the customer, the operator could hear a tone if the
correct number was as given. Although toll calling was initially less
frequent in step-by-step areas, a number-checking switchtrain
was developed for this system but abandoned for lack of economic
justification.

To reduce operator work time in handling calls, arrangements
were developed for manual switchboards so that in place of dials the
more efficient keysets could be provided.® These keysets sent dc
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Fig. 3-37. Special compact field of line jacks, developed for verifying the
calling line number. (New York Telephone Company, December 1926.)
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signals similar to those used in the panel system between senders
and call indicators. The signals were sent, over the tip and ring of
the cord (2-wire method) with which the keyset was associated, to
special senders that were attached to the trunk circuit to which the
cord had been connected by the operator (see Fig. 3-38). The sender
generated the type of pulsing required by the trunk: dial pulses in
step-by-step areas and revertive pulses in panel areas. In dial
offices, a 3-wire method of signaling was used between the keysets
of DSB operators with special senders that controlled the terminat-
ing switches.® Fig. 3-39 shows a switchboard position with a keyset
in place of a dial.

This type of switchboard sender was installed first in Detroit,
Michigan in 1930 and greatly increased the efficiency of operators
completing calls into local as well as more distant dial systems, since
the time required to key a number was much less than that required
to dial a number.

V. SIGNALING

Initially, the only type of signaling used over toll lines was ring-
ing. This started as high-power 16-2/3 hertz (later 20), then 135
hertz, and finally 1000 hertz (modulated at 20 hertz) so that it could
be transmitted through repeaters over the same long distances as
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Fig. 3-39. Switchboard position with keyset.

voice.” “Ring down” became the standard manual toll method for
call origination and disconnect. With non-hang up manual service,
automatic supervision and, eventually, with the coming of the dial
system, dial pulsing over longer distances became a necessity. Ini-
tially opening and closing the direct current (dc) loop was reserved
for these functions. It was not until the late 1920s that improved cir-
cuits for extending the range of dc signaling were developed. These
were first applied commercially in the Seattle, Washington area in
1925 over distances up to 160 miles over open wire. The principal
technique employed was to use one or both sides of the line as a
simplex (SX) or composite (CX) circuit for signaling purposes using
initially positive and negative 120 volts.”! These signaling methods
used the metallic path as only one side of the signaling circuit, the
other side being ground return. Methods were developed for com-
pensating for ground potential difference between the two ends of
the circuit for CX signaling by using one of the signaling legs
together with a balancing network. In this way two pairs could pro-
vide three ground-compensated signaling circuits. To prevent sig-
naling noise from entering the talking circuits, composite “sets’”” or
high-pass, low-pass filters were used. Also, means were developed
for extending composite signaling around voice frequency
repeaters, since the range of this form of signaling could be as much
as 300 miles.

Composite and simplex signaling were not only used for supervis-
ing circuits between manual switchboards but were also developed
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so that dialing could be introduced over the circuits. This opened
the way for short haul toll dialing networks. Standard interfaces
were developed between composite signaling sets and the relay
equipment associated with switchboard and dial system trunk cir-
cuits. These interfaces used the letters of the alphabet to designate
the standard functional leads between circuits. Two of these desig-
nations, “E” and “M,”” have become well known and are used to
this day as the interface between signaling and switching equip-
ment. They represent, on a local circuit dc basis, the outgoing and
incoming signals from the signaling circuit, respectively. Many dif-
ferent mnemonic names such as “Ear” and “Mouth” have been
‘added to these letters, but the choice of letters seems to have been
fortuitous.

A post-World War II development was duplex signaling (DX) for
short trunks providing ground compensation on one side and the
signal path on the other side of one composite circuit.” DX signaling
has the advantage that it is provided on a “per trunk” basis.*® Even-
tually, improved circuits were developed to operate on standard
negative 48 volts.

VI. START OF OPERATOR DISTANCE DIALING

With the availability of signaling systems that could satisfactorily
repeat dial pulses and supervision over distances greater than those
experienced with loop signaling, the dialing of short-haul toll calls
became feasible. During and immediately after World War I, experi-
ments and ad hoc arrangements were developed by Bell System
companies to dial from toll switchboards into independent step-by-
step local offices.

Formal development of composite signaling started after the early
trial installations in the Seattle area (see section V above). New
step-by-step selectors were developed at Bell Laboratories and,
together with composite signaling, these formed the backbone of a
step-by-step tandem network established in Los Angeles in May
1926. Although the distances here were relatively short, no greater
than 25 miles, still the volume of traffic handled over this short haul
network was rather large. Improvements in signaling and step-by-
step tandem operation, and the use of switchboard senders, made it
possible over the succeeding 15 years to establish short-distance AB
toll and tandem networks that covered states or portions of states,
the most notable being in Connecticut, Ohio, and Pennsylvania.

The idea of having recording-completing operators dial longer dis-
tance toll calls was pursued from 1921, first in connection with panel
system developments for Seattle, Washington, and then with the
step-by-step system. The panel equipment was tried in 1925 and
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1926 but was removed primarily due to signaling problems on the
rather poor open wire circuits that existed in the territory. Much
exploratory work was done to improve dial signaling over compos-
ite and simplex phantom legs of open wire and cable circuits.

Starting in 1935, general requirements were formulated for a sys-
tem whereby operators at toll switchboards could access toll trunks
and complete calls to distant toll centers, manual offices, and local
dial offices using step-by-step switching developed for tandem
short-haul applications.* Development of the step-by-step intertoll
(long distance) dial system started in 1936, based on studies in
Ohio. The system provided for accessing one- and two-way intertoll
trunks with toll-grade transmission including automatically
switched transmission loss pads, access to inward operators with
ring down, manual and automatic start of ringing, and reringing
from either end (see Fig. 3-40) using the selectors described in sec-
tion II above. This permitted the handling, among other things, of
person-to-person calls. The improved composite and simplex sig-
naling was used, and this accounted for much of the success of the
extended application of step-by-step switching. At its peak, as
many as 800 of these step-by-step intertoll switching systems were
in operation. Initially they served only toll operator-originated
traffic, but when customer direct distance dialing (DDD) was intro-
duced, they were modified so that they could also service this traffic
(see Chapter 6, section 5.1).

Further operator distance dialing had to await the development of
crossbar switching and multifrequency pulsing.
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Local crossbar system laboratory, West Street Bell Labs location, New York
City, 1939. The crossbar switch ushered in a new era of switching development.
Because it could operate at high speed, with many electrical contacts per crosspoint
in a coordinate array, the crossbar switch allowed a small amount of complex
equipment, called markers, to control the networks over which the telephone con-
nections are established. Termed “‘common control’” because the markers are used
in common for all connections, this principle greatly increased the efficiency of
switching systems. It also permitted a second-trial feature if a first attempt to
establish a connection failed, and made possible new and better forms of detecting

and locating troubles.



Chapter 4

Introduction of Crossbar

From an early date switching engineers foresaw the potential of a switch
needing only a small number of magnets to operate a large number of relay
contacts at crosspoints in a coordinate array, and in which the contacts
operated with only a small mechanical motion. A patent for such a device
was issued to . N. Reynolds of Western Electric in 1915. Subsequent
developments, including advances in Sweden, resulted in the highly effi-
cient crossbar switch, which formed the basis of the No. 1 crossbar local and
crossbar tandem systems, developed during the financial depression of the
1930s. Since the crossbar switch could accommodate a comparatively large
number of electrical contacts per crosspoint, even more sophisticated sys-
tems became possible. The result was toll crossbar, which first allowed
operators and, later, customers to dial long distance calls.

I. GENESIS OF CROSSBAR IN THE BELL SYSTEM

The basic idea of a crossbar switch—to provide a matrix of n by m
sets of contacts with only n + mactuators to select one of the n X m sets
of contacts—was proposed early in the automation of switching.!

In 1913 a patent application was filed by Western Electrlc for]. N.
Reynolds for a crossbar switch, and the basic patent” was issued in
May 1915. The device was based on contact elements multipled in
one direction, as in a panel bank (see Fig. 4-1). An early suggested
use for this switch was in connection with an automatic private
branch exchange. Active development of the switch started in 1916,
directed toward its use as an “instantaneous’” line finder for the
step-by-step system, to replace the line switches then used in that
system. The crossbar switch that resulted from this work was
designed for 120 lines, 20 trunks. It was found, on analysis, to be
too costly to compete with existing equipment. Subsequently a new
design evolved providing for 100 lines and 12 trunks. The plan was
to complete the commercial development of this switch and to put it
into production, but activities were halted in late 1921 or early 1922,
due to the decision that a larger coordinate switch (see section 1.2
below) offered more attractive possibilities.
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J. N. REYNOLDS,
SELECTOR SWITCH,
APPLICATION FILED MAY 10, 1913. RENCWED MAR. 25, 1915.

1,139,722. Patented May 18, 1915.
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Fig. 4-1. Tllustration from basic 1915 patent for the crossbar switch.
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From 1921 to 1926, only a small amount of effort was expended on
the crossbar switch, and this was discontinued in the latter year.
Studies showed that the apparatus would have been too expensive
when considered for use either as a customer line switch or as an
out trunk switch, especially since the overall costs would have
included the costs of complex associated circuits.

1.1 The Coordinate Switching System

Development work on a wire contact coordinate switch, invented
at Western Electric by C. L. Goodrum and J. N. Reynolds,? began in
the fall of 1921. The emphasis from the start was upon its use as a
selector in a new fully automatic system which could handle all
classes of traffic and work in conjunction with other systems in the
same exchange area. A partially equipped model was completed
early in 1922, and, by the spring of 1923, three fully equipped
models had been completed. The switch was 8 feet 4 inches by 4
feet 5 inches by 7% inches deep and consisted of 60 vertical rods and
from 45 to 70 horizontal rods, depending upon the number of con-
ductors per circuit (see Fig. 4-2). The horizontal grid wires were
made of copper with a silver-tin alloy, whereas the vertical comb
wires were made of phosphor-bronze. To establish a connection,
two vertical magnets and one horizontal magnet operated, with the
vertical magnets releasing after the selection process. Active
development of the switch continued during the next two years,
and the equipment designs underwent many changes to keep pace
with apparatus and changes in the system plan. These, together
with an increase in the size of the frames dictated by traffic require-
ments, made the final system considerably more expensive than ori-
ginally estimated. By the latter part of 1925, the work had reached a
stage where the system was about ready for commercial manufac-

_ture. However, the cost studies completed in the following year
showed that the system did not produce sufficient savings over the
panel or step-by-step systems to warrant its commercial introduc-
tion, and work upon the coordinate development was discontinued
permanently. However, the system was an important step in the
development of common control and associated multicontact relays
as employed in the later standardized crossbar systems.

Principal among the ideas emerging from this work was the use of
complex relay circuits that acted for a short period during the estab-
lishment of each connection, thereby reducing the amount of
control equipment required to be held for the duration of each con-
nection. These system proposals became known as common-control
systems, with the switch control being common to either two stages
or several stages of coordinate switches. The controls were called
markers since, in establishing the connections, they placed electrical
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Fig. 4-2. The coordinate switch, an important early (1921-1925)
forerunner of subsequent common-control crossbar systems.

signals or “marked” the terminals to be interconnected. (This was
not the first use of the word ““marker,” it having been used earlier
by Betulander.*) When the marker acted across several stages of
switching, a new characteristic was introduced into the system. It
was then possible to “look ahead” to find a terminal to which it was
ultimately desired to establish a connection and then to provide con-
nections or “links” in successive intermediate stages between the
marked terminals. Instead of individual links, an entire ““channel”
(sequence of links) was selected.

The call information is first received, as in the panel system, by a
“sender.” The sender then connects to an idle one of a plurality of
markers, any one of which can establish the desired connection. An
important aspect of this type of common control is that if for any
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reason the marker should fail to establish the desired connection, a
second trial may be initiated by the sender, preferably using a dif-
ferent marker. Should the second trial fail, all of the information as
to the data used, and the progress made by the marker in establish-
ing the connection, is available to provide maintenance personnel
with a record of the call. In early systems this information was
recorded on trouble indicator lamp panels (see Chapter 3, section
I). Later, punched card recorders or teletypewriters were used, and
more recently computers have been employed to record and analyze
this information (see Chapter 11, section 3.3). (The coordinate sys-
tem was the first to use a teletypewriter, later standardized for
panel sender tandem.)

Other concepts arising from the work done on the coordinate sys-
tem have been described in connection with the improvements
made in the panel system by replacing code translators with all-
relay senders and decoders. Here, for the first time, switching
engineers learned the art of designing complex relay circuits and the
parallel transfer of digital information between functional system
blocks.

This work also provided a challenge to apparatus de51gners First,
they had to develop relays that could carry many more pairs of con-
tacts. Secondly, as a result of the high degree of concentration of
calls through these common circuits, it was necessary to improve
the reliability of relays, due to the large number of anticipated
operations.

1.2 Resumption of Work on the Crossbar Switch

The cost reduction and improvement phase of the panel system
improvement program was almost completed by 1929. In July,
1930, W. H. Matthies, director of local switching development,
returned from a visit to the Telecommunications Administration of
Sweden, where he saw the crossbar smtch and system which they
were using in their very small rural offices.’ The outstanding feature
of this switch in comparison with the coordinate switch was that it
was built as a unit and with relay-type precious metal contacts.®
This switch contained only 100 crosspoints in a 10 X 10 array, and
five selecting bars were rotated by separate magnets in two direc-
tions to access 10 sets of crosspoints. This was in marked contrast to
the coordinate switch, which was 70 X 50 (120 bars and magnets)
and used phosphorus-bronze springs as crosspoints.

By December 1930, it was agreed that apparatus development
work would commence to produce a switch of this type. A study of
the Swedish crossbar switch indicated the need of modifications for
reasons of operation and manufacture. Briefly, these included (1) a
change in the frame structure, to make possible the removal of a sin-
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gle hold magnet unit of the switch without removing the entire
switch, (2) a change in the off-normal contact springs to place them
in a vertical plane (to reduce the possibility of dust accumulation),
(3) a change in magnet design to decrease power drain, and (4) the
use of double or bifurcated precious metal contacts. A switch
design considered satisfactory was obtained in the second half of
1932. Fig. 4-3 shows a laboratories installation and the early model
crossbar switches with round select bars (see Fig. 4-4).

Meanwhile, in October 1930, a study was started to develop a
sender link for the panel system, assuming the availability of a
“selective relay,” as the Bell Laboratories engineers then called the
crossbar switch. This application was selected, since in the panel
system it required six wires to be brought from the line
finder/district selector links to the senders. This had been difficult
to implement with panel selectors. Work was also started on the
application of the switch to panel and step-by-step line finders, for a
toll trunk concentrator, and for PBXs.

Other applications of the switch were also being suggested, many
of which looked quite attractive economically. By 1934, exploratory

Fig. 4-3. Bell Labs experimental crossbar switching equipment, early in
the 1930s.
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Fig. 4-4. Early model crossbar switch. Actuating a vertical and a hor-
izontal magnet operates a crosspoint in the 10 X 10 array.

development, engineering studies, and apparatus development had
proceeded to a point where plans for the development and
manufacture of crossbar switches for various applications showed
much promise, and development work was started on several items.
The plans for the use of the switch in the panel and step-by-step
systems were abandoned, and attention focused upon the produc-
tion of an entirely separate local system (see section II below).
Paralleling its use in a local dial system, the switch was employed in
the toll plant as a concentrating switch for trunks to and from com-
bined line and recording (CLR) and tandem switchboards.

1.3 Switchboard Tandem Trunk Concentrator

The first commercial application of the initial crossbar switch
design was in November 1935 as a concentrator and call distributor
for incoming toll trunks from distant toll points for distributing calls
to inward and tandem manual toll switchboards’ (Fig. 4-5). Four
50-cord positions were served by the system. (The control for this
system was called a “discriminator,” a term also used in the 3B
switchboard.)8 In this development, detached-contact schematics
(see Chapter 5, section VII) were used for the first time in the Bell
System. The system was placed in service at 32 Avenue of the
- Americas in New York City and, on the basis of this field experi-
ence, the switch design was modified, particularly to employ a
U-shaped channelized select bar so that the selecting fingers could
be adjusted individually.
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Fig. 4-5. Frames of crossbar equipment, 1935, used with toll switch-
boards as a concentrator and call distributor.

1.4 Other Apparatus Developments

In 1936, new relays to accompany crossbar switching were under
development, but for systems laboratory models, R-type relays
were used. To prov1de extra reliability, all contact spring sets were
duplicated and wired in multiple. Later, the new relays”' called
the U and Y types emerged as the standard relay for use with
crossbar systems, since they could accommodate many more pairs
of flat contact springs, each of which contain bifurcated springs with
separate, and for all practical purposes, independent contacts. The
operating characteristics were also much improved. Also needed
were new multicontact relays. For these relays as well as for
crossbar switches, provision was made for bare-wire strapping or
multipling of one side of each contact to the corresponding contact
of other relays or verticals'' (see Fig. 4-6).
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II. LOCAL CROSSBAR

In 1933, exploratory work on the application of crossbar switching
to PBX, local, tandem, and toll switching systems was started, but
this work was low-keyed in view of the retrenching that had taken
place as a result of the economic depression. However, by the third
quarter of 1933 a rather complete description of a system for local
office application was available. Much of this work was resurrected
from the coordinate system designs.

Although the panel system had been providing excellent service
and meeting the needs of heavy traffic in large metropolitan offices,
a number of advantages that the marker-type crossbar system could
include were felt to be important to the future of providing service
economy and flexibility in large cities. (This was the start of the
services evolution made possible with common-control switching.)
By selecting trunks in the marker, it was not necessary to assign
trunks in fixed group patterns. They could be identified noncon-
secutively and spread over several switches or terminal groups.
This feature was particularly attractive for large trunk groups serv-
ing PBXs where terminations not identified by directory numbers
could be reached by “jump hunting”” to other terminal groups. It
meant that traffic could be distributed evenly over the switches. For
the first time alternate routing (see Chapter 5, section 3.1) was pos-
sible so that tightly engineered direct trunk groups could be supple-

2

Fig. 4-6. For multipling switches, design changes permitted bare-wire
strapping of crossbar switches (shown here) and relays.
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mented by a common group of trunks to a tandem switching point.
The use of precious metal contacts would reduce or eliminate the
electrical noise in circuits caused by vibration created in the contact
brushes or wipers of panel and step-by-step selectors. By using
common control with crossbar switches in the network, one was no
longer tied to the characteristics of the switch in determining the
form of signaling to be employed; therefore, it was envisioned that
higher-speed signaling between new system offices and shorter call
completion times could be realized. An objective in designing the
network was to minimize the relay equipment required to be associ-
ated with a call throughout its duration and preferably to concen-
trate these relays in a so-called junctor relay circuit in a link or trunk
circuit. These capabilities were achieved from the very beginning in
the No. 1 crossbar system.

2.1 No. 1 Crossbar System

Funding to develop the No. 1 crossbar system was arranged in
late 1934. Work proceeded on this development throughout the
economic depression. Fig. 4-7 shows a block diagram of the system
with a brief description of the system’s operation included in the
caption. Bell Laboratories issued a reprint booklet on the series of
articles that appeared in the Bell Laboratories Record on this system.*
These are listed under refs. 12-22.

The first No. 1 crossbar office was placed in service in Troy Ave-
nue, Brooklyn in February 1938. It initially served 1400 telephones.
Prior to the cutover, more than 350,000 test calls were placed
through the system starting in September 1937. This installation
was unique since it was the only No. 1 crossbar system to be
installed without a line choice connector between the terminating
markers and the line link switches.

The basic network building blocks were “’link frames’ consisting
of twenty crossbar switches arranged in two stages, called primary
and secondary, with “links” between them to obtain access to a
larger number of outputs than is available on a single switch, hence
providing greater selectivity (see Fig. 4-8). The initial plans for the
No. 1 crossbar system followed the organization of the panel sys-
tem, with completely separate terminating and originating
switchtrains. However, one of the important innovations of the
No. 1 crossbar system was that for the first time the line switches
serving both originating and terminating traffic were combined.
This was done by providing access from the incoming link frames

*Similar brochures were later issued for the No. 4 and No. 5 crossbar and AMA
systems. Later special issues of the Bell System Technical Journal (BST]) were produced
for the electronic switching developments.
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directly to the line link secondary switches. In this way the line
links could be accessed by terminating traffic and also be used for
originating calls.

Experience with the first No. 1 crossbar system at Troy Avenue
showed that the traffic capacity of the terminating markers could be
improved by making a busy test and finding the desired idle termi-

} caLLING
CUSTOMER

|'_ LINE LINK FRAME DISTRICT LINK FRAME OFFICE LINK FRAME 1]
I |
DISTRICT OFFICE OFFICE

: lf&fm}g; }- LINK JUNCTOR LINK I
' |
{5 S K g PSS 5 e e
I FRIMARY SECONDARY PRIMARY | SECONDARY : PRIMARY SECONDARY I
I LINE GROUP [ oistRICT ] OFFICE ]
I CONTROLLER | _CONNECTOR | CONN h
L e __ — [ — [ e — d_ /= . -

| SENDER LINK FRAME |

| 1

|

I ' T origivaring || °R“:I‘2§"(‘JF"NG

! | SENDER CONNECTOR

: SECONDARY :

| SENDER LINK |

CONTROLLER |
L— ]
LOCAL OR INCOMING TRUNK

T INCOMING LINK FRAME | UNELINK FRAME ]
INCOMING >

LINK LIN CTOR
LINE JUNCTO CALLED
CUSTOMER
INCOMING LINE LINK
TRUNK
PRIMARY | SECONDARY : PRIMARY SECONDARY {
INCOMING | LINE GROUP |
CONNECTOR 1 CONTROLLER |
______________ 4 _
"~ TERMINATING ] NGU;:)ILEPR LINE CHOICE
: SENDER LINK FRAME ; CONNECTOR CONNECTOR
] SENDER LINK H
t | TERMINATING
I | MARKER
I i I
PRIMARY | SECONDARY
: | [rerminaTING | _| TERMINATING
| SENDER LINK I SENDER CONNECTOR
| CONTROLLER |
L T ——— T _ o

Fig. 4-7. Block diagram of the No. 1 crossbar system. The voice con-
nection traces from the calling telephone on the upper left through various
link frames to the called telephone on the middle right. Below this voice
path the originating marker, terminating marker, and associated subsys-
tems are the common control, which functions efficiently because it serves
all calls at high speed and is not held for the duration of any call. The
markers select the path through the links and trunks. The originating
marker also interprets (decodes) the central office code.
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nation before seizing a “line choice connector” that accessed a maxi-
mum of four line link frames. The result was the invention of the
“number group” (see article by J. W. Dehn listed in ref. 19), as
shown in Figs. 4-9 and 4-10. The number group not only accessed
the line sleeve leads to permit a line busy test and to operate the line
crosspoint (hold magnet), but also gave other information, such as

CUSTCMER LINE DISTRICT

LINES JUNCTORS JUNCTORS
FROM TO DISTRICT
— INCOMING JUNCTOR AND
LINK SWITCH SENDER LINKS

0000000000000 00 @ 10000000 (‘ o 00??

R | U |
PRIMARY LINE LINK SECONDARY
{SERVES 100 TO 700 LINES, {HAS ACCESS TO 100 DISTRICT
DEPENDING ON TRAFFIC) JUNCTORS AND 100 LINE JUNCTORS}

Fig. 4-8. Arrangement of link frames. Any call incoming on a vertical
of a crossbar switch, as at upper left, can be switched to any of the 10
switches in the secondary. There, the connection can be extended to any
of 100 district junctors or 100 line junctors. Such designs greatly increase
the number of choices from which a connection may be selected.
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Fig. 4-10. Bays of number-group circuits, which improved the traffic-
handling capacity and flexibility of the No. 1 crossbar system.

line class, type of ringing, and line choice identification so that the
marker could connect to the indicated line choice. All succeeding
No. 1 crossbar installations included this feature.

The second No. 1 crossbar office, and the first large installation,
was placed in service in July 1938, serving 16,000 telephones from
the East 30th Street telephone building in New York City. Here for
the first time the elaborate PBX features were introduced into the
system, for example those that permitted jump hunting and busy
testing of nonconsecutively numbered PBX trunks as part of the
same group. All of these features, plus reduced maintenance costs
together with the advantages enumerated earlier, proved to be quite
successful and demonstrated not only the increased flexibility of
crossbar switching over the panel machine-switching system, but
also its economic viability for use in large metropolitan offices.
Many features were later added to the No. 1 crossbar system,
including automatic message accounting (AMA), automatic number
identification (ANI), auxiliary senders, and even a new wire spring
version of the originating senders. An innovation first introduced
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into the No. 1 crossbar system incoming link frame was the concept
of the split crossbar switch vertical.2? Here a 6-wire 100-point
crossbar switch can be wired and controlled to act like a 3-wire 160
point switch (see Fig. 4-11).

Later, when the No. 1 electronic switching system was developed
(see Chapter 9), a primary application was to replace No. 1
crossbar offices. Replacement of the panel offices by No. 1/1A elec-
tronic switching systems was almost completed by 1976. About that
time, replacement of the No. 1 crossbar offices that served the
larger cities was begun. At the peak in April 1970, there were 325
terminating entities serving 7.25 million lines. The last new ter-
minating marker group was installed in Philadelphia in 1969, and
the last originating marker group in Chicago in 1970.

2.2 Crossbar Tandem

With the growing confidence in crossbar switching, many new
areas were examined for possible application of these principles.
One of the features of the panel system that had proved so successful
was the 2-wire office selector tandem. However, this tandem had
several limitations, among them that it could serve only 50 groups of
10 to 90 trunk terminals per group (each 10 trunks reduced by one the
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Fig. 4-11. Simplified schematic of a split crossbar switch. Rearrange-
ment of the two lower horizontal levels of crosspoints (0 and 1) allowed
choice of 160 crosspoints in what would otherwise be a 100-point switch.
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number of groups that could be served). It was proposed in 1934,
therefore, that a crossbar tandem arrangement be developed which
combined some of the better features of both the 2-wire office tan-
dems and sender tandems of the panel system. With crossbar switch-
ing it was possible to provide a crossbar switch link between the
incoming trunks and senders (registers) so that different senders
could be selected from different groups, depending upon the class of
service of the incoming trunk. This meant that the trunks could serve
panel, crossbar, and step-by-step offices each with their own type of
pulsing (revertive, multifrequency, and dial pulse).24 The remainder
of the crossbar tandem system was almost a copy of the originating
switchtrain of the No. 1 crossbar system, except that the incoming
trunks took the place of the district junctors, and of course there were
no line link frames (see Fig. 4-12). For this reason it was considered a
part of the No. 1 crossbar development and not given a separate
code identity. The first crossbar tandem systems were placed in serv-
ice in late 1941, in Detroit, Manhattan, and San Francisco.

For the first time it was possible to provide alternate routing in an
automatic tandem switching system. This was possible with the
crossbar tandem system since the sender was designed so that it
coulld send forward the entire called number, including the central
office code. If the marker found all direct trunks to a called office
busy, it could alternately select a route to another tandem, and the
sender would provide the proper digits. It was also planned in
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Fig. 4-12. Block diagram of the crossbar tandem system, almost a copy
of the No. 1 crossbar except that there are no district junctors or line link
frames. (AIEE Transactions, Vol. 69, 1950.)
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several large metropolitan areas to have double tandem operation.
This was most useful, providing large trunk groups between dif-
ferent sections of metropolitan areas. For example, it provided such
trunk groups between San Francisco and Oakland and between
Manhattan and Brooklyn. The flexibility of crossbar tandem from a
signaling and traffic standpoint is illustrated in Fig. 4-13.
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Fig. 4-13. Types of signaling from various types of offices that are possi-
ble with crossbar tandem. (AIEE Transactions, Vol. 75, 1956.)
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In some metropolitan areas, particularly New York City, individ-
ual message registers per line were provided for charging purposes.
Generally the register was scored once for each call. As the dialing
distances increased, complex district selector and junctor circuits
were developed for the panel and No. 1 crossbar systems that per-
mitted the multiple scoring of registers on the answering of the call,
as well as additional scorings at the beginning of each overtime
period. These circuits were complex, using rotary switches, and in
No. 1 crossbar used special timers. With the expansion of tandem
operation with crossbar tandem, this part of the charging function
was moved to the tandem location, through which most of these
calls would pass. Therefore, instead of providing costly district

selectors or junctors in each local office, it was possible to provide
the feature in incoming trunk c1rcu1ts at the tandem office that
would handle mostly this type of call.” This remote control (zone
registration or multiple) charging arrangement recuired only the
addition of a gas tube in each panel district selector or crossbar junc-
tor, and this tube was fired from the crossbar tandem on a simplex
basis over the tip and ring conductors to ground. The first (1941)
crossbar tandem in New York City, known as “‘interzone,” included
this feature. This was the beginning of centralized message charg-
ing (see Chapter 6, section 5.3).

2.3 No. 2 Crossbar System

As a result of the successful introduction of crossbar switching to
these large city applications, three less successful developments
were started, applying some of the techniques to smaller offices. In
1938, development was started on a modified version of No. 1
crossbar, known as the No. 2 crossbar system (see Fig. 4-14). This
system was developed to serve offices with a high percentage of
intraoffice calling, such as would occur in a single-office city, orin a
city with but a few offices. In those days the high community of
interest and rate structure in suburban offices also tended toward
high intraoffice calling. Development of this system, using many
frames developed for No. 1 crossbar, proceeded to the point where
a laboratory model was constructed by 1940. The system was
designed so that on intraoffice calls, only one sender and one
marker—the originating marker—was used. The call was routed
directly from a district link frame to a line link frame on which the
called line was located. One group of markers served all types of
calls. Price studies made as the design proceeded indicated that,
while the system was lower in first cost than No. 1 crossbar for this
type of traffic, it did not compete with a senderized version of the
step-by-step then being considered (see Chapter 5, section 2.2);
therefore, the No. 2 crossbar system was abandoned.
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2.4 Early Crossbar CDOs and PBXs

In 1935, development was also started on a crossbar community
dial office (CDO). It was known as the No. 380 crossbar community
dial office and had a capacity of 400 lines (see Fig. 4-15). One instal-
lation of 80 lines was placed in service in Jonesville, New York in
1940. The system was not standardized since its design did not
include sufficient safeguards against double connections that might
occur due to crossed-wire troubles. This office gave a good account
of itself but was removed from service in 1946 when an addition was
necessary. A similarly designed PBX with only a single marker,
known as the 745A, was placed in service in the Sun Oil Company,
Philadelphia, and as a result of the poor performance it too was
removed from service and never standardized (see Chapter 13, sec-
tion 2.1). Another plan for CDOs was known as the 43" system
(see Fig. 4-16). This identification came from a dash number associ-
ated with a planning case. The system was frequently used as a
basis for comparison in price studies because it made very efficient
use of crosspoints. It never competed favorably with step-by-step
CDO equipment, so development was not undertaken.

III. TOLL CROSSBAR

As discussed in Chapter 3, section VI, shortly after the beginning
of the development of operator toll dialing with step-by-step,
designers and planners were anxious to apply straightforward call
. supervisory techniques to toll switchboard operation, as was then
being used in local manual switching. This avoided the necessity of
ringdown operation. It would .also be a step in reducing call com-
pletion time once toll circuits became more plentiful. These con-
cepts were advocated as early as 1928, and their consideration led to
a recommendation for a cordless switchboard with 4-wire switching.
The cordless switchboard made possible the divorcing of the opera-
tor functions from the switching means employed. Panel selector
banks and brushes plated with noble metal contacts were con-
sidered to overcome the noise inherent in their base metal contacts.
However, this arrangement did not prove feasible, since it was later
discovered that the silver migrated to short circuit the contacts.
Also, the indirectly controlled panel selectors were too slow, adding
from three to five seconds of valuable toll trunk call completion
time.

One of the principal advantages of crossbar switching was that
the number of wires that could be interconnected at a crosspoint
was much more flexible than in the panel and step-by-step switches,
where multiple wipers and brushes had to be employed. The
number of selectors that could be driven to the same selection point
was severely limited, so that to obtain 6-wire switching in panel
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sender links, for example, only one out of 100 selections could be
made. Similarly, on a step-by-step selector, three 2-wire wipers
were generally the limit, so that a maximum of six wires could make
the one out of 100 selection.

With crossbar switches this limit was removed, so that for the first
time it was possible for the designers to conceive of very sophisti-
cated switching systems, particularly for toll application where
there was an advantage to separating the two directions of transmis-
sion. Toll required two sets of tip and ring wires and had the advan-
tage that it was not necessary when interconnecting two repeatered
or carrier channels to insert hybrids at both sides of the switching
system. With the freedom to introduce 4-wire switching, a serious
engineering study was started in 1936, looking toward a crossbar
toll switching system supporting a cordless switchboard. As
described in Chapter 3, section V, automation of calls of any appre-
ciable distance was restricted by the signaling range; therefore, the
initial studies of the application of crossbar switching of toll facilities
were oriented to assist operator toll calling. This required consider-
able operational, signaling, and transmission planning—which
required extensive, time-consuming development.

Although 4-wire crossbar switching for toll was first proposed in
1935, development of a cordless switchboard toll crossbar system
started in 1936 on a 2-wire basis. By 1938, the added cost of 4-wire
had been justified as a result of studies of the transmission benefits.
At that time the development direction was changed to 4-wire.

The system as well as the cordless switchboard became known as
the “’No. 4 crossbar system” (the No. 3 was skipped to avoid confu-
sion with the No. 3 toll switchboard, since this system also included
a switchboard).26

The No. 4 crossbar system was arranged to complete both inward
and outward toll calls (see Fig. 4-17). Outward calls came from reg-
ular cord DSA or toll switchboards. For inward calls from distant
toll switchboards, a cordless position was connected to the trunk
(see Fig. 4-18). These trunks operated on either a ringdown or
straightforward supervisory signaling basis. The operator at the
cordless position would be connected through a link frame, answer
the call, and keypulse the desired called number into the crossbar
equipment through a sender. The call could be completed within
the area served by the toll center, or could access an outgoing dial or
ringdown toll line to some distant toll point.

In planning the system the developers saw that distant operators
with dials or key sets would be able to place calls into senders
equipped for the proper type of signaling without requiring an
operator at a No. 4 crossbar cordless position to be added to the
connection.
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Fig. 4-17. Arrangement of the No. 4 toll crossbar system.

Fig. 4-18. No. 4 cordless switchboard, which separated operator func-
tions from switching equipment.
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The first No. 4 crossbar toll system was E)laced in service in
October 1943, in Philadelphia, Pennsylvania.?’ Immediately after
World War II an additional five of these systems were placed in
service in Boston, New York City, Cleveland, Chicago, and Oak-
land, California. These offices, together with the step-by-step toll
switching systems (see Chapter 3, section VI), formed the backbone
of the nationwide operator toll dialing network that was placed into
service in the late 1940s.

In addition to the usual crossbar switching advantages, the No. 4
crossbar system could switch repeaters and transmission loss pads
into connections as well as provide traffic control tools for dealing
with unusual peaks in traffic destined for particular trunk groups
that could not always be served on a demand. For delayed calls, a
special 4-wire cord switchboard with twin plugs and jacks was
developed. This was known as the No. 5 toll switchboard®® (see
Fig. 4-19). Versions of this switchboard with smaller plugs and
jacks (known as the 5C and 5D switchboards) were developed by
Bell Laboratories for the military in 1957.%

The No. 4 crossbar was the first system to make extensive use of
multifrequency pulsing (see Chapter 5, section I). Not only was it
possible to use multifrequency pulsing between offices, but mul-

Fig. 4-19. No. 5 toll switchboard—a special 4-wire cord switchboard for
delayed calls.
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Fig. 4-20. Arrangement showing how No. 4 crossbar used multifre-
quency pulsing within offices to identify incoming and outgoing trunk
frames.

tifrequency signals were used within the office to identify to the
marker incoming and outgoing trunk frames to which it must con-
nect to establish a requested connection. This so-called frame iden-
tification arrangement used three out of eight frequenc1es to identify
40 frames, or to indicate the need for jump hunting™ (see Fig. 4-20).

Many sophisticated features of the No. 4 crossbar system, particu-
larly reliability features, gave it the excellent performance reputa-
tion upon which future automatic toll switching for the nationwide
network would be based.

The advantages of crossbar switching in this application extended
beyond the introduction of operator nationwide dialing, since the
system formed the basis for the No. 4A crossbar system developed
for customer Direct Distance Dialing (see Chapter 8, section I) and
these offices form the backbone of the nationwide switched network
services.
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“Throwdown'” machine for simulating No. 5 crossbar traffic, 1949. The random
element of telephone calls being received at a central office can be simulated by
throwing dice or by using a machine to generate numbers. The ““throwdown’’
machine was an extensive simulation in which all parts of a No. 5 crossbar office of
significance to traffic flow were represented. Today, such simulations are pro-
grammed on modern general-purpose electronic computers. Simulations and other
traffic studies are critical to the design of switching systems, since departures
from optimum traffic-handling capacities can result in excessive costs or degraded
service.



Chapter 5

A Better
Understanding of
Switching

As service demands grew ever larger, the Bell System was challenged to
cope with new levels of switching systems size and complexity. From 1930
to 1950 Bell Labs engineers met this challenge—despite the interruption
caused by World War II—and made a number of advances, both theoretical
and practical that allowed the emergence in the 1950s of the huge,
automated and rapidly growing Bell System network. Shannon’s informa-
tion theory and applications of Boolean algebra, plus the progress of the
sophisticated mathematics of traffic theory and its application, laid much of
the groundwork. On the equipment side, the development of logic circuits,
multifrequency signaling, contact protection, solderless wrapped connec-
tions, sealed relays, detached-contact schematics, and many other inno-
vations provided the components and circuits for new generations of
electromechanical switching systems.

I. EARLY RESEARCH CONTRIBUTIONS

By the late 1930s, Bell Laboratories engineers had developed or
made important contributions to three basically different types of
switching systems. The step-by-step system was directly controlled
from the customer’s dial; the panel system introduced indirect con-
trol enabling the selectors to be independent of the customer’s dial;
and the crossbar system enabled common control by high-speed
markers of the switches used to establish talking paths. For the first
time, engineers knowledgeable in these many system arrangements
were philosophizing about these system “‘principles.” As a result,
new types of study activities and, for the first time, the more funda-
mental research and exploratory development activities began to
appear in the switching efforts at Bell Laboratories.

In research, F. A. Hubbard wrote a series of memoranda general-
izing on systems and the application of traffic principles. The

87
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advantages of introducing speed as a factor into the control and sig-
naling between switching systems was indicated as a way to the
future. Speed could be obtained by considering the application of
electronics. As a result, many ideas applying multielement gas
tubes to the control of crossbar switches were proposed. In particu-
lar, W. H. T. Holden received over 100 patents, many on such
arrangements. Many more were suggested by others working in
the field. Vacuum tube experts, led by A. M. Skellett, proposed
the electronic equivalent of selector switches using beam tubes’
(see Fig. 5-1). The success of the common control idea led to the
concept of “common medium” switching, where the techniques of
frequency multiplexing were combined with electromechanical
selecting? (see Fig. 5-2). For the first time, switching in another
domain was proposed, as compared with what is now called ““space
division,” in which established paths are separated in space.

Perhaps the most important contribution emerging from research
related to switching at this point was the development of alternating
current (ac) methods of signaling. With tones it was possible to
send supervisory and pulsing signals over the same distances as
voice signals. Initially, single tones were used to represent the open
periods of dial pulses, and to “ringdown” on toll lines.®> As this
research proceeded, tests were made in the field, and it was found
that these signals were subject to distortion, so that the speed of
pulsing was slowed. Gradually, a new concept was introduced, that
of sending multiple tones that in combinations represent a digit.
Although these signals could not be used directly to control selec-
tors, the idea of using registers and senders was becoming accepted,
since they were used in both the originating and terminating por-
tions of local crossbar systems.

After many field tests, a coded combination of two out of five fre-
quencies was found to be most satisfactory. To avoid false opera-
tion of the receiver with voice, another combination of tones applied
for a longer period and known as the “KP signal” preceded the
digits to sensitize the receiver, and an ST or “start signal” indicated
the end of pulsing® (see Fig. 5-3). This is the form of digit pulsing

"known as “multifrequency.”

This research effort was taken into the development stage in the
late 1930s with a trial in Baltimore in 1940. In this trial, operator
keysets were connected to a set of multifrequency oscillators com-
mon to all switchboard positions. Terminating multifrequency
senders were provided in a local No. 1 crossbar office. Incoming
toll calls to this office were established using multifrequency pulsing
for the first time. With this arrangement, senders were not required
to be associated with the switchboard trunk circuits, resulting in
considerable savings over the previous dc key pulsing arrangement
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Fig. 5-1. Beam switching tube, from U.S. ‘Patent 2,277,858, filed
May 17, 1941, an example of early attempts to increase switching speeds
through electronics.
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Fig. 5-3. Frequency allocations specifying dialing digits for multifre-
quency signaling. Also shown are the combinations for the start (KP) and
end (ST) signals.

(see Chapter 3, section IV and Fig. 5-4). The keysets on the switch-
boards were arranged to send either multifrequency or dc key puls-
ing. The trunk to which the operator position was connected on
each call determined the type of pulsing to be generated.

The Baltimore trial was a precursor of the more general applica-
tion of multifrequency pulsing to switchboards operating into the
No. 4 toll crossbar system in Philadelphia, Pennsylvania in 1943.
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For a review of post World War II switching research, see Chap-
ter 9, sections I to III, of this volume.

II. NEW SYSTEM IDEAS AND TRADES

2.1 Automatic Ticketing

In 1934, the Development and Research department of AT&T was
merged into Bell Laboratories and the closer association stimulated
new ideas in switching. This merged group of systems engineers
not only laid the foundation for networks of crossbar tandem and
toll offices but also promoted the further application of step-by-step
equipment. In particular, developments were started on the send-
erizing of the step-by-step system and the automating of the record-
ing of call information for billing purposes. While various methods
were studied at Bell Laboratories as early as 1928, and a number of
important patents granted in the 1930s, such as that cited in ref. 5, it
was not until the late 1930s that a definite need appeared to develop
a system for recording charge information on individual customer-
dialed toll calls.

The heavy operator traffic in the metropolitan Los Angeles dialing
network indicated the desirability of customer dialing to reduce the
growth of the large operator force in this area—growth that was
occurring despite the fact that most of the local offices employed
automatic switching equipment. Needed was a suitable scheme to
charge customers for the longer calls in this network. Multiple or
zone registration arrangements were studied, but this meant equip-
ping all lines with message registers. These would be used only for
longer-haul calls, since the shorter calls were on a flat rate basis.

A very simple message ticketer was proposed (see Chapter 6, sec-
tion 5.1 for more details). Its simplicity and low cost made it possible
to associate one ticketer with each outgoing long distance trunk. On
this ticket was recorded the equivalent of the information required on
a manually prepared ticket, including the calling line number. An
arrangement was developed for obtaining the calling line number by
searching for a 2700-hertz tone on the sleeve leads, through a net-
work of capacitors and transformers. The results were registered in
the senders and used to control the calling line number portion of the
ticket record (for more details see Chapter 6, section 5.4).

After a field trial of this identification arrangement, commercial
development of this form of automatic ticketing for the step-by-step
system was initiated in 1939. The initial office was to be Culver
City, California. The automatic ticketing equipment was ready for
shipment in 1942, but due to wartime restrictions it was not until
January 1944 that the equipment was placed in service.
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2.2 Step-by-Step Senderization

The results of systems engineering studies favored the senderiza-
tion of suburban step-by-step offices, as had been done in the large
cities of the United Kingdom.® Development of this equipment was
also started in 1939. As the development proceeded, it was found to
be more expensive than could be justified at that time. Also,
crossbar systems were showing markedly lower maintenance costs.
As a result, after a laboratory model was built, development was
terminated.

2.3 Higher Speed Step-by-Step

The close cooperation mentioned in Chapter 3, section III
between system and apparatus designers also led to a number of
exploratory developments which were terminated as a result of the
commencement of World War II. These included toggle- and
escapement-type step-by-step switch designs. These were modifi-
cations of the basic step-by-step switch that enabled it to operate
more rapidly. The senders of the panel and crossbar systems could
accept dial pulses at the rate of 20 per second from faster dials that
were placed on PBX attendant and operator positions, but the step-
by-step system from its very beginning could keep up with pulses at
only a 10 pulse-per-second rate. A new switch design would have
enabled the step-by-step system to compete with the other systems
with respect to this attribute, but studies showed considerable
adjustment and wear problems as well as cost problems in success-
fully introducing these switches throughout step-by-step offices.

2.4 Motorelay System

Another interesting and important exploratory development was
known as the “motorelay’’ or ““tape drive” switch and system. The
advantages of the combination of individually driven switches and
built-in multiple of panel-type bank had long been recognized.
Even in 1918 attempts were made by Western Electric engineers to
use it with a step-by-step type of mechanism, and PBXs of this type
were field tested (see Fig. 5-5). (One PBX using these switches was
in service in a Washington, D.C. post office until 1934.)

The common-control concepts of the crossbar system and the prog-
ress made in inexpensive small motors such as those employed in
electric clocks were combined in this development. Each switch con-
sisted of individual up and down drive motors that imparted motion
to a metallic tape carrying brushes that were actually relay devices’
(see Fig. 5-6). These switch units were mounted on a 100-point
panel bank and could be driven very rapidly up and down. One ter-
minal of the brush assembly was a wiper that was always in contact
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with the bank. As the brush assembly was driven over the banks at
high speed, the circuit through the wiper could detect an electrically
marked terminal, which caused the switch to stop and the brush
magnet to be operated, closing the tip and ring conductors. Since the
brushes were in contact with the bank only when they stopped at the
marked terminals, precious metal contacts could be used for these
conductors, eliminating the electronically noisy contacts that were
one of the major drawbacks of panel and step-by-step systems. (Pre-
cious metal contacts could not be used in these systems due to exces-
sive wear.) The marking control idea, as well as the simple brush
relay per switch stage, made this an attractive proposal for a
common-control system. In fact the system diagram was much like
that of the No. 1 crossbar system, including two-stage link frames.
Economic studies did not show this switch to be of any great advan-
tage over crossbar, and thus exploratory development was dropped
shortly after the beginning of World War II.

Even one last attempt was made to develop a large multiple-less
switch, as in some simple switchboards, using modern high-speed
cord handling mechanisms.

2.5 The ““Browser”” Group

Many of the ideas mentioned above as well as automatic message
accounting (AMA) (see Chapter 6, section 5.2) and some of the
traffic work described in the next section came from the precursor of
a formal exploratory development group in switching. It was infor-

ke

Fig. 5-5. Early step-by-step switches using a panel bank.
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Fig. 5-6. A motorelay switch which took advantage of the built-in mul-
tiple of a panel bank, but for economic reasons the system was never
developed.

mally called the “browser”” group and consisted of about a dozen
well-known switching experts and inventors who compared and
devised different switching proposals. This group was active from
1938 to 1945 when it was absorbed into the more formal switching
engineering effort.

ITII. TRAFFIC THEORY AND ENGINEERING

Before automatic switching, the major traffic problems were those
of providing sufficient but not excessive numbers of trunks to carry
calls between central offices and sufficient numbers of operator
positions and operators to set up and take down connections.
Automatic switching systems introduced new, more complicated
traffic problems both within the switching systems and within the
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complex trunk networks that they made possible. Here we will
cover, in order, traffic on the interoffice network, traffic in switch-
ing systems, traffic measurement, and general traffic problems.

3.1 Interoffice Networks

As telephone systems grow in size and as telephone traffic
increases, the number of trunks serving this traffic must also
increase but does not need to increase in direct proportion. The rea-
son is that, with large numbers of trunks carrying large amounts of
traffic, some of the trunks can be kept busy almost continuously.
Thus, the overall efficiency of a large trunk group can be higher
than t191at of a small group of trunks serving a smaller amount of
traffic.

Such economies of scale depend, however, on telephone calls
having adequate access to the trunks. For example, if a particular
call can be connected to, say, any of 10 trunks out of a larger trunk
group, it may find all ten busy, even though there are idle trunks in
the group. In this circumstance, the call is blocked and service
suffers. If this occurs too often, additional trunks must be installed,
which is expensive. However, if a call can have access to all the
trunks or to large groups, substantial efficiencies are possible.

The basic 10-trunk access of the step-by-step system limited that
system’s ability to provide efficient trunking. Even the panel sys-
tem, which used a bigger switch for larger access, could not use the
full potential capacity of the large trunk groups in major cities.

A partial solution to the limited access switch was the introduc-
tion of grading, invented in 1907 by E. A. Gray of AT&T." The con-
cept of how a grade increases efficiency is illustrated in Fig. 5-7.
Here, to show the principle involved in grading, 8.0 erlangs of tele-
phone traffic are assumed to be offered, 4.0 erlangs each, to 2
groups of 10 trunks each, as indicated in part (a) of the figure.
Part (b) shows that sharing one trunk reduces the number of trunks

Fig. 5-7 (right). Improving trunking efficiency through “‘grading.” In
(a), four erlangs of telephone traffic (erlangs equal number of calls per unit
time divided by holding time) are offered to each of two groups of ten
trunks each. Calls are first offered to trunk 1; if that is busy to trunk 2,
etc. Trunk 1 in each group handles 0.800 erlang of this traffic, trunk 2
handles 0.739 erlang, etc. The trunk groups handle all but the overflow of
0.021 erlang each. If the service objective were set at a maximum of 0.08
erlang overflow, this arrangement would require the use of 18 of these 20
trunks (0.032 plus 0.021 equals 0.053, which is within the objective,
whereas with only eight trunks in each group, 0.066 plus 0.032 plus 0.021
would equal 1.19, over the objective). In (b), 19 trunks are used, two
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groups of nine each plus one in common. Now the overflow has increased

to 0.022 erlang per group but is still less than the objective of 0.08. Next,

the number of trunks in common is increased until, in (¢), five trunks are
in common and the overflow at 0.062 is still less than (service is better
than) the 0.08 objective. If six trunks were placed in common, overflow
would be 0.096 erlang, exceeding the objective. Thus five trunks in com-
mon is the optimum, and the service objective is met with 15 trunks (two
groups of 5 plus 5 in common) instead of 18.
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to 19, with only a slight effect on overflow. As shown in part (), the
sharing of 5 trunks, for a total of 15 trunks, will still meet the service
objective.

The theoretical determination of the capacity of this single grad-
ing is far from easy. Even with a large computer, the exact solution
of the thousands of simultaneous linear equations for a typical
graded multiple calls for some ingenuity. In the 1920s, approxima-
tions were necessary, and the most notable Bell System approxima-
tion, called the “no holes-in-the-multiple solution,” was derived by
E. C. Molina."! Experimental data showed that Molina’s formula
was applicable to many practical gradings if only half of the
predicted gain in efficiency was achieved. Not until the 1950s was a
new approximation derived which gives a much closer solution.

When traffic is so light that a direct trunk group between two
offices operates at low efficiency, tandem switching offers the abil-
ity to collect traffic destined for several distant offices and to route it
over a single trunk group to a tandem point, where it is switched to
the final destination (see Fig. 5-8). The tandem groups contain
traffic destined for or coming from many offices, so that the sum of
the traffic loads requires a large, and therefore efficient, trunk

TANDEM
! Q__— office [ Os5

\
\
HIGH \
USAGE \

Fig. 5-8. In tandem switching, high- usage trunks carry traffic directly
from office 1 to office 2. Overflow traffic is alternate-routed through the
tandem office.
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group. It was recognized that when tandemed traffic between a
pair of offices reaches a high enough value, a lower-cost network
can be achieved by offering traffic first to a small group of trunks
directly connecting two offices (called a “‘high-usage group’’) while
allowing traffic encountering all direct trunks busy to complete
through a tandem. The latter traffic is said to be alternate routed. It
is seen that this plan is very similar to the simple grading discussed
earlier, where the first-choice trunks correspond to the high-usage
trunks and the final trunks correspond to the trunks through the
tandem office.

At first it might be assumed that the traffic carried by trunks to a
tandem office—since they receive both direct routed traffic and
overflow traffic to many different destinations—could be considered
as random traffic, like that offered to direct trunk groups. How-
ever, as in the graded multiple, the final-choice trunks cannot be
operated at as high an efficiency as is achieved in a direct group of
the same size. The reason for this is that traffic overflowing from
trunk groups tends to come in bursts which arise from random
peaks in the underlying offered traffic (see Fig. 5-9). The “peaked”
nature of overflow traffic results in higher losses. R. I. Wilkinson in
1955 proposed a traffic model which defined the degree of peaked-
ness of traffic as the ratio of the variance (average squared deviation
from the mean) to the mean.'? He then hypothesized that all traffic
with a given mean value and a given peakedness value would
receive about the same grade of service from a given sized trunk
group. If one has an ordered hunt of trunks on a single trunk group
and splits it at some arbitrary point, one can, through theory well
known by 1950, determine the average traffic offered to the upper
group (and the blocking of the upper group) as a function of the
traffic offered to the whole group and the number of trunks in
the two subgroups. E. C. Molina, H. Nyquist, and ]. Riordan solved
the more complex problem of determining the peakedness of the
overflow traffic.'® Results were used to tabulate “equivalent” split
single groups and loads for any desired mean and peakedness. This
procedure, applied to trunk engineering, became known as the
“Wilkinson Equivalent Random Method.”

Even this was not completely satisfactory in its application. Some
trunk groups were observed to have higher loss (more calls blocked)
than predicted by the Wilkinson method while others showed good
agreement. The problem was found to lie in the variation of average
loads from day to day, which were in excess of those assumed in the
traffic model. For a solution, Wilkinson collected data on many dif-
ferent sizes and kinds of trunk groups. From these he obtained
three levels of variability in day-to-day traffic which cover the more
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Fig. 5-9. Traffic offered to groups of direct trunks arrives randomly
(top). Overflow from direct trunks (bottom) tends to come in bursts.

frequently encountered field situations. He then combined the vari-
able models with the peakedness model to produce trunk engineer-
ing tables which, with further refinements, are still in use.

3.2 Switching Center Networks

The economic design of the network which establishes connec-
tions within a central office is quite different from that of an inter-
office network. In the latter, trunk costs predominate, while in the
former, switch and control costs predominate. Even so, the use of
grading made possible increased efficiencies in the step-by-step,
panel, and No. 1 crossbar systems. Once the concept of end-to-end
channel selection was adopted in central office design, however, a
new theory of network traffic analysis was required.

In the older switching systems, the path was selected one link at a
time. At any point in the connection, if no idle link could be found,
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the call was blocked. However, crossbar switches and their succes-
sors, the reed switches, and solid state space- and time-division
switches, all lend themselves to end-to-end channel selection. All
possible paths between two network terminals to be connected can
be examined, and any usable one can be set up. The traffic problem
of matching idle links was even more difficult for precise calculation
than the graded multiple. Approximations were necessary, as were
traffic simulations to test their validity.

No. 1 crossbar incoming trunk-to-line network blocking probabil-
ity is an example of how elementary probability theory was applied
by making simplifying assumptions. An incoming trunk in No. 1
crossbar terminates on a switch that can connect to any of 10 links,
and these 10 links are usable in the first stage of reaching a particu-
lar line. Each of these in turn may connect to any of 10 links, but
only one is usable for this connection. Again the selected link simi-
larly may connect to a single link which can be switched to- the
desired line (see Fig. 5-10). There are, then, 10 possible paths
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Fig. 5-10. Trunking scheme within a No. 1 crossbar office. Traffic

engineering and theory with crossbar and later systems were more diffi-
cult than those encountered in earlier systems with only graded multiples.
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through the network, each made up of 3 links in series. (These links
can be used for other calls with different destinations, so they may
be unusable at the time of the desired connection.)

For an approximate solution to the problem of finding the proba-
bility of blocking an incoming call, assume (1) that the busy-idle
state of a link at the time this call is being placed is independent of
that of any other link and (2) that all links have the same probability
of being busy. Using simple probability theory and ]etting g be the
probability of a link being idle, the probablhty that a “channel” of
three links in series has all three links idle is °. Then the probability
that a channel cannot be used because one or more links are busy is
(1 -¢7). Still assuming link 1ndependence, the probability that all
ten channels are unavailable is (1 — ¢°)'° the probability of blocking.
Links are not independent, however, so this formula is useful only
as a first approximation.

E. C. Molina made several analyses of crossbar networks using
less restrictive assumptions. These were tested by L. E. Kittredge
by simulation and the most usable became known as the Kittredge-
Molina formula. C.Y. Lee in 1955 formalized the Molina approach
using linear graph theory, ' while R. F. Grantges and N. R. Sinowitz
in their computer program, NEASIM (NEtwork Analytical SIMula-
tor), devised a computer simulation approach to the analysis of
complicated networks."® The latter was used in No. 1 ESS and sub-
sequent electronic switching designs.

In 1953, C. Clos discovered nonblocking network arrangements
that would connect n mle'ts to n outlets in a multistage network with
less than the total of n° crosspoints required in a single-stage net-
work!6 (see Fig. 5-11). This disclosure spurred much new work on
network topologles Later, M. C. Paull showed how blocking could
be eliminated in some networks if it was possible to rearrange calls
already in progress.'” Paull later showed the nonreciprocal duality
between space- and time-division networks.

The mathematical analysis of congestion in switching networks
took on new meaning with developments associated with electronic
switching. With crossbar switches, the size of the coordinate matrix
was fixed by mechanical design at 10 X 10 or 10 X 20. Crosspoints
being considered for electronic switching systems added a new vari-
able that could be applied in making trades in the choice of switch-
ing networks. The sizes of these arrays could be varied depending
upon the application.

More recent advances have been those by J. G. Kappel and A.
Feiner to extend the principles of network analysis to network syn-
thesis.'® Both control and switch costs are considered by them in a
procedure that aids the designer of central office networks in meet-
ing desired traffic-carrying properties at near minimum system cost.



A Better Understanding of Switching 103

'.J)CPOOOOOOOO(" EBOOO?(Ll ‘QOOOOOOOOO(L
J— O
T 74 o L)
| O 0 |
i ve) -0 |
: O -0 !
i O— O- -0 !
| |
! A A 4 I
: ' : | .
i 40THER 9 OTHER 4 OTHER ||
| INPUT INTERMEDIARY OUTPUT |
N=236 SWITCHES SWITCHES SWITCHES N =36
[ ! 1
! ! ! | n‘
| v v ] !
! |
l éoooooqoooo——ooooo% ——O0000000000 :
1 O O
T o ! S ot i
10 q gore |
_L LO i 9L O_L_i
L-—---11--——+l le—g-l (PR
STAGE (a) STAGE (b) STAGE (c)

NUMBER OF CROSSPOINTS = 6N3/2.3N (1188 CROSSPOINTS WHEN N = 36)

Fig. 5-11. A three-stage, nonblocking switching array requiring fewer
crosspoints than a single-stage array.

3.3 Traffic Measurement (see also Chapter 11, section 3.4)

Critical to the administration of both switching offices and tele-
phone networks is the collection of data on the traffic load being car-
ried and the service being given. The importance of traffic volume
in the design and administration of switching systems was realized
quite early in telephony.

The first traffic measurements were counts of calls using
cribbage-like boards adapted for use at manual switchboard posi-
tions, hence the term “peg-counts.”” Later these counts were made
by electrical counters that periodically were read visually. Use of
the data led to the development of methods for determining esti-
mates of the required number of operators and interoffice trunks by
applying early traffic theories, as described in ref. 20. These
theories indicated the need to know not only the number of calls
carried, but also the number of calls handled or ““overflow’ calls,
and the average length of a conversation, or its holding time.

For many years, calls in progress, or “‘usage,” in automatic sys-
tems were measured in panel and step-by-step offices by making
periodic visual counts during busy hours of the number of switches
of a given type that were in use?! (see Fig. 5-12). (This technique
was also used at some manual toll switchboards by counting plugs
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Fig. 5-12. The “switch-count” procedure for measuring usage during
busy hours—visually counting the number of switches in use.

in use.) This provided not only usage information but also data from
which holding time could be computed.

With the development of the panel system, peg counts could be
obtained automatically, not only for the major subsystems but also
for individual trunk groups. With the development of more complex
control logic of the crossbar system, it became possible to count more
precisely defined call events—for example, call counts that omit false
attempts. With so many traffic counters or ““registers,” cabinets to
house them were developed and generally placed in the switchboard
room where clerks could be located to record the data (see Fig. 5-13).
Later, automatic cameras were des1gned that periodically photo-
graphed 150 traffic register readings™ (see Fig. 5-14).

Prior to 1940, in addition to automatic call and overflow (or last
trunk busy) counters answering time recorders (for 25 switchboard
terminated trunks)” and holding time measurements circuits were
developed. In the latter, ten circuits were checked for busy every 10
seconds. The total seconds of use divided by the peg count of calls
gave holding times. R. I. Wilkinson ploneered the first analysis of
holding time measurement accuracy in 1941.

The next decade (1940-1950) saw the development of a circuit to
measure the percent of sample call attempts within selected line
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Fig. 5-13. Cabinets of traffic registers, from which data could be col-
lected manually.

|

Fig. 5-14. Traffic usage recorder cameras, used to photograph the read-
ings from banks of registers.
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groups that take over three seconds to receive dial tone. This was
known as a “dial tone speed” measuring set. It was particularly
needed during World War II when line load control was instituted in
overloaded switching offices. Also during this period the first of a
series of usage measuring equipment was developed. It was known
as trunk group usage equipment (TGUE) and was the first to use
crossbar switches rather than stepping switches to scan the circuit
points being measured. However, it looked only at trunk group
busy leads.

The ammeter was also a most useful traffic measurement tool. In
electromechanical switching the total energy load could be corre-
lated to the traffic load (see Fig. 5-15), while in No. 4 crossbar a
special contact on the crossbar switch vertical was used to send
current through an ammeter.”

With the need for careful engineering of costly trunk groups for
nationwide dialing of toll calls (see Chapter 6, section III) and with
the large capacity of new switching systems, such as the No. 4
crossbar system designed as the backbone of the nationwide net-
work, further automation of traffic data collection became neces-
sary. After theoretical studies by W. S. Hayward, Jr.?® showed that

Fig. 5-15. Recording ammeters could be used for traffic-measurement,
since total energy load was a measure of the number of calls in progress.
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switch count traffic measures were sufficiently accurate, it was
decided early in the 1950s to develop traffic usage recorders (TUR).

Like the visual switch counters, these recorders periodically
examine or scan circuit points, such as sleeve leads, that indicate a
circuit is busy. Such busy conditions are summarized to give a
measure of circuit usage. Thus, if a circuit is scanned every 100 sec-
onds and is found busy on 18 scans, its occupancy during an hour
(3600 seconds) can be estimated at 1800 seconds or 50 percent.

3.4 Other Traffic Activities

In addition to these three mainstream traffic activities there have
been many studies and engineering recommendations made on dif-
ferent traffic aspects of communication.

3.4.1 Network Management

In Chapter 3, section IV the development of the No. 8 test board
and associated emergency traffic control provisions were described
as they were used during the growth of manual toll switching.
Later AT&T Long Lines and Bell Operating Companies established
traffic control bureaus (see Fig. 5-16)” as operator toll dialing
reached its peak. With the advent of direct distance dialing, the

Fig. 5-16. Traffic control bureau in New York City, about 1951. Net-

work management techniques were used to prevent the spread of traffic
congestion. (Bell Telephone Magazine, Vol. 30, 1951.)
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routing of a toll call involved several switching systems and several
transmission systems. As a result, a higher exposure to possible
failure was encountered. Without an operator associated with a
call, it is difficult to detect or to measure the extent or the nature of
such failures when they occur. Added to this, when some part of
the network becomes overloaded, it is apparent that service can be
affected not only at the overloaded point but over a large part of the
network.

A simulation study by P. J. Burke in 1963 demonstrated the inter-
dependence of trunk groups and switching systems and their sensi-
tivity to overloads caused by high calling rates or system failures.?®
Methods of monitoring critical elements and of exercising control to
prevent the spread of congestion were derived. Application of
these methods was named “‘network management,” an activity
which has become essential in both local and toll networks. The
first step to manage traffic in the DDD network was the introduction
of the capability wired into the common-control switching systems
to change routing under remote control. Dynamic overload controls
(DOC) are used to cancel alternate routed traffic when reaching
congested offices.” Traffic overload reroute control (TORC) is used
to route traffic from one region to another to avoid congestion in the
normally used interregional final group™ (see Fig. 5-17). Regional,
and in some cases sectional, network management centers were
established to invoke traffic controls when congestion develops in
the network.” Fig. 5-18 shows a network management center. The
display board shows the status of switching systems and trunk
groups in a region or section of the country. The first computer-
aided network management system went into service in 1975.

3.4.2 Simulation

From the beginning of traffic theory, simulation or ““throwdown’’
was an essential tool in reducing traffic theory to practice. Exact
solutions to circuit reactions to traffic loads are usually too compli-
cated for exact computation—even by today’s high-speed comput-
ers. To test an approximation, a conceptual model is designed in
which the circuit elements are represented by numbers which can
take on the value 0 for idle or 1 for busy. Traffic is modeled by a set
of rules controlling the manner in which these elements become idle
or busy. The chance element of traffic is then introduced by the use
of dice or machine-generated ‘‘random numbers.”

While several earlier simulations were conducted on crossbar link
networks,* the last and most extensive Bell Laboratories special-
purpose simulator was nicknamed the “KRF”’ machine after W.
Keister, A. E. Ritchie, and G. R. Frost, who designed it in 1949. B In
this machine, all of the significant traffic elements of a No. 5
crossbar office were simulated. Lines and trunks were represented
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Fig. 5-18. Long Lines network management center, about 1962. (Bell
Telephone Magazine, Vol. 41, 1962.)
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by pegs, busy links within the switching system by plastic strips,
and markers by switches, tickets, lamps, and human operators
(see Fig. 5-19). The rules for the sequence of traffic flow were a
combination of wired logic contained in relay and rotary switches
and written instructions for the four people required to operate the
machine. Data obtained from the KRF machine were used both to
determine traffic capacities and to change some of No. 5 crossbar
design to facilitate traffic flow.

By 1955 simulations were being run on electronic computers. In
particular, the network from No. 1 ESS was simulated by W. S.
Hayward, Jr. and J. A. Bader. The results of these detailed simula-
tions were used to verify the NEASIM program mentioned in sec-
tion 3.2 above, which could cover many different switching network
configurations at a fraction of the cost of a detailed simulation.

Simulations of networks of offices were also made by J. H. Weber
for a better understanding of alternate routing in hierarchical
networks.> NEASIM was also used for these studies.™ Fig. 5-20
shows the general difference in network blocking with and without
alternate routing obtained from these studies.

IV. OTHER THEORETICAL STUDIES

Among other theoretical studies, special mention should be made
of the information theory conceived by C. E. Shannon.* This theory
stimulated him and other Bell Laboratories staff members to look at
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Fig. 5-19. The “KRF"” machine, designed in 1949 to simulate traffic in a
No. 5 crossbar office.
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Fig. 5-20. Graph comparing two networks with an equal number of
trunks; with alternate routing blocking rises faster with increasing overload.

switching problems from a more theoretical point of view. Shannon
himself attempted to place bounds on the amount of memory
required in a telephone system 5 and to formalize the design of cir-
cuits with relays that may fail.® V. E. Benes wrote extensively on
traffic and network theory, including traffic measurement (summar-
ized in ref. 39).

While traffic theory and engineering have grown throughout the
world, the contributions by Bell Laboratories personnel have kept
pace and have enjoyed a good reputation in the field.

V. FROM BOOLEAN ALGEBRA TO SWITCHING ALGEBRA AND
SYNTHESIS

For many years the circuit logic of automatic switching had been
growing in complexity, and the designers at Bell Laboratories were
the first to encounter and successfully realize relay and switch cir-
cuits of this complexity. At M.I.T. C. E. Shannon, for his master’s
thesis, applied the algebra attributable to the mathemat1c1an G. A
Boole to the logic encountered in these complex circuits.* At Bell
Laboratories, W. Keister further applied this logic to some of the
examples found in switching systems and gained further insight
into the difficulties encountered in the more formalistic design of
complex relay circuits.* Another approach, taken by A. E. Joel, Jr.,
was a handbook of frequently used relay configurations that had
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been used by designers in the past, and a synthesis of designs that
might be useful in the future.42 As a result of this work, the basic
functional logic circuits were first classified as combinatorial,
sequential, and lockout.**"* During the mid-1950s Bell Laboratories
scientists made significant contributions to move logic circuit design
from an art to a science. The works of C. Y. Lee, E. F. Moore, E.]J.
McClusky, Jr., G.H. Mealy, M. C. Paull, and 5. H. Unger fre-
quently are referenced in the many texts on this subject published
after the book by W. Keister, A.E. Ritchie, and S.H. Washburn
appeared.® '

VI. THE TEACHING OF SWITCHING

The insight gained in the examination of the tools of switching cir-
cuit design, viz., switching algebra, led to a broader examination of
switching systems and their composition along the lines explored by
F. A. Hubbard and referred to in section I above. A proposal to
organize the knowledge of switching into a formal text and course
was prepared by A. E. Joel, Jr. By the end of World War II, many
new engineers were being employed at Bell Laboratories to contri-
bute to the development of the growing numbers of new switching
systems. Vice President A.B. Clark recognized the need for a
school that would train young engineers in switching, a field that
had not previously been formalized.* In this respect switching dif-
fered from transmission, various aspects of which were being taught
in the schools and colleges as a result of the more formal mathemati-
cal approach pioneered by G. A. Campbell, J. P. Maxwell, and their
suCCessors.

The school was organized under the leadership of J. Meszar and
became the forerunner of a successful era at Bell Laboratories in the
teaching of telecommunication technology. The switching school,
organized in 1946, became integrated into the Bell Labs Communica-
tion Development Training Program when it was started in 1949.%
As a result of the training new engineers received in switching sys-
tem organization, philosophy, and application of switching algebra
to logic circuit design, communication among switching engineers
was vastly improved, and no doubt contributed to the accelerated
pace of technology progress in this discipline.

Some of the class notes developed in the switching school were
edited into a book by the instructors W. Keister, A. E. Ritchie, and
S. H. Washburn in 1951 (see ref. 48 above). In 1949, Mr. Ritchie
used a version of the text to present at M.IT. the first formal col-
lege level course. Many other texts on the design of logic circuits
were stimulated by this publication.
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VII. DOCUMENTATION

From the beginning of the Bell Laboratories involvement in the
development of the panel system, a wealth of documentation, rules,
and procedures were issued giving standards as a means for depict-
ing the design of switching systems. Moreover, as new apparatus
and feature requirements and improvements were made, circuit
drawings became increasingly complex with many options. It there-
fore became difficult for craftspeople in the telephone companies to
use these drawings as applied to their particular installations. In
particular, the circuits of the No. 5 crossbar and automatic message
accounting systems (see Chapter 6 section 5.2) were among the
most complex ever to be developed. Consequently, an effort was
undertaken in 1946 to explore better methods for depicting the
details of switching system developments. As a result, detached—
contact schematic drawings were developed and standardized.*

In this type of drawing, contacts and other electrical connections to
devices are not shown together, and the result is shorter lines and
greater clarity.

To aid the telephone companies in getting started with the new
complex switching systems being developed at Bell Laboratories,
such as the No. 4A, and No. 5 crossbar systems (and later the
No. 1 electronic switching system), a school for telephone company
instructors was established at Bell Laboratories and functioned con-
currently with systems development. As a result, further improve-
ments were made in documentation, so that the circuit functions
were appropriately delineated when drawn in detached-contact
form. The success of this school led to a broader program known as
the Operating Engineers Training Program, established in 1953.%
Through this school the new postwar technology, spurred by the
development of the transistor, was more quickly imparted to those
in the Bell System who were to be making engineering decisions.

VIII. IMPROVEMENTS IN SYSTEM RELIABILITY

The experiences with early No. 1 crossbar offices showed that the
longer they were in service, the greater the difficulties encountered
in the pitting and welding of contacts. For a better understanding of
the phenomenon of relay contacts, an important joint research, sys-
tems engineering, and development study was organized. Data
were collected from operating offices to indicate the location and
frequency of contact trouble in the system. High-speed oscillograph
photographs of contact phenomena were obtained, and controlled
environment and life study equipment was constructed and
operated in the laboratories.545 Many experiments were conducted
with relays sealed in containers to control their ambient conditions5
(see Fig. 5-21). Open-contact phenomena were also studied.5”
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Fig. 5-21. R. H. Gumley adjusting relays sealed in containers as part of
studies of contact reliability in controlled environments.
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Fig. 5-22. Circuits using contact protection as a result of studies about
1945-1955. Top is a typical protection circuit; bottom shows use of addi-
tional resistance.
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As a result of these investigations, conducted between the mid-
1940s and the early 1950s, it was possible to recommend the type of
contact metal to be used on relays and the need to introduce a
greater degree of contact protection in circuits™ (see Fig. 5-22).
Apparatus and rules for the implementation of contact protection in
relay and switch circuits were developed, and, as a result, the relia-
bility of electromechanical switching systems was greatly improved.

Another problem that caused troubles in switching systems was
the presence of solder splashes and clippings, which would create
short circuits. The designers of crossbar systems realized that these
conditions existed and designed common-control circuits to look for
false crosses and grounds, as well as to make second trials that in all
probability would use different combinations of circuit paths. As a
result, the service these systems gave was quite adequate, but the
maintenance effort in tracking down these sources of trouble was
costly.

Important work in the late 1940s and early 1950s by H. A. Miloche
and R. F. Mallina, carried out in conjunction with the redesign of
apparatus terminals, all but eliminated these problems. This solu-
tion was known as ““solderless wrapped connections.””” Instead of
connecting wire ends to eyelet terminals on relays and other
apparatus and soldering them, a special gun was developed to wrap
the wire around square-cornered terminals for which the apparatus
had been modified (see Fig. 5-23).

Fig. 5-23. Wire-wrapping gun used to achieve solderless electrical con-
nections to apparatus terminals.
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When the making and breaking of high currents could not be ade-
quately controlled by contact protection, mercury contact relays
were made available as another tool in the design of relay circuits.
Where unusual dirt and environmental conditions would create
open circuits even on the bifurcated relay and switching contacts,
the sealed contact relay was now available.

So, with contact protection, sealed relays, and solderless wrapped
connections, the reliability and maintainability of electromechanical
switching systems were much improved by the early 1950s. This
opened the way to the large-scale introduction of automated switch-
ing into the entire Bell System network.®
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Accounting center in Philadelphia, 1948, equipped to process automatic mes-
sage accounting (AMA) tapes. AMA centers, installed in the Bell System from
1948 to 1963, were an important first step toward the eventual complete automa-
tion of telephone billing. A wide AMA paper tape recorded the calling and called
numbers, trunk number, type of billing, and times of beginning and end of each
call. Such data were entered as perforations in the paper, rather than as die-cut
punched holes as in teletypewriter tape. At accounting centers the tapes were read
by machines that produced monthly bills for customers.



Chapter 6

Preparing for
Full Automation

During World War II the Bell System was able to foresee profound
changes in postwar telephony—changes that demanded increased automa-
tion and increased attention to the problems of suburban as well as big-city
telephone systems. Two keys to these changes were better signaling
methods and methods for automatically recording the information needed to
render customers’ telephone bills. By consolidating a number of prewar
developments, it was possible for the Bell System to institute long distance
dialing of telephone calls by operators. Later, with the completion of a
nationwide numbering plan and extensive modifications of equipment
throughout the country, direct distance dialing by customers was initiated.
Innovations that made this service possible included multifrequency and
single-frequency signaling systems. Automatic ticketing was introduced in
1944 in the Los Angeles area, but full-scale automation had to await the
system of automatic message accounting (AMA), introduced in Philadel-
phia in 1948, and the development of automatic systems for identifying call-
ing telephone numbers.

I. THE SWITCHING PRODUCT LINE OF 1945

Although Bell Laboratories during World War II was devoted
almost exclusively to war work, a few people had the opportunity to
consider the general status of switching. What they saw was a mix-
ture of base metal contact technology—such as manual, step-by-
step, and panel switching—and prewar noble metal contact crossbar
systems, which had just begun to see service. The problem, of
course, was to use these technologies to maximum advantage at the
conclusion of hostilities and to project the needs of the Bell System
over the longer term.

No one had a better perspective on these needs than A. B. Clark,
then Vice President of Systems Development. It was largely
through his efforts that the steps toward a better understanding of
switching, covered in the previous chapter, were initiated. With the
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results of these investigations as background, and with a general
expectation of the population expansion from cities to the suburbs,
plans were made for switching developments that the Bell System
could initiate.

II. NEEDS FOR DIAL SERVICE IN THE SMALLER AND SUBURBAN
COMMUNITIES

Up to this time the No. 1 crossbar and panel systems were avail-
able for use in large multioffice cities, where there were heavy
concentrations of lines and telephones. For all of the remaining
manually served locations, the step-by-step systems—both No. 1
and the various branch or community dial offices of the 300 type,
more recently the 355A—were available. Although step-by-step
switching proved satisfactory in these many applications, the small
prewar experience with crossbar proved its superiority and added
impetus to the desire for a more modern switching system for the
smaller and suburban communities.

In the immediate postwar era, the Bell System, from a switching
point of view, was tied together through manual toll offices. There
was no nationwide automatic switching and associated numbering
plan. The number of digits or ”dial pulls” corresponded to the
needs of the particular community, so that 3, 4, 5, 6, and 7 digit
numbering could be found in different cities. It was foreseen that
there would be a movement of households to the suburbs, and that
suburban users would wish not only to communicate among
themselves but also to call central cities easily. People in general
were becoming more mobile and were finding different numbering
plans in different parts of the country more difficult to use.

Since mobility tends to increase long distance calling, it was
apparent that automation of this traffic was an important part of
postwar planning. This in turn led to the recognition that two key
ingredients were needed to implement such plans: longer distance
signaling and better ways of automatically recording the informa-
tion needed to charge for long distance calls.

Finally, for automating the service in the growing suburbs, a need
was seen for a smaller but more flexible and growable crossbar sys-
tem. Crossbar was preferred because of the excellent performance
of the larger crossbar systems then in service. The No. 5 crossbar
system was to fulfill this objective (see Chapter 7).

III. NATIONWIDE CALLING

Most long distance calling at this time was serviced through No. 1
and No. 3 manual toll switchboards. In the larger switching
centers, toll tandem switchboards were needed to give the originat-
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ing recording operator the ability to reach the growing numbers of
toll trunks leaving these centers (see Chapter 3, section 4). For long
distance traffic the customer dialed 211" (“112” or “110” in step-
by-step areas) to reach an operator at a combined line and recording
toll switchboard position.

The No. 4 crossbar system installed in Philadelphia had shown
that automatic switching could be introduced to operate with the
toll trunk equipment then in use with manual switching, particu-
larly with respect to ringdown signaling and the insertion of
attenuation pads and repeaters to meet the transmission require-
ments. With this system, the advantages of A-B (A board to B
board) short haul toll dialing could be brought to long distance toll
operation.

3.1 Operator Distance Dialing

These considerations led to a revision of a general plan to allow
dialing of an increasingly large percentage of long distance calls.! It
became known as the ““operator distance dialing” plan, and its prin-
cipal object was to complete most toll calls with only one operator,
viz., the originating operator who wrote the charge ticket for the
call.

As part of this implementation, the routing of calls had to be sim-
plified. Manual toll switching frequently required switching service
at intermediate points. However, the new carrier systems, includ-
ing coaxial and later microwave facilities, meant that operators had
available larger numbers of toll lines to a given destination. As a
result, more calls could be served without delays in completing
them—that is, without the calling party hanging up once the toll call
was initiated. No one technological improvement was responsible
for operator distance dialing, but it represented a consolidation of
prewar developments that could bring about an important ser-
vice improvement during the postwar period of great expansion
(see Fig. 6-1). Also, some elements of the nationwide numbering
plan were introduced at this time.

3.2 Nationwide Numbering Plan

The success of operator distance dialing obviously meant that it
was just a matter of time before the charge recording step could be
automated and customers could dial toll calls directly. It was also
obvious, however, that allowing customers to dial calls nationwide
required a universal numbering plan. There were many proposals,
some very novel. For example, one plan proposed that the number
of digits dialed should increase with the distance called, so that peo-
ple in the smaller communities then dialing three or four digits for
local calls could continue without change dialing longer numbers
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only when their calls extended beyond their communities. But the
plan as adopted recognized the need for a nationwide numbering
plan, one that applied universally, so that callers would not have to
be familiar with the plans in the communities that they might be
visiting. The result was that, in 1945, the toll switching engineering
group under the leadership of F. F. Shipley proposed, and AT&T
adopted, the foundation for our current system of universal seven-
digit numbers within an area and three-digit area codes.? No
numbering plan area was to extend beyond the boundaries of a
state, but a state might include more than one numbering plan area.
The three-digit area codes all included the digit 0 or 1 as the middle
digit to distinguish them from office codes that did not have this
characteristic. Initially, states with only one area code used area
codes with “0” and others used ““1,” but with the growth of the
service, this method of assignment was abandoned. Fig. 6-2 shows
the very first proposed map with 86 area codes assigned, including 8
in Canada. A 1976 map (Fig. 6-3) shows the growth of number-
ing plan areas to the total of 132 that included Mexico and the
Caribbean.

Numbering plan improvements have been the key to many steps
in the extension of automatic switching, e.g., adopting letters on the
dial to overcome the learning and memory problems initially associ-
ated with dialing in the larger cities with numerous central offices.3
As the number of offices grew and it became more difficult to assign
names with meaningful letter combinations, identification of central
office codes was changed from 3 letters to 2 letters and 1 number,*
which together with the 4-digit station codes gave 2 letters and 5
numerals, or “2-5"" numbering. This became the universal form of
telephone number identification and was important to the introduc-
tion of direct distance dialing. As familiarity with the dialing pro-
cess grew, it was possible to shift from letters to the international
standard, which is limited to decimal digits for addresses. The Bell
System carried out this conversion over a period of twenty years,
completing it in 1979. Implementation required much planning as
well as modification of existing switching systems, particularly to
accept the additional digits to be dialed by the customer to provide
for uniform local dialing and for receipt and interpretation of the
area codes.

Even the step-by-step system was modified. The existing switch
trains in step-by-step offices provided adequate discrimination
among office codes. However, with uniform dialing, extra digits
would be dialed. To accept these digits would normally have
required, at great expense, the building-out of the switch train for
each 3-digit office code and in some cases for the thousands digit as
well.
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A Bell Laboratories invention, the digit-absorbing selector (see
Chapter 3, section II), usually placed as the first selector in a train,
was designed to ignore dialed digits by returning to normal when
the newly added office code digits were introduced.” These selectors
could be arranged to absorb one or two digits of a particular value.
This feature was obtained by contacts operated on the rise of the
selector to particular levels, which were designated for each applica-
tion by the bending of tangs (see Fig. 3-14).

With the introduction of direct customer access to toll trunks, new
methods of engineering had to be introduced, and a great many
more trunks had to be planned for, so that service could be provided
on a demand rather than on a delay basis, as was usually the case
for operator-handled calls.

IV. LONGER DISTANCE SIGNALING

Multifrequency pulsing for address signaling was proved satisfac-
tory with the introduction of the No. 4 crossbar system (Chapter 4,
section III). As more of these systems were introduced into the net-
work, multifrequency pulsing became the standard method of long
distance address signaling (see Fig. 6-4).° Improved versions of
receivers’ (see Fig. 6-5) and common tone generators were
developed. Later, transistorized versions were developed for many
different applications in newer switching systems.® The first transis-
torized multifrequency (MF) receiver was used in the No. 1 ESS in
1965. By 1970 it was used in electromechanical switching systems.
Eventually, transistorized tone generators as part of the senders
(see Chapter 7, section III) replaced the common supplies in many
switching systems.

Fig. 6-4. Multifrequency receiver, 1945. Multifrequency pulsing became
standard for long distance signaling.
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Fig. 6-5. G. Plaag adjusting one of a group of an improved version of
multifrequency receivers, 1954.

For supervisory signaling and where multifrequency pulsing
could not be used, such as for calls to step-by-step offices, both
inband and out-of-band single-frequency (SF) signaling methods
were developed for dial pulsing as well as for supervision.’
Although ideal in a number of respects, out-of-band signaling was
restricted by the wartime emergency banks (EBs) introduced into
the transmission systems during World War II to provide greater
carrier channel capacity by limiting the frequency band of a voice
channel.l Nevertheless, out-of-band signaling was initially
developed for application with early analog carrier systems.!! The
frequencies were generally in the 3200-hertz range. Out-of-band
signaling had the advantage that the signals could not be simulated
by human voice sounds (“‘talk off”’) and, therefore, were immune to
false disconnects. The only successful out-of-band system (3700
hertz) was developed for use with the N1, O1, and ON carrier sys-
tems.!? For more general application, inband signaling equipment
was developed for use on repeater and carrier circuits. The first of
these used frequencies of 1600 hertz and 2000 hertz in the reverse
direction, approximately half of those frequencies experimented
with for out-of-band signaling.!3 About 20,000 of these units were
placed in service starting in 1948. To reduce “talk-off,” higher fre-
quencies were used. These systems used 2600 hertz (2400 hertz in
the reverse direction), and thereby enabled distant switching sys-
tems to be controlled over any path customers could use for conver-



130 Engineering and Science in the Bell System

sation!* (see Fig. 6-6). Some 170,000 of these vacuum tube units
were placed in service beginning in 1952.

After transistors were developed, new single-frequency signaling
units, compatible with the vacuum tube type, were designed and
produced. These were known as the “’E type” signaling units and
were first placed in service in 19581 (see Fig. 6-7). More than
3,300,000 units were produced, not only for interoffice signaling
including revertive pulsing, but also for foreign exchange and PBX
lines. An improved, more compact SF system, the F type, was
developed in 1969 (see Fig. 6-8). Fig. 6-9 shows the basic function
of these signaling units. By 1976 over one million of these units
were produced.

V. CHARGE RECORDING METHODS

The other important ingredient required for the start of full auto-
mation of the nationwide telephone network was machine methods
for recording information about calls that could be used for billing.
Two methods were studied, one known as automatic ticketing and
the other as automatic message accounting (AMA).

5.1 Automatic Ticketing

Automatic ticketing was first introduced in Belgium in 1938.%7 Bell
Laboratories engineers, working with Teletype Corporation
engineers about that time, devised a simpler numerical printer or
“message ticketer’” (see Figs. 6-10 and 6-11). This printer was low
enough in cost that one could be provided on each outgoing trunk
circuit from an originating office that required detailed charge infor-

Fig. 6-6. In-band signaling units: transistorized unit, left, and earlier
vacuum tube model, right.
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Fig. 6-7. E-type single-frequency signaling unit; over 3,300,000 of these
units were produced, beginning in 1958.
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Fig. 6-8. Patrick McLaughlin with the F-type design of 1969, an
improved, more compact single-frequency unit.
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Fig. 6-9. Diagram of an F-type unit showing tone generator and detec-
tor connections to transmitting and receiving lines.

mation about the calls it served.!® Fig. 6-12 shows a sample
automatic ticket compared with a manually written ticket.

A critical ingredient in this as well as most charge recording sys-
tems was to provide the identity of the calling line number. The
arrangement, developed initially for the automatic ticketing system,
used a 2700-hertz tone applied to the sleeve lead from the trunk
back through the originating switch train to a matrix of capacitors,
resistors, and transformers® (see Fig. 6-13). A set of ten vacuum
tube detectors successively connected with different parts of this
matrix to determine the office thousands, hundreds, tens, and units
digits of the calling line. Provision was made in the process to iden-
tify the number of either of the parties on a two-party line, based
upon the party test made in the trunk circuit.?

As mentioned earlier, Los Angeles was one of the first areas to
use operator and customer distance dialing. It was also an area with
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Fig. 6-10. The ticketing unit of the automatic ticketing system: front
view above, rear view below.

only step-by-step equipment since it had an early history of the
introduction of this type of equipment by many independent tele-
phone companies prior to unification by the Bell System, and prior
to the introduction of the panel system into large cities. It was quite
natural that as Los Angeles grew, it became necessary to charge on
an individual or detailed bill basis for customer-dialed calls across
this expanding metropolis. Los Angeles thus became a logical area
in which to introduce some form of automatic charge recording.

In 1944, the automatic ticketing system described above was first
placed in service in Culver City, in the Los Angeles area.?! In addi-
tion to the trunk ticketers and automatic line number identifiers,
this system provided register-senders that were accessed by out-
going trunk circuits (see Fig. 6-14). These senders stored the called
and calling number to control the simple trunk ticketers and also
translated the central office code digits (reconstructed by the identif-
iers from the digits dialed by the customer to reach the outgoing
trunk). Further, they transmitted decimal pulses of the central
office code or arbitrary digits so that the call could be directed
through step-by-step tandem offices to reach the called office.??

This system was placed in service in some 50 offices in the Los
Angeles metropolitan area, as well as a few others in the
Sacramento, California area. Over the years, as the amount of
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traffic served by these systems increased, several important modifi-
cations were made to them. The subsequent development and
success of AMA (see next section) led to the removal of the trunk
ticketers, so that the system was later modified to record the same
information on AMA paper tape.? This arrangement became known
as “’step-by-step AMA” or SAMA.

The identification process became more generally known as
“automatic number identification” (ANI). The particular form used
in this system was labeled as “ANI-A.” It initially was inherently
slow since a separate identification was required for each digit of the
calling line number and office code reconstruction. As traffic
increased, greater speed was necessary. Several tone frequencies
were introduced so that each identifier responded to its own
frequency; therefore several tones could be present in the identifica-
tion matrices simultaneously. In more recent years with the intro-
duction of the traffic service position system (TSPS), the system was
modified so that an identification could be made and the ANI infor-
mation could be multifrequency pulsed forward to the TSPS on first
selector /0" level trunks not arranged for SAMA. This feature was
called “automatic number forwarding” (ANF). In 1974 the system
was further modified for operation with 1 + 10 digit dialing for
which increased digit capacity was required.? ‘

5.2 Automatic Message Accounting

The automatic ticketing systems were an obvious method for
automating call charge records. However, providing equipment
even as simple as the message ticketers on a per-trunk basis was
costly, particularly as one looked forward to the growth of this type
of traffic. In 1934, W. W. Carpenter and W. H. Matthies explored
this problem and received patents on several centralized methods
for recording charge information.? These generally used punched
paper tape, such as employed in teletypewriter operation. The tele-
typewriter punches required rather expensive dies and were limited
in speed, so that a large number of them would be required to
record the large volume of data resulting from the many telephone
calls originating in a single central office.

In the early 1940s, Carpenter conceived a die-less form of
punched paper tape. The paper was broken by the point of a nail
driven against a countersunk hole. This break in the paper formed
an embossing. The width over which the tape could be punched
was controlled only by the size and spacing of the countersunk
holes. When pressed against the holes, the 3-inch wide paper tape
would move without a drive sprocket. To provide a simple mechan-
ism for advancing the paper in this manner, Carpenter used the
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Fig. 6-14. Diagram of the automatic ticketing system, first used in
Culver City, California in 1944.

drive mechanism of a 206-type selector, which had 44 evenly spaced
steps. With the diameter chosen, there were six perforations per
inch. During World War II, Carpenter made a number of these
simple tape perforating mechanisms in the basement of his home,
using an automatically controlled drill press. Fig. 6-15 shows a per-
spective view of the perforator mechanism. The tape is 28 hole posi-
tions wide.? Fig. 6-16 shows the way the perforations were used to
record digital information.

To read this tape it was necessary to have pins that applied a small
amount of pressure and so would pass through the holes where
they existed, but that would not perforate the paper when there
were no holes. The pins were in turn attached to sets of contacts, so
that the information coded on the tape could be read. Fig. 6-17
shows a tape perforator and reader in cabinets as used at the
accounting center where the tapes were processed.?
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Fig. 6-15. Perspective view of the perforator. ““Nails” emboss paper
perforations into countersunk holes in the cylinder.

Another feature of this recording system was that one tape
recorder served 100 district junctors or trunks through a “call iden-
tity indexer”’?® (see Fig. 6-18). The information about all the calls
served by these trunks was placed on the tape in chronological
order. This system was developed for use only in offices of the
common-control type so that the called number was available from a
sender. In crossbar offices the identity of the calling line number
was available when establishing the connection to an originating
sender or register. This information was translated from the equip-
ment location to a directory number with a Dimond-ring translator
(see Chapter 7, section 1.1), taking into account the identity of the
party on two-party lines.?” The common-control equipment placed
an initial entry on the tape, generally providing the calling and
called numbers, the time of day, information concerning the type of
billing for the call, and the number of the trunk serving the call.
Later, when and if the call was answered, the trunk number and
time would be recorded on the tape, and an identical timing entry
would be placed on the tape at the conclusion of the call. Inter-
spersed among the three entries of a particular call were similar
entries for calls served by the other 99 trunk circuits as well as
hourly and daily timing entries.



Preparing for Full Automation 139

Periodically, usually once a day, these tapes would be collected
and delivered to an accounting center where the tape readers and
other tape perforators were located. A complete accounting system
for calls handled by AMA was developed at Bell Laboratories from
1946 to 1948. The “AMA accounting centers,”” as they were called,
produced printed records, one for each customer per month, listing
each call, the elapsed time, and in some cases the charges. Similar
processing was used for calls billed on a message unit rather than
detail basis. The accounting process consists of successively reading
and reperforating AMA tape as shown in Fig. 6-19. Fig. 6-20
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Fig. 6-16. Top: method of recording information on AMA tape; patterns
of perforations specify digits describing details of call. Bottom: code pat-
terns for recording calling and called numbers, time information, and
other details used for preparing bills.
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Fig. 6-17. A tape reader, left, and two perforators, right, as used in an
automatic message accounting center.
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control office showing, in the lower right, the call identity indexer as
applied to No. 1 crossbar. The call indexer provided the number of the
trunk or district junctor to be recorded on the AMA tape.
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shows the original printed output for detail and bulk-billed calls.
Reference 30 is a list of papers giving additional details on the AMA
central office paper tape recording system.

In 1948, the first AMA accounting center was placed in operation
in Philadelphia, Pennsylvania, coincident with the cutover of the
first No. 5 crossbar system, which included the AMA feature. Pre-
viously a trial of AMA central office equipment in a No. 1 crossbar
office was conducted in Washington, D.C. Both the No. 1 and
No. 5 crossbar systems were arranged for AMA recording, which in
time became known as “Local AMA” or “LAMA.”

About this time (late 1940s) a number of new methods of record-
ing data were being developed as pioneering work for digital com-
puters. One development proposed but rejected after considerable
study was a magnetic wire version of AMA. It was not until the
early 1960s that magnetic tape standards and reliability had reached
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Fig. 6-19. OQutline of the process of reading, reperforating, assembling,
and sorting AMA tapes. End product was the information for an individ-
ual customer’s bill.
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Fig. 6-20. Left: AMA summary list of telephone numbers showing
number of message units charged to each. Right: toll slip showing details
of toll calls made from telephone number BE6-0217.

a point where it was considered satisfactory for recording call
charge information. At that time, LAMA was introduced into the
No. 1 electronic switching system using a magnetic tape (see
Chapter 9, section 5.2).

AMA accounting centers were established in the Bell System for a
period of 15 years. Improvements made in the accounting center
process included a machine that automatically assembled the call
records and computed the elapsed time for the assembled calls.
This machine, known as the ““assembler-computer,” replaced many
intermediate sorting stages and used new apparatus, principally
sealed contact digit register relays and the UB relays.*! The inventor
of the assembler-computer was A. E. Joel, Jr., and the patent result-
ing from this invention was the largest one issued in the United
States up to that time, comprising almost 250 claims and drawing
figures® (see Fig. 6-21). Over 100 of these machines were built.

The AMA accounting center was one of the first steps in compu-
terized centralization of plant operations. With the advent of elec-
tronic data processing the AMA centers were replaced by machines
that converted punched paper tape to magnetic tape to enter into
the other portions of the automated billing process.

5.3 Centralization of AMA

Although the AMA recording system was quite successful, it was
used primarily for detail-billed toll calls, since only a few areas had
message unit billing for local calls. At that time the amount of toll
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Fig. 6-21. A. E. Joel, Jr., with his assembler-computer patent—the larg-
est patent issued up to that time (1960).

calling from many offices could not justify the expense of LAMA
equipment. Also, the application of AMA in the step-by-step and
panel systems could not be justified economically. As a result, the
concept of centralized AMA (CAMA) was developed. With central-
ized AMA, toll calls were routed to a tandem or toll office where
trunks and registers were arranged to operate with the AMA record-
ing equipment. In addition, the registers were connected to cord-
less operator positions after the called number was received by the
sender. An idle position was connected momentarily for the opera-
tor to request the calling line number, which the operator keyed into
the sender for billing purposes. The calls using these CAMA opera-
tor positions (see Fig. 6-22) provided what became known as
“operator number identification”” or “ONL”* For light traffic
periods, arrangements were made for cord-board (DSA) operators
to respond to these calls.
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Fig. 6-22. Washington, D.C. installation of centralized automatic mes-
sage accounting (CAMA) operator positions.

The CAMA principle was applied to all systems used for tandem
and toll service except for the panel system. The concept was first
developed starting in 1950 for the crossbar tandem system3
(see Chapter 8, section 3.1 and Fig. 6-23) with the first installation
cutting over in Washington, D.C. in 1953. Ultimately 189 or
approximately 65 percent of the tandem systems were equipped for
CAMA operation.

A basic problem when connecting step-by-step offices to com-
mon-control offices is that dial pulse (DP) transmission from a
customer’s dial can reach the trunk prior to connecting a sender to
receive them. Dialing a *“1” reaches these trunks. Two methods of
insuring the receipt of succeeding digits may be employed. The
digits may be stored in the trunk, or a bypass or “bylink” may be
used to bring the digits that may be dialed into the sender while the
full link connection is being established (see Fig. 6-24).

To serve calls reaching the offices directly from local step-by-step
offices over CAMA trunks, a separate register-sender arrangement
was designed for the crossbar tandem system.> Here a high-speed
single stage “‘bylink’” connects the trunk to a 3-digit register while
the sender link connects the trunk to a regular dial pulse sender
(see Fig. 6-25) to receive the remaining digits. Later the register
deposits the earlier digits into the sender. Similar bylink arrange-
ments are provided in other CAMA applications.

Tandem features were made available to the No. 5 crossbar sys-
tem (see Chapter 7) in early 1952,3 and CAMA features were added
in 1958. The first cutover was in Newhall, California in 1959.57
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Much of the toll calling from around the country is recorded in toll
offices of the 4A crossbar type (see Chapter 8). CAMA features
were developed for this system starting in 1954 with the first cut-
over in Albuquerque, New Mexico in 1960.% Special features
included remote operator number identification (ONI) positions,®
bylinks,%’ and new dial pulse registers.! The registers store all
digits and send them as multifrequency pulses to a CAMA sender
when it is attached to the trunk in the usual manner (see Fig. 6-26).
A common group of senders then serves all offered dial pulse and
multifrequency traffic. Approximately 80 of the 182 4A crossbar
offices were placed in service with these features.

Finally, similar arrangements were developed for the step-by-step
intertoll system, many of them very small*? (see Fig. 6-27). The first
of about 90 systems was placed in service in Steubenville, Ohio in
September 1961.
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Fig. 6-23. Centralized automatic message accounting feature (bottom) as
applied to crossbar tandem switching (top), first placed in service in 1953.
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In some areas the ONI method proved unsatisfactory due to the
frequency of recording of incorrect calling numbers and the subse-
quent billing errors. Also, as the volume of toll calling increased,
the number of operator positions increased. Therefore, it became
necessary to develop autoratic number identification equipment for
most local switching systems so that ONI could be eliminated as a
routine operation on most calls, to be reserved only for calls where
the ANI equipment fails, for identifying the calling line number for
multiparty lines, and for recording special billing numbers.
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Fig. 6-24. The bylink circuit and sequence chart showing how step-
by-step offices can connect to common-control systems.
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Fig. 6-27. Shaded boxes show CAMA units in step-by-step intertoll
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5.4 Automatic Number Identification

Many methods for identifying calling lines and translating
between equipment and directory number were studied.*® The ini-
tial general-purpose ANI method devised for use in panel, step-by-
step, and No. 1 crossbar offices became known as ““ANI-B.” This
system functioned in a manner similar to the ANI-A in automatic
ticketing, except that the matrix was more economically divided to
provide for the simultaneous identification of one among 10,000
numbers by digits, then into 100 groups of 100 (see Fig. 6-28).4 A
5800-hertz tone was placed on the local sleeve lead to the outgoing
trunk to the CAMA office® (see Fig. 6-29). After the called number
has been received by the CAMA sender, this sender signals back to
the outgoing trunk in the originating office and the calling line
number is pulsed forward by multifrequency pulsing from an ANI
sender.
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Fig. 6-29. H. A. Miloche standing in front of an ANI-B number network
frame that serves 1000 lines. He holds a primary network unit for ten
telephone lines.

ANI-B was designed to be most economical in larger offices where
large amounts of detail-billed calling was expected. As a result, the
per-line and trunk equipment was kept simple and low in cost while
the common equipment had a high getting-started cost. The key
equipment item was the 1000-line number network frame. The sys-
tem was not transistorized because at the time the development
started, reliable transistors with the required but unusual detector
and amplification characteristics were not yet available. Nonethe-
less, ANI-B has given a good account of itself in the field with over
30.4 million lines installed. The first standard installation ina No. 1
crossbar office was in Seattle, Washington in February 1961. The
first panel office installation (Newark, New Jersey) and No. 1 step-
by-step office (Stamford, Connecticut) followed closely in the same
year. It was also during the development of wiring for the line net-
works that H. A. Miloche, R. F. Mallina, and F. Reck invented a
solderless wrapped connection technique to eliminate solder crosses
and clippings in this wiring maze* (see Chapter 5, section VIII).

It was found that for small step-by-step offices, generally those
serving fewer than 5000 lines, providing ANI-B was too expensive.
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This meant that as direct distance dialing (DDD) was applied to
more of the Bell System, the smaller offices could participate only by
utilizing operator number identification. With increasing labor cost
and percentage of DDD calls it was necessary to devise a more
economical version for customers in smaller offices.

A more economical system, ANI-C, was developed for this appli-
cation.? The first office was South Sioux City, Nebraska in January
1965. This system had more expensive active devices, gas tubes, for
each line appearance and lower getting-started costs in the common
equipment (see Fig. 6-30). Instead of a tone, this system used a

Fig. 6-31. Composite space-saving ANI-D frame containing line-identifi-
cation networks, trunks, and sender.



Preparing for Full Automation , 153

heavy positive pulse on the sleeve lead that ionized the gas tubes
associated with the calling line. This design was to extend ANI to
offices in the 1000~ to 5000-line range. The number frame accommo-
dated 2600-line networks.

For slow-growing offices the equipment arrangements were not
economical, since too much spare space was provided. A repack-
aged version, ANI-D, introduced with first service in Van Dyne,
Wisconsin in March 1973, provided a system that economically filled
the need in smaller offices®® (see Fig. 6-31). A single frame could
provide ANI capability for as many as 3600 lines. ANI-C with more
than 4.3 million lines installed and ANI-D with more than 2.6
million lines installed provided community dial offices with the
same high-quality toll calling, without the intervention of an opera-
tor, as provided in the larger metropolitan offices.
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Frames of No. 5 crossbar equipment in a commercial office, about 1950. No. 5
was a local system with great flexibility in signaling and trunking. Its many inno-
vations included incorporation of automatic message accounting, a single set of
switch frames for originating and terminating traffic, a unique multi-digit
Dimond ring translator, and the ability to receive digit-identifying tones from the
customer’s telephone.



Chapter 7

No. 5 Crossbar

Even though the technological trend after World War Il was toward
crossbar switching, step-by-step remained a formidable economic competitor
in suburban areas. The answer was No. 5 crossbar, for which development
began in 1945 and which first saw commercial service in Media, Pennsyl-
vania in 1948. The No. 5 system incorporated a marker containing more
than 1500 relays—one of the most complex relay logic circuits ever
designed. Gradually the system proved its worth because of the flexibility
provided by its complexity. Since the initial No. 5 concept called for
accepting additional digits dialed by customers, this system was used for
the introduction of direct distance dialing in 1951.

I. THE INNOVATION

As indicated earlier, Bell Laboratories engineers for many years
had been trying to find an economic application of common-control
principles to smaller offices. Crossbar systems such as the No. 380
and No. 2 crossbar were designed and built, and systems like the
43" system (see Chapter 4, section 2.4) were studied intensively.
As World War II drew to a close, there were even stronger motiva-
tions for developing a new crossbar system. In particular there was
a need for a system with the advantages of crossbar for growth in
large cities served by the step-by-step system, such as Los Angeles.
Also, the suburbs of metropolitan areas served by panel, crossbar,
or step-by-step systems were expected to grow, requiring a system
that would provide for calling to fringe areas, including community
dial offices and around the large cities, as well as into the cities. It
might, like the step-by-step system, be expected to act as a local,
tandem, or toll office with unique features for each.

Exploration was started for a system to meet these objectives.
Such a system needed a form of charge recording to care for many
short haul calls between suburbs, cities, and rural areas, and needed
to operate with the many different forms of interoffice pulsing, such
as dial, revertive, panel call indicator, and possibly multifrequency,
that might be encountered in different applications.

157
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One proposal on which development was started was the No. 15
crossbar system.! The “S” indicated interworking with step-by-step.
This system had an arrangement for registering some of the dial
pulse digits received in the incoming trunks and for forwarding
them to a special group of terminating senders. Similarly, outgoing
dial pulsing capability was to be added to the originating senders.
Since automatic message accounting (AMA) was to be added to
No. 1 crossbar, this would have provided the basic capability
needed to meet the objective. However, the arrangement proved
too costly, particularly since all originating senders had to provide
for all types of pulsing, regardless of how often they were needed.
For this projected office application, AMA was required for only a
small portion of the calls. The No. 1 crossbar system required all
district junctors to be equipped for AMA. This also proved costly.

In March 1945, vice president A. B. Clark set down objectives for
new local switching systems with the expectation of a crossbar sys-
tem to compete favorably with step-by-step on a first-cost basis.
After re-examining the ““43” plan, A.]. Busch in April 1945 pro-
posed a new system particularly adaptable to serve calls with many
possible variations, especially in signaling and trunk feature
requirements. The advantages of this system were recognized
quickly, and studies showed it would be economically competitive
with the planned systems, such as the No. 2 crossbar and the
No. 43 plan, or with modification of existing systems such as
No. 1S crossbar. It was decided to proceed with its development,
and the system was identified as the No. 5 crossbar system.

No. 5 crossbar,? besides signaling and trunking flexibility, has
only a single set of switch frames, the line and trunk link frames,
and, as shown in Fig. 7-1, only one group of markers to set up ori-
ginating and terminating calls. A unique characteristic of this sys-
tem is that the same network is used for both call completions and
originating register access. This means that, on every originating
call, the marker is used on two separate occasions, once to establish
the connection and a second time for the ““call back”” when the regis-
ter connection is released and a trunk connection is established. A
similar proposal was made earlier by C. E. Brooks.

Because of the call-back operation, all digits must be registered
from the calling line before the marker may act on the second con-
nection. To know when sufficient digits have been received, the ori-
ginating register connects to a ‘‘pretranslator” after three digits
have been received. The pretranslator indicates the number of
digits to be expected.’

The first connection is known as the ““dial tone” connection since
the calling line is connected through the regular switch frames to the
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Fig. 7-1. Block diagram of the No. 5 crossbar system, showing use of
single group of markers and single set of line and trunk link frames.

originating register to receive dial tone. On the basis of the results
of the KRF machine throwdowns (see Chapter 5, section 3.4.2), a
priority was established in cases of simultaneous requests for mark-
ers to establish dial tone or “‘completing’”” calls.

The marker for this system* contains more than 1500 relays and is
one of the most complex relay logic circuits ever designed (see
Fig. 7-2). It performs the combined functions of the line link con-
trollers and originating and terminating markers of the No. 1
crossbar system. To aid in understanding the marker operation and
in manufacturing it, it is divided into functional units,® an arrange-
ment that had been previously used only for complex test frames. It
makes extensive use of self-checking two-out-of-five circuits and
serves as the transfer point or, in modern terminology, the “‘bus”
for moving the called numbers from the registers to the senders and
for moving the calling line equipment numbers from the registers to
the transverters.®

It was realized early that economies could be obtained in larger
offices by separating the dial tone from the completing functions of
the marker. As a result, a separate dial tone marker was developed
in 1950, primarily as a cost-reduction item. This circuit contained
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Fig. 7-2. A No. 5 crossbar marker, containing more than 1500 relays.

fewer relays to perform the simple function of connecting lines
requesting service to idle originating registers.

As in the No. 1 crossbar system, the lines could be placed on the
line link frames without regard to directory number. In this way,
the traffic load on the line link groups could be equalized
throughout the office, thereby providing uniform and balanced
service for all customers. The directory-to-equipment number
translation was provided by a number group circuit, as in the No. 1
crossbar system, except that for most lines the sleeve leads need not
be cabled to the number group frames, thereby simplifying the
installation of the system.” The No. 5 crossbar number group
includes two cross-connections, each of which provides two pieces
of information.® This was made possible by a marginal circuit using
new mercury contact relays developed during World War II.? This
arrangement reduced the number of marker connector contacts.

Since the system included AMA, it required both directory-to-
equipment number translation (the number group function) and
equipment-to-directory number translation (the AMA translation
function). New proposals for two-way translation were made, but
none were successfully introduced. !
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1.1 The Ring Translator

A new invention for the AMA translator proved to be a great
advance in memory functions, particularly considering the date
1945. The inventor was T. L. Dimond, and it used solenoid wind-
ings, called “rings,” through which were threaded wires represent-
ing the translations!! (see Fig. 7-3). It rapidly became known as the
Dimond ring translator. Pulses were sent through the wires
selected by a relay tree. The pulses were induced into the threaded
rings and detected by gas tubes. The initial translator accommo-
dated only 1000 translations. Later (1958) a more compact version
for 2000 translations was developed.!? The Dimond ring translator
was also used later in the crossbar tandem system. This basic trans-
lator principle has been used by many others, not only in crossbar
systems but also in adapted form as the translation and program

Fig. 7-3. A Dimond ring translator: gas tubes at left, “‘rings’” at right.
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memories in some electronic switching systems.!® The separation of
the register and sender functions and the development of No. 5
crossbar stimulated many to estimate total memory requirements
for switching, among them C. E. Shannon.

1.2 Other Inventions

Other new apparatus developed for the No. 5 crossbar system
included a punched card trouble recorder in place of a trouble indica-
tor!® (see Figs.7-4a and 7-4b). A recorder was considered necessary
since it was planned that the system would provide service in smaller
offices and would be unattended at nights and on weekends. This
necessitated the automaticrecording of successive troubleindications.

Another unique feature was a simple one-stage crossbar link to
connect trunks to the required type of ringing supply for the called
telephone and/or tone for the calling line or trunk. ¢
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Fig. 7-4a. No. 5 crossbar trouble recorder in the left-hand bay of the
maintenance center, Media, Pennsylvania.
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In the panel and crossbar dial systems, many timed periods are
required to permit certain circuit operations to be carried out, and to
give an alarm if these operations are not completed by the end of the
period. In the past, these time intervals were provided by power-
driven, cam-actuated interrupters. With the introduction of the
No. 5 crossbar system, however, the power-driven interrupters
were replaced by circuits employing cold-cathode tubes. Time
delays are obtained by using the time required to charge a capacitor
in series with a high resistance. The potential on the capacitor is
applied to the control anode of the tube, and when this potential
builds up to a value sufficient to cause the tube to ionize, the relay
in the tube circuit operates.

Many other maintenance features were provided and concen-
trated at a central location in the central office. This location
included the “master test frame” and test circuits for the marker,
registers, lines, and trunks. Several unique test circuits were intro-
duced for the first time. One was the line insulation test frame that,
in the early morning hours when the maximum dew was on the out-
side distribution plant, tested the insulation of each line for leak-
age.” Another circuit connected in parallel with the originating
registers one at a time while they served regular calls and checked
that the registration agreed with that reported to the marker. This
was known as an ““Automatic Monitor.””!8 Since it only sampled
calls, it was later dropped from the office requirements.

The No. 5 crossbar system also included many innovative
developments in equipment practices.!® In particular, for the first
time the frames were formed from sheet metal (see Fig. 7-5) and
established the pattern for all future central office equipment.?
Hinged plexiglass covers were also used.

II. MEDIA, PA.—THE FIRST NO. 5 CROSSBAR

Development of the No. 5 crossbar system began in October
1945. The initial installation was in Media, Pennsylvania. It was cut
over on July 11, 1948, only three years after development was
started and at a cost of about $7 million ($5 million systems develop-
ment). The Media installation was not only the first No. 5 crossbar
system, it was the first commercial system to include the AMA
feature. To process the AMA tapes, the first AMA center was estab-
lished by the Bell Telephone Company of Pennsylvania in their
downtown Philadelphia headquarters on Arch Street. This installa-
tion was tested and placed in regular service coincident with the
Media cutover (see Frontispiece to Chapter 6).

Another feature made economically feasible by separating the
originating registers from the senders in the No. 5 crossbar system
was the ability to receive other than dial pulse signals from the cal-
ling lines. A trial was held in this first office using early models of
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Fig. 7-5. Typical No. 5 equipment arrangements with frames formed
from sheet metal.

pushbutton telephones (see Fig. 7-6). A separate set of originating
registers was designed to receive multifrequency signals from these
sets, which generated the tones from vibrating reeds that were
plucked when the buttons were depressed.?! The frequencies, used
two-at-a-time, were the same as those used between offices (see
Chapter 6, section IV). As compared with the use of this form of
signaling by operators, the receivers here were connected to lines
and hence were exposed to spurious speech or background
transmissions from the customer while he or she used the pushbut-
tons. Also, the plucked reeds were found not to be stable and
rugged enough to maintain adjustment with constant usage in a sta-
tion environment.

III. ENGLEWOOD-THE FIRST DDD EQUIPPED LOCAL OFFICE

Included as an option in the initial capability of the originating
registers and senders of the No. 5 system was the ability to accept
and store additional digits in preparation for nationwide customer
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Fig. 7-6. Early (1948) pushbutton telephones used with No. 5 crossbar.
Two frequencies from plucked reeds identified each digit.

dialing (see Chapter 6, section 3.2). The system included provision
for operator distance dialing so that the key pulsing or dialing from
operator A’ (assistance) switchboard positions associated with a
collocated No. 5 office could, on operator calls, be “pulse con-
verted”” to whatever type of pulsing was required by the distant
office.??

It was quite natural that a No. 5 crossbar office should be chosen
for the trial of customer nationwide dialing or ““direct distance dial-
ing”’ (DDD), as it later was named. (The initial name for the service
was “foreign area customer dialing” or FACD to distinguish it from
the short distance intrastate “home area customer dialing” or
HACD.) The Englewood, New Jersey office was equipped with 10-
digit originating registers and in November 1951, DDD service was
tested for the first time.? This service during the next twenty years
was to become the accepted toll service of the Bell System network.
Three-digit prefix codes identified the distant cities. Some codes
were identical with those that eventually became “area codes” in
the nationwide numbering plan.

The multifrequency senders in this No. 5 crossbar were modified
to include individual transistorized multifrequency generators. The
transistors used in these generators were experimental and were the
first to be employed in any commercial operation in the Bell
System. 2

IV. THE MATURING OF NO. 5 CROSSBAR

From a service standpoint the No. 5 crossbar system was a success
from the moment of its introduction. Like most new switching sys-
tems the initial installed price was higher than expected. Within the
first four years a considerable joint effort of Western Electric and Bell
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Laboratories greatly reduced the price difference between No. 5
crossbar and the step-by-step system. More importantly, the advan-
tages of the basic system architecture were gradually accepted by the
operating telephone companies as a result of the addition of
numerous features (see Chapter 11). These features demonstrated
that the system architecture was flexible enough to be adapted for
operation with a large variety of engineering and field environments.

Training proved somewhat of a stumbling block, since a more
complex system was being introduced into areas that to that time
had been exposed only to the simplicity of the step-by-step system.
As a result, Bell Laboratories, for the first time, organized and pro-
vided instructors for a school for telephone company instructors.
New documentation was devised to simplify the understanding of
the complex circuits. Detached-contact schematics (see Chapter 5,
section VII), were adopted for the first time for this system. While
they were an improvement over the attached-contact schematics,
they did not go far enough. In particular, the circuit paths were not
shown adequately across functional circuit boundaries. This defi-
ciency was corrected by the introduction of detached schematics
(functional schematics) that crossed the boundaries. A complete
and standard set of flow charts and diagrams was produced,? a
function previously carried out by each individual telephone
company school. The success of this school was a precursor to other
joint Bell Labs-operating telephone company educational ventures,
including the Operating Engineers Training Program (OETP), the
No. 1 ESS training school, and more recently the Operating Com-
pany Associate Program (OCAP).

Beside the specific efforts to reduce the cost of the No. 5 crossbar
system as it was designed initially, the program to design an
improved general-purpose relay was moving from exploratory to
the final development stage. Several versions of this generation of
so-called “wire spring” relays competed for eventual commitment
to production.?6 These relays offered many advantages. Principal
among them were semiautomated production, ease of obtaining
various spring combinations with card actuation of the springs, and
pretensioned springs to eliminate manual adjustment of assembled
relays in the factory and in the field.

The adoption of the wire spring relay required new equipment
designs since the mounting centers were generally different. Also
the greater capacity of the relays meant that fewer were required.
Wire spring multicontact relays were also designed.” New equip-
ment arrangements, more efficient in the use of space, were
designed. Moreover, this redesign gave the circuit designers an
opportunity to introduce improvements that could not otherwise be
justified on their own merits. The result was that, gradually, a new
version of the No. 5 crossbar system, the wire spring version,
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replaced the “flat spring” (U and Y type) relay original version,
starting with the trunk circuits in 1953 and the marker and other
control circuits in 1954.

To save space in No. 5 crossbar offices and to increase trunk
capacity, system development based on a smaller crossbar switch
was started in 1966. An initial installation of sample switches in 1968
in the Blue Island, Illinois office started the modification of the No. 5
crossbar system to take advantage of this development. In particu-
lar, the new switch increased the maximum number of trunk termi-
nations per frame from 160 to 200 since the switches had 12 instead
of 10 levels.? The first complete trunk link frame was installed in
Port Huron, Michigan in 1970. Other switching system develop-
ments to use this switch followed rapidly: No. 5 crossbar call waiting
(1971) (not standardized), 5A crossbar (1972), No. 4A crossbar
frames (1973), 2B automatic call distributor (1972), subscriber loop
multiplexer (1972), 812A PBX (1972) (see Chapter 13, section 2.5),
switched maintenance access system No. 3 (1973), the 300 special
switching system (1973), and the Traffic Service Position System-
Remote Trunk Arrangement (1976) (see Chapter 10, section 1.8).%

As indicated earlier, the architecture of No. 5 crossbar was flexi-
ble in providing trunking and pulsing features, and also provided
AMA charging flexibility. It therefore is understandable that the
No. 5 crossbar system was modified for a variety of applications
including the addition of a large number of features and more new
services than any previous system. Many of the added features and
services are described in Chapter 11. The No. 5 crossbar system
was in the vanguard of economically providing many of these ser-
vices and features.

V. PACKAGES AND SMALLER VERSIONS

The increasing number of features gave telephone company
engineers many choices in deciding how to provide automatic
switching when replacing manual offices and for growth. While
No. 5 was most popular for these applications, it could not compete
in price with step-by-step for the very simple, small offices.

In 1961, after being recommended by a joint Bell Labs-Western
Electric Committee, a limited set of features and a fixed number of
traffic-engineered circuits were incorporated into packages of 990,
1690, and 2190 lines with fixed prices.* Since the offices were gen-
erally unattended, maintenance facilities were modified and mini-
mized by replacing the master test frame with an office test frame.
The price was also attractive since it eliminated complex and costly
engineering and installation variables. To gain experience with the
“packaged” installation, the first office was placed in service in
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Portland, Connecticut in the later part of 1960. Subsequently, the
committee developed standard package features. While more than
400 of these offices were manufactured and installed by Western
Electric, they did not satisfy their objectives since most orders were
supplemented with changes and additions, thereby practically
defeating the original intentions.

The demand for these systems was gradually reduced. Later sys-
tems developed in Canada and Japan and attractively priced were
purchased by some companies. About 80 foreign systems were pur-
chased after Bell Labs made technical evaluation of the systems for
AT&T on behalf of the operating companies.

In 1971 a joint development project with Western Electric was
started on a reduced-cost version of the system, to be known as the
No. 5A crossbar system.?! This system was mounted in precabled
and shop-tested modules.® The system could be assembled and
tested in the factory and transported to the central office site ready
for service. One module served 980 lines; an additional module
could be ordered to serve 1960 lines, all with a traffic capacity of
over 300 call-seconds per line. The equipment was redesigned for
7-foot frames while trunks, registers, and senders were plug-ended
to facilitate the making of additions. The new, smaller-size crossbar
switch helped make possible this size reduction. The first of a total
of about 25 installations was cut over in Portville, New York on
August 20, 1972—67 days after a flood destroyed the step-by-step
office there.

Later in 1973, a version of the No. 5A crossbar system was
developed by reducing the size of the network to three stages so
that it could be ordered in sizes of 300 to 600 lines. (Later in 1975
this capability was extended to 1200 lines.) This system was known
as the “No. 3 crossbar system.”’3 The first installation was placed
in service in Howells, Nebraska in June 1974, and 23 were eventu-
ally placed in service.

While the No. 1 crossbar system with its new switching principles
attracted worldwide attention, it was not until the successful intro-
duction of the No. 5 system that other manufacturers in the United
States, Canada, Japan, Great Britain, Belgium, France, and else-
where started to develop comparable systems. This was quite
natural since the No. 5 system was intended for smaller offices than
No. 1, the kind that at that time were more prevalent in world
markets. Even years later, while electronic switching systems are
being introduced around the world, new crossbar systems patterned
after No. 5 crossbar are still being sold in significant numbers. The
last Western Electric manufactured No. 5 crossbar system was for
Birmingham, Alabama in early 1976. More than 2700 entities were
provided by Western Electric (688 of the flat spring variety). By the
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end of 1976 close to 27 million lines in the Bell System were served
by No. 5 crossbar. Extensions to existing systems were still being
installed, and a peak of 28.5 million customer lines was reached in
October 1978.

VI. NON-NEW JERSEY LOCATIONS FOR SWITCHING
DEVELOPMENT

In the late 1940s Bell Laboratories established branch laboratories
for the purpose of facilitating the transfer of technology from
developer to manufacturer. The Allentown, Pennsylvania labora-
tory was established for device development in 1947. In June 1959,
the first switching system branch laboratory was established at
Columbus, Ohio. Here all local crossbar development and later
(1964) all crossbar systems development were collocated with those
responsible for Western Electric standards engineering.

The success of the crossbar branch laboratories led in 1966 to the
establishment of a new laboratory in Naperville, Illinois. It is
known as the Indian Hill laboratory. It was established there, as a
center for electronic switching developments, to be close to the
Hawthorne Works of Western Electric, which at that time was the
product engineering control center (PECC) headquarters for elec-
tronic switching. Since then the PECC for electronic switching has
been moved to Lisle, Illinois, and it is known as the ““Northern
linois Works.”

The branch laboratory concept is also used for customer switching
equipment at a laboratory collocated with the Western Electric Com-
pany in Denver, Colorado. This laboratory location, established in
1971, also includes AT&T groups responsible for these products.
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Laboratory installation of card translators, about 1952. A key system element in
the growth of nationwide dialing by customers, the card translator interpreted the
six digits of the area code and office code of a called telephone number. These digits
caused one metal card to drop down from a stack of about 1000 cards. According to
which holes in the cards were or were not enlarged, light passed through to photo-
detectors to specify the information needed to select a route for a long distance call.



Chapter 8

Direct Distance Dialing

Direct distance dialing of calls nationwide by customers required a major
investment in development by the Bell System. Automatic alternate rout-
ing was incorporated into a multilevel hierarchy of switching centers, and a
routing plan was developed to allow efficient choice of routes to a toll office
in the region of the called telephone. No. 4 crossbar was adapted in several
versions to take on the added functions of accepting more dialed digits from
customers and of performing more code conversions or translations. The
card translator solved the problem of handling the large amounts of infor-
mation required to service calls nationwide, and the crossbar tandem sys-
tem, despite its 2-wire design, was modified extensively for toll service and
gave a good account of itself, with 213 toll systems in place by 1968.
Crossbar tandem was, in addition, the first host system for centralized
automatic message accounting, another important ingredient in making
DDD available to all customers, regardless of the type of local office serving
them. Selected No. 5 crossbar systems were modified, beginning in 1967,
to inaugurate customer-dialing of calls overseas.

I. NATIONWIDE PLANNING

Initially, much of the equipment used by operators to complete
toll calls was of the step-by-step variety, since this system was most
suitable for the smaller-size trunk groups and was available, having
been developed before World War II (see Chapter 3, section VI).
Later, when there was a greater concentration of toll facilities, the
No. 4 crossbar was available and was indeed adapted for the larger
cities with five post-war installations in New York, Chicago, Boston,
Cleveland, and Oakland (see Chapter 4, section IIl and Chapter 6,
section 3.1).

For shorter distance dialing, the crossbar tandem system rapidly
became a most useful member of the toll switching family, although
it required rather costly transmission balancing requirements, since
it switched on a 2-wire basis. In short distance service crossbar tan-
dem, like the No. 5 crossbar system, encountered a wide variety of
pulsing needs, and perhaps no other system was provided with
such a large array of sender capabilities.’ While it had these capabili-
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ties, at that time it lacked a number of other features considered
essential for the routing of nationwide customer- dialed calls. (Later
many of those toll features were added.?)

As indicated in Chapter 6, the dialing of long distance calls
directly by customers was part of a plan that formed the basis for
most post-World War II switching developments. Recording of
charge information details—including calling and called numbers,
answer and disconnect time, and the type of call—was made possi-
ble by the development of AMA for crossbar systems and the
accounting centers that processed the perforated paper tape
records. Signaling over long distances was made possible by the
introduction of multifrequency signaling of address information
between most crossbar systems and by single-frequency signaling of
supervisory information as well as dial pulsing. A transmission
plan had evolved for manually switched long distance service but
needed revision for operator distance dialing.3

There remained two basic planning steps before nationwide dial-
ing directly by the customer could be introduced. One was the
development of the numbering plan (see Chapter 6, section 3.2)
and the second was a network and routing plan.

A general toll switching plan of the Bell System was devised in the
late 1920s.* It incorporated three levels called regional centers, pri-
mary outlets, and toll centers. Eight regional centers (San Fran-
cisco, Los Angeles, Dallas, Denver, Chicago, St. Louis, Atlanta, and
New York) were completely interconnected by direct trunks. Pri-
mary outlets generally served states and provided access to the net-
work for toll centers that served communities and had direct trunks
to one or more regional centers. (The term “supplementary offices”
was also used to denote secondary outlets to provide alternate
routes to regional centers and secondary switching points for intra-
area toll switching. Also, the term “tributary” was used to denote
cities or towns where little or no toll switching was performed.)

When customer dialing of toll calls was studied, the same network
configuration was assumed, although at one point more regions
were considered. Bell System engineers proposed the disciplined
use of multiple automatic alternate routing to maximize the chance
of completing calls in a network where toll facilities, at least ini-
tially, might be sparse. Alternate routing is a concept that began in
the Bell System with manual toll operation as early as 1926.
Automatic alternate routing was proposed about the same time by
W. W. Carpenter of Bell Laboratories. Later another Bell pioneer,
C. E. Brooks, proposed multiple automatic alternate routing.

Early planning included “crank back” so that calls might be alter-
nately routed in earlier offices if all desired paths at a distant office
were found busy. The routing plan as it evolved made extensive use
of alternate routing (but without crank back) and provided for more
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intermediate switching centers. This increased the number of possi-
ble intertoll links from five to eight. The switching centers with the
alternate routing and other capabilities that were later defined (see
below) were to be known as ““control switching points.”

For nationwide toll dialing, complete connectivity is required for
universal service. The switching plan for nationwide dialing had to
restrict the maximum number of links to a specific number for
transmission stability, uniformity, and efficiency. With manual toll
switching, the maximum was four toll switching centers in series,’
but the loss could be as high as 20 decibels. With dial switching a
plan, now known as the “hierarchical” plan, was devised that per-
mitted as many as nine toll switching centers in tandem. To make
this type of service viable, the demand basis for engineering trunks
(no delay) was used. The higher number of possible switching
centers in a connection resulted from the desire to make maximum
use of every available trunk to reduce the possibility of giving the
customer reorder. As shown in Fig. 8-1, two ranks of offices were
added: one, the sectional centers between the primary and regional
centers, and the other, a national center connecting to all regions.
Within a region, calls may progress up a “ladder”” from toll, to pri-
mary, to sectional, and then to the regional center. They are inter-
connected by trunk groups engineered for low probability of lost
calls and are known as “final trunk groups.” Other groups, known
" as “high-usage,” are engineered on the basis of traffic volume and
economics and interconnect centers out of the strict hierarchical
order. Most intertoll trunks have been and continue to be two-way
while those that connect with local (or end) offices are one-way.
(This was due originally to the scarcity of facilities, but later efficien-
cies continue to make them favorable, due in part to the differing
traffic peaks in the different time zones in the United States.) The
transmission plan that accompanied the switching plan called for
adding essentially no loss if both ends of a connection were intertoll
(known as “via net loss”’), 2-decibels if only one end was intertoll,
and 4 decibels if both ends terminated in toll connecting trunks
(known as ““terminal net loss”’). The maximum loss has been held to
13 decibels. The loss plan was implemented by the No. 4A crossbar
switching system, which can add 2-decibel pads in the incoming and
outgoing trunks and can also select trunks with the correct transmis-
sion characteristics, depending on the call being switched.

A national center was originally assumed at St. Louis, Missouri
for connecting to all regions, but this was never implemented since
adequate trunk facilities at lower levels kept pace with traffic
demands. In the plan, all regions are fully interconnected, and final
groups between them are provided if no facilities are available at
lower orders. As the network and service have grown, the tendency
has been for increasing numbers of high-usage groups to be formed
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between major cities, thereby reducing the amount of traffic flowing
at the higher levels of the hierarchy.

The routing plan for use of the network was even more critical. It
was based on the ability of the marker to select among multiple
alternate routes. With the technology then available, it would have
been difficult to indicate the route by which a call reached a given
toll switching office. Therefore, to avoid the routing of calls back
and forth or “ring around the rosey” (until all trunks are used), the
routing plan specified a given order of alternate routes or routing
sequence (see Fig. 8-1). First, all high-usage groups to the region of

—_ -
REGIONT / D

- REGION 2

D NC — NATIONAL GENTER O TC — ORDINARY TOLL CENTER
RC — REGIONAL CENTER ——  FINALGROUP

A SC — SECTIONAL CENTER ~m——  POSSIBLE HIGH—USAGE GROUP

Q PO — PRIMARY OUTLET k,zé?é,Eché. } ROUTING SEQUENCES

Fig. 8-1. Switching plan for nationwide toll dialing. With adequate
numbers of trunks in the lower levels of this hierarchy, the national center
did not have to be implemented.
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the called office were tried in ascending order and then from the
highest order down in the hierarchy (ladder) of the calling office. In
this way, the higher-order trunks are used only as the lower-order
ones are exhausted. The offices are given class numbers in descend-
ing order to represent their function in the hierarchy, with class 5
denoting an end office and class 1 a regional center. Also, in recent
years there has developed a “principal city” toll center in each
numbering plan area to which calls to that area may be directed as a
last resort and for special services such as operator access and
INWATS.

These features defined what was known in the routing plan as
control switching points (CSPs) and included (1) three- or six-digit
translation, (2) variable-digit sending—such as deletion if registered
digits are not required for outpulsing (such as the deletion of the
area code), (3) digit prefixing (the addition of new digits, particu-
larly for completing calls through step-by-step intertoll offices),
(4) code conversion (the combination of digit prefixing and deletion)
(see Fig. 8-2), and (5) multialternate routing (most necessary to
implement the hierarchical routing plan).” Six-digit translation can
be provided in local offices. As shown in Fig. 8-3, it is used pri-
marily to reach local offices in adjacent numbering plan areas to
avoid the long distances, known as back haul, that might be
involved in routing calls via a toll center. This feature is known as
foreign area translation and is implemented by providing additional
three-digit office code translators for a particular limited number of
areas other than the home area at local offices.®

The numbering plan evolved as part of the nationwide operator
dialing in the mid-1940s (see Chapter 6, section III). It was a simple
plan, since the second digit, unlike office codes in the “2-5 plan, is
a “’0” or ““1.” The dialing procedure was a little different and is still
not universal.

Routing calls from step-by-step offices into the toll network on the
basis of the area codes would have required very expensive modifi-
cations, either in the form of the addition of register-senders (com-
mon control) or the building out of switch trains to detect the dialing
of area codes. Furthermore, in the latter situation, some means of
identification would have been required to recover the digits dialed
to reach a toll connecting trunk. For most step-by-step offices,
therefore, major equipment changes were avoided by the simple
expedient of dialing an initial ““1”” on toll calls (see Fig. 8-4). An
exception was the elimination of preliminary pulse detection (see
Chapter 3, section II), a feature that was abandoned with the
obsolescence of the desk stand telephone.

The ““1” is known as a toll barrier prefix and is also used in some
states to distinguish between extended area and toll calling within a
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Fig. 8-3. Foreign area translator uses code conversion to pick route B
over longer route A.

numbering plan area. Also, with the introduction of DDD it was
necessary to provide codes in the numbering plan for operators, but
not customers, to reach other operators in distant centers for assist-
ance in reaching points not yet accessible by DDD, or for other
forms of routing or special call-handling procedures. These codes,
known as “TX,” are of a form “0XX"” and are blocked by the local
switching equipment to which the calling customer had access.
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Fig. 8-4. Diagram indicating the adding of a digit ‘1 (lower path) for
step-by-step toll calls.
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The interpretation of the dialed digits was the most important ele-
ment in the design of switching systems for DDD. The changes in
the step-by-step offices, just described, were relatively simple. For
common-control local offices, register-sender capacity for the addi-
tional three area code digits was needed. As mentioned earlier, this
was relatively easy in No. 5 crossbar offices since No. 5 was
designed initially with this new service in mind. But for panel and
No. 1 crossbar offices, the task was more difficult and called for the
design of an “auxiliary sender” (see this chapter, section IV).

The crossbar toll offices were to become the backbone of the DDD
network. Features for the implementation of DDD service were
assigned to these offices.

Since nationwide planning involved the other partners in the mes-
sage network, the independent telephone companies, an elaborate

set of “‘Notes on Distance Dialing”” was first issued in 1955. The
notes served as a foundation for educating design, engineering, and
administrative personnel in the broad method of operation and
interface requirements for nationwide customer-dialing. These
notes were periodically revised in 1956, 1961, 1968, and 1975.°

II. NO. 4A CROSSBAR
2.1 No. A4A and 4M Crossbar

The process for accepting DDD calls directly from customers and
for switching them automatically involved additional toll offices
with new features. These were first applied to the 4-wire No. 4
crossbar system. In particular, new senders were required to accept
dialing from local offices and directly from local step-by-step office
customers as well as operators. Provision was made for changing
the digits outpulsed from those dialed (code conversion). More
important and complex were modifications of the markers to meet
the new translation and routing requirements." ® Continued deploy-
ment of the original No. 4 crossbar system was dictated by the need
for operator nationwide dialing. The new version of the system for
customer-dialing was coded 4A. While some of the new features
could be designed in a short time, the translator developments in
particular required more time. Therefore, new systems installed in
the interim were partially modified, ant1c1pat1ng the new transla-
tors, and were designated as “A4A crossbar”’"! (see Fig. 8- -5). The
first A4A system was installed in Albany, New York in 1950. Later
these systems were raised to full 4A status. The six original No. 4
crossbar systems were also modified to contain 4A features and
became known as ““4M crossbar.”” The last 4A system was cut over in
Madison, Wisconsin in April 1976. It was the 182nd in the Bell Sys-
tem. In addition, there are 10 in Canada, 2 in Alaska, and 8 pro-
vided to independent companies.
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2.2 Card Translator

The nationwide numbering, transmission, and routing plans not
only required the ability of local and toll offices to receive 10 digits,
but also required the common control to interpret the six area and
office code digits.'? In general, this interpretation requires the
simultaneous “’translation” of these six digits. Needed were ways
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TO INCOMING _ _ .- TO BLOCK
EROM LINK RELAY FRAME
INCOMING
SENDER
LINK INCOMING MARKER MARKER TROUBLE
SENDER CONNECTOR INDICATOR
MARKER
ROUTE
RELAYS
TO OUTGOING
"=  LINK
TO INCOMING___ —_TOBLOCK
FROM LINK RELAY FRAME
INCOMING
SENDER
LINK INCOMING DECODER TROUBLE
- MARKER
T ™ SENDER CONNECTOR RECORDER
STAGES ]
182
DECODER MARKER
TRANSLATOR CONNECTOR
STAGE

NEW DESIGN

/] MODIFICATION

Fig. 8-5. Block diagram of the control portion of the 4 or A4A crossbar
system (top), introduced to permit customer dialing nationwide. When an
office is converted to a 4A system (bottom), the marker connector becomes
a decoder connector, the trouble indicator becomes a trouble recorder, and
the marker route relays are replaced by a decoder, a decoder translator,
and foreign area translators with associated equipment.
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not only to select one out of more than 1,000,000 possibilities but
also to provide more output information per translation than was
economical when employing “route’” relays as used in the existing
translators. In all previous indirect control systems, translation was
performed by combinations of relays and wired cross-connections. >
This technique, to encompass the entire North American numbering
plan, would have required the equivalent of many local office trans-
lators in each toll office.

A new invention in the art of translation was required, and Bell
Laboratories engineers came through with a most ingenious elec-
tromechanical device, the card translator' (see Fig. 8-6). Principal
contributors were J. W. Gooderham, E. W. Gent, O. Myers, E. D.
Kingsbury, C.B. Brown, and F. A. Thiel. Before describing this
device, however, we should note that a number of other technolo-
gies were considered for solving the problem. In particular, men-
tion should be made of the use of magnetic drums, a technique that

Fig. 8-6. A card translator, a development that filled the need to receive
10 digits and translate 6. The card translator speeded nationwide direct
distance dialing.
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was then being researched for a number of applications (see
Chapter 9, section 4.3.3).

The card translator consisted of at least one perforated metal card
per translation (see Fig. 8-7). The digits representing the area and,
in many cases, a particular office code were placed into the lower
edge of the card by the omission of tangs representing the values of
the digits on a two-out-of-five basis. As a minimum, one card was
needed to represent an area, but usually cards representing combin-
ations of area and office codes were required. A “box” of cards con-
tained a maximum of about 1,000 cards.

As shown in Fig. 8-8, the cards are punched by enlarging holes to
represent coded routing information. A card is selected by notched
bars that run under the cards in a box. The bars are moved verti-
cally by electromagnets. A magnetic field is applied to press the
metallic cards against the bars. When a card drops, the light passes
through only the enlarged holes, thus providing the desired output
translation. When the moved bars correspond to the missing tangs
on the edge of a card, the card “drops” due to the magnetic pull.
Light beams normally pass through all 118 holes in each card
(see Fig. 8-9).

To detect the light, a phototransistor was used. The phototransis-
tor outputs passed through transistor amplifiers and triggered gas
tubes to operate output relays. This was the first commercial appli-
cation of transistors in the Bell System.' The output information
represents all that is needed for one route selection. Additional
cards may be selected or ““dropped” if all trunks on the preferred
route are busy, as indicated by the alternate route pattern of the ini-
tially selected card.

The No. 4 crossbar system control was modified to include access
to at least one box of translator cards. This box, known as the
“home” box, was part of the decoder portion of each marker. In
addition, a number of other ““foreign area’ boxes of cards and a spare
“home”” box were usually provided to include the remainder of the
translations and were accessible by all markers (see Fig. 8-10).

The first card translator was placed in service in Pittsburgh on
March 29, 1953. Before they were replaced by stored program elec-
tronic translators in 1969, some 1700 card translators were built and
used as the basis for routing all calls through the 4A crossbar control
switching points (CSPs). The electronic translator was one of the
latest in a long list of features developed for 4A crossbar (see
Chapter 10, section II).

From the beginning, the No. 4 crossbar included two separate
switching networks. Originally, these were for inward and outward
traffic. With the 4A development, they were given the names
“intertoll’” and “toll connecting.” The office size capability was
increased from 20 to 40 sets of frames for each train. '
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Fig. 8-8. Coded card. When a card drops, light is blocked except where
holes are enlarged.

2.3 Cost Reduction and Capacity Improvements

The frames of 4A crossbar were also extended in capacity to pro-
vide more terminations.”” This was needed as the offices served
larger areas as the entry points to the toll network. The trunks had
lower occupancy since they were in smaller groups and since the
traffic from a more dispersed area was less coincidental.

As DDD and intertoll facilities grew, and new technology such as
the wire spring relay and electronic components became available,
the No. 4A system was modified to take advantage of them. A
major cost reduction development effort was started in the 1960s.™®
New features were developed, and call-carrying capacity was
increased well into the 1970s. As mentioned above, stored-program
control was added (see Chapter 10, section II). As described for the
CAMA feature (see Chapter 6, section V), dial pulse reception from
customer-dialed traffic is slow, and for the 4A system expensive
senders had long holding times. To improve this situation, separate
dial pulse registers were developed that retransmitted the called
number in multifrequency form after all digits were received.
Access to these senders was through a link that provided rapid
“bylink”” access so that a second dial tone was not required on calls
from step-by-step offices. Improved automatic trunk test circuits
were introduced. Furthermore, the system has been kept up to date
by the use of plug-in trunk circuits,1? unified facilities terminals and
cross-connect bays,? the addition of common channel interoffice
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signaling (see Chapter 12, section III), and the provision of features
for operation as a gateway for international traffic. In particular, for
operator-originated traffic to overseas points, a reentrant plan using
a regular and a newly developed “overseas” sender was devised
and used, starting in 1964.%

ITII. THE FULL STATURE OF CROSSBAR TANDEM

While the 4A crossbar system was designed specifically to imple-
ment the control switching point function needed for nationwide
toll dialing (see this chapter, section I), the crossbar tandem system
was developed initially as a local tandem. However, like the panel
sender tandem system (see Chapter 3, section I), it was used to
extend calls within a metropolitan area and short haul toll calls to
contiguous areas. The quality of service offered by the crossbar tan-
dem system had already made it popular as a switching vehicle in
the local tandem operation. In fact, it was not unusual for calls
crossing large areas to pass through two crossbar tandems using
two successive office selections for revertive pulsing.

The signaling capacity was extended to send dial pulses as well as
to receive them.? In fact the signaling capabilities of the crossbar
tandem system were the most extensive of any switching system
(see Chapter 4, Fig. 4-13). It could be used, therefore, as a point of
signaling language conversion and, like the No. 5 crossbar system,
to interconnect the more sophisticated central city systems with the
suburban or rural systems.

Later, when services like Centrex, mobile radio, centralized pag-
ing, and wide area telephone service (WATS) were developed, the
crossbar tandem system was used to serve these special service lines
directly—a function it could perform since it could receive and send
dial pulses.

3.1 Centralized Automatic Message Accounting (CAMA)

As mentioned in Chapter 4, section 2.2, the location of tandem
offices also made them ideal to provide for the special charging
needs of multimessage units for the longer distance calls across an
area. And, with the introduction of the No. 5 crossbar system, it
was possible to connect the suburbs with the central city.
Automatic message accounting (AMA) in these local offices (LAMA)
provided a means for recording charge details on these calls. But for
calls from the older panel, step-by-step, and No. 1 crossbar offices,
it was not always economically feasible to add LAMA for the smaller
percentage of short haul calls requiring detailed billing. The concept
of using crossbar tandem as a central point for charge recording
using AMA was devised and called centralized AMA or CAMA (see
Chapter 6, section 5.3).
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The calling directory number was required to bill customers, and
for this purpose the CAMA concept included access from the
register-senders through crossbar switch links to operator posi-
tions.?! After the called number was received from the originating
office, an idle operator position was connected to the sender, and
the operator at that position verbally requested the calling number
from the caller. The position contained a simple, cordless 12-button
keyset. Calls were distributed to idle positions automatically. The
operator keyed the calling number (four digits since the tandem
office generally could determine the identity of the originating office
by identifying the trunk group), which was recorded in the sender.
This form of operation was known as operator number identification
or ONI. For greater efficiency, provision was made for remoting the
operator positions25 as automatic number identification (ANI) was
introduced, and the need for these positions decreased. The traffic
was then transferred to cord switchboards and later TSPS (see
Chapter 10, section 1.4). ONI is still required for recording special
billing numbers and the calling number when there are ANI failures
or for multiparty (more than two) lines.

Besides performing the regular call-processing functions, the
sender now passed the calling and called number information to
common AMA equipment, not unlike the equipment used in No. 1
crossbar for LAMA.? The greatest differences between the two
arrangements are those that relate to forming the correct calling
office code from the incoming trunk and office identity digit from
ANI, using them to determine the type of call billing and routing
treatment.

For serving customer dialing from step-by-step offices, CAMA
originally included access to a three-digit register connected to the
incoming trunk circuit on a “bylink” basis. These digits were
transferred on a dc basis to the selected dial pulse sender once it was
connected to the trunk circuit. Later, with TSP operation (see
Chapter 10, section 1.3) all ten digits were transferred to a sender in
this manner when dialing was completed.

The first CAMA installation of any kind was placed in service in a
crossbar tandem in Washington, D.C. in November 1953 and,
within a short time, was serving 83 originating central offices in that
city and in nearby Maryland and Virginia. Similar installations were
rapidly placed in service in Detroit, New York, San Francisco, and
Philadelphia.

The concept was also applied to the No. 4A crossbar system (first
cut over in Albuquerque, New Mexico in 1960) so that the charge
recording for long distance calls could take place without LAMA
equipment, thereby greatly expanding the opportunities for DDD.%
About the same time, the CAMA feature became available in the
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No. 5 crossbar?® and step-by-step intertoll (Steubenville, Ohio,
September 1961) systems.2?

3.2 Toll Features™

Crossbar tandem was first used for toll in 1947, when the Gotham
tandem was installed in New York City to accept operator-dialed
calls to cities in surrounding states. The availability of the more
expensive 4-wire switching of the No. 4 crossbar system made the
designers sensitive to the care with which transmission performance
of 2-wire toll switching must be designed and engineered. Four-
wire circuits must pass through hybrids to be switched on a 2-wire
basis. Echoes are the bane of 2-wire switching. Echoes can be effec-
tively reduced by providing a high degree of office balance and by
using impedance compensators and fixed pads.

The pulsing capabilities of the initially developed system included
revertive and dial pulsing. A subclass (end-to-end) of revertive
pulsing allowed panel call-indicator pulsing from the originating
office to a distant tandem or terminating office through the crossbar
tandem sender. In 1951, incoming multifrequency senders were
added as well as providing for multifrequency outpulsing from all
types of senders.

Examination of Fig. 4-13 in Chapter 4 shows the large number of
pulsing combinations and conversions made possible with the
crossbar tandem system. The system was able to interpret all of the
over-the-channel signaling languages and required digit-handling
capabilities, and was able to communicate with all of the switching
systems. Only call announcer (see Chapter 3, section I) was
omitted, since manual switching was fast disappearing. To act in a
limited manner as a toll office, it also included ten-digit sender capa-
bility, increased alternate route capability, and six-digit translation
for routing calls into five adjacent areas without routing to the prin-
cipal city in the area. This was the first application of the Dimond
ring translator (see Chapter 7, section 1.1) outside of the original
No. 5 crossbar system application.

The crossbar tandem system thereby serves as both a local tandem
and an economical but flexible toll switching system. At its peak
(1968) there were 34 crossbar tandem systems used in local service
and 213 used in toll applications. The last installation was in Twin
Falls, Idaho in August 1974.

IV. AUXILIARY SENDERS

Implementing DDD required local offices to be arranged to reach
points outside of their home numbering plan area. In the nonsend-
erized step-by-step system, it would have been costly to expand the
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selector stages to select and to send the dialed area code to a toll
center. For this reason, in these systems a toll access code, ““112,”
was initially introduced so that these calls would be directed toward
a CAMA office. Later, after step-by-step service codes were
changed from 11X to X11, the toll access code was changed to ““1.”
To avoid a second dial tone on these calls, a special group of rapidly
accessible senders was developed for use with dial pulse trunks
from step-by-step to crossbar tandem and 4A crossbar (see
Chapter 6, section 5.3). The No. 5 crossbar system was developed
with the anticipation of DDD so that the extra digit and translation
capability was included in the original design as an option. Later,
foreign area translation capability was added for the same reason as
given above for the crossbar tandem system.>!

The principal development challenge was the panel and No. 1
crossbar local offices.. Extensive modifications appeared to be
required for the subscriber senders of these systems.

One of the first attractive applications for exploring electronic
switching techniques was to provide a common parallel electronic
memory for registering and sending the digits dialed into subscriber
senders. While this arrangement, known as the ‘“magnetic drum
auxiliary sender” (MDAS), looked attractive as a result of explora-
tory efforts, it was dropped so that increased effort could be
devoted to electronic switching system development (see
Chapter 9, section 4.3.4).

A competitive conventional switching arrangement known as aux-
iliary senders provided the extra digit capacity and also multifre-
quency outpulsing capability for the smaller percentage of calls that
used DDD32 (see Fig. 8-11). When the regular sender detected that
an area code was dialed, it connected to one of a small group of aux-
iliary senders through a single-stage crossbar link. The auxiliary
sender received all digits in excess of the eight that the regular
sender could register. At the end of dialing the regular sender
unloaded its eight digits (in two groups of four each) into the auxili-
ary sender by panel call indicator pulsing.*® The auxiliary sender
outpulsed the multifrequency digits as fast as these digits were
received.

All panel and No. 1 crossbar system senders and offices were
modified for this feature, starting in 1957. The links and auxiliary
senders were mounted apart from the subscriber senders. After
many other features were modified in the No. 1 crossbar system, a
new subscriber sender incorporating all DDD and multifrequency
features was developed to replace the original and much-modified
senders in some offices. The design of these senders included the
use of wire spring relays. The first installation was in New York
City (30th Street) in March 1967.
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V. INTERNATIONAL DDD (IDDD)

As transmission facilities to overseas points grew in the 1960s as a
result of submarine cables and, later, satellites, it became feasible to
offer customer-dialed international calling, since service could be
offered on a no-delay or retrial basis to points outside North Amer-
ica. Operators at gateway switching centers have been dialing into
overseas points since 1963.%

In 1967, trials were conducted with customer-dialed international
calls using a No. 5 crossbar office in New York with special area
codes representing Paris and London.® A small number of customer
registers were modified for this trial, the modifications accounting
for the difference between the London and United States telephone
dials. This experiment was very successful despite the need for spe-
cial dialing instructions, the unfamiliar tones and signals encoun-
tered, and the longer completion times. Consequently, in March
1970, additional No. 5 cressbar offices were modified to permit dial-
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ing into the United Kingdom and later into 13 other countries in
Europe and Asia.

Modifying all electromechanical switching offices and toll offices
required to reach gateway offices would have resulted in IDDD
being too expensive to implement, so a long-range plan was dev-
ised. Essentially this plan called for all calls from electromechanical
offices to be routed to overseas gateway offices via a Traffic Service
Position System (TSPS) (see Chapter 10, section I). Local electronic
switching offices functioned in the same manner to advance calls to
gateway offices.* The first ESS office so modified was in the New
York World Trade Center in 1971.

From nonsenderized step-by-step offices the TSPS receives the
digits required for international calls. Extra digits are dialed for
international access (01 for person-to-person and other special calls,
or 011 for station-to-station calls and digits for the country code).
The ““0” is used for TSPS trunk selection but is absorbed and not
sent forward. Senderized offices (panel, crossbar, and step-by-step)
would require additional digit capacity. This option was available
only for No. 5 crossbar offices. Additional register and sender digit
capacity was not added to other offices. Customers in new ESS
offices dial “0"” and reach TSPS in most cases. Bell Laboratories
engineers developed a two-stage outpulsing scheme so that modifi-
cations were required only in gateway No. 4A crossbar toll offices.®”
Upon recognizing one of these calls at TSPS and ESS, the two-stage
pulsing arrangement acted by first sending digits to advance the call
to a particular gateway office. At the gateway office the call is
routed to a “loop-around” trunk which in turn is connected to one
of a group of special “‘overseas” senders (see Fig. 8-12). When the
sender is attached, it returns a “sender attached” wink signal to
start the second stage of outpulsing from ESS or TSPS.

These senders then accept the customer-dialed number that is
sent during the second stage of pulsing and used to select a route to
the called country. The overseas sender adds language codes on
operator-assisted calls and also generates special multifrequency
signals to operate with the Time Assignment Speech Interpolation
(TASI) transmission system.’® These senders also receive calls over
international facilities transiting through or destined for the United
States and provide the proper format for completing through the
network. IDDD is a most popular feature, growing at the rate of 20
percent per year (see Table 8-1) and reaching an ever-increasing list
of countries (see Table 8-2).
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Table 8-1. Progress in International Direct Distance Dialing (IDDD).

Number of Percent IDDDs of
Year Dialable Countries Total Out Messages
1970 9 0.1
1971 14 0.7
1972 20 14
1973 20 3.6
1974 20 7.8
1975 32 13.5
1976 36 20.7
1977 36 233
1978 47 258

Table 8-2. Countries Reached by International Direct Distance Dialing
from the U.S. (circa 1977), with Country Code.

27
30
31
32
33

34
351
352
353
357
358

39

41

43
44
45
46
47
49
502
503

South Africa

Greece

Netherlands

Belgium

France (includes
Andorra, Monaco)

Spain

Portugal

Luxembourg

Ireland

Cyprus

Finland

Italy

Switzerland
(includes Lichtenstein)

Austria

United Kingdom

Denmark

Sweden

Norway

West Germany

Guatemala

El Salvador

506
51
55
56
58

593
61
63
64
65
66

671

675

679
81
82
86

965

971

972
978
979

Costa Rica
Peru
Brazil
Chile
Venezuela
Ecuador
Australia
Philippines
New Zealand
Singapore
Thailand
Guam
Papua
Fiji
Japan
Korea
China (Taipei)
Kuwait
UAE

(Five Emirates)
Israel
UAE (Dudia)
UAE (Abu Dhabi)
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Newark, New Jersey electronic switching office, 1971. With ESS techniques,
electronic scanning of telephone lines replaces the use of relays and switches to
detect requests for service and incoming dial pulses, electronic memory substitutes
for the earlier electromechanical registers and senders; and electronic logic circuits
and electronic memory for storing programs replace the wired-in logic of elec-
tromechanical systems. Although system memory and logic suggest analogies to
computers, ESS systems are unique in their ability to provide virtually uninter-
rupted service 24 hours per day every day and to operate with many inputs in real
time. Since the first commercial offering in 1963, electronic switching grew until,
by the end of 1981, nearly 2700 local ESS systems served more than half of all Bell
System lines.



Chapter 9

Beginnings of
Electronic Switching

The advantages of speed realizable from electronics were evident from an
early date, and even before World War II Bell Labs experimented with gas
tube control of crossbar switches. After the war, the impetus toward elec-
tronics was increased by the invention of the transistor at Bell Labs in 1947,
and a number of experiments in both the research and development areas
made use of the properties of transistors, gas diodes, magnetic drums, and
cathode ray tubes. The results of these experiments were encouraging
enough to spur the development of an electronic switching system for a field
trial at Morris, Illinois; an important milestone was reached in 1955 with
the incorporation into the Morris design of stored-program control. Even
before the successful conclusion of the Morris trial in 1962, the Bell System
recognized that full-scale development of electronic switching was the road
to the future. One consequence was the No. 101 electronic switching sys-
tem, a time-division PBX which first saw commercial service in 1963.
Development effort at Bell Laboratories culminated in the No. 1 ESS, first
placed in commercial service in 1965, and the 4-wire version incorporated
into the government’s AUTOVON (AUTOmatic VOice Network) system,
beginning in 1966. Since the mid-1960s, the history of ESS and stored-
program control has been one of rapid, continuous growth in versatility and
range of services.

I. EARLY APPLICATIONS OF ELECTRONICS

The successful application of electronics to transmission led to
many attempts to seek its potential for switching, as described in
Chapter 5, section]. Some of these started before World War Il in the
research area, such as the call announcer (see Chapter 3, section I),
remote zone registration (Chapter 4, section 2.2), and multifre-
quency pulsing (Chapter 6, section IV). Circuits using gas tubes
were developed and deployed for remote zone registration and for
selective ringing of party lines. After the war, the development area
found increasing application for such items as vacuum tubes in
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single-frequency signaling (Chapter 6, section IV), gas tubes in
No. 5 crossbar in the ring translator (Chapter 7, section 1.1), timing
circuits (Chapter 7, section 1.2), transistors in the card translator
(Chapter 8, section 1.2), and the line insulation test circuit
(Chapter 7, section 1.2). In Chapter 5, section I, other early
research efforts are mentioned.

II. THE START OF SYSTEMS THINKING

One of the prewar research experiments was the gas tube control
of crossbar switches, included in the design of a laboratory model
No. 1 crossbar line link frame (see Fig. 9-1). After World War II,
this effort was revived with a view toward a small crossbar com-
munity dial office (CDO) that would be more reliable than the
No. 380 system (see Chapter 4, section 2.4). The result was an
exploratory development carried out in the research department

Fig. 9-1. Pre-World War II experimental No. 1 crossbar line link frame
with crossbar switches controlled by gas tubes.
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under the supervision of F. A. Korn from the development organi-
zation. The system design was started in 1946 and tentatively iden-
tified as the No. 385 crossbar CDO (see Fig. 9-2). The system plan
was very similar to the No. 43 system (see Chapter 4, section 2.4).
Final development was dropped because this system could not com-
pete economically with step-by-step CDOs.

As early as 1942, some study was made of time-division switch-
ing, but systems using this technique were found to be limited in
capacity. As a result, most postwar effort started with space-
division systems, first using sealed-contact switches, as in the
experimental system known as ECASS (for “Electronically Con-
trolled Automat1c Switching System”).! Other efforts involved gas
tubes in 1946, or semiconductor Crosspomts 3 In all of this effort the
basic idea was to apply control “marks” to an input and output of a
multistage network so that one path and only one path through
crosspoints connecting idle links would be established without dou-
ble connections. This was known as ““end-marking”” with automatic
lockout, and the objectives were to reduce network control complex-
ity and to establish connections rapidly, one at a time.

A time-division 51gnahng scheme using a separate signaling chan-
nel was investigated” and was used in the ECASS model. This gave

Fig. 9-2. Experimental No. 385 crossbar community dial office, a 1946
attempt to incorporate electronics into switching.
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rise to the scanning concept used later in another experimental sys-
tem called DIAD (for ““magnetic Drum Information Assembler-
Dispatcher”),5 and in electronic switching systems.6 By 1949,
models of many of these concepts were in existence and stimulated
the thinking of many engineers about electronic switching systems
in general. A 100-line time-separation system, as time division was
then called, was built in 1950, and a frequency-division system was
studied. Transistor lockout circuits and, eventually, crosspoints
were made and network experiments conducted in 1951. In 1947
and again in 1955, proposals were made to use light-beam switching
to establish talking connections.

Magnetic drum storage was applied in the DIAD system in 1954
with the basic idea of writing at the same address immediately after
reading the stored information so that the same control logic circuits
could act on a time-division basis for calls stored at each successive
address. A magnetic drum translator system was explored for use
with the 4A crossbar system in place of the card translator (see
below, section 4.3.3), but did not go into production. An experi-
mental model of a two-way gas tube translator was also explored for
use in local switching systems to meet the automatic message
accounting requirement of equipment-to-directory number, and the
number group directory-to-equipment translation.”

III. RESEARCH SYSTEM EXPERIMENTS

The many basic ideas of scanning, end-marking, electronic (gas
tube and semiconductor) crosspoints, and call wire signaling
resulted in the research systems ECASS and DIAD and in a third
system termed ESSEX (for “‘Experimental Solid State EXchange”’),®
all of which were built as laboratory experiments in the late 1940s
and 1950s. They formed test beds into which the various new
switching ideas could be tried and demonstrated. Under the direc-
tion of W. D. Lewis, the team of E. B. Ferrell, W. A. Malthaner, C.
A. Lovell, M. Karnaugh, W. A. MacNair, H. E. Vaughan, J. D.
Johannesen, D. B. James, J. R. Runyon, E. Bruce, N. D. Newby, and
many others established new ideas and devices for switching, and
stirred interest in electronic switching not only at Bell Laboratories
but also worldwide. Once electronic switching developments were
undertaken, this research effort was gradually phased out during
the 1960s.

In the late 1960s, a new effort under H. S. McDonald was started
to determine the applicability of integrated circuits to switching for
the future. As aresult, digital central offices and adjuncts were pro-
posed. It is expected that digital techniques will have as profound
an effect on switching in the future as the early research efforts had
on the development of electronic switching.
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Switching research is scheduled to be covered in detail in a forth-
coming volume of this series.

IV. THE START OF ELECTRONIC SWITCHING DEVELOPMENT
4.1 System Studies

In 1951, C. E. Brooks and his group of systems engineers at the
Bell Laboratories West Street location in New York City began defin-
ing the requirements for an electronic central office. The older dial
central offices such as panel and step-by-step would eventually
need more modern replacements, and electronics appeared to offer
an opportunity for significant cost and space savings. This was an
era that had seen the invention of the transistor and the introduc-
tion of the electronic stored-program computer. Moreover, very
rapid technological changes were just beginning to make available
new high-speed components for use in telephone switching. Exper-
imental skeletonized central offices or functional subsystems were
designed, constructed, and tested by Bell Labs engineers in switch-
ing research at Murray Hill, New Jersey and switching development
at West Street. These efforts were paralleled and supported with
innovations by the physical research and electronic apparatus
development organizations at Murray Hill. The design of ECASS
and DIAD provided a basis for the study, but continuing innovation
and changing technologies were already shifting the choices of
apparatus and methods of system operation.

Fairly complete studies for a “transistor switching system” were
completed by Brooks and members of his group in 1952 to achieve a
paper design and to test its cost effectiveness compared to step-
by-step and No. 5 crossbar offices. The system was envisioned as
having three major elements: the switching network and the control
circuits (to comprise the “central office”’), and an accounting center
at a different location. In addition, portions of the network were to
be distributed closer to groups of customers in units known as
remote line concentrators.

4.1.1 Transistor Switching System—The Network and Scanner

The switching network was seen as an “end-marked” network.
The control circuits had only to apply the proper electrical marking
signals at the two terminals to be interconnected; the network
would automatically seek and connect a single transmission path to
the appropriately marked terminals. The connection would be
released by end-marking (with a different signal) at least one of the
terminals to be disconnected. An arrangement of the reed-gas tube
diode switch, used in the ECASS experiment, was operated in this
fashion. The gas tube diodes provided the end-marking feature, the
reed relays the 2-wire (electrically balanced transmission) metallic
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connection for voice transmission, dial pulse signals, and ringing or
busy signals. One alternative was a gas tube network that would
both respond to dc end-marking signals and, when operated, pro-
vide a speech transmission path with gain. The gain would be used
to offset other losses incurred in the network so as to have transmis-
sion characteristics equivalent to those of electromechanical switch-
ing systems. (Fig. 9-3 shows a comparison of the reed diode and
the talking-path diode configurations.) The third choice was like the
second. A junction transistor took the place of the “talking-path gas
diode’’; however, the transistor network would exhibit a slight
transmission loss rather than a gain.

Neither the talking-path diode nor the transistor network could
pass large signals such as the line ringing voltages and currents.
Furthermore, to reduce the number of switching elements meant
that the networks had to be connected to a single path (unbalanced
transmission) from terminal to terminal, requiring a return via a
ground common to all paths. Consequently, each balanced line or
trunk was transformer-coupled to the network; dial pulse signals
from the customer could not be transmitted through the network to
digit-receiving circuits.

These signaling limitations were seen as opportunities. There was
interest in adding electronics to the customer’s telephone to: 1) per-
mit high-speed ac signaling instead of ten-pulse-per-second dial
pulsing, 2) provide amplifiers for speech and low-level ringing sig-
nals transmitted through the network to the set, and 3) include
automatic identification of party line telephones by pulses transmit-
ted from the telephone to the central office. Speech amplification
allowed the transistorized telephone to operate with substantiaily
less current and power than the existing telephone required.

The need for ac signaling from the telephone set was obviated
with the capacitively coupled rotating scanner invented for DIAD by
N. D. Newby.’ The scanner would sequentially interrogate each of a
great many lines at microsecond speeds for origination requests and
dial pulses. One device would serve as the equivalent of both the
line relay and dial pulse detector. The actual registration of digits
could be kept in a common memory associated with the control
means. Eliminating the high-speed ac signaling requirement greatly
simplified the electronics needed for the telephone set. (In his pro-
posal Brooks included a scanner and common memory for storing
digits; these used cathode ray tubes and phototransistors.)

Several important steps in the evolution of electronic central
offices are seen here. First, high-speed electronics could be used
more advantageously in a common centralized circuit (the scanner),
and many individual registers could be replaced with a bulk elec-
tronic memory (the cathode ray tube). Second, the scanner was
used in performing two functions—detecting originations and col-
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lecting dial pulse digits. A controlling means alternatively used the
scanner to perform these different tasks at different times, rather
than delegating such complexity to the scanner itself.

Initially, the system studies included recommendations for the
transistor network. The transistor network required much lower
marking and operating voltages than the gas tube alternatives, and
transistors required less space and power. Economic estimates
favored the transistor, although a device and circuit implementation
was not then at hand.

With the transistor network it was further thought that a six-stage
end-marked network could be obtained, whereas only a four-stage
network would be obtainable with gas tubes. The network was to
be modular so that it could grow from fewer than 1000 lines to a
maximum size of 10,000 line terminals. A six-stage design would
handle this span of network size more economically (fewer
crosspoints per line) than would a four-stage configuration. To save
crosspoints in smaller offices, the network modules could be assem-
bled into a four-stage configuration, enabling intraoffice calls to be
routed more economically. This latter feature would take advantage
of the “’community of interest” of calling patterns usually associated
with small offices.

As the small office grows larger, the efficiency of the intraoffice
link scheme falls, and these links would be removed and replaced
by two-port intraoffice trunks. Growth would be accomplished by
adding network frames and by redistributing the links by rearrang-
ing connections on the junctor grouping frames. At first it was
thought that the junctor rearrangement would require rewiring, but
the idea of using plug-in cards to simplify and speed this task was
considered a future possibility. The network switch stages were to
be plug-in modules to make repair easier.

Early network plans included the option of removing a portion of
the first stage of switching and the associated line scanner and
replacing this equipment with remote line concentrators to reduce
the copper requirements of the outside plant. Supportive studies
were begun in 1951 to look at remote line concentrators for applica-
tion to the transistor switching system and, more immediately, to
No. 5 crossbar. Other studies showed plans for six-stage networks
which, with the use of concentrators, could grow to a capacity of
500,000 lines. Field trial systems of remote line concentrators
resulted, but commercial application did not appear until later. (See
Chapter 11, section 2.10.)

4.1.2 Transistor Switching System—The Control

The control of the transistor switching system relied heavily on
cathode ray tube (CRT) technology. A CRT with an associated array
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of phototransistors at its face would serve to scan lines and trunks
for the busy-idle condition, for call originations, and for dial pulses.
A second associated CRT would provide an erasable memory for
keeping per-line or per-trunk information for scan points associated
with each phototransistor. One group of CRTs would serve lines,
and the second would serve trunks. A third CRT erasable memory
system provides memory for transient information associated with
individual calls. Wired logic and flip-flop arrays would access the
three CRT systems at microsecond speeds under the synchroniza-
tion of an electronic “clock” to detect and assemble the intelligence
needed to determine the network connections required. The wired
logic and flip-flop arrays would also access the network frames and
trunk circuits through diode matrices in order to control the estab-
lishment of the actual network connections. Fig. 9-4 shows a 1952
vintage block diagram of the system. It closely resembles the con-
figuration used in the Morris and No. 1 ESS systems (see below),
although the stored-program control was not yet incorporated and
the memory was still somewhat less consolidated than in the later
systems.

Lines and trunks would be scanned at high speed by deflecting
the CRT beam from one phototransistor to the next. The combina-
tion of the beam’s presence and the proper voltage signal on the
wired lead connected to its phototransistor would generate a signal
indicating the idle condition, request for service or busy state, or
dial pulse information (see Fig. 9-5). The address of the beam, i.e.,
the X and Y axis deflection voltages, would correspond to the line
equipment number. By repetitively accessing all the scanner cells in
rapid succession, the control is able to count dial pulses and detect
interdigital intervals.

The digits would be counted and registered in a temporary
storage memory. One proposed memory was the barrier grid tube.
These CRT devices used the electron beam to deposit static charges
on an insulating layer (mica) to represent binary information. Sub-
sequent interrogation of the site by the beam yielded differing
amounts of secondary electrons, which could be detected by a col-
lecting anode (see Fig. 9-6). Although the barrier grid tube was
not commercially available, experimental models of this device
made at Bell Labs in Murray Hill, New Jersey demonstrated suffi-
cient memory capacity.

For economy, the transistor switching system, like DIAD, used a
common bulk memory rather than individual registers to accumulate
and store dialed digits. Unlike the DIAD drum memory, the barrier
grid tube could read or write only one bit of memory per operation.
The latter’s very high-speed random access to any memory site was
considered sufficient to meet the needs of the transistor switching
system. The barrier grid tube was more economical than a drum
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Fig. 9-5. Cathode ray tube scanner for the transistor switching system:
(a) overall geometry and (b) cross section of one cell.

memory, which required many read/write circuits and associated
flip-flop registers—at least one per track for the drum. This trade-off
between speed of operation and economy of memory access circuits
later shifted back to word-organized memories in the first production
designs of electronic switching systems.

Once the digits were registered, the need then was to translate
the directory number into the equipment number so as to be able to
locate the called line in the office or to locate the appropriate group
of trunks if the call was to go to another exchange or to an operator.
A bulk memory could be addressed with the number to be
translated, and the stored data would represent the corresponding
translated values. This memory was to be placed in a centralized
accounting center.
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Fig. 9-6. Barrier grid tube and cross section. Electron beam deposits
static charges on mica insulating layer.

4.1.3 Transistor Switching System—The Accounting Center

The accounting center function associated with the transistor
switching system was to include shared information and was to use
barrier grid tubes and another CRT system described below. A
two-way data link would connect the control of the transistor
switching system to the accounting center office, which could be
located in another bulldmg (Data linking over telephone lines was
a subject of research in the 1950s.'") A single data base for the trans-
lation between equipment numbers and directory numbers could be
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conveniently administered for a number of electronic central offices
connected to the revenue accounting office, and the sharing of the
data base would provide obvious economies in the total system.
Although not implemented at the time of the introduction of the
No. 1 Electronic Switching System (ESS), the data link transmission
of billing information to a centralized recording center was intro-
duced in 1975 and is described in Chapter 11, section 2.8.

A very large fast-access memory was needed to carry out the trans-
lation function, and a cathode ray tube system was also suggested for
this task. In the example just noted above, the called-line directory
number could be encoded into an X and Y deflection position, and the
beam would be directed to a starting point on a low-persistence phos-
phor screen in the CRT. Behind the CRT would be placed a photo-
graphic plate, a condensing lens, and a photodetector (see Fig. 9-7).
The plate would have an array of transparent and opaque sites
representing ones and zeros. From the starting address, the beam
would be scanned along a row of these sites, and the resulting stream
of ones and zeros would be read from the photodetector and an asso-
ciated amplifier into a register of transistor flip-flops. The register
would then contain the desired equipment number. This use of a
“flying spot” scanner as a binary memory store provided a bulk
memory device. It would contain all the information for lines and
trunks and would include both translation of equipment location to
directory number (calling number identification) and translation of
directory number to equipment number (location of the called
number’s connection to the switching equipment).

Other electronic memories were considered for use in the control
and accounting systems. These included magnetic tape, magnetic
drums, and acoustic or electric delay lines. As pointed out above,
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Fig. 9-7. Basic plan of the flying-spot store, about 1954. Information is
stored in the photographic plate.
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the system required fast access (tens of microseconds or less) and
large capacity (tens or hundreds of thousands of bits); at the time,
this combination of requirements was practically achievable only
with the CRT systems with their rapid random access.

Equipment number to directory number translation would be
stored in flying-spot scanners at the accounting center to identify
the directory number to be charged. This is obtained by using as the
memory address the equipment identification number transmitted
from the transistor switching system to the accounting center. A
barrier grid tube memory would be used to collect the information
needed to determine call charges. Once the charge and billing
numbers for a call were completed, the information would be
moved to magnetic tape to make room for new call data entering the
barrier grid store.

The central office would access the translation data in the account-
ing center as needed by request over the data link. For example, the
completion of incoming calls requires a translation of the directory
number to an equipment number. The central office would transmit
the directory number, and the accounting center would use the
directory number to address the flying-spot scanner. The response
would be the readout of the equipment number, which would then
be sent to the central office to allow the completion of the call.
(Centralized computers of this type have since been used in non-Bell
commercial switching systems.)

With these models, the transistor switching system appeared
economically attractive for a 9,000-line office in New York City and a
2,000-line office in Morris, Illinois. However, more studies were
undertaken to refine the requirements of the system and gain better
understanding of the choices of apparatus. Market studies of both
replacement offices and new wire center applications were to be
undertaken along with a look at the tandem and toll switching
applications. The development of a remote line concentrator for the
No. 5 crossbar system was already under way (as described below,
section 4.3.1) and would contribute to better understanding of that
part of the transistor switching system.

4.2 1952—1954 Studies

Additional system studies continued to define more completely
how the transistor switching system would operate and included
fairly detailed considerations of apparatus, equipment, and cost
effectiveness. The point was reached where development was con-
sidered the next logical step. A prospectus was prepared by Bell
Laboratories and transmitted in May 1954 to AT&T.

This prospectus recommended that Morris, Illinois be the location
of the first office. A good deal of engineering data had been gen-
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erated for this location, and its modest size would enable engineers
to obtain the experience needed with minimal expenditures. The
outside plant included enough pairs so that a remote concentrator
would not be required, and a smaller gas tube diode network could
be used rather than wait for a transistor network. The transistor
network was then proposed to make its appearance in larger offices
subsequent to Morris. The flying-spot scanner memory store (later
to be called the flying-spot store) was estimated to require 76,000
bits of information, and the barrier grid tube was calculated to
require 14,000 bits of changeable memory.

The earlier system studies assumed every line would be scanned
repetitively every five milliseconds. This fast rate was required for
properly detecting dial pulses but was not necessary for detecting call
originations or disconnects. The proposal was changed to scan idle
lines every 100 milliseconds; only those lines in the state of dialing
would be observed every five milliseconds. The same scanner would
be addressed at different speeds to carry out the two functions.

It was thought that the speed of operations of the system would
be so fast that dial tone signals would no longer be required to tell
the originating customer when to start dialing. In prior systems the
customer would be connected through the network to a digit
receiver with a dial tone generator attached. The scanning at the
line and the elimination of dial tone obviated the need for the “‘dial
tone call.” However, it was subsequently realized that dial tone pro-
vides very useful feedback to the customer—the line is working
properly, another party or extension phone is not already using the
line, and so on. Therefore, the idea of eliminating dial tone was
abandoned.

The 1954 prospectus estimated the Morris control to be 100 flip-
flops and 2000 semiconductor logic gates. The prospectus also
noted a number of customer services and operating features that
could be added subsequently by making modest changes in the con-
trol logic. It was recognized that a good deal of the control complex-
ity had been transformed into words of data stored in the bulk CRT
memories, and changes in the memory contents would be far easier
to make than rewiring of individual circuits. (See Fig. 9-8 for a 1954
conception of the electronic central office.)

The system would largely comprise plug-in units, and test
sequences would exercise the control logic and connecting subsys-
tems to locate troubles. Lamps would automatically be lit to point to
the location of the circuit fault. Duplicate subsystems would pro-
vide stand-by capability until faulty plug-in units could be replaced.

In July 1954, Bell Laboratories was authorized to develop an elec-
tronic central office, a major goal of the systems studies. In the
meantime other systems studies and exploratory development con-
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tinued as the transistor switching system evolved into the Morris
system.

4.3 Exploratory Development

In the early 1950s a number of Bell Laboratories development and
research engineers were applying electronics to modernizing elec-
tromechanical switching systems or functional parts of the systems.
This included work on magnetic core logic and memories, cathode
ray tubes, magnetic drums, cold-cathode gas tubes, transistors, and
diodes. These were being assembled into working systems that
were tested in the lab or underwent field trials. Four such projects
are described below.

4.3.1 An Experimental Remote Line Concentrator

It would appear economical to concentrate telephone traffic close
to a group of customers and so reduce the number of pairs of copper
wire that must be brought to a wire center for interconnection. The
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economics involve a trade-off on the cost of remotely locating the
switch, including its distributed power and maintenance, versus the
savings in the loop plant. If, for example, a concentrator could be
used to avoid adding new underground ducts, then a substantial
material and cost saving could be realized.

In 1953, under the supervision of A. E. Joel, Jr., exploratory
development of a remote concentrator was started using a variety of
electronic components and techniques.” The design objectives
included: compatibility with existing standard dial telephones; the
ability to work with one- and two-party lines, but not with coin or
PBX lines; a minimum of associated per-line central office equip-
ment; and a design to work with No. 5 crossbar, since No. 5 was
the newest local switching system at the time. Also, maintenance of
the equipment was to be simplified by making a modular design
with plug-in units in the remote equipment—a first for Bell Tele-
phone switching equipment. Other “firsts”” included the use of
high-speed pulsing (500 bits per second) between the central and
remote units, and a dedicated magnetic tape in the central office for
recording usage and call delay measurements for several concentra-
tors. The use of a high-speed line scanner not only saved two relays
per line but also aided in generating the data for the magnetic tape
measurements. The per-line portions of the scanner and gas tube
reed relay concentrator for a single line were assembled into a plug-
in unit that was encapsulated to protect against humidity. As
shown in Fig. 9-9, it was designed for plug-in operation.

Fig. 9-10 shows a concentrator serving 60 lines over ten trunks.
The pole-mounted unit uses two additional trunks as data links
between control circuits in the concentrator and the central office.
The concentrator acted as another stage of switching, but it basically
replaced the “build out” of the first stage of the line link frame in
the serving No. 5 crossbar office. Accordingly, the central control
unit, which could handle a number of remote line concentrators,
operated two stages of switches. This “fooled”” the marker, which
had sent a command to operate only one stage of the line link frame.
Fig. 9-11 shows how the control is interposed to carry out the ““fool-
the-marker” method of operation. This minimized the wiring
changes in the No. 5 crossbar office when the remote line concen-
trators were to be added or moved.

Three concentrators were built, and field trials were conducted in
LaGrange, Illinois, Englewood, New Jersey and Freeport, Long
Island. Although these trials were operationally successful, addi-
tional hardware would have been required for maintainability in a
production model. Subsequent cost estimates indicated an insuffi-
cient market to warrant design development for manufacture at that
time. The inherent advantages of speed and reliability offered by
semiconductors had yet to win the day.
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4.3.2 The Distributed Line Concentrator

Based on the experiences with Joel’s experimental concentrator,
switching systems engineers, headed by C. E. Brooks, investigated an
alternative approach called the distributed line concentrator. " This
approach was based on several important principles that were
intended to ““turnthe corner” but whichrelied on similar technologies.
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Fig. 9-10. Experimental remote line concentrator. This unit, develop-
ment of which began in 1953, used ac power from the central office to
drive rectifiers supplying power at the pole.

With the distributed line concentrator, most of the control com-
plexity and associated maintenance was to be kept in the central
office. The distributed per-line equipment was designed to have a
minimum of autonomous control; for example, no repetitive scan-
ning was provided as part of the remote equipment. Also, the per-
line equipment was to be distributed in very small units that would
have been connected at the points where cable pairs were spliced to
individual line drops. Fig. 9-12 shows the arrangement described.

The distributed system was also based on the fact that most of the
lengths of telephone loops were to be found as pairs in a multipair
cable. Each and all per-line units would share a number of pairs in
the cable, thereby concentrating traffic on a smaller number of pairs
in that cable. Additional pairs in the cable would have served as sig-
nal leads (or number group) to communicate between the central
office control and the individual customer telephones. By wiring
each customer line unit to unique combinations of three out of eight
number group leads, individual access to up to 56 lines was possible
with the 15-pair cable.
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Fig. 9-11. Modification of No. 5 crossbar to accommodate remote
line concentrators.

The central office control unit was intended to “fool-the-marker,””’
as in the earlier concentrator design, but the distributed concept
also envisaged intraconcentrator call connections with the aid of
special customer line units. This technique removed unnecessary
traffic load from the central office and reduced blocking on the con-
centrator trunks. With reasonable levels of a community of interest
in the calling patterns within the concentrator group, significant
increases in the effective concentration were possible.

The concentrator crosspoints distributed in each customer line
unit were to be the combined gas tube reed relay type similar to
those previously described. A second type of customer line unit
was also proposed wherein the reed crosspoint was magnetically
latched instead of requiring a hold current. Other gas tubes, semi-
conductor logic diodes, and relays comprised the remainder of the
components of the customer line units. A paper design of two con-
figurations of the concentrator was described in July 1963 and test
models were operated in several No. 1 crossbar central offices, but
like its predecessor the distributed line concentrator was not
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deemed practical for commercial production. An electromechanical
concentrator using specially designed magnetically latched crossbar
switches was introduced in 1961, and over 4000 of these systems
were installed (see Chapter 11, section 2.10). Electronic concentra-
tion did not prove in until the late 1970s.

4.3.3 Magnetic Drum Translator

Beginning in the early 1950s, large-capacity magnetic drum
memories were tried in applications of electronics to various switch-
ing functions. The first of these was the route translating function
for the 4A crossbar toll switching system. The 4A card translator
using point-contact phototransistors was originally designed for this
task, as described in Chapter 8, section 1.2.

Magnetic drums offered speed and memory capacity appropriate
to the task and, as will be explained, would have reduced the
amount of equipment required and simplified the administration of
the translations records of the card translator. A working model of
the magnetic drum translator was built and was operated with a
skeletonized No. 4A crossbar office for over a year."* It used a
variety of electronic components including vacuum tubes,. cold-
cathode gas tubes and point-contact transistors and diodes.

Fig. 9-13 is a block diagram of the magnetic drum translator. It is
associated with a relay decoder—another functional element in the
4A crossbar system. The decoder passed requests for call routing
translation from the marker to the translator in the form of from
three to eight decimal digits encoded in a two-out-of-five redundant
code. The decoder accepted encoded route information from the
translator in return.

As shown, the magnetic drum translator was designed to operate
in the same way as the 4A card translator; thus, the drum translator
could be added to a working 4A system with no changes. A 4A toll
office can be equipped with up to 18 decoders and associated 4A
card translators. Since the magnetic drum reads out all of its trans-
lation data in serial fashion with each 35-millisecond revolution, a
single drum memory assembly could have been multipled to a
number of delivery and selecting units to serve all 18 decoders. A
second drum would have served as a maintenance and administra-
tive spare. The magnetic drum would be updated via an administra-
tive frame, which could be connected to the read/write heads of the
drum. Thus, one or two update operations would serve to reliably
update the entire translation facility.

The magnetic drum translator was carried to the point of demon-
strating that the drum would retain the translation information over
long periods of time without deterioration. The design was not a
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Fig. 9-13. Design of experimental magnetic drum translator, intended
for use with No. 4 toll crossbar.

production design, and it was not carried further inasmuch as the
choice of the card translator for the No. 4A crossbar development
had already been made. The magnetic drum translator was
reviewed again in the early 1960s for application to the 4A and 4M
toll crossbar systems, but was once more dropped in favor of a more
powerful stored-program control approach.

4.3.4 Magnetic Drum Auxiliary Sender

The beginning of direct distance dialing (DDD) in 1951 required
that switching systems accept, process, and forward to connecting
central offices more digits (typically 10 instead of 7) from the cus-
tomer. This meant that local switching systems comprising step-
by-step, panel, and crossbar had to register more digits and “‘send”’
or transmit more information to other nodes in the DDD network.
Thus, the capacity of a substantial number of registers and senders
needed to be increased in each central office in order for that office
to be a part of the DDD network. The magnetic drum sender was
proposed as an electronic means to meet this need.’

Fig. 9-14 shows a block diagram of the magnetic drum auxiliary
sender as arranged for a laboratory model of a No. 1 crossbar office.
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The scanner used diode logic for sequentially scanning 156 senders
every ten milliseconds for dial pulses. The scanner was synchron-
ized with the magnetic drum read/write circuits and therefore to
corresponding memory slots on the drum. By comparing the scan
. result with the contents of the drum memory, the sender space con-
trol would determine the number of pulses in the digit, the inter-
digital times, and the completion of the digits received. When all
the digits had been received, the sender space control would then
assign one of six transmitters to the sender and convert the readout
of the digits in sequence to select the proper train of two-out-of-five
multifrequency tones to be transmitted to the distant office.

The apparatus included a narrow drum rotating at 1500 revo-
lutions per minute. Fig. 9-15 is a photograph of the drum and
Fig. 9-16 is a pictorial of the drum layout. The latter figure shows
the memory for one “sender space’”’—occupying approximately one
quarter of one square inch of the drum recording surface, but pro-
viding the equivalent of more than 50 relays of conventional digit
registers.

NO. 1 CROSSBAR LABORATORY qUTGOING NO.5 CROSSBAR LABORATORY

SUBSCRIBER MULTI FREQ.

SENDERS INC REG.
—— -
SCANNER
CLOCK TIMING
PULSE PULSES
GEN FORALL
4 ‘ OPERATIONS
ADDRESS READ 8
TRANSMITTER TRANS. WRITE HEADS
CONNECTOR AMPLS
| s L ()
SHAPERS MAGNETIC
DRUM
TRANS— SENDER

TRANSMITTER MITTER SPACE
CONTROL CONTROL L {wowrron

LABORATORY MODEL OF MAGNETIC DRUM SENDER

Fig. 9-14. Magnetic drum auxiliary sender (drum at lower right in
diagram), an attempt to apply electronics to problems of expanding direct
distance dialing. (AIEE Transactions on Communications and Electronics,
Vol. 77, March 1958.)



Beginnings of Electronic Switching

223

Fig. 9-15. Magnetic drum unit of the auxiliary sender, about 1953.
(AIEE Transactions on Communications and Electronics, Vol. 77, March 1958.)
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Fig. 9-16. Allocation of space on the drum. The sender space as indi-
cated was equivalent to more than 50 relays. (AIEE Transactions on Com-
munications and Electronics, Vol. 77, March 1958.)
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The relative simplicity of the system logic is due to the ability to
write back into a drum slot several microseconds after the readout
from that same slot has been obtained. A partial digit can be read
from the drum and updated when indicated by a scan result and the
new value of the digit written back, all within 17 microseconds.

Although the magnetic drum auxiliary sender used transistor and
diode logic extensively, it still required vacuum tube read/write cir-
cuits for the drum itself. Its engineers had intended the design for
production, but the economics were not promising and specific
development plans were dropped early in 1954 in favor of an elec-
tromechanical design (see Chapter 8, section III).

Included in the effort on the magnetic drum auxiliary sender was
the work by W. Ulrich and B. J. Yokelson on the design of diode
logic and diode scanners, which was used in the next ste[i" of the
application of electronics to central office switching systems. 6

4.3.5 Conclusion

Systems studies had suggested that high-speed electronics should
provide smaller and less expensive centralized switching systems.
Electronic replacements for several functional pieces of elec-
tromechanical switching systems were designed, built, and tested in
the laboratories or in field trials, but were not cost effective. Ques-
tions regarding reliability and maintainability had not been fully
answered. Hot-cathode, high-vacuum electronic components had
useful lifetimes of only a few years, even when operated conserva-
tively. The bearings of magnetic drum memories had lifetimes of
only a few years.

During the early 1950s the junction transistor began to be
manufactured, and techniques were developed for growing single
crystals, for zone refining, and for ion implantation. These factors
led toward electronic elements that, compared to vacuum tubes,
were less expensive, smaller and more reliable, and used far less
power. Cathode ray tubes to store information, which otherwise
would have required tens of thousands of wires or relays, also
provided powerful technology for considering the next step: the
building of an entire switching system principally from electronic
components. Theoretical work on the analysis and synthesis of
combinational and sequential circuits, and the development of more
powerful error-detecting and error-correcting schemes, allowed the
designers of electronic switching circuits to economize their designs
and to make the circuits more dependable and maintainable. The
laboratory models and field trial systems provided a background of
experience with some of the earlier devices from which the perform-
ance of newer technologies could be projected.
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4.4 Towards an Electronic Central Office—Pre-Morris

Although application of electronics had not yet achieved produc-
tion status, the designs were getting closer to the point of proving
in, and work was authorized in July 1953 to build laboratory models
of parts of an electronic central office and eventually to put the parts
together in a skeletonized central office in the laboratory. The work
was initiated by AT&T because the proposed system involved much
that was radically new, both in circuitry and apparatus elements.
The possibilities for the electronic central office with respect to exist-
ing switching systems were seen to be (1) substantially lower first
cost, (2) large space savings, (3) less maintenance, and (4) greater
flexibility in meeting changing service requirements.

Bell Labs development of a specific system was authorized by
Western Electric one year later to develop a system for field trial
from which a first production system could be attained. Initially,
A. E. Joel's department in C. A. Lovell's laboratory was assigned to
this task, and work began at the West Street, New York City loca-
tion. Lovell’s laboratory relocated to the Whippany, New Jersey
Laboratory in the fall of 1954. By May 1955 the work had progressed
to the “breadboard” stage, and the effort had expanded to the
building of a field trial model using the technology of the laboratory
model.

The apparatus for the laboratory system included germanium
alloy junction transistors (complementary npn and pnp types) and
germanium point-contact diodes." Although these devices were not
used in the production version of an electronic switching system
(ESS), the discipline of limiting the variety of transistors and diodes
for manufacturing economies was followed. Fig. 9-17 shows typical
plug-in circuit packs and the mating connectors to which wire wrap
connections would be made to construct functional units from these
building blocks. On these packs were placed the diode AND and
OR gates, the transistor inverting and noninverting amplifiers, and
flip-flops. These building blocks were interconnected to construct
the logical functions needed in the various equipment types. Figure
9-18 shows a typical rack-mounted array of the logic packages.

The other components of the system included the previously
described barrier grid store and the photographic or flying-spot
store suggested by C. E. Brooks and others (see above, sections
4.1.2 and 4.1.3). In June 1954, a radical change in the use of the
flying-spot store was suggested in an internal memorandum written
by W. Keister. The diode and transistor control circuits being
designed were complex sequential circuits. Keister knew that the
complete behavior of the circuits could be represented by a table of
numbers whose entries would be binary numbers representing the
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Fig. 9-17. Plug-in circuits and connectors used in mid 1950’s laboratory
model electronic switching system. Logic circuit boards are 1%2inches wide
by 7 to9incheslongand connect to 12 terminal wire-wrap connectors.

outputs of the control circuit and its next internal state. By placing
the total description of the control circuits in memory, the control
circuit complexity would appear in the table rather than in the diode
and transistor logic circuits. Keister noted: “‘Detailed engineering of
large numbers of logic circuits would be eliminated. To change a
sequence of actions, add new functions, or modify old [ones] it
would be necessary only to change the program in the permanent
memory.”

By June 1955, W. A. Budlong and A. H. Doblmaier were designing
the sequential control circuits for the electronic central office. They
were finding that the size and complexity of the circuits were strain-
ing the limits of design rules of the semiconductor diode and transis-
tor logic circuitry. Furthermore, relatively minor changes in the
requirements often resulted in extensive changes in the circuit
design, which did not augur well for the subsequent addition of new
features to meet evolving customer or operating company needs. At
that time, Budlong had read an article in the journal of the Institute of
Radio Engineers describing a digital computer and was struck by the
similarity of what the computer could do and the actions required of
the control circuits. He began devising instructions that suited the
task of processing telephone calls and writing sample programs. This
approach was dubbed Stored Logic in Memory (SLIM) by A. E. Joel,
Jr. and underscored the circuit savings to be gained with this tech-
nique of implementing common control.
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Fig. 9-18. Rack-mounted array of logic packages.

The idea began to gain momentum; however, the new technique
required much more storage in the flying-spot store, and the speed
of operation had to be increased materially. R. W. Ketchledge and
R. E. Staehler learned of this proposal and began working on ideas
to improve the performance of the memory system. This resulted in
several inventions by these engineers that used servo techniques to
sufficiently improve the performance of the flying-spot store. In
September 1955, Lovell and Ketchledge decided to switch to stored-
program control, and the revolution in the design of telephone
switching systems was under way. The first reauthorization of the
Western Electric funding in early 1956 noted this change of events.

The laboratory model was assembled, and the first telephone
switching programs were written for this model.'® Fig. 9-19 is a view
of the laboratory model constructed at the Whippany, New Jersey
Laboratory. By that time Morris, Illinois had been selected for the
field trial location, and the model system came to be known as
“pre-Morris.” The first telephone call was placed through this sys-
tem in March 1958. For reasons given earlier, the pre-Morris and
later the Morris systems used the gas tube network. This required
the new low-power telephone using an electronic tone ringer, which
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Fig. 9-19. The stored-program ““pre-Morris’’ laboratory model electronic
switching system. The first telephone call through this system was placed
in March 1958.

was field-tested in Crystal Lake, Illinois prior to its use in the Morris
trial.

4.5 Electronic PBX

In 1955, several proposals were made to provide a modern private
branch exchange PBX in the smaller line sizes—some to serve as few
as 20 to 50 lines. One proposal used relays and crossbar switches
but added transistors, semiconductor diodes, and magnetic cores to
exploit their smaller size and much faster speed in a self-contained
system. A second proposal was to adopt the previously described
gas diode reed relay concentrator as a customer premises switch; the
central office would contain one or more control units that would be
shared by a number of customer-based switch units. The control
would communicate with the switches via a data link, and PBX
trunks from the switch would terminate at the central office contain-
ing the control unit. On the basis of these ideas, fundamental
development was funded in March 1956 and continued through
1958.

A third proposal for the network of the new PBX called for placing
electronically gated speech samples onto a ““talking bus.” Two tele-



Beginnings of Electronic Switching 229

phones could be connected by arranging their electrical signals to be
sampled at the same time. Other conversations could be interleaved
in the same manner. The time-division switch approach was even-
tually favored over the space-division proposals inasmuch as the
network switch elements would grow as the number of lines served,
instead of as the square of that number.

Fig. 9-20 shows the basic configuration of switch and control cir-
cuits for the Electronic PBX (EPBX). Two talking buses are shown in
the block diagram to provide capacity greater than that available
with a single-bus system. To interconnect line A to line B requires
the use of the interbus connection via gates 4 and 5.

The fundamental development effort focused on the design of the
time-division switch elements, the memory systems appropriate for
the electronic memories for the switch, and the requirements and
logic for the control unit. Laboratory breadboard and brassboard
models demonstrated technical feasibility, and in September 1958,
specific development of the EPBX production was authorized by
Western Electric. As in the Morris project, the design of the control
unit of the EPBX was changed from wired logic to stored logic prior
to its field trial.

4.6 The Morris Field Trial

With the successful design and construction of the pre-Morris
laboratory system, the development of the Morris system was con-
tinued, applying the same or very similar devices and apparatus.
An end-marked gas tube network provided the concentration and
distribution functions, and a line scanner detected the off-hook/on-
hook state as well as dial pulse signals and switchhook flash signals.
Germanium diode and transistor logic comprised the logical build-
ing blocks for the central control and other functional units, and the
barrier grid store and the flying-spot store provided the scratch pad
and program memories. "’ ‘

The organization of the system is shown in Fig. 9-21.% The marker
executed the network order transmitted from the central control and
provided a buffer between the 3-microsecond operating speed of the
central control and the milliseconds required for the marker to find
and mark a connection in the gas tube network. The signal distribu-
tor served as another buffering device which accepted encoded
address information at microsecond speeds and selected relays to be
operated and released. Most of the relays were associated with the
various trunk circuits.

The crosspoint element for the switching network, the cold-
cathode gas tube, is depicted in Fig. 9-22. It is a neon tube that
requires 200 volts to be applied to cause ionization and conduction.
When the tube conducts, its voltage drops to 110 volts, and 10 milli-
amperes of current flows. In this state, the device possesses a nega-
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Fig. 9-21. Organization of the Morris, Illinois system. Most of the
devices and apparatus were similar to those used for the pre-Morris sys-
tem.

tive ac resistance that amplifies small signals (talking currents)
transmitted through it. This gain offsets the losses in the transform-
ers and other circuits in the network. A single path through the
Morris network is shown in Fig. 9-23.

As indicated in Fig. 9-24, the network marker (only the distribu-
tion portion is shown for simplicity) was provided with terminal
addresses of the desired connection and used this information to
apply marking voltages at each end of the network. The voltage sig-
nals propagated towards the center or junctor stage of the network.
The signals would not travel through busy crosspoints and thus
were “locked out” from possible double connections. The marking
signal fanned out through idle crosspoints, and the marking signal
from each end of the network propagated to a number of terminals
on each side of the junctor stage at the middle of the network.
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The junctor stage comprised a set of junctor circuits which were
sequentially interrogated or enabled to find a junctor circuit which
had the marking signal present at both terminals. When that condi-
tion was obtained, a special gas tube tetrode would ionize, and the
selected gas diodes turned on and remained on after the marking
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A % Ux)
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CROSSPOINT
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Fig. 9-22. Gas tube crosspoint (top) and plug-in network module (bot-
tom) for the Morris system. In addition to its switching function, the

device amplified voice signals.
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Fig. 9-24. Morris system talking connection showing marking voltages
which caused connection control signals to propagate to the junctor stage
of the network.

and junctor enabling voltages had been removed. The unselected
paths deionized, and only the desired connection remained. The
many possible connections which were sequentially tested with the
junctor circuits provided the network with its redundancy to
operate with occasionally failed network elements and to meet the
low blocking requirements for its engineered traffic.

Once a path had been established, the “memory” of the connec-
tion was the conducting state of the gas diodes. To release the con-
nection, a negative marking voltage was applied to the terminal of
the customer for which the hang-up signal had been detected first.
This signal propagated through the gas diodes and the junctor cir-
cuit, and released the connection. The release operation generated
a pulse on the terminal of the second customer’s connection. This
pulse was detected and translated (in an identifier circuit not shown
in Fig. 9-24) into the terminal’s address. This information was sub-
sequently read by central control so that it could update its busy-idle
memory to reflect the disconnecting of the second customer.

Fig. 9-25 shows the concentration and distribution networks at
Morris. Fluorescent lamps inside the cabinets excited a photoelec-
tric material deposited inside each diode. This served to provide a
sufficient number of free electrons in the gas to assure rapid ioniza-
tion of the gas in response to the marking voltage signals.?!

The ringing signal was a low-level audio frequency voltage that
could be passed through the gas tubes and line transformers. (The
normal 90-volt ringing signals were too great to pass through the gas
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Fig. 9-25. Concentration and distribution networks of the Morris sys-
tem. Fluorescent lamps excited enough free electrons for the gas tubes to
operate. D. T. Osmonson checking the operation of a gas tube module in
the network.

diode network.) The telephone shown in Fig. 9-26 used two transis-
tors in a tuned amplifier to detect a particular ringing frequency and
amplify the signal to drive the miniature horn shown in the
photograph. This electronic substitute for the electromechanical

Fig. 9-26. Telephone set used in the Morris trial. Transistor circuit pro-
vided amplification for both tone ringing and speech.
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bells is known as a ““tone ringer.” The tuned amplifier detected dif-
ferent frequencies for different party line telephones and thus pro-
vided full-selective ringing for up to eight parties. When the receiver
was removed, switchhook contacts reconfigured the transistors into
a speech amplifier. This reduced the line power required, and the
reduced current permitted the use of a smaller line transformer con-
necting the customer’s loop to the switching network.?

The flying-spot store for Morris was substantially larger and faster
than the laboratory model.”® The switch from wired logic to stored-
program control resulted in the design of more sophisticated drive
and feedback circuits to reduce the access time and increase the
number of data channels. Figure 9-27 shows the multiple array of
lenses, photographic plates, and detecting photomultipliers which,
with the cathode ray tube, provided a 2.2 million bit store. To gain
the high accuracy and speed of operations required of the flying-
spot store, a number of channels accessed photographic plates,
which were code plates giving a unique response for each of 256
values of vertical and horizontal deflection of the beam. As shown
in Fig. 9-28, this information provided the error signal for a feed-
back deflection system, which achieved an accuracy of beam deflec-
tion otherwise unattainable. By combining the direct and feedback
drive, the speed of operation of the store was increased so that suc-
cessive 25-bit instruction words could be read by central control
every 2.5 microseconds. To operate with occasional imperfections
in the photographic plates (the information density was approxi-
mately 42,000 bits per square inch in a 256 by 256 array of opaque
and clear spots), each instruction word included a 5-bit Hamming
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Fig. 9-27. Morris flying-spot store, which provided a memory of 2.2-
million bits. (Proceedings, General Fall Meeting, IEEE, October 1960.)
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Fig. 9-28. Horizontal and vertical deflection feedback systems used to
increase beam accuracy to levels previously unattainable. (Proceedings,
General Fall Meeting, IEEE, October 1960.)

code and a parity bit to correct single-bit errors and detect double
errors.

The Morris program required 50,000 instructions, of which one
third contained the telephone operating functions and the remam—
ing two thirds were used for maintenance and administration.?* This
amounted to 1.2 million bits of random access high-speed memory
for the program alone. Translation memory also was stored in this
memory. As can be seen from Fig. 9-29, which depicts the state of
the art in late 1956, the flying-spot store best met the needs for large
semipermanent stored programs.

The Morris field trial began with part-time service on June 1, 1960
and was built up to 24 hours a day service on November 11, 1960.
By June 1961, a peak of 434 main telephones (total about 650 main
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and extension telephones) were in service and continued at or near
this level for the remainder of the trial, which was completed in
January 1962.%

Morris proved the basic soundness of stored-program control for
telephone switching systems and provided the necessary experience
and background for the production design of ESS. Once the system
was shaken down, Morris was able to operate with an uptime of
close to 99.99 percent. By the end of the trial, customer trouble
reports were dropping below the national average for several weeks
at a time. Excluding vacuum tube and gas diode failures, the semi-
conductor logic circuit packs failed at a rate of fewer than two packs
of 11,000 per month, and for the last six months of the field trial
there was only one logic package failure.

The Morris maintenance plan was designed to simplify mainte-
nance by having the system itself perform the bulk of testing,
analysis, and trouble reporting. For most cases, the task of the
maintenance personnel was only that of looking up a printed trou-
ble report in a maintenance dictionary to find out the location of a
defective plug-in package and replace it.

This technique was successfully employed by craftspersons who
had been given various levels of training in the administration and
maintenance of Morris.
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Customers were provided with the new low-current telephones
which included a faster, 20 pulse-per-second dial. In addition,
many customers had new calling features nowhere previously avail-
able. Abbreviated dialing allowed the customer to dial a two-digit
code; the memory contained the corresponding seven-digit office
code and number, which was used to complete the call. The cus-
tomer gave central office administrative personnel a list of seven-
digit numbers corresponding to four available two-digit codes.
Another feature was the ability, under customer direction, of
automatically transferring calls to another telephone number, speci-
fied by dialing command codes and the designated second number.
The system would automatically store the requisite information and
forward calls to the new number until the feature was canceled by
the customer’s dialing a second specified command code. Not only
did stored-program control provide the new features with no addi-
tional hardware, but these capabilities were added with relatively
modest changes and additions to the program and space in memory.
Making the same changes in the prior-art systems would have been
much more extensive and costly. This advantage, along with the
high degree of automation of maintenance through the use of
stored-program control, were the driving forces for the revolution in
the design of telephone switching systems.

4.7 New Devices

During the exploratory development of the electronic PBX and the
Morris electronic central office, there were many innovations made
in memory systems, network devices, and logic elements. The vari-
ous enhancements were investigated and tried; some were adopted,
others rejected. By the time the Morris system was in operation, a
revolution in technology had made obsolete all its major com-
ponents. This revolution resulted in large magnetic memories,
newer network elements, and the introduction of silicon transistor
and diode circuits. A short review of some of the new or improved
devices follows.

4.7.1 Memory Systems

Both pre-Morris and Morris used two high-speed random access
memories, which were accessed independently and concurrently by
the common control in executing its program. The flying-spot store
contained the program and data that remained constant over a
period of time, ranging from a few weeks to many years. It was
known as a semipermanent memory inasmuch as it required human
intervention to change its contents; the program was thereby pro-
tected from inadvertently destroying itself. A second memory pro-
vided the scratchpad for rapidly changing information such as dial
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pulse counts and traffic data. This was referred to as a temporary
memory, and in the Morris system the barrier grid store was used
for this purpose.

It is interesting to note that this dual storage arrangement was not
employed in general-purpose computers of that time, since they did
not have the stringent dependability requirements placed on the
stored-program control used in central office switching systems. An
added benefit of the arrangement is the concurrent reading of pro-
gram instructions and the reading or writing of data, which results
in data processing speeds higher than those obtainable with a single
memory.

The permanent magnet twistor memory—announced by Bell
Laboratories in 195927—provided a store that was as fast as core
memory, reliably retained its data, and was substantially cheaper
than equivalent core memories. The twistor memory is based on
magnetic properties of permalloy tape helically wound around fine
copper wire, as shown in Fig. 9-30. At that time, the twistor
memory offered performance superior to that available from
coincident-current access magnetic cores. To operate an equiva-
lent-size core memory at the speeds attainable with the twistor
would have required much more operating power.

The permanent magnet twistor or PMT memory was first
employed in military systems in relatively small memory capacities,

3 MIL COPPER WIRE\

0.3MIL THICK

Fig. 9-30. Construction of twistor memory, 1963: a permalloy tape
wound helically around copper wire.
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but much larger memories were built and reported shortly
thereafter. The PMT memory became a contender to the flying-spot
store for the production model of ESS.%

Another contender developed by Bell Labs engineers was the
capacitive memory store or “‘capstore.” It was simply a matrix of
capacitors to which input pulses were applied on word lines and the
individual capacitors connected to output bit lines.?” As shown in
Fig. 9-31, the binary value of the word was determined by the pres-
ence or absence of coupling capacitors between the input word lines
and the output bit lines. Fig. 9-32 shows a batch-fabricated subma-
trix of 32 words with 18 bits per word. Etched copper patterns

oo

| W WORD
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— K

INPUT PULSE

/\\/ /\(

/\{

OUTPUTB OUTPUT B-1 % OUTPUT 1

B BIT OUTPUT
1 0 LI 1

Fig. 9-31. Diagram showing concept of the capstore memory: words
were constructed of patterns of coupling capacitors. (IRE Transactions on
Electronic Computers, EC-10 September 1961.)
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separated by a thin layer of mylar formed the capacitors and the
word and bit lines. By selectively cutting the connections between
the vertical bit lines and the individual capacitor anodes, zeros are
formed at those bit and word locations. The remaining uncut leads
represent binary ones. A zero can be reconverted to a one by the
application of conducting paint.*® A 1024-word by 34-bit store was
constructed and used in the brassboard model of the EPBX.

The awkwardness of changing the memory and the linear nature
of the circuit access, which severely limited any substantial growth
of the size of the store, foreclosed its use in the production model of
the EPBX. However, years later the capstore served very well in
scientific computers as high-speed microprogram stores.

In the area of temporary memories, the magnetic core memory had
become the dominant memory in business and scientific computer
systems. Coincident-current access techniques allowed the design of
memories for which the size and cost grow as the square root of the
total size of the memory. However, the speed of operation in the
coincident-current mode was limited, and various approaches to
overcome this limitation were explored in the development of the
EPBX and the production ESS. One technique was to bias the
coincident-current core matrix so that larger drive currents could be
applied to speed up the switching action on the cores. Biased core
access techniques were also used with core matrices which drove the
solenoid windings of the PMT access circuits.

Another approach was the ferrite sheet store. The ferrite sheet,
shown in Fig. 9-33, was a batch fabrication means to overcome the
high cost of the then-used technique of manually threading a large
core matrix. By the time the production design of ESS was started,
it was understood that the smallest office would require hundreds
of thousands of bits of temporary memory. The result was that the
ferrite sheet had an economic advantage over conventional core
memories.!

4.7.2 Network and Scanning Devices

Although the gas tube network performed satisfactorily in the
Morris field trial, there were enough problems with it to warrant
exploration of alternate technologies. As expected, the failure rate
of gas tubes was significantly higher than that expected of transis-
tors and diodes. Even during the earlier planning stages transistors
were considered as the production device for the network, and gas
tubes were accepted for use in Morris as an interim approach.

One arrangement of two junction transistors in a “hook connec-
tion,” as shown in Fig. 9-34, yields a bistable switch that can be
end-marked like a gas tube. The same operating characteristics can
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tig. Y-33. Ferrite sheet memory which used batch fabrication to avoid
manually assembling and threading magnetic matrices of cores.

be obtained in a single four-layer device—the pnpn diode—also
shown in Fig. 9-34. Unlike the gas diode, the solid state bistable
switches have some loss in the ““on’’ state, so that networks made
from these elements would degrade transmission more than the gas
tube. Similarly, the ““off” impedance of the pnpn and the hook con-
nection was less than that of gas tubes. The reduced “oft”
impedance would degrade crosstalk margin. On the other hand, the
pnpn offered not only a more reliable device but one that operated
on much lower voltages, consumed much less power, and was far
more compact.

One of the major limitations in electronic network elements had
been their inability to directly handle some of the conventional tele-
phone signaling and test voltages and/or currents. For example, in
crossbar switching systems a telephone is rung by connecting its
loop through the switching network to a ringing generator. 2 The
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ringing signal required to operate the bell is nominally 86 volts
r.m.s. at 20 hertz superimposed on 48 volts dc. To collect or return
coins, a 130-volt dc signal is sent through the network to coin
telephones. Test circuits also require electrically transparent dc con-
nections through the switching network to the customer’s loop.
Special access and protection circuitry had to be added to each line
to accommodate electronic networks, regardless of whether the
electronic network was one of space division or time division.

The Morris system addressed the handling of ringing with a new
telephone containing a low-voltage ringer, but other requirements
for coin and PBX lines and loop testing were not resolved in the field
trial.

Although the use of the pnpn diode as a network crosspoint was
pursued vigorously, the invention of the ferreed (a contraction of
ferrite and magnetic reed) switch by A. Feiner, C. A. Lovell, T. N.
Lowry, and P. G. Ridinger quickly became the economic choice. It
was based on a small dry reed switch, to which was added a mag-
netic latching structure which could be operated and released with
electronic controls. At the same time, it provided metallic contacts
which could handle the wide range of existing signaling and test
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Fig. 9-34. Solid state alternatives for network switches: top left, the
“hook” configuration of transistors; top right, the pnpn diode. Below,
on-off characteristic curve of the pnpn diode.
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voltages and currents without special circuitry. This avoided the
extra cost of special access and protection circuits and eliminated the
need to change to the new telephones.® Fig. 9-35 shows an earlier
(1960) version of the ferreed which used powdered sintered ferrite;
Fig. 9-36 shows the production model, which used Remendur as the
magnetic latch.

The ferreed crosspoints were assembled into matrix switches, and
networks were built up from these switches in a manner topologi-
cally similar to crossbar switch networks. In operating a crosspoint
in a ferreed matrix switch, however, very different techniques are
used for control. Simultaneous currents through the horizontal and
vertical windings of the crosspoint are needed to operate it. Current
through only one winding will knock down a closed crosspoint or
leave it unaffected if it is open. The individual switches were
arranged in a matrix so that all the horizontal windings of a row
were connected in series, and all the vertical windings of a column
were also connected in series. Simultaneous current through a row
and column thus operated the crosspoint at the intersection and
released any other operated points on the same row and column.
This was known as “destructive marking’” and eliminated the need
to open closed crosspoints at the end of a connection with little risk

MAGNETIC
PLASTIC

MAGNETIC REED
SWITCHES

Fig. 9-35. Experimental ferreed switching using powdered, sintered fer-
rite rods and disks to latch glass-enclosed magnetic-reed switches.
Differential windings (X1, X2, Y1, Y2) are pulsed simultaneously to close
contacts; pulsing of either winding alone causes the contacts to open.
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of double connections, while greatly simplifying the control of set-
ting up and taking down connections.

The size of switch was chosen by considering the cost of control,
the network configurations, the size of resulting frames, and switch
cost. No. 1 ESS uses primarily an eight-by-eight switch. A binary
number is most efficiently handled by a stored program, and the
other factors determined the preference for 8 instead of 4 or 16.%

In previous networks a third lead, the sleeve, was switched along
with the tip and ring to form the memory of the state of connections
in the network. Rather than using this technique, the state of the
terreed was retained in bulk temporary memory, called a “map,”
and maintained in step with the actual state of the network through
the program. This reduced the cost of the total system and allowed
the program to “reserve’” paths in memory in advance of the actual
connection to be made.*

To scan lines and trunks for originations, disconnects, dial pulses,
etc., the associated on-hook and off-hook voltages biased semicon-
ductor diode elements in the Morris field trial scanner. Interrogation
pulses would correspondingly be transmitted or blocked. Although
simple in concept, elaborate component networks were associated
with each diode to protect it from high voltages and currents and to
balance out longitudinally induced ac signals. This led to the inven-
tion of the “ferrod” by J. A. Baldwin and H. F. May.”

With the ferrod on-hook and off-hook loop currents were mag-
netically coupled through windings to a stick of ferrite material,
which was the size of a large paper match. The difference in
currents would selectively allow or inhibit the coupling of pulses
from an interrogation winding to a sensing winding. Balanced wind-
ings canceled the longitudinally induced interfering signals, and the
magnetic rather than direct coupling of the loop to the interrogating
and sensing electronics protected the latter from power line crosses
or lightning strikes. Fig. 9-37 shows the ferrod in its most ubiquitous
applications.

4.7.3 Logic Elements

The logic elements in the Morris ESS were point-contact diode
AND and OR gates with germanium transistor alloy junction stages
to provide gain and/or logical inversion. A catalog of ““universal”’
circuit packs provided the logic building blocks for that system.*® A
different approach to providing “universal” logic elements was pro-
posed for the EPBX and the production ESS. The PBX designers
elected to use a single gate made up of resistors and silicon diffused
junction transistors; the basic NOR gate could be used in combina-
tion to generate the needed AND, OR, and INVERT functions. The
ESS circuit designers in going to the production design opted for the



Beginnings of Electronic Switching 249

more expensive but faster NAND gate requiring silicon diodes and
transistors. Its lesser power consumption and higher fan-in and
fan-out capabilities made it attractive to the No. 1 ESS designers.*
The logic families described are indicated in Fig. 9-38.

V. THE DEVELOPMENT OF ELECTRONIC SWITCHING

By 1958, ESS development at Bell Labs in Whippany, New Jersey
consisted of two major efforts. The primary effort, in terms of per-
sonnel, was completing the hardware and software designs for the
Morris system. This included writing and using simulators to test
software before it could be tested in the system laboratory. The sys-
tem laboratory was a full working replica of the Morris, Illinois sys-
tem, and was used to test hardware and software working together
as a system. And, while the development of the Morris system was
being completed, a second and parallel Whippany effort was started
on the design of the first production system, the No. 1ESS.

5.1 From Morris to the Start of No. 1 ESS

Authorization to develop ESS was approved by Western Electric
in March 1958, the same month that the first call was placed in the
pre-Morris system. At that time it was recognized that the gas tube
would probably be replaced, and that higher-performance, dif-
fused-junction silicon transistors and diodes were more suitable for
the production design. The serial operation of the barrier grid store
was also seen to be too slow for high-speed processor operation.

TO CUSTOMER LINE,
JUNCTOR, TRUNK,
OR OTHER CIRCUIT TO BE
SENSED OR SUPERVISED

CONTROL
TIP RING WINDING

3 200
—48 MILLIVOLTS

MICROSECONDS

0s L +
o | T N

\ —
INTERROGATE{ g }READOUT

WINDING WINDING

CONTROL
FERRITE WINDING

ROD
Fig. 9-37. Ferrod scanning point used in ESS. Typical devices used in
line scanning would saturate at 10 milliamperes loop current and provide
maximum coupling of interrogate and readout windings for 5 milli-
amperes or less.
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In 1959, the ferreed switch was being studied as an alternative to
the pnpn diode as the network crosspoint.®’ By 1960, all the major
hardware components had been selected. This included the ferreed
crosspoint, the permanent magnet twistor store for program and
translation data, the ferrite sheet store for transient data, and the
silicon diode and transistors for the logic circuit. It is interesting to
note that all the choices represented the better choice in power con-
sumption. There was great concern over the use of “reliable’” air
conditioning to meet the range of operating temperatures required
in a normal central office environment. Reliable air conditioning
required expensive standby power generation equipment to back up
commercial power.

The Morris field trial system provided many fundamental insights
for the production system.*! Foremost was the feasibility of the
stored-program control to operate reliably in real time, 24 hours per
day. The major functional units were duplicated, and the system
included operational checks for both hardware and software. Special
programs, known as fault-recovery programs, were initiated in
response to failures of these operational checks. The programs
quickly determined the faulty piece of equipment (network,
memory, control unit, etc.) and automatically switched it out of ser-
vice, allowing the duplicate to take over. The system could automati-
cally isolate and remove faulty units, and thus could keep Morris
running even though components might fail or operate intermit-
tently. The wisdom of this design philosophy was confirmed by an
unprecedented uptime for such a complex electronic system—better
than 99.99 percent over a period of many months.

A “Final Report” on Morris, dated March 1963, states: “‘Excluding
the outages due to the failure of air conditioning plant, outages for
the last 11-1/4 months averaged 4 seconds per day or less than 0.005
percent.” This was attained with an experimental system that con-
tained about 75,000 semiconductor diodes, 12,000 transistors,
30,000 gas tubes, and 2,000 vacuum tubes. The Morris system
proved that complex electronic switching systems could be kept in
essentially continuous operation for long periods of time. Special
customer services that were found to be relatively easy to imple-
ment with stored-program control were included in the Morris trial.
The ““Belltronic Services,”’ as they were called, included abbreviated
dialing, code calling, dial transfer, and others. Customer response
was assessed and found to be very positive. .

The Morris trial demonstrated the value of remedial maintenance
techniques, by which a faulty unit was diagnosed to determine the
repair, and the repair was made by replacing a few plug-in packs.
The trial also demonstrated the value of generating a ““dictionary’’ of
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failure patterns and of having adequate test access for the diagnostic
programs. Overall, the use of stored programs to assist craftspeople
in operating and maintaining the central office equipment was to be
a key benefit in subsequent system designs.

Although changes due to technological evolution were wide-
spread in the hardware of the system, the soundness of the funda-
mental architecture and of the stored-program approach was proven
in Morris, Illinois. The extensive field trial comprised a year of
dependable, full-time, around-the-clock service to more than 400
customers. *

5.2 TheNo.101ESS Development

The electronic PBX was renamed No. 101 ESS to indicate that it was
tobe part of a Bell System family of electronic switching systems.

As described previously, the review of new technologies sometimes
took different directions for the No. 1ESS and No. 101 ESS projects,
but where economies of development and manufacture were indi-
cated, common choices prevailed. Thus, the permanent magnet
twistor and ferrite sheet store were selected for the common control
forboth the No. 1andtheNo. 101ESS. In going from the brassboard
model to the production design, the No. 101 ESS also adopted the
stored-program approach, since the flexibility of design to obtain
new, sophisticated features and aids to operation and maintenance
were important to the PBX designaswellastoNo. 1ESS.

The No. 101 ESS included a pulse-amplitude modulation (PAM)
time-division network. This was selected for use in the switch units
to exploit the high speed and small size of semiconductor com-
ponents. The offsetting complexity of interfacing with signaling volt-
ages and currents was confined to providing special ringing controls
in each line circuit and dial pulse-detecting circuits in each digit-
receiving trunk. The pulse-detecting circuits pass TOUCH-TONE®
signals directly and convert dial pulses into bursts of audio frequency
tones that are detected by the control unit. Other special signals and
switched test access, considered essential in central offices, were not
required in PBX applications.

The No. 101 ESS development laboratory under the direction of
W. A. Depp was one of the first technical organizations to be moved
to the new Holmdel, New Jersey Bell Laboratories building in the
spring of 1962. There a full-scale lab model was built and operated
for the completion of the system design. A field trial installation was
operated, beginning in March 1963 at New Brunswick, New Jersey
prior to the first commercial installation. The trial included two com-
mercial customers and New Jersey Bell.®
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5.2.1 Initial Design

A No. 101 ESS, the first commercial installation of electronic
switching, using stored-program control, went into service in Cocoa
Beach, Florida on November 30, 1963.* At that time, each switch unit
handled up to 200 lines, and the control unit had a capacity of 3200
lines and 32 switch units.*

Each 200-line switch unit has two buses of 25 time slots each; all
lines and trunks have access to both buses, as shown in Fig. 9-20. The
dual bus serves 3- and 4-way conference calls. If one bus fails, there
are still 25 time slots available for all lines and trunks. The call-
carrying capacity with only one bus is sufficient to handle all but the
heaviest of traffic loads. Fig. 9-39 depicts the 200-line switch unitand
shows the ease of access for additions and replacement of line and
switch circuit packages.*

The No. 101 ESS control unit is functionally organized as shown in
Fig. 9-40.* The line information store contains class-of-service infor-
mation and data for vertical services, such as abbreviated dialing lists

Fig. 9-39. A 200-line No. 101 ESS switch unit with doors open to show
easy access for maintenance. (IEEE Transactions on Communications and
Electronics, Vol. 83, July 1964.)
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Fig. 9-40. Diagram of the No. 101 ESS control unit. The line informa-
tion store and program store are permanent magnet twistor memories; call
status store and data and digit store are ferrite sheet memories. (IEEE
Transactions on Communications and Electronics, Vol. 83, July 1964.)

for each line served. The line information store is the only undupli-
cated functional unit. The system is designed to provide basic service
when the line information store is out of service, and the added cost
of a duplicate memory for vertical features was considered to be
unwarranted. Both the program store and the line information store
are permanent magnet twistor memories.

The call status store contains successive 4-word blocks associated
with each time slot in each switch unit. The first word of each block is
the ““call progress mark.” The call progress mark indicates the state of
the call in its associated time slot. The call progress mark can be idle
(no call in that time slot), originating (a line has just gone off-hook
and has been connected to an available time slot), dialing, ringing,
talking, and so on. As the call is advanced by action of the call-
processing program, the call progress mark is updated accordingly.

The data and digit store contains change in supervisory status or
signaling information transmitted over data and digit trunks from
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each of the switch units and collected by the input-output logic. The
input-output logic periodically scans all the data and digit trunks to
collect the signaling and supervisory information in real time. Both
the call status store and the data and digit store are ferrite sheet
memories.

The call-processing program deals with each switch unit in succes-
sion. It first collects any new inputs for that switch unit from the
data and digit store and readies that information for further action.
It then proceeds to scan each progress mark in succession to deter-
mine if new inputs will permit a call to be advanced. If a call can be
advanced, the program transfers to a call progress routine associ-
ated with that state of the call. Upon completion of the appropriate
call progress actions, the scan of succeeding call progress marks
associated with the same switch unit is resumed.

Fig. 9-41 shows a control unit which indicates that it can be pro-
vided in 7- or 11-foot bays according to the ceiling height and floor
space needs. To grow to its capacity of 3200 lines, only digit data
and trunk equipment need be added.

5.2.2 Additional Switch Units

Over 90 percent of the PBX installations were 200 lines or fewer,
so the 200-line switch unit (the 1A) would handle a large segment of
the market. There was also a recognized need for larger switch
units to provide for larger PBX customer needs, and three additional
units were designed and manufactured to provide capacities of 340,
820, and 4000 lines (see Fig. 9-42). The largest, the 4A switch unit,
combined space-division ferreed switches and PAM time-division
buses to provide the necessary terminal and traffic capacity.
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Fig. 9-41. Arrangement of No. 101 ESS control unit, 1000 lines. For
growth to 3200 lines, only digit data and trunk units are added. (IEEE
Transactions on Communications and Electronics, Vol. 83, July 1964.)
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1A SWITCH UNIT
200 LINES

2A SWITCH UNIT
340 LINES

CONTROL UNIT

3A SWITCH UNIT
820 LINES

4A SWITCH UNIT
UP TO 4000 LINES

Fig. 9-42. Options available with the No. 101 ESS, starting with a 200-
line switch unit.

The No. 101 ESS switch units offered Centrex-CU (for Customer
Unit) service. Centrex-CU provided its customer with direct inward
dialing to individual extensions in the PBX and automatically identi-
fied outward dialed calls to furnish billing details to the PBX cus-
tomer. Calls between extensions were switched with equipment on
the customer’s premises, thereby reducing the number of trunks
required between the customer and the central office.

In this application, the No. 101 ESS superseded the 701A PBX and
saved floor space on the customer’s premises.* The first 4A switch
unit was placed in service in February 1967, at the newly completed
Indian Hill Bell Laboratories location in Naperville, Illinois. The con-
trol unit for this switch was located in the nearby town of Whea-
ton.* This system provided the convenience of modern PBX
features, such as call forwarding to another extension, three-way
calling where one of three parties could be on one outside line, and
a group pick-up feature to allow calls to extensions in a given office
to be picked up by other extensions in the same office.

In 1969, the No. 101 ESS was arranged to provide main-satellite
operation. In this arrangement several switch units for a single cus-
tomer would be located in separate buildings, but all calls requiring
an attendant would be routed to a common group of attendants at
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one location—the site of the “main” switch.® At its peak, the
No. 101 ESS served 300,000 extensions from more than 200 control
units.

5.3 Initial Development of No. 1 ESS

In 1958, several steps were taken to initiate the development of
No. 1 ESS. Development leading toward manufacture was author-
ized in March of that year, and production design work started at
the Whippany, New Jersey laboratory. A new systems engineering
center was formed at the West Street, New York City, location with
W. Keister as its director. This center was responsible for defining
the requirements for the No. 1 ESS and the requirements for the
field trial system at Morris, Illinois. The ESS development labora-
tory at Whippany was by that time staffed by over 200 people in five
departments. It was headed by C. A. Lovell as director and R. W.
Ketchledge as assistant director. The engineers and scientists in
these departments were gradually shifted over a period of time from
work on Morris to the production design.

At the time of the authorization for work, the first call had just
been successfully completed in the pre-Morris laboratory model,
and the actual field trial would not begin for more than two years.
However, production design during this period resulted in the
invention of the ferreed (initially for use in the line concentrator
portion of the network), the invention of “low level logic”” or “LLL”
silicon diode-transistor logic gates by W. B. Cagle and W. H. Chen,
and the invention of the basic architecture of the central control by J.
A. Harr. Decisions were also made to drop the barrier grid store
and the flying-spot store in favor of magnetic core memory (in the
form of the batch-fabricated ferrite sheet array) and the permanent
magnet twistor. These milestones were all reached by the end of
1959. At that time the paper design of the central control included
the “autonomous call module,” a subsidiary processor which was
the forerunner of the “signal processor.” Subsidiary processing
would be provided in those offices requiring call-carrying capacity
beyond that obtainable without a signal processor.

By January 1960, the development organization had grown to 240
and was divided into two laboratories. C. A. Lovell headed the sys-
tems and software laboratory, and R. W. Ketchledge had been
appointed director of a laboratory responsible for all circuit and
equipment design for production. In 1960, work continued on refin-
ing the hardware design and determining software requirements.
An improved version of the ferreed was developed using a metal
sleeve of Remendur to replace the more fragile rods of sintered fer-
rite material. In addition, the Bell Labs epitaxial forocess for transis-
tor fabrication allowed the use of silicon transistors to obtain higher
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breakdown voltages, reduce the collector-to-emitter saturation volt-
age, and gain better reliability of operation. Laboratory models of
ferrod scanners, ferrite sheet and twistor memories, central control
logic units, and network control units were assembled and operated
in 1960 and 1961. On the system and software side, program plan-
ning and development was under way. The system architecture
was based on the expected size and capacity of the subsystems. The
program order structure was evaluated by coding typical telephone
sequences, and work was started on support programs both to gen-
erate and to debug actual ESS instructions. Planning of a system lab
was started.

The flexibility of stored-program control was also extended to the
trunk circuits designed for No. 1 ESS. The physical equipment in a
trunk circuit is in most cases limited to that necessary for detecting
and generating the signals required on these circuits and for per-
forming basic switching operations such as loop closure or loop
reversal. All sequencing of these operations, including timing the
duration of signals, is performed by central control under instruc-
tions from the program. This has the effect of minimizing the
variety of trunk circuits required and of reducing their cost, since
changes in timing or sequence of operation can be made through
changes in the program.

During 1961, the development teams were reassigned to a
separate division dedicated to electronic switching. It was led by W.
H. C. Higgins as executive director and included more than 300 peo-
ple working on No. 1ESS, as well as W. A. Depp’s center at Murray
Hill, New Jersey, which was developing No. 101 ESS, and J. A.
Baird’s center at Whippany, New Jersey, which was responsible for
military applications. This last group had started development, in
1959, of an integrated (voice and data, analog and digital) system for
the Signal Corps. This system, to be described later, adopted much
of the No. 1 ESS hardware and software.

During the remainder of 1961 and 1962, the hardware designs
were completed and given to Western Electric for manufacture. In
the summer of 1962, the electronic switching division was relocated
to a new laboratory location at Holmdel, New Jersey, and shortly
thereafter systems lab models were assembled for the three major
projects. W. Keister’s switching engineering center had moved first
to Whippany to work more closely with development engineers.
This center also accompanied the development organization to
Holmdel in 1962. Keister remained in charge of ESS switching
engineering until after the cutover of the first No. 1 ESS in Suc-
casunna, New Jersey in 1965. ,

Fig. 9-43 shows the early milestones for the first No. 1 ESS sys-
tems lab. Although the units were tested at the factory, the equip-
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Fig. 9-43. 1963 status of No. 1 ESS systems laboratory tests.

ment was subjected to extensive tests with “X-ray”” programs in the
systems lab. These test programs were executed by the central con-
trol to test itself and the remaining functional units of the system.
(These X-ray programs became the major element of installation
testing, which minimized the need for testing hardware in the
field.) By August of 1963, debugging of the system was under way,
and effort was increased to two shifts by November of that year.
With specially written X-ray programs, the first call was placed in
the Holmdel lab on September 30, 1963. Although this did not use
the system program, it demonstrated the working of all the func-
tional units (networks, scanners, distributors, ringing circuits, and
trunks) needed to place such a call and to confirm the readiness of
the system lab to operate as a debugging tool for system programs.®!

In addition to the system equipment, there was supporting
hardware and software designed and built for the Holmdel labora-
tory. A program test console shown in Fig. 9-44 displayed the
internal registers of both central controls and various other registers
and flip-flops in other ESS units. With this hardware, the program
could be stopped at selected points in its execution, and the state of
the system could be read from the display. Geared to these points
was a utility program operating high-speed punched card readers
and line printers. Test conditions were inserted, and the results
were printed out. The programmer could read the console display
to help determine the nature of an elusive problem and use a utility
program card reader and printer to get test results quickly from the
test lab. Then the programmer could analyze the printout and make
program changes without further tying up the valuable test facility.
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Fig. 9-44. R. S. Cooper using the No. 1 ESS program test console,
which displayed the execution of the ESS program and aided debugging.

The program changes could be made with punched cards, and the
correction could be entered and tested in the systems lab. In this
way, many programmers could “time-share” their debugging
efforts in the Holmdel system lab.”

The first commercial installation of No. 1 ESS was a 4,000-line
office at Succasunna, New Jersey. The equipment for Succasunna
was installed in the summer and fall of 1963, and system program
testing began at this location in January 1964. Also, there were tests
using specially designed load boxes, and teams of test operators
placed special calls to provide traffic well in excess of the busy-hour
demand at Succasunna. The operators also tried as many combina-
tions of unusual call sequences as reasonably possible to stress the
program design. On May 27, 1965 a dedication ceremony was
held,” and on May 30 Succasunna began providing commercial
service to 4,000 customers.

The second No. 1 ESS, placed in service in January 1966, at
Chase, Maryland was very similar in size and program requirements
to the first. Despite extensive testing, program problems caused a
number of brief interruptions of service at Succasunna in the first
three months of operation. These problems were identified and the
programs were corrected before the Chase office went into service.
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The result was that the Chase office did not experience these inter-
ruptions and, soon after its cutover, was left unattended much of
the time.

More general application of ESS required additions to the program
used for Succasunna and Chase. This, the first of a series of “‘gen-
eric”’ programs, called CC1 for central control-1, was first applied to
the Beverly Hills, California office, which followed the Chase instal-
lation into service in January 1967. It represented the first
metropolitan-size ESS office, and handled a greater variety of calls.
For this purpose, 33,000 words were added to the Succasunna pro-
gram. Sixteen offices with the CC1 generic program went into ser-
vice in 1967. :

The flexibility of No. 1 ESS in incorporating new features has
been amply demonstrated. When the first No. 1 ESS was placed in
service in 1965, it provided 187 features, including (1)local
automatic message accounting (LAMA), (2) custom calling services,
(3) arrangements for numerous operator service trunks and inter-
office signaling, and (4) various types of coin features including
local overtime charging capability. The first program had 11 features
not then available to No. 5 crossbar. By 1976, the number of No. 1
ESS features had increased to more than 500.

To provide both Western Electric installers and operating tele-
phone company expertise in the operation and maintenance of the
new system, a special school was set up and operated by Bell
Laboratories. Engineers from Bell Labs, Western Electric, and the
operating companies served as instructors to provide material for an
extensive 34-week course that was run twice in succession starting
in January 1964. One hundred and thirty-one trainees from various
operating companies, Western Electric, and the Long Lines Depart-
ment of AT&T completed the course, which included “hands-on”’
operating experience. Those trained in this special school returned
to manage and maintain their early installations and to establish
training schools within their own operating companies.

The principal of the school was M. Raspanti, who also designed
two classroom demonstration units to represent the stored-program
control of first the Morris system and then the No. 1 ESS. The latter
unit was used extensively to introduce operating company operat-
ing personnel to the new techniques of switching system control.
The students could write special programs for Raspanti’s demon-
strator and then debug and run them in the classroom. The demon-
strator could be made to walk through its programmed sequence
slowly enough to allow the class to visually follow every step.5

Western Electric installation personnel also had to acquire a work-
ing knowledge of No. 1 ESS software since the testing of No. 1 ESS
installations was done largely with programs loaded into twistor
memory. First the X-ray programs were loaded and run to assist the
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basic debugging of the equipment and interconnecting buses and
cables. When all of the X-ray programs could run without errors
being detected, the generic program was loaded and run. The
operational programs attempted to run the system as .a switching
office, and the maintenance programs were also exercised to find
and fix more errors of manufacture and installation.

Among the last tests performed were special pre-cutover tests of
lines to which the No. 1 ESS would be directed during periods of
light traffic, connecting each line, one after the other, to the net-
work and to test circuits. ESS would then test and measure each line
to verify that it was properly connected to the new system. Any
faults detected would be noted on the teletypewriter for remedial
actions. At the completion of each brief test, the line would be
returned to the old central office by automatically disconnecting it
from the No. 1 ESS. With these powerful new tools a “flash cut-
over” of many tens of thousands of lines could be accomplished
with the assurance of virtually no wiring errors and bother to tele-
phone customers.

5.4 UNICOM

The advent of stored-program control ESS was of interest to mili-
tary switching system planners. The Signal Corps began studying
improvements to their strategic communications with a thought
toward serving both the three military departments and other
government traffic vital to the national interest. A systems study
was made to define a UNiversal Integrated COMmunications
system—UNICOM. The system study included new transmission
facilities, a new family of station equipment, and the interconnec-
tion of various modes of telecommunications into a single integrated
switching system. By 1958, the feasibility of such a system had been
established, and in June 1959, the Signal Corps and the Bell System
as prime contractor entered into an agreement for development.*®

Bell Laboratories was the contractor of the system with ITT and
RCA as major subcontractors for portions of the system. The system
included a time-division network, which operated with either circuit
connections for secure voice or switched data on a store-
and-forward basis. The system also included a space-division net-
work and a stored-program control to operate both the time-division
and space-division networks as an integrated switching office. The
space-division network was a 4-wire version of the ferreed network
developed for No. 1 ESS, and the common control was a direct
adaptation of the No. 1 ESS central control, twistor program store
and ferrite sheet call stores. The time-division network was also
designed by Bell Labs using the low level logic circuits designed for
No. 1 ESS. Fig. 9-45 shows the block diagram of the central office.
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The contract called for the development and operation of a test
model to demonstrate both the equipment operation and a large
number of operational features obtained from special ESS programs
written for this application.

Several departments in a military systems development laboratory
under J. A. Baird were assigned to the UNICOM project. The
development efforts for UNICOM started at the Whippany, New
Jersey laboratories, collocated with the ongoing ESS development.
Both projects moved to the new location in Holmdel, New Jersey in
1962, and there the UNICOM test model was built and operated. At
that time, over 100 engineers and programmers were working on
the UNICOM project.

Fig. 9-46 shows a view of one part of the UNICOM test model
with the switching center consoles and the analog and digital station
control sets.”® The digital station encoding, encryption, and control
required substantial additional circuitry to handle all the forms of
encoding required. With discrete components, two seven-foot high
bays of equipment were required to serve ten digital stations. The
stored program was an adaptation of the No. 1 ESS program to han-
dle the different network and features required for this system. The
total program was estimated to require 200,000 words as compared
to the 110,000 words provided in the Succasunna program.

Fig. 9-46. Part of the UNICOM test model—switching center consoles
and digital and analog station control sets.
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The equipment units were almost electrically equivalent to their
No. 1 ESS counterparts, but substantial physical redesign was
needed to meet military environmental requirements. Fig. 9-47 is a
photograph of one aisle of the UNICOM test model at Holmdel.
Grills at the bottom of several of the frames are for forced air condi-
tioning required in approximately fifteen percent of the equipment.
In October 1963 calls were placed in the system using simplified test
programs. By 1964, the scope of the project had been curtailed to
the test model itself, and the project had been redesignated
(Defense Automatic Integrated Switch—DAIS).>”

Although the UNICOM test model was destined to be one of a
kind, its capabilities were successfully demonstrated to the Signal
Corps, and much of the development effort saw fruition in other
ESS projects. Fig. 9-48 shows a 4-wire version of the ferreed switch
that was developed for UNICOM and the AUTOVON project (see

Fig. 9-47. Row of UNICOM switching equipment which employed forced
air cooling, an example of special design to meet military requirements.
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below). Engineers working on the time-division switch were later
able to apply their knowledge to the design of the time-division
switch for No. 4 ESS. Many unique features of the UNICOM sys-
tem are described in Chapter 12 of the volume of this series subtitled
National Service in War and Peace (1925-1975).

5.5 AUTOVON

The Defense Communication Agency (DCA) in the early 1960s
established a 4-wire worldwide telecommunications network. The
new network (which superseded the UNICOM proposal) combined
the Air Force’s NORAD/ADS (NOrth American Air Defense
Command/Automatic Dial Switching System) network and the U. S.
Army’s SCAN (Switched Circuit Automatic Network) into a single
network designated CONUS AUTOVON (CONtinental U. S.
AUTOmatic VOice Network). SCAN was activated in 1961 and
NORAD/ADS in 1963, both using specially designed 4-wire No. 5
crossbar systems developed by Bell Labs starting in 1959 (see
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Fig. 9-48. Special 4-wire ferreed switch designed for UNICOM and sub-
sequently used in the AUTOmatic VOice Network (AUTOVON) system.
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Chapter 11 section 1.9). AUTOVON was to be a 4-wire end-to-end
switching network. The Defense Communication Agency had
learned of the ESS development and wanted to introduce stored-
program control as soon as practicable into AUTOVON.? The DCA
expected that they would have rapidly changing and evolving
needs, and recognized that stored-program control would provide
them with a system that had the necessary design flexibility.

AUTOVON was primarily to serve the Department of Defense,
but it included other government communications and would
switch voice, encrypted voice, and data. Fig. 9-49 shows one of the
air defense command posts to be served by AUTOVON. The net-
work was to be “survivable” in the face of nuclear attack. The
switching centers were to be situated away from metropolitan
centers and were in “hardened” sites, usually underground. In
addition, the network links were to be arranged in a “polygrid”
fashion much more redundant than the hierarchical Bell toll net-
work. Fig. 9-50 shows the grid of AUTOVON trunk circuits across
the Continental U.S. (see ref. 59). Even with the loss of many links
and centers in the network, calls could be connected to those centers
surviving a nuclear attack.

Development for AUTOVON electronic switching systems started
in two areas at Bell Laboratories. In September 1963, development
was authorized for a 4-wire version of No. 1 ESS for AUTOVON.

Fig. 9-49. Air defense command post served by AUTOVON.
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Fig. 9-50. Polygrid network concept for AUTOVON, which provides
greater redundancy than commercial networks and therefore greater
survivability in the face of nuclear attack.

Another development effort was authorized in July 1964 for a
smaller ESS to be used in AUTOVON. The latter system was based
on a new processor intended to extend the capability of the No. 101
ESS beyond 3200 lines. The new design was intended to provide
small 4-wire and 2-wire central office systems using switch units
similar to those already being designed for No. 1 ESS 4-wire and
2-wire projects. This system was later named No. 2 ESS.

The No. 1 ESS AUTOVON development was formed in 1963
under H. N. Seckler as department head, and with a supporting
group for equipment design. This team comprised approximately 50
engineers and programmers. By January 1964, the development
team had grown to 100 people in three departments under the direc-
tion of R. E. Stachler. A systems lab was established at Holmdel,
New Jersey and moved to Indian Hill, Illinois in 1966. At the Indian
Hill lab, two test models were required to meet the ongoing testing
needs of engineers and programmers.

In May 1966, four No. 1 ESS 4-wire systems were simultaneously
cut into service, followed by a fifth installation in July. In the mean-
time the No. 2 ESS 4-wire project faced technical problems with the
processor stores, which were estimated to have delayed the availa-
bility of the system until the end of 1968. Consequently, the 4-wire
portion of small office development was dropped, and No. 1 ESS
4-wire systems were used to meet all of the AUTOVON needs.
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By 1971, a total of 45No. 1ESS 4-wire AUTOVONSs were in service,
including three in Canada. By that time the ongoing software needs
had been met with the fifth AUTOVON generic (AV-5). Studies had
already been started to determine the Bell System needs for its own
- tollnetwork, and the development effort shifted to that project.

VI. EXPANSION OF NO. 1 ESS APPLICATIONS

By the end of 1967, No. 1 ESS had been successfully introduced in
eighteen offices in eleven Bell operating companies, and one in
Montreal for Bell of Canada. The Montreal system, in service Janu-
ary 1967, was the first of eight built and installed by The Northern
Electric Company for Bell of Canada under licensing and manufac-
turing agreements with the Western Electric Company.

Much work remained to be done on the metropolitan 2-wire appli-
cations and capabilities; a suburban office was under development
(No. 2 ESS), and the No. 101 ESS also required additional
hardware and software to extend its range of application with the
larger switch units already described. To this end, a new major
laboratory—the Indian Hill Laboratory—opened its doors in the
summer of 1966 in Naperville, Illinois. The entire electronic switch-
ing division of more than 800 engineers, technicians, and support-
ing staff was relocated, beginning in July 1966, from Holmdel and
Columbus, Ohio to Indian Hill, with R. W. Ketchledge as executive
director.

The new building included one section devoted to lab test models
of the various systems. Until they were fully operational, the No. 1
ESS test model was retained at Holmdel, and a team of some fifteen
engineers and programmers continued work in that lab until it was
shut down in July 1968.

In setting up the labs at Indian Hill, additional facilities were pro-
vided to meet the increased demand for system testing. By
mid-1968, the following test models were in operation: two No. 1
ESS 2-wire systems, two No. 1 ESS 4-wire systems, No.2 ESS,
No. 101 ESS, and No. 1 ESS Arranged for Data Features (ADF).
(No. 1 ESS ADF is described in section 6.3.)

All of these labs were operated by groups whose responsibilities
were (1) to plan the design and operation of the test models and
supporting test equipment, (2) to direct the installation and bringing
into service of each of these central office systems, (3) to maintain
smooth operation and good up-time of the laboratory facilities, and
(4) to plan, design, build, and operate new test adjuncts to increase
testing effectiveness and efficiency. This type of large effort
requires dedicated people and generally both a wide and deep range
of knowledge of the total system. Of course, the systems test
models were augmented by many smaller laboratories devoted to
circuit, frame, and physical design. In addition, a large computer
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center was established to provide the necessary support for the gen-
eric software and engineering support programs required by the
various systems.

This period saw an increased emphasis on the use of the support
computers to enhance the productivity of the designers and testers
of both software and hardware. It was recognized that the develop-
ment of administrative methodology® was paramount to being able
to meet the needs of the operating telephone companies.

Computer aids to various aspects of ESS design were developed.
Some of these were based on experience starting in the 1950s with
the Morris system. Others were adopted from other sources and
refined for use in ESS development. These included (1) simulation
of operational programs, (2) simulation of logic designs, (3) circuit
analysis programs, (4) diagnostic test synthesizers and analyzers,
(5) circuit board layout synthesizers, (6) thermal analysis programs
for equipment design, (7) compilers and assemblers, (8) office
engineering programs, and (9) time-shared interactive software to
work with some of the programs listed above.*!

In addition, the integration of computers in the test models to
streamline the testing and to obtain test results was provided in all
the test model labs. These small- and medium-size computer instal-
lations included interactive keyboard terminals, magnetic tape trans-
ports, disk memories and high-speed line printers, and punched card
readers to facilitate the entire testing procedure. Fig. 9-51 shows a
typical lab test model support system.

One of the important tests involves load testing to determine the
call-carrying capacity of each ESS system. Load testing was per-
formed on each of the systems with ““load boxes,” which provided
call originations, dialing (or keying TOUCH-TONE* telephone)
calls, answering on terminating lines and hanging up of calling and
called lines, and repetition of the process. These load boxes could
generate ten different numbers for 50 originating lines. Fig. 9-52
shows a load box capable of providing up to 6000 calls per hour. An
actual installation was exercised with load boxes prior to its cutover
into service when new programs or hardware improvements in
processor capacity were being introduced. The limited network
and/or terminal capacity of the test models, especially of the larger
systems, precluded a full load test in the laboratory.

As the capacity of the No. 1 ESS was increased, ten or more load
boxes were required for fully testing the call-carrying capacity of the
systems. Additional hardware and ESS software aids were
employed to double the load offered by the load boxes.®? More
powerful load box techniques were designed, using minicomputers
to increase offered load capacity.

*Trademark of AT&T Co.
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Fig. 9-51. Computer facility used in support of the No. 1 ESS laboratory
test model.

A programmable electronic call simulator (PECS), including a
commercial computer, was designed and built for automatically
generating telephone traffic on both line and trunk terminals in the
laboratory. It could generate, and repeat if necessary, unusual call

Fig. 9-52. Load box used to test No. 1 ESS developmental and installed
systems. Unit placed up to 6000 simulated telephone calls per hour.
(Proceedings, Fall Joint Computer Conference, IEEE Vol. 41, 1972.)
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sequence patterns to test any call processing feature. In another
instance, test calls were generated in one test model to provide an
offered load to a second test model. In the development of No. 4
ESS, a computer was programmed to simulate the networks, termi-
nals, and the offered traffic.®®

6.1 Signal Processor and Capacity Improvement

While the cutover of the first offices in 1965 and 1966 was the cul-
mination of a very large effort, further work was needed to bring
No. 1 ESS to full maturity. One task was to provide the call-
carrying capacity needed in very large metropolitan installations.

The call-carrying capacity of a stored-program control system is
usually limited by the complexity of the program, the power of the
repertoire of instructions to carry out the steps of the program, and
the speed with which the common control can execute the stream of
instructions to carry out its tasks. To increase call-carrying capacity
in larger offices, the No. 1 ESS was to have added to it one or more
pairs of signal processors to relieve the central control of the more
routine program tasks such as line scanning and the setting up and
taking down of connections in the ferreed network.® It was later
decided to provide only one pair of signal processors in the larger
offices, in keeping with other limitations imposed by the maximum
size of the switching network. In this configuration, the No. 1 ESS
was estimated to attain a peak capacity of 100,000 calls per hour.
The capacity of the system with only the central control was
estimated to be from 42,000 to 53,000 calls per hour, depending on
the mix of call types handled. These estimates were obtained in
1962 using early predictions of the number of operating cycles (at
5.5 microseconds per central control instruction) required to execute
call-processing programs. The estimates, which represented the
design objectives, were revised in late 1964 when the program for
Succasunna was much nearer to completion. The capacity was then
calculated to be 80,000 calls per hour with a signal processor and
37,000 for a central control office.

The signal processor, plus the program changes and additions to
allow the central control to share the work load cooperatively, were
planned first for a New York City office within a year after the cut-
over of the Succasunna, New Jersey office. The ESS was to replace
the first three-digit office code panel system serving the
PEnnsylvania-6 office—the same office serving the telephone
number made famous by bandleader Glen Miller’s hit tune.

The first installations of No. 1 ESS were in limited environments
that did not handle a great variety of trunk signaling. The Beverly
Hills office in the Century City section of Los Angeles included the
connection to adjacent step-by-step offices, which required more
central processor work to detect the initiation of incoming trunk
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calls (the stored-program control equivalent of by-link operation
described in Chapter 6). Because of this and other feature require-
ments, the first generic program went into service at Beverly Hills in
January 1967. It was known as CC-1 (central control-1) and required
over 140,000 words of program, substantially more than the 111,000
used in the Succasunna and Chase, Maryland installations.

The generic program concept was adopted to serve many installa-
tions rather than tailoring the program for each installation. This
greatly simplified the tasks of writing and testing the rather complex
programs to provide for the large variety of features demanded of
No. 1ESS.®

The Beverly Hills ESS was two to three times larger than its prede-
cessors, serving approximately 11,600 customer lines, and was
selected to obtain measurements of the call-carrying capacity of the
central control with the CC1 programs. A Bell Laboratories and
Western Electric team was stationed at Beverly Hills to carry out the
on-site feature debugging and testing of call-carrying capacity. In
the fall of 1966, a number of test-call load boxes were connected to
the ESS, and the capacity was determined to be 27,000 calls
per hour—sufficient for Beverly Hills at cutover but below earlier
expectations.

The Succasunna program was designed and written to conserve
the amount of both program and temporary memory required, and
this objective was accomplished at the expense of requiring more
program execution cycles to process calls than previously estimated,
and the first generic program inherited this characteristic. It was
also recognized that a corresponding reduction in capacity would be
reflected in the installations using the signal processor. The
developers of ESS began investigating the ways of increasing call-
carrying capacity.

Fig. 9-53 shows the history of improvements in call capacity,
including “quick fixes” to the CC-1 generic program provided early
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in 1967. The central control office improvements were principally
software and, as can be seen, attained the early objectives by 1973.
The signal processor data show the enhanced capacity obtained in
1968, when the PEnnsylvania-6 installation went into service. Its
generic program, the SP-1 or signal processor-1, was substantially
larger than CC-1. The No. 1 ESS signal processor doubled the cali-
carrying capacity to around 70,000 calls per hour, and software
improvements that applied to the central control configuration also
enhanced the signal processor offices.

Fig. 9-54 is a simplified block diagram of No. 1 ESS showing the
interconnections of the signal processor. All the routine line and
trunk scanning operations were transferred to the signal processor.
The results of its operations were stored in its own temporary
memory, and the central control accessed those memory locations
(signal processor call stores) to fetch those results to carry out its call
processing. Central control transmitted output information back to
the signal processor, so that the latter would carry out commands to
set up network connections, operate the necessary service circuits,
and carry out trunk supervisory and signaling operations.

It was planned that many installations could begin service with
the central control only and have the signal processor added when-
ever the office customer lines and call needs grew beyond the initial
capacity. Growth to larger sizes (instead of starting a second ESS at
that point) provided efficiencies in switching and trunking and
greatly conserved telephone company expenditures. This complex
growth procedure of hardware and software was carried out in field
trials in offices in service in Philadelphia, Detroit, and Denver. It
then became available as a standard installation procedure in 1971.

An additional hardware improvement was applied to the signal
processor offices to reduce the network reconfiguration required
during the successive stages of setting up calls. The service link net-
work, or SLN, streamlined the call-processing and signal-processing
operation at an added cost to the No. 1 ESS switching network. ¢
Addition of the SLN initially boosted the capacity of the largest
offices by 15 percent.

An example of SLN simplification in setting up the connection
required for ringing, followed by the transition to a talking connec-
tion, is depicted for an incoming call in Fig. 9-55. On incoming
trunk calls, the service link network saves 10 network operations
and 25 percent of processing time in setting up a ringing connection.
Instead of three paths—ringing, caller-audible ringing, and
talking—only two paths are needed because a single path serves
both the ringing and talking connections. The ringing/talking path
is split at the SLN. The number of network operations required for
a ringing connection is thereby reduced from the 19 required
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without the SLN to 9. The first SLN was placed in service in the
Chicago Calumet No. 1 ESS in April 1970. Later software improve-
ments complemented the gains due to the SLN. Consequently, the
service link network, with its added hardware, is no longer needed
or offered. By 1973, the original call-capacity objectives for No. 1
ESS had been met and exceeded by software refinements alone.

6.2 Centrex

Centrex is the name of a set of PBX-like business services that
were first offered in 1962 to customers served by No 5. crossbar (see
Chapter 11, section 1.4 and Chapter 13, section 3.1). It was
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Fig. 9-55. Example of how the service link network (SLN) increases
No. 1 ESS capacity. With SLN (bottom) fewer network operations are
needed to set up paths for ringing and talking than with earlier arrange-
ment (top).
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designed to permit direct inward and outward dialing to a group of
telephones, thereby reducing the attendant workload for the busi-
ness customer and allowing more rapid completion of incoming and
outgoing calls. Accountability of usage per telephone can be pro-
vided through detailed billing.

With Centrex-CO, instead of providing a switching system on
premises, all telephones and attendant loops are returned to the
central office, which carries out the various switching functions
required. This reduces the amount of equipment on the customers’
premises and the number of visits required to maintain and recon-
figure the customers’ telephone equlpment ® Thus, an economic
trade-off is made among more customer loops and less attendant
workload and the sharing of central office switching equipment and
operations. The central office switching system can serve a number
of Centrex customer groups, each with its own set of selected ser-
vices and operating features. As a consequence, since No. 1 ESS
was designed to serve metropolitan needs, it was important that
Centrex be included as a service offering.

A set of 20 telephone, attendant, and trunking features required
some 30,000 words of program for No. 1 ESS, and the generic pro-
gram, Centrex-1, was first placed in service in the Philadelphia,
Locust exchange in April 1968. The features included 4-digit
station-to-station dialing, transfer of calls from one telephone to
another with the assistance of the attendant, dial /0"’ calls to the
attendant, and access to special trunk groups such as foreign
exchange (FX), wide area telephone service (WATS) and Common
Control Switching Arrangements (CCSA). Features were added to
the Centrex offerings with succeeding program issues. Table 9-1
shows the major features provided and added in the sequence of
program issues from Centrex-1 to Centrex-7. With the relative ease
of such feature additions, No.1 ESS became the more attractive
vehicle for Centrex. In December 1969 a No.1 ESS Centrex was
placed in service in the Pentagon in Arlington, Virginia. By 1971 it
served 17,000 Centrex telephones and required 74 attendants.%

For some of the more sophisticated attendant features, a data link
was provided for two-way communication between the No. 1 ESS
and the attendant’s console. A control cabinet, located on custom-
ers’ premises, was required, as shown in Fig. 9-56, to provide the
interface between the console and the data link. In smaller, less
complex configurations, the attendant s console would be replaced
by a multibutton key telephone.”” A newer console, the 50A cus-
tomer premises system, featured direct station selections (DSS) and
a busy line field (BLF). The 50A was first placed in service in 1973
and provides, for smaller Centrex groups, another alternative to the
data link controlled console.”
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Table 9-1. Evolution of Major Features, No. 1 ESS Centrex.

Centrex-1 Generic Program:

Console features for attendant
operation

Direct inward dialing

Automatic identified outward
dialing

Station-hunting arrangements

Toll restriction on outward calls

Individual/attendant ability to
transfer calls to another line

Ability to hold and consult with
party on another extension
and to add a third party to the
connection

Dial -controlled automatic dicta-
tion capabilities

Ability to access foreign
exchange lines, tie-lines,
WATS lines or portions of the
public network acting as a cor-
porate private network

Ability to route certain incoming
calls to the first idle one of a
designated list of extensions

Paging

Routing of off-hour calls to a fixed

location, usually the attendant’s
station

Centrex-3 Generic Program:
Multilocation service
Attendant-established conference

calls

Interface with AUTOVON
network

Centrex-4 Generic Program:

Tandem tie-line operation
TOUCH-TONE® calling on
incoming calls

Centrex-5 Generic Program:

Call forwarding and call waiting
Additional attendant call and
testing capabilities
Centrex-6 Generic Program:
Automatic call distribution capa-
bility
Additional station-hunting capa-
bilities
Extension user able to
establish conference calls
Variable assignment of connec-
tion of off-hour calls
Centrex-7 Generic Program:

Additional capabilities for auto-
matic call distribution

Features for use of Centrex in a
hotel/motel or hospital

6.3 No. 1 ESS ADF

The No. 1 ESS Arranged for Data Features (ADF) is a store-and-
forward data switching system designed to handle messages among
low-speed teletypewriters and computer ports. It was the first elec-
tronic system to handle TWX traffic in the Bell System, and at the
time of its first service for the Long Lines Department of AT&T in
February 1969, it was unique in its traffic-handling capacity and
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s

Fig. 9-56. Jack Leidy, Pennsylvania Bell, checking a Centrex attendant’s
console controller.

operating services and features. It serves over 1,250 four-row
(ASCII) teletypewriters and low-speed computer ports. No. 1 ESS
ADF prioritizes, queues, receives, and delivers up to 100,000 mes-
sages with more than 120 million characters per day to teletypewrit-
ers having different operating speeds and different characters sets
(Baudot or ASCII). It provides for multiple message delivery based
on a single originating message, orders the delivery of messages
according to a four-level precedence code designated in the originat-
ing message, and stores delivered messages on a magnetic tape file
for subsequent retrieval. These and many other features are in daily
use at the single installation in New York City, which handles all of
Long Lines administrative messages, commercial services orders,
traffic service orders, service results, payroll, plant circuit orders,
and expense analysis reports.’*

By basing the ADF design on No. 1 ESS technology, development
and manufacturing efforts were minimized, and the high reliability
of telephone switching systems was achieved. Sixty percent of the
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ADF hardware and 25 percent of the 250,000 words of program are
standard No. 1 ESS design already in use.

The block diagram in Fig. 9-57 indicates the new equipment
designed for the No. 1 ESS ADF. The message store is a high-speed
magnetic disk memory that was later adapted for use in the
Automatic Intercept System (see Chapter 10, section III).

Fig. 9-58 shows the connection of terminals to the system. As
indicated, a number of teletypewriters may share the same narrow
band line. In this instance, ADF recognizes the “party line,” polls
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Fig. 9-58. Connection of terminals to No. 1 ESS ADF.

individual stations in turn for incoming messages, and queues out-
going messages for sequential delivery.

The reliability of the initial installation was monitored and
reported to be far superior to that of prior electromechanical data
switching systems. After the first week of service, ADF proceeded
to deliver over ten million messages in the next seventeen months
without loss or misdirection.”

At the time of deployment of the ADF installation, AT&T had
agreed to sell its dial teletypewriter network (TWX) to Western
Union (see Chapter 13, section 5.4). This obviated the need for
additional installations, and future deployment ceased.

6.4 32K Call Store

The temporary memory initially provided with No. 1 ESS was the
ferrite sheet, which used batch-fabricated arrays of 256 magnetic
cores along with simplified wiring techniques (see this chapter, sec-
tion 4.7.1). Bell Laboratories circuit engineers in the research and
development areas continued to search for smaller and faster tem-
porary memories by investigating new materials, circuits, and
assembly techniques. As part of this ongoing effort, individual
magnetic core memory arrays were surveyed, and a number of
modules were purchased for use in one of the Indian Hill systems
laboratories in the late 1960s.

Simpler wiring of core arrays (two-dimensional instead of three-
dimensional), automatic techniques for assembling and wiring of
core mats, and the ability to manufacture smaller and faster sintered
ferrite cores had been developed by the computer memory industry.
To these contributions Bell Labs added new ways of testing cores to
assure minimization of core shuttle noise and novel access circuits
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that allowed more practical memory sizes for ESS application and fas-
ter operating speeds than previously obtainable from two-dimen-
sional array core memories.”* The result was a new temporary
memory for usein No. 1ESS. Fig. 9-59 shows the dramatic improve-
ment in memory frames used in the largest ESS installations.

The memory module is 32,000 words (hence the name 32K) of
24 bits each, four times the number of words of its predecessor.
Fig. 9-60” shows the economic analysis that led to selecting the new
module size.

The first 32K memories were placed in service in a No. 1 ESS
installation in Alton, Illinois in 1971. By 1972 all new No. 1 ESS sys-
tems shipped by Western Electric used the 32K temporary memory
exclusively.

The 32K memory is less expensive for the operating telephone
companies to buy and maintain. Through the use of integrated cir-
cuit techniques in the memory access and control circuits, far fewer
plug-in circuit packs are required. This allows improved diagnostic
resolution of circuit faults. In addition, the core memory module
can operate, with different access circuits, at four times the speed
required for No. 1 ESS. This fact permitted a module common to
No. 1 ESS and another project described below in section 6.9 of this
chapter.

6.5 Generic Programs and Feature Additions

As previously indicated, the complete set of programs for call pro-
cessing, operation, administration, and maintenance are relatively

12 — 32K CALL STORES
CORE
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- FERRITE SHEET

1/12 x VOLUME
1/12 x POWER

Fig. 9-59. Improvement in the size and power of No. 1 ESS memory
frames obtained with the 32K call stores. (Symposium Record, International
Switching Symposium, Kyoto, Japan, October 1976.)
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large and complex—over 200 functional programs totaling from
150,000 to over 300,000 words for No. 1 ESS. The decision was
made relatively early to design a single program that would cover all
applications or major segments of applications, -hence the term
““generic program’” for ESS. It was recognized that such programs
would require more memory and take more time to execute (and
therefore reduce the processor call-handling capacity) than pro-
grams tailored to each installation. The result was reduced develop-
ment effort and better debugged programs for all installations.
(These factors reduced the cost of the programs to the operating
companies, thereby compensating for the additional memory and
processing real time required.) The use of the generic program with
a table of office parameters as contrasted to tailored programs is
depicted in Fig.-9-61.

One of the significant advantages of the stored-program approach
is the relative ease of adding features and services. Almost annually
the generic program has been updated to provide a steady stream of
enhancements to No. 1 ESS. The frequency and size of these
enhancements are regulated by the work required to define and
document (with AT&T) the features and services, write the pro-
grams, debug them first in the laboratory, then in a “first applica-
‘tion”” system in the field, and with Western Electric, make the new
issue of the generic program generally available to the field.”® There
are always more candidates for added features and services than can
possibly be developed in a single program update. A priority or so-
called ““grocery list” is established, and decisions have to be made as
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to what items to include in each new generic program development.
Bell Labs systems engineers estimate the savings or revenues for
various enhancements, development teams gauge the amount of
effort and the number of program words required, and AT&T
prepares a priority list for each new issue of a generic program for
ESS. Fig. 9-62 shows the dlstrlbutlon of features and program store
required for No. 1 ESS.” The growmg set of features for Centrex
customers, only a part of the growth in the generic program, was

detailed above in section 6.2.
Fig. 9-63 shows the varieties of generic programs and the growth

in memory required. Since it was necessary for most No. 1 ESS
installations to provide Centrex service, the non-Centrex gen-
eric programs were not continued beyond issue 3. Later, the gen-
eric program concept was reexamined in light of large additions to
the program for use in more limited applications. In 1976 the gen-
eric programs were separated into a base program, with features
used in almost every application, and feature packages, which could
be optionally selected and loaded into individual installations as
needed. Large programs (e.g., ESS-ACD and mobile telephone
service or AMPS) are provided on an as-needed basis. This contain-
ment of program size has relieved operating companies of the pur-
chase of unnecessary storage of unused programs. By this time,
techniques for debugging and integrating new software had
advanced sufficiently to make this approach more practical.
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Fig. 9-62. No.1 ESS—Distribution of features and program storage
requirements. (Symposium Record, International Switching Symposium, Paris,
April 1979.)
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6.6 Remreed Network

When the ferreed was first proposed in the late 1950s, the idea of
using the reeds themselves as the latching magnetic structure was
proposed by R. L. Peek. At the time, however, the reed switch
could not be fabricated consistently with the necessary magnetic
properties. This problem was overcome in 1970, when it was real-
ized that stamping the reeds from annealed remendur provided the
necessary cold-working of the metal.”®

By making the metal blades of the reed switch of remendur (hence
the name remreed), the entire switch structure can be reduced in
volume to one-fourth the size of the corresponding ferreed switch.
The scanner ferrods were also reduced in size, and wire spring
access relays were replaced by pnpn transistors and access diodes.
These components are directly mounted in a package of two eight-
by-eight switches.” Integrated circuits were also introduced into the
network controllers. When first introduced, small scale integration
(SSI) was achievable. Fig. 9-64 shows the initial size reductions and
the further reduction in components and interconnections with the
use of large scale integration (LSI).%
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As shown in Fig. 9-65, the reduction in size of the components
resulted in a reduction in the No. 1 ESS network frame’s size to one
third or one fourth, depending on the network type. This allowed a
complete trunk link network (TLN) serving 1,000 trunks to fit into a
single 6-foot 6-inch equipment frame. The TLN is completely
assembled and tested in the factory, then shipped as a single unit to
the installation site. The ferreed TLN consisted of eight frames and
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Fig. 9-64. Size reduction of remreed switch compared to the equivalent
two ferreed switches (a) and corresponding reduction in control circuits
and their wired and bonded interconnections (b). (Symposium Record,
International Switching Symposium, Kyoto, Japan, October 1976.)
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required substantially more installation wiring to interconnect these
frames. It also required more testing of the assembled functional
unit, since factory testing of the separate frames was more limited.

The actual remreed switch element, as distinct from the equip-
ment frame, is in several respects only slightly smaller than its
ferreed predecessor. This allowed the reuse of much of the ferreed
assembly machines, thereby reducing the retooling cost of the new
design. Also, the remreed network was designed to be electrically
similar enough to the ferreed network so that operational programs
would encounter no differences, and testing programs a minimum
of differences. Remreed rietworks could be added as extensions to
in-service No. 1ESS’s operating with ferreed networks.

The first remreed trunk link network (TLN) went into service in
Detroit, Michigan in June 1973. Beginning in 1974, the remreed line
link networks (LLNs) went into production and were placed into
service. The remreed network not only offers a price advantage
over ferreed but reduces the floor space of an ESS office by thirty
percent. By October 1976, shipments of remreed networks to serve
6 million lines and 3 million trunks were reported.®

6.7 Centralized Maintenance

The interface between No. 1 ESS and maintenance craftspeople is
at the master control console (MCC). At this location is a mainte-
nance typewriter over which trouble messages are printed out and

1:1 REMREED 1#1 FERREED

Fig. 9-65. Dramatic reduction in size of the No. 1 ESS trunk link net-
work components made possible by the remreed switch and integrated cir-
cuits. (Symposium Record, [nternational Switching Symposium, Kyoto, Japan,
October 1976.)
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interrogatory and corrective messages are typed in. So long as the
ESS is operable enough to communicate over this link, it can be con-
sidered the primary channel of maintenance communications. As
backup in the event the system becomes inoperable, the display and
control panel operates independently of the ESS to monitor the
status of major functional units and to allow manual reconfiguration
of duplicate units. With these controls, the craftsperson can try to
build an operable system when the ESS cannot automatically do so.

Experience with early ESS installations showed troubles to be
infrequent enough that the continuous presence of the more skilled
craftspeople was not required, and that adequate troubleshooting
would frequently be beyond the training of lesser skilled
craftspeople. This led to the centralization and concentration of
skills in the technical assistance center (TAC).

6.7.1 Technical Assistance Center (TAC)

The maintenance teletypewriter could be remotely operated over
a data link on a dedicated or a switched loop for unattended opera-
tion, and various alarms could be operated in conjunction with the
teletypewriter to sound the alert for minor or major difficulties.
When the number of ESS installations in an operating telephone
company increased, these remote connections could be placed in a
single location, which came to be known as a TAC. The TAC would
be staffed with highly skilled craftspeople who would then be much
more frequently exposed to problems and would become adept in
relating problems to previous experiences and in quickly correcting
them. The craftspeople would guide the less experienced person
over the telephone as to the troubleshooting and repair actions to
take, or would dispatch a repair person if the office were unat-
tended. This improvement successfully reduced the number and
extent of office difficulties that required the still more skilled efforts
of Western Electric product engineering control or Bell Labs
development engineers.

However, situations still existed that required access to the
maintenance control and display panel; if a difficulty occurred that
could not be remedied by the teletypewriter link, then dispatching a
craftsperson might extend a total office outage for several hours.
This led naturally to the next step—the ability to remotely observe
and operate the control and display panel over a voice-grade data
link.

6.7.2 Switching Control Center (SCC)

Experiments in Chicago in 1972 using the remote control and
display led to the Switching Control Center (SCC), which replaced

the TAC and stimulated the planning for additional analytical tools.
The next step was the addition of a minicomputer to aid SCC craft
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personnel. The minicomputer would monitor incoming messages,
log them on magnetic tape for later retrieval, and detect and
highlight messages that required SCC personnel attention. It also
allowed craftspeople to browse through messages on a cathode ray
tube display by scrolling commands and to chronologically sort and
filter messages to help detect patterns among long sequences of
trouble printouts. Brief teletypewriter messages can be expanded
with more self-explanatory messages as a further aid to the
craftsperson, and specific analysis programs automatically deter-
mine patterns in network failure messages. By incorporating a
minicomputer into the SCC, it became possible to serve many other
types of stored-program control systems, such as TSPS, No. 2 and 3
ESS, Automatic Intercept System (AIS), No. 101 ESS, etc. The first
SCC with the minicomputer system began operation in Miami,
Florida in June 1974.

The introduction of stored-program control into the central office
provided automatic trouble detection and default location superior
to that attained for non-SPC switching systems. ESS achieves a sub-
stantial advantage in maintenance expense over No. 5 crossbar and
earlier electromechanical systems. The concentration of skilled
craftspeople and further automation of testing and test analysis pro-
vided with the SCC further reduces maintenance expenses,
improves trouble locating, and provides more expert assistance in
recovering central office outages.

In Chapter 11, section 3.3.4 a description of an SCC for No. 5
crossbar is given, but enhancements in its maintenance efficiency
are limited by the test access built into No. 5 crossbar.

6.8 Improved Trunk Circuits for No. 1 ESS

Even though many trunk circuit functions had been placed into
software for No. 1 ESS, new miniaturized relays, coils, and
transformers, along with better semiconductor devices, allowed
further dramatic improvements in size and cost of the No. 1 ESS
trunk circuits. The associated distributing and scanning circuits
were also 1mproved to gain a threefold to sevenfold size reduction
and a reduction in cost and installation interval.® These improve-
ments were introduced into the field beginning in the spring of 1976
in Salt Lake City, Utah.

Fig. 9-66 shows the improved Universal Trunk (UT) circuit frame.
The UT frames reduced the floor space required for an ESS by 25
percent.

6.8.1 HiLo Trunk Circuits

Although 4-wire ferreed networks were designed and are in use in
the No. 1 ESS AUTOVON network for toll transmission, they are
relatively large, and production was limited to this application. To
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meet the need for 4-wire service, therefore, an innovative alterna-
tive was provided for use with the remreed network. The remreed
network, being less than one-fourth the size of the ferreed network,
substantially reduced the inherent capacitive and magnetic coupling
between tip and ring and among pairs in the network voice paths.
The new trunk circuit (see Fig.9-67) segregated the pair into
separate one-way paths. By using a high impedance in the transmit-
ting end, inductive crosstalk is inhibited; a low-impedance receiver
inhibits capacitively coupled crosstalk—hence the name HiLo. This
technique reduces crosstalk due to unbalanced transmission to a
level comparable with that obtained with 4-wire balanced transmis-
sion.* The HiLo approach introduced 4-wire switching for tandem
and toll applications in No. 1 ESS, beginning in April 1977 in Sioux
Falls, South Dakota.

6.9 The 1A Processor

During the late 1960s and early 1970s, several efforts were started
to increase the call-carrying capacity of No. 1 ESS. One approach
was to rewrite those portions of the program that were large users
of processor real time. Another was to increase the efficiency of the
network interconnection with the service link network (see section
6.1 of this chapter). The third was to explore the possibility of pro-
viding a new processor for the No.1 ESS using newer
technologies—a faster central control and faster memory-accessing
schemes. During this study it was also recognized that a powerful

Fig. 9-66. Universal Trunk frames for No. 1 ESS. Technological innova-
tions resulted in smaller unit (left) replacing its predecessor (right) to
reduce the floor space required by 25 percent. (Symposium Record, Interna-
tional Switching Symposium, Kyoto, Japan, October 1976.)
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enough processor could serve the proposed toll ESS, and thereby
avoid the need for a complex multiprocessing array of No. 1 ESS
processors (see Chapter 12). Several processor architectures were
considered, including variations of memory technologies. Develop-
ment of this processor for several applications was authorized by
Western Electric in 1970.

A block diagram of the 1A processor is shown in Fig. 9-68.
Although not shown in the figure, redundancy is provided for all
major subsystem units and interconnecting buses. A pair of central
controls are microsynchronized, and each instruction’s execution is
matched. Each central control is made up of 50,000 integrated cir-
cuit gates and can execute instructions four to eight times faster
than its predecessor, the No. 1 central control. The main memory
consists of two arrays of the previously described 32,000-word mag-
netic core memory modules for the program store and call store.
The core store memories operate in a system cycle of 1.4 microsec-
onds, and the backup is provided with one or two roving spares
(except for certain critical information where full duplication is
retained). The more flexible roving spare scheme is inherently more
dependable than the fixed full duplication scheme. Since the core
memory modules do not retain their information when power is
removed and the programs can be overwritten, the backup of the
program is provided on high-speed, fixed-head disk memories.*
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Fig. 9-67. HiLo trunk circuit, introduced in 1976, permitted 4-wire
switching in No. 1 ESS tandem and toll applications. (Symposium Record,
International Switching Symposium, Kyoto, Japan, October 1976.)
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Fig. 9-68. Block diagram of the 1A processor, which executes instruc-
tions four to eight times faster than the earlier No. 1 ESS central control.

The 1A processor with magnetic core memories occupies only
40 percent of the floor space of its predecessor. Its compact size and
connectorized interunit cabling allow complete processor assembly
and test in the factory, and a fixed floor plan simplifies office
engineering.

The 1A processor was designed for two applications: as a succes-
sor to the No. 1 ESS central control and signal processor in its local
and tandem applications, and as the processor for the very large
new toll office—the No. 4 ESS. The 1A processor order structure is
designed to operate directly with the No. 1 ESS peripheral program
through a software conversion process. This allows the extensive
reuse of No. 1 ESS software with a minimum of additional writing,



294 Engineering and Science in the Bell System

debugging and documenting. A new common processor program is
required, but this software is used in both No. 1A ESS and No. 4
ESS. The No. 4 ESS first went into service in January 1976, and the
first No. 1A ESS in October, 1976, both in Chicago, Illinois. In the
latter application, the 1A processor has a peak call-carrying capacity
of 240,000 calls per hour, more than twice that of the No. 1 ESS.

Since the 1A processor is directly compatible with the No. 1 ESS
peripheral system, the 1A processor can be retrofitted into existing
No. 1 ESS installations. Since the 1A processor can handle more
than twice as many calls per busy hour as its predecessor, a 1A pro-
cessor of a retrofit can extend large No. 1 ESS offices much further
before a second entity is required. The large capacity of the No. 1A
ESS is estimated to reduce the total number of large ESSs required
by 1990 from 1600 to 1300. A large No. 1A ESS can replace several
older systems, thereby saving up to 25 percent of the trunking.
Work on this project began in 1973, and the first retrofit was carried
out in the San Francisco Folsom Street office on January 20, 1978.%°
The replaced processors are then reused as part of new No. 1 ESS
offices in other locations.

To match the increased processor capacity, the line link and trunk
link networks were increased in their maximum number and size.
Fig. 9-69 shows the relationship between processor and network as
a function of busy hour call holding time. The processor and net-
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Fig. 9-69. The line link and trunk link networks were extended to han-
dle additional telephone traffic (top curve), thus matching the greater
capacity of the 1A processor. (Symposium Record, International Switching
Symposium, Kyoto, Japan, October 1976.)
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work are matched for three-minute calls, which is the average for
local calls in the Bell System. %

Both the No. 1 and No. 1A ESS use the remreed network with the
HiLo trunk circuits to provide space-division 4-wire interconnec-
tions. Accordingly, both No. 1 and No. 1A ESS are designed to pro-
vide combinations of local/tandem/toll service in those areas where
a modern central office is needed and for which the No. 4 ESS is too
large to be economical.

6.10 Improved Memory Systems

As noted above in section 6.4, a 32,000-word magnetic core
memory was introduced in 1971 to reduce the cost for the No. 1 ESS
call store. When connected to faster access circuits, that same
memory served, beginning in 1976, as both program store and call
store module for the 1A processor. The core memory achieved sub-
stantial size, power, and cost reductions over the ferrite sheet
predecessor. Technology had advanced by the early 1970s to the
point where a much smaller core memory appeared able to achieve
another reduction in size and cost. However, semiconductor
memories were also becoming more attractive (one third the space
and one fifth the power of the 32K core) and won the competition to
be the next generation of main memory for ESS.¥” The semiconduc-
tor memory was first used in a No. 1A ESS in July 1977, in the Wilm-
ington, Delaware office.

Magnetic bubble memories were also investigated as a possible
replacement for the disk memories in the 1A processor in the early
1970s, but at that time they did not have an economic advantage.
Interest remains in finding an economic semiconductor mass
memory to compete in cost with rotating disk memories; the
inherent higher reliability of devices that have no moving parts is a
motivating factor.

The use of laser beams in a very large holographic memory was
also explored—basically a photographic memory with the potential
for very large storage and high-speed random access. This work
was started in the early 1970s, but did not progress to the stage of
being economically competitive.

6.10.1 The Role of SPC in Mobile Telephone Service

Significant use of private mobile radio systems dates back to 1921,
beginning with the Detroit police department. Over the years, the
Federal Communications Commission has granted additional radio
spectra to increase private licenses to over eight million users (and
another eight million on CB). These systems for the most part do
not connect to the telephone network. Beginning in 1946, the Bell
System inaugurated a three-channel system in St. Louis. Over the
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succeeding years, additional frequencies were allocated, improve-
ments were made in changing service from manual to automatic,
and trunking was added between mobile units and available chan-
nels. However, only 143,000 customers are served by Bell and the
radio common carriers (RCC). There are tens of thousands of held
orders for carrier-connected mobile telephone systems, even though
the tariff is ten to twenty times that of residential telephone service.
Because the waiting time is so long, there are many others who need
this type of service but have not bothered to add themselves to the
waiting list.

Since 1947, the Bell System has expressed to the Federal Com-
munications Commission, in a number of review dockets, its
interest in a large-scale mobile telephone system. In docket 19262,
Bell introduced in 1971 a new version of the cellular system, which
reuses a basic group of frequencies in nonadjacent hexagonal cells.
As the mobile unit roams from cell to cell, its connection is moved
from transceiver to transceiver under control of a central office
switching system. No. 1 ESS was chosen to be the mobile telephone
switching office (MTSO), since it has the software capability to allo-
cate cells and frequencies as a call is “handed off”” from cell to cell.
In addition, the MTSO has to locate the cell for originations and pro-
vide additional conveniences for mobile customers. Initially the
intent was to combine local and mobile services in the same switch-
ing office. In 1975, the FCC gave the Bell System the go-ahead for a
development field trial of the cellular system but the switching
office would be limited to handling only calls to and from mobile
units. A No. 1 ESS, located in Oakbrook, Illinois was set up to
operate a few cells and mobile units. Success of the trial is expected
to lead to a larger service test and, with FCC approval, commercial
service.

VII. NO. 2 ESS LOCAL SYSTEM DEVELOPMENT

The No. 2 ESS development was an evolutionary extension of the
No. 101 and No. 1 ESS developments. In July 1961, during the
development of No. 101 ESS, the possibility was noted of extending
that system to provide improved central office services. The early
ideas included a redesign of the No. 101 processor and an increase
in memory capacity to enable it to have a broader range of applica-
tion, including the serving of larger PBX switch units and also main
telephones, via remote switch units.

7.1 The Initial System

In response to inquiries from AT&T engineering, a study was
undertaken in 1963 by A. Feiner, W. Ulrich, and F. S. Vigilante of a
small electronic switching system for use in the Bell System in
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2-wire arrangements and as a 4-wire office for use in CONUS
AUTOVON. The processor design included single- and half-word
instructions to conserve program memory, special instructions for
efficiently nesting subroutines, and an autonomous input/output
unit to perform scanning and other repetitive operations interleaved
on a cycle-stealing basis with the call program. The periphery used
No. 1 ESS network and trunk circuit apparatus in a smaller and
more economical configuration than that of the No.1 ESS. For
example, the number of network controllers was reduced, the net-
work was simplified into a four-stage, single-sided network where
lines and trunks appeared on a combined line-trunk network frame,
and the variety of network concentrations was reduced, which sim-
plified both hardware and software. Further simplifications were
proposed with the use of the electrically writable piggy-back twistor
(PBT) program store to avoid the cost of a magnetic card writer and
the associated ongoing expense of the card writing required of the
permanent magnet twistor (PMT) used in No. 1 ESS. Additional
proposals included simplified communication buses, since the phy-
sical size of the office would be much smaller than No. 1 ESS and,
because of fewer total components, simplified reconfiguration
arrangements for the communication bus and functional units. The
No. 2 ESS, as the system was later named, was to provide service
for use to 10,000 lines and 25,000 calls per busy hour and to serve up
to 2,000 trunks in the AUTOVON application. Price comparison
studies showed that the No. 2 ESS compared favorably with No. 5
crossbar from 600 lines on up, with substantial savings between
3,000 and 10,000 lines.*

At that time, PBT stores encountered severe design problems, and
eventually it was decided that the No. 2 ESS AUTOVON application
would not be economically attractive. Work on that part of the pro-
ject was stopped in December 1966. The 2-wire office design con-
tinued, using the PMT and ferrite sheet memories.

By 1968, a 2-wire system lab model was in operation at the Indian
Hill, Illinois Laboratories, and in November 1970 the first office
went into service at Oswego, Illinois. A block diagram of the pro-
duction version of No. 2 ESS is shown in Fig. 9-70. By the summer
of 1976, 200 installations of No. 2 ESS equipped for one million lines
were in service. The No. 2 ESS processor also served as the control
unit for another application, the Automatic Intercept System (AIS),
which is described in Chapter 10, section III.

7.1.1 Transportable Version (No. 2A ESS)

Recognizing that building costs were rising rapidly, Bell Labs
engineers designed transportable modules of No. 2 (designated
No. 2A ESS) for quick installation in rural or suburban locations.
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Fig. 9-70. Block diagram of the No. 2 ESS illustrating the single-sided
network with common network terminal arrays for lines, trunk circuits
and service circuits.

Fig. 9-71 shows No. 2A ESS modules under way from the factory to
the installation site. Three such equipment modules, each 12 feet
wide by 48 feet long, can contain the switching equipment and bat-
teries for a 3000-line office. Additional modules provide capacity to
15,000 lines, power service, and an optional administration center.
The complete system is assembled in the factory with connectorized
cables between modules. The module can be quickly set on a pre-
cast foundation and plugged together for quick, efficient site instal-
lation. Facade panels® can be installed to provide a more pleasing
exterior. The first No. 2A ESS went into service in Sun Valley,
Nevada in November 1972.

7.2 The 3A Central Control and No. 2B ESS

Although successful, the No. 2 ESS was not economical below
several thousand lines in comparison with step-by-step community”
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Fig. 9-71. Transportable No. 2A ESS. Units are assembled at the fac-
tory with connectorized cables. Set on a precast foundation, system
quickly provides service for 3000 lines.

dial offices, even though the No. 2 ESS offered much more capabil-
ity. The No. 2 ESS processor, to meet its development schedules,
had to forego monolithic integrated circuit logic and the PBT
memory. Furthermore, the No.2 ESS network could expand
beyond 10,000 lines to 20,000, but the call-handling capacity of the
No. 2 ESS processor limited the practical size in almost all offices to
10,000 lines or fewer.

Several independent exploratory design efforts were undertaken
to provide the control for a very small office. The design ideas were
coalesced into a single microprogrammed control that became the
3A CC (central control), the processor for No. 3 ESS. The micropro-
gramming capability of the new processor, along with price and size
advantages gained through the use of integrated circuit logic and
semiconductor memories, made it attractive for several switching
applications. ~Although redundant controls were usually used,
these processors had extensive self-checking capabilities and did not
employ matching techniques for error detection.

An integrated circuit version of the autonomous input/output
logic of the No. 2 ESS was added to the 3ACC, extending the width
of the data words from 16 to 24, and the microprogram memory was
set to emulate the No. 2 ESS processor instructions. With these
changes, the No. 2 ESS was both substantially reduced in cost and
increased in capacity. The new configuration, the No. 2B ESS, first
went into service in Acworth, Georgia in February 1976. The
Acworth system was actually a No. 2C ESS—a transportable
arrangement of the No. 2B. The first No. 2B ESS was placed in
service in Elgin, Illinois in June 1976.
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Since the new processor emulates the No.2 ESS programs
directly, much of the software investment in No. 2 ESS is conserved
with a minimum of additional testing effort to incorporate it into the
No. 2B ESS. The 2B processor can be retrofitted in a No. 2 ESS so
that the existing No.2 ESS’s have the option of doubling their
capacity before exhausting. The first retrofit of a 2B processor was
carried out in Northbrook, Illinois in April 1977. The 2B processor
resulted in rating as manufacture discontinued (MD) the No. 2 ESS
processor by 1977. Again, one can note the shortening of the life
cycle of telephone switching processors in this case to less than a
decade.

The 3ACC also was employed, beginning in 1976, in a special
private network which handled credit card transactions. This appli-
cation is noted in Chapter 13, section 5.4. A third application was
for the No. 5 Electronic Translator System, which provided some
stored-program capability for No. 5 crossbar. (See Chapter 11, sec-
tion 1.14.2 for a description of the No. 5 ESS.)

7.3 Centrex and Other Feature Developments

The first generic program for No.2 ESS was the LO-1 (Local
Office-1), which went into service in 1970 with 182 residential, busi-
ness, call-processing, maintenance administration, and traffic and
billing features. This compares favorably with 124 features in the
initial No.1 ESS program. The second generic program, EF-1
(Extended Features-1) went into service in February 1974, in Naper-
ville, lllinois. EF-1 added 128 features, most of which were Centrex
operating and maintenance features. Centrex service from the
No. 2 ESS was first provided to the AMOCO research center in
Naperville, Illinois in April 1974.

Because of the difference in operating environment between No. 1
ESS and No. 2 ESS (longer loops, more T carrier development),
several features appeared on No. 2 ESS that had not been added to
No. 1 ESS by the end of 1976. Special range extension amplifier and
battery boost circuits were placed in the network B links to be con-
nected to long loops. By concentrating the range extenders inside
the network, the number of extenders was reduced from that
required if attached to each long loop. A more powerful extender,
which adapted its compensation according to the condition of the
loop, was later added. These circuits, later known as CREG (con-
centrated range extension with gain), were first used in the
North Madison, Connecticut office, which went into service in
August 1976. A second feature is the combining of T carrier D3
channel banks and No. 2 ESS trunk circuits into a single functional
unit to eliminate redundant signaling, components, and cabling.
This feature went into service at Lake Villa, Illinois in November
1977.
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Section of photographic plate used in the Morris system flyirg-spot store (see
pages 236 and 237). In the actual plate, each square is 1-3/8 inches on a side.
Overall 2.2 million-bit store allowed the central control to read 25-bit instruction
words every 2.5 microseconds. The rectangular areas within each square were for
test purposes.
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Installation of TSPS (traffic service position system) consoles provides an
opportunity for a pleasant work environment. Even with direct distance dialing,
many calls require operator assistance. TSPS was invented and developed at Bell
Labs to bring to these calls the maximum benefits of stored program control and
solid state electronics. Within seven years of its introduction in 1969, TSPS
served over half of all Bell System operator-assisted calls. TSPS was successful in
part because it incorporated many circuits and devices produced for No. 1 ESS.



Chapter 10

Completing the Electronic
Switching Family

Stored-program control and solid-state electronics, which together caused
a revolution in switching systems design, suggested many services beyond
those of No. 1 ESS. The traffic service position system (TSPS) automated
many parts of operator-assisted calls and introduced overseas dialing from
electromechanical offices. Hotel/motel services, automatic intercept, and
automated coin-telephone service were important applications, as were the
addition of the electronic translator system and common channel interoffice
signaling to 4A crossbar. Stored-program control and modern electronics
also allowed the design of a very large ESS for toll applications and the
development of additional local electronic switching systems for the smaller
communities.

I. TRAFFIC SERVICE POSITION

The success of the No. 101, No. 1, and No. 2 local electronic
switching systems led Bell Labs development engineers to explore
ways to apply the stored-program principle to other systems that
comprise the Bell System network.

1.1 Early Studies

With the introduction of customer direct distance dialing, an
important categury of traffic being handled at cord switchboards
gradually disappeared. Studies made at Bell Laboratories in the
early 1950s anticipated these changes and explored methods for
reducing or eliminating much of the remaining traffic.

From these studies it was recognized that DDD automated only a
maximum of 60 percent of the toll traffic under the existing tariffs.
Therefore, starting in 1949, a committee in the toll switching
engineering group was assigned to study methods for “operator
AMA”—that is, the implementation of AMA recording at operator
switchboards. These studies included proposals for customer dial-
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ing of the called number on operator-assisted calls. Among the
results of these studies was the conclusion that the remaining traffic
was becoming more specialized and that a new form of cordless
switchboard with associated AMA could speed service and reduce
the operator work time per call. Projected estimates of this type of
traffic indicated that the need for operators would again grow once
DDD with automatic number identification was fully available,
thereby eliminating the need for operators on station-to-station toll
calls from non-coin telephones and for calls requiring line identifica-
tion (operator number identification). See Fig. 10-1.

A key element in the plan was proposed in 1947 by C. E. Brooks of
Bell Laboratories. Special operator-assisted calls such as person-to-
person and collect calls would be placed into the system by dialing a
distinctive prefix such as ““0.” This prefix could be used not only to
route calls to operator positions arranged to handle the traffic, but
also to avoid the necessity for the operator to key the called number
into the system.

Throughout the 1950s these suggestions were intensively studied
by G. H. Peterson and others, with the conclusion that customer
dialing of these calls was feasible and that a more efficient switch-
board for serving this type of traffic would be an automatic
call-distributing, cordless position arrangement much like the
CAMA-ONI position that had proved itself during this same period’
and the cordless ““B” boards of an earlier period (see Chapter 3, sec-
tion IV). Fig. 10-2 shows an early model of the proposed cordless
position.
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Fig. 10-1. Growth in toli calls, 1930-1970. Despite increased customer
dialing, such growth indicated need for more operator services, hence
more efficient operator systems.
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Fig. 10-2. Early (1960) model of cordless switchboard developed in anti-
cipation of increased customer dialing of person-to-person, collect, and
coin-phone toll calls.

1.2 Person-to-Person, Collect, Special Positions (PPCS)

During 1956 and 1957 Bell Laboratories made arrangements for a
field trial of the operator AMA concept with the New York Tele-
phone Co. This company was chosen since it then carried 10 percent
of the special operator-handled calls and agreed to provide the peo-
ple and equipment for a trial of the new services. This equipment
was placed in service in 1959 in two No. 5 crossbar offices, one in
New York City and one in Poughkeepsie, New York.2 The operator
positions were operator number identification (ONI) positions
modified with extra keys and lamps (see Fig. 10-3). Cordless
switchboards could be used for this service since the associated
crossbar switching system provided the equivalent of plug-and-jack
switching. The systems had the acronym of PPCS for person-to-
person, collect, special (special included credit card calls). No. 5
crossbar offices were used since they were already arranged for
CAMA operation for recording charge information on paper tape,
instead of requiring handwritten tickets. With CAMA the systems
could serve selected customers in nearby offices.

1.3 TSP on Crossbar Tandem

In the meantime, a plan was devised to provide a new cordless
switchboard position on the crossbar tandem system arranged for
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Fig. 10-3. New York Telephone Company trial in Poughkeepsie, New
York of positions allowing operators to service many types of customer-
dialed calls.

CAMA operation.® The position, later known as the “traffic service
position” (TSP) and coded 100A, provided keys for the operator to
indicate the type of call to the AMA recording equipment. It also
had a numerical display for recalling the calling or called numbers,
and other numerical information from the system, and included the
ability to hold three calls associated with the position so that more
than one could be served at a time (see Fig. 10-4).

Considerable attention was paid in the design of the position to
the human factors aspect.® Several different designs were built.
Fig. 10-5 shows the first installation.

Advanced installations of this system, made in cooperation with
the New York Telephone Co., were placed in service in Manhattan
and Forest Hills, New York in October 1963. The first of twenty-one
standard installations was in Cleveland, Ohio in August 1964.

The standard TSP arrangement permitted the servicing not only of
special calls but also of toll coin calls. For the first time, some of the
advantages of DDD were brought to coin telephone customers. This
required development of a circuit using a Dimond ring translator
(see Chapter 7, section 1.1) for computing the charges on these calls
in real time, based on the calling and called numbers.” A unique cir-
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Fig. 10-4. In developing the traffic service position, Bell Labs engineers
paid close attention to the human factors aspects of the design.

Fig. 10-5. First installation of traffic service positions (TSPs), New York
City, 1963.
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cuit function provided in this subsystem was a data transfer circuit
for the parallel movement of call data between the senders, mark-
ers, and positions (see Fig. 10-6).

The operator consoles, in groups of 33 positions, could be located
remote from the serving crossbar tandem office® using five cable
pairs per position. Polar duplex signaling was used, thereby limit-
ing the range to a few miles. Operators found the new console
operation a most attractive work situation and, since the consoles
were free-standing, two-position desks (consoles), they could be
attractively arranged in carpeted operating room environments
(see Fig. 10-7). Also, a computerized training arrangement—using
positions appearing and operating the same as those used in ser-
vice—was developed to improve the proficiency of operators.”

1.4 Traffic Service Position System (TSPS)

The TSP for crossbar tandem systems provided for a maximum of
only 500 trunks and 60 positions. Similar developments were stu-
died in the early 1960s for application to the No. 4A and No. 5
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Fig. 10-6. Data transfer circuit at left in diagram aided handling of coin
toll calls from traffic service positions.
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o

Fig. 10-7. Traffic service positions, with their desk-like consoles,
allowed a more attractive environment for operators.

crossbar and step-by-step offices equipped with the CAMA
features. However, the synergy and advantages of the electronic
switching stored-program concept, and the desire to avoid under-
taking and maintaining at least four different TSP subsystem
designs, led to the invention of the Traffic Service Position System
(TSPS) by R. J. Jaeger, Jr., and A. E. Joel, Jr. in 1963.% For this inven-
tion they received the Outstanding Patent Award for 1972 of the
New Jersey Council for Research and Development.

This concept consisted of a separate stored-program controlled
electronic switching entity supporting groups of traffic service posi-
tions. The trunk circuits are located between local offices and toll or
tandem offices. The positions are accessed through a four-stage
ferreed link network (seeFig. 10-8). Several different processors
were considered before it was decided to use the No. 1 ESS circuit
packages in a new processor known as the “‘stored-program control
1A” (SPCNo. 1A). Adifferent processor from thatin No. 1ESS was
required because of the need for remotely and electrically writable
nonvolatile stores. These stores retain for immediate recall the call
charge rating information for a large number of originating and ter-
minating rate centers. The same need also existed for simple and
rapid route translation changes when adding the stored-program
control concept to the No. 4A crossbar system, particularly in con-
junction with real-time network management (see below, section II).
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Fig. 10-8. Traffic service position system: instead of separate designs
for various switching systems, TSPS uses stored-program control to sup-
port groups of positions and trunks between local and toll offices.

Studies showed the new system, TSPS No. 1, to be competitive
with the previous electromechanical switching plans since, except
for the new store, it used circuits and devices being produced in
large quantity for the No. 1 ESS. The piggyback twistor store,
invented at and developed by Bell Laboratories,” was used in the
SPC No. 1A to store all information: call data, system, maintenance
and administrative programs, office parameters, and translations.
The SPC No. 1A was the first Bell System switching processor to
use a single store subsystem for all memory requirements: program,
translations, and data base. It was also the first common systems
processor system designed for application in several different sys-
tems.'® A unique feature of the SPC 1A central control is its ability to
use identical equipment units and to maintain short wires between
units used to match their operations by physically reversing one
with respect to the other (see Fig. 10-9).
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The No. 1 TSPS has a capacity of 3000 trunks and 320 positions in
a maximum of five separate operator groups of 64 positions. These
position groups may be located remote from the base unit where the
trunks between local and toll offices, the links to the positions, and
the SPC No. 1A are located.'' The TSPS base unit may be located in
any telephone building with or without operator units. Remote
units are served over T1 digital carrier facilities that provide the
speech paths and data links for receiving lamp lighting signals and
transmitting key closure indications back to the base unit. A center
for force administration and chief operator functions is provided
with extensive real-time traffic and operator force data.

The first TSPS was placed in service in Morristown, New Jersey on
January 19, 1969. To the end of 1976, 114 systems, including almost
20,000 positions, had been placed in service. The success of this
important member of the ESS family is indicated by the fact that
within seven years after its introduction, it served over 50 percent of
the operator-assisted calls originating in the Bell System.

Fig. 10-9. Duplicated processor frames for the stored-program control
No. 1A used with the traffic service position system. One processor is
physically reversed from the other, with the wiring side of the right-hand
unit adjacent to the apparatus side of the left-hand unit.
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1.5 Hotel/Motel

Most calls originating in hotels and motels require charge infor-
mation in almost real time, so that they can be billed by the hotel or
motel. With the deployment of TSPS, arrangements were
developed for better serving these customers. Calls originating at
hotels and motels were identified at local offices, and this identifica-
tion was sent to the TSPS with the other ANI information. Such
calls are specially indicated to the TSPS operators, who ask for and
record room numbers along with the other details of the calls.

When hotel/motel calls are completed, the details are typed out
on a special teletypewriter at the TSPS administration center.
Hotels and motels with heavy traffic or those desiring the most
modern service are provided with teletypewriter links directly to
their premises. In this way, Bell Laboratories engineers have
greatly increased the efficiency of service provided with this source
of operator-assisted calling. By year-end 1976, over 10,000 hotels
and motels were served in this manner by TSPS. In 1976, a new
development was undertaken to provide a computer-supported
record base for the accessing and transmission of this information to
hotels and motels. The system, known as No. 1 HOBIS (HOtel
Billing Information System), is used to keep track of time and charge
data for both voice and teletypewriter transmitted quotations. 12 The
first installation was in Boston, Massachusetts in September 1977.

1.6 IDDD

The TSPS enjoys a unique position in the Bell System nationwide
network. It is providing a most important bridge and buffer
between electromechanical and electronic offices of the Bell System
and accelerating the availability of new services to all customers.
For example, it provides international direct distance dialing (IDDD)
service on calls from local electromechanical switching offices, as
described in Chapter 8, section V. Fig. 10-10 shows how the TSPS
is used in placing calls into the international gateway or transit
center that acquires an overseas sender through a loop-around
trunk. The first calls of this type were served by TSPS in 1975.

1.7 Integrated Circuits

In 1971 TSPS became the first Western Electric switching system
to use integrated circuits in dual in-line packages. Each chip
included the transistor, shifter diode and logic diodes for as many as
four NAND gates of the low-level-logic type used in No. 1 ESS.
(See Chapter 9, sections 4.7.3 and 5.3.)

The piggyback twistor (PBT) stores served the SPC No. 1A well
but were relatively slow compared with those using the more vola-
tile magnetic cores or integrated circuit arrays. Experience with the
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Fig. 10-10. Diagram indicating how TSPS serves overseas calls from
electromechanical offices. First service of this type was in 1975.

SPC No. 1A in TSPS indicated that, with programs and data stored
on a magnetic tape and always ready for entry into the system, the
special protection offered by the PBT could be traded for the
increased speed and capacity and lower space requirements of a
volatile semiconductor store. TSPS became the first Bell switching
system to use semiconductor storage. It began service in Macon,
Georgia in April 1975. The large scale integrated (LSI) memory chip
contained nearly 4,000 insulated-gate field-effect transistors
(IGFETS) and stored 1,024 bits of information. '

1.8 Remote Trunk Arrangement No. 1A and Position Subsystem No. 2A

With the use of T1 digital carrier, the distance of operator groups
remote from the TSPS base unit was limited to about 50 miles. With
T2 carrier, one installation in Texas in 1974 extended over 200 miles.
In many places where this distance or greater was desired, digital
carrier was not available or contemplated. For this reason, a
development was undertaken to permit the remote operator groups
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to function over longer distances, by permitting service over analog
carrier and radio systems.

At the same time, studies indicated that to bring the advantages
of TSPS to smaller communities and to eliminate small, relatively
inefficient switchboards at these locations, a new TSP development
was needed. As a result, work was undertaken in 1973 to locate
TSPS trunk groups and/or positions remote from the base unit, ™ the
system to be served by analog facilities.

A new operator group data link was designed to serve both the
new No. 2A position subsystem, as it is called, and the “remote
trunk arrangement” (RTA) (see Fig. 10-11). New remote-to-base
trunks connect the remote TSP trunks with the base unit through a
two-stage concentrator using new small crossbar switches. An RTA
unit serves a maximum of 496 trunks with a maximum of 64
remote-base trunks. This use of concentrat1on required an unusual
design to achieve low blocking.'® The longer distances between the
served trunks and the operators required special transmission con-
siderations.'® The data from position keys and the data to light the
lamps as well as control the trunks and concentrator flows over 2400
bit-per-second data links. A maximum of 1000 miles might separate
positions and RTA from the base unit.
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Fig. 10-11. Remote trunk arrangement with TSPS, which greatly extended
therange (upto 1000 miles) over which TSPS can serve customers.
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The first system of this type was placed in service in Utica, New
York in May 1976 with the base unit 60 miles away in Syracuse, New
York.

1.9 Automatic Coin Telephone Service (ACTS)

Another development started during this period was an arrange-
ment for further automating DDD coin service. The automatic inter-
cept system (see below, section III) had proved the ability of
customers to respond to machine-generated audio messages. The
new development used the TSPS stored-program control in combi-
nation with an audio response unit (ARU) to provide recorded mes-
sages from a prerecorded vocabulary. Such messages indicate the
required deposit on DDD coin calls. Coin telephones so served are
modified to generate machine-detectable audio signals when coins
are deposited, and the received signals are used to calculate
whether the deposit matches the required amount. (This idea was
first proposed for extending the coin zone service concept in 1952.1%)
The stored-program control and ARU provide announcements as
the depositing and call progresses. A TSPS operator is called in if
the required deposit is not eventually detected.

The first installation of this system was in Phoenix, Arizona in
November 1977.% It is another example of a service provided by the
TSP5-SPC base unit due to its unique position in the nationwide
network.

I1. NO. 4A CROSSBAR ELECTRONIC TRANSLATOR SYSTEM (4A/ETS)

One of the most successful and least known accomplishments of
the Bell System in electronic switching has been the development of
stored-program control capability for the 4A toll crossbar systems.
These systems were used at the most important nodes in the nation-
wide toll switching network, these nodes representing only 10 per-
cent of the offices but serving (in 1976) 50 percent of the total carried
traffic. For many years, as the complexity of administering six-digit
translations at controlled switching points (CSP) grew, particularly
with the introduction of wide-area telephone service (WATS), stu-
dies were made of applying new technology to the translation func-
tions in the No. 4A crossbar system.' Fig. 10-12 shows how the 4A
crossbar system was modified to include the electronic translator.

Even before the card translator had originally been adopted for this
system, research experiments were conducted using a magnetic
drum for the translation function (see Chapter 9, section 4.3.3).
With reduced cost and increased reliability, the use of magnetic
drums was again studied in the early 1960s, but the new concept of
stored-program control proved more flexible and useful. After
several further studies, the SPC No. 1A, also used in TSPS No. 1,
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Fig. 10-12. Electronic translator and peripheral bus computer as applied
to No. 4A crossbar. This new technology enabled No. 4A crossbar to pro-
vide WATS and other modern services more efficiently.

was adapted to replace the card translators of the No. 4A crossbar
system. This resulted in greater call capacity and faster call-
completion time at lower cost, since the production of the metal
translator cards was no longer required. Also it provided means for
more rapidly adjusting the routing information in real time to the
changing network capacity. For the first time, the rapidly growing
toll traffic (then growing at approximately 11 percent per year) could
be made to flow smoothly through the network with automatic,
semiautomatic, and manual network management controls.?

With the growth of long distance calling, the number of trunk
groups in the network was greatly increased. A larger portion of
the traffic was switched at the class 3 and 4 levels, with less switch-
ing through regional and sectional centers. The control of traffic
required more sophisticated techniques. This called for detecting
focused overloads to specific destinations, such as where disasters
and other significant events caused abnormally high calling. It also
required detecting excessive delays due to faulty trunk groups (car-
rier failures). The use of stored-program controls permitted the
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automatic detection and invoking of controls under these
circumstances.

The first of these modified No. 4A crossbar installations was
placed in service in Grand Rapids, Michigan on June 1, 1969. The
last new No. 4A crossbar (No. 152 in the Bell System) office was
installed in Madison, Wisconsin in 1976. By that time 132 No. 4A
crossbar offices had been equipped with electronic (SPC No. 1A)
translators.

2.1 Peripheral Bus Computer

During the era when minicomputers were being applied to
improve the gathering of maintenance, traffic, and charging data in
electromechanical switching systems (see Chapter 11, section III), a
minicomputer was added to the peripheral bus of the SPC No. 1A
associated with No. 4A crossbar offices (see Fig. 10-12).” In this
capacity it is used to provide improved traffic and maintenance
data. Most (107) electronic translator-equipped offices have had
peripheral bus computers (PBC) associated with them since they
were introduced in Akron, Ohio in November 1973.

2.2 Common Channel Interoffice Signaling (CCIS)—Signal Transfer
Point (STP)

The No. 4A crossbar system equipped with stored-program con-
trol was ready for the introduction of many new features into the
toll network. Perhaps the most important feature is the new stand-
ard method of interoffice signaling over separate data links not asso-
ciated with the trunk groups. This out-of-band signaling method,
known as “common channel interoffice signaling”” (CCIS), was the
subject of much study for over a decade from the late 1950s to the
late 1960s. Indeed, the idea of CCIS dates back to early manual
switching “call wire”” methods.? By the late 1960s the CCIS method
was being studied, with the cooperation of Bell System engineers,
by the Comité Consultatif International Télégraphique et
Téléphonique (CCITT) as a standard method, later adopted (1968) as
CCITT Signaling System No. 6 for international signaling.

From 1970 to 1972 the Bell System participated in international tri-
als of this new signaling method from the Columbus, Ohio Bell
Laboratories location.”? By this time, much attention was being
given to the new services and features possible with electronic
switching offices. The new form of interoffice signaling such as
CCIS would enable the post dialing to ringing time to be reduced by
a factor of five or ten (to about 1-2 seconds from 10-13). But more
importantly, this form of signaling permits the interchange of much
call data in addition to the more conventional supervisory and
address signals. Data about the call may be sent from toll office to
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toll office and eventually from the originating office to and from the
terminating office. The data may include the number of the calling
telephone and class of service information for the calling and called
lines.

The most expeditious method for introducing CCIS into a switch-
ing office is with a stored-program control processor. Since No. 4A
crossbar ETS offices rapidly blanketed the toll network, it was
natural that this would be the first system to include this important
forward-looking feature (see Fig. 10-13).

A plan for CCIS in the U.S. toll network was devised at Bell
Laboratories (see Chapter 12, section III). The plan called for estab-
lishing 10 signaling regions, coincident with the toll switching
regions, each with two mdependently located (in d1fferent cities)
SPC processors known as “‘signal transfer points” (STP).?* These
STPs were to be fully interconnected with data links. Each toll office
with one or more trunk groups served by CCIS will have their pro-
cessors connected over data links to both STPs in their signaling
regions. These planning studies indicated that the economic success
of CCIS would be facilitated by the greatly reduced need for rela-
tively expensive in-band single-frequency signaling units
(see Fig. 10-14).

In 1976 the toll CCIS network became operational. The first
4A-ETS offices provided with CCIS were in Madison, Wisconsin (the
last new 4A crossbar office) and in Waukesha, Wisconsin (the first
retrofit office). No. 4A crossbar ETS offices in Omaha, Nebraska
and Indianapolis, Indiana were provided with the STP features (see
Chapter 12, section III). Most of the 4A crossbar offices equipped
with the No. 4A ETS and the peripheral bus computer have been
modified to serve as STPs or as serving offices (5Os) that communi-
cate via CCIS. Despite this extensive relatively recent moderniza-
tion of these offices, studies show that even with the development
and deployment of No. 4 ESS (see Chapter 12, sectionI) there is
still considerable advantage to the application of these features in
No. 4A crossbar offices prior to their accelerated replacement.

I1I. AUTOMATIC INTERCEPT SYSTEM

During the early 1960s studies were made to improve number ser-
vices, such as intercept, and directory assistance (formerly called
“information”’). To automate intercept services, arrangements
using electromechanical switching in combination with a magnetic
drum storing audio vocabulary were studied, starting in 1962 with
methods of announcing newly assigned directory numbers on inter-
cepted calls.

Not until the advantages of time-division switching, taken from
the No. 101 ESS, and the advantages of stored-program control
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Fig. 10-14. Study showing fall-off in need for single-frequency in-band
signaling equipment as a result of CCIS.

from No. 2 ESS were applied to this problem did a viable solution
appear. In 1967 this became the Automatic Intercept System
No. 1A (AIS) development.” Semiautomatic systems, developed by
others, were placed in service in 1965 (e.g., ref. 26). These systems
required operators to key in the number the caller was attempting to
reach (ONI) and did not give the caller the assurance that the
number reached was the number dialed.

To be most effective, the called local offices sending calls to the
AIS are equipped with automatic number identification so that the
number actually reached can also be forwarded. Economically
adding this capability to electromechanical switching offices was as
challenging as the development of the equipment for the automatic
intercept center (AIC). Table 10-1 shows the type of vocabulary
used with a sample announcement. A special 96-track magnetic
drum was designed by Bell Laboratories to provide the vocabulary.

Fig. 10-15 shows the basic plan of the automatic intercept system.
The system included remote cordless operating positions, similar to
TSP, for calls where announcements could not satisfy the caller.
(These positions are alsc used for ONI calls where local offices do
not have ANIL.) An idle operator is connected by the time-division
network while a display of the input number, announcement, if
any, and other information on the call is simultaneously displayed
on the console (see Fig. 10-16). The first AIS was placed in service
in Hempstead, New York in September 1970.
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Table 10-1. Announcements on Magnetic Drum for No. 1A
Automatic Intercept System.

Track
No. Phrase or Digit
1 The number you have reached
2 has been changed
3 the new number is
4 the customer
5 not to give out
6 in the
7 has been disconnected
8 has instructed us
9 is temporarily disconnected
10 at the customer’s request
11 is being changed
12 the new number
13 is not yet connected
14 please call information for
15 calls are being taken by
16 is not in service
17 is a working number
18 please check the number
19 and dial again
20 if you need assistance
21 repeat
22 please stay on the line
23 and an operator will answer
24 thousand
25 hundred

26 to 35 (digits 0 to 9 with neutral inflection)
36 to 45 (digits 0 to 9 with falling inflection)

46 (recorder tone)
47 area
48 will you dial it again please
49 to 96 (new location name as required)

Sample announcement:
“The number you have reached, 368 11 hundred, is not in service
in the 201 area. Please check the number and dial again. If you
need assistance, please stay on the line, and an operator will
answer.”
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Fig. 10-16. Model of operator position used as backup to automatic
intercept system. AIS was introduced into service in 1970.

Originally, the translations from the intercepted to the new
numbers were stored on a magnetic disk similar to the one
developed for the No. 1 ESS ADF.?’ This file could store up to a half
million numbers, enough for a suburban area. Numbers were
added to or subtracted from the file by a program internal to AIS.

3.1 File Subsystem No. 2A

Telephone operating people, impressed with the advantages of
AIS, wished it to be expanded in capacity. First the switching net-
work was expanded from 415 trunks to double that number. (The
first system of this size went into service in Cleveland, Ohio in
October 1971.)

For AIS to serve complete numbering plan areas or metropolitan
areas required a larger and more elaborate adm1n1strat1on system.
While the original (No. 1A) file subsystem provided many facili-
ties for administration, the larger file system had several times the
capac1ty and a separate off-line minicomputer complex for adminis-
tration.” It could also accept number changes from customer record
changes distributed by other than the Business Information System
(BIS). The first No. 2A file subsystem with a capacity of 900,000
numbers was placed in service in Hammonton, New Jersey in
August 1975.
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By the end of 1976 twenty-eight automatic intercept systems were
in service, serving about 40 percent of the Bell System.

IV. TOLL FEATURES ON ESS

From the start of the ESS development, it was expected that the
ESS family would include toll switching capability.3 Indeed, early
in the ESS development a special situation arose where the system
elements were combined with a 4-wire ferreed switch to provide
4-wire toll switching for the AUTOVON leased network (see Chap-
ter 9, section 5.5).

The No. 1 ESS was called upon early to provide local tandem
(trunk-to-trunk) switching capability, the first being in Nashville,
Tennessee in 1968. The No. 1 ESS was designed initially with spe-
cial attention to transmission range compensation and balance.! As
a result, 2-wire installations of No. 1 ESS have provided superior
transmission capability to crossbar tandem when used for toll
switching. Starting in 1971, the No. 1 ESS was used in toll switch-
ing, first for toll connecting or completing tandem and then for full
intertoll switching. By 1976, more than 23 installations provided toll
switching.

To make No. 1 ESS more useful in tandem and toll switching, a
new trunk link network was developed with 2048 rather than 1024
trunk and service circuit terminations. The first 2048 terminal trunk
link networks were placed in_service in Williamsburg, Brooklyn,
New York in September 1974. This gave it a capacity of approxi-
mately 28,000 trunks. While this was more capacity than that of 4A
crossbar (latest capacity 21,500 trunks), studies starting in the 1950s
showed that many metropolitan areas would need more toll capac-
ity than was available with either the modified No. 1 ESS or the 4A
crossbar. As a result, with the successful introduction of local elec-
tronic switching, studies were begun to find a systems architecture
for a large toll switch, one postulated as at least three times the size
of the 4A crossbar system.

Initial studies at Bell Laboratories in 1966 and 1967 assumed that a
version of No. 1 ESS with expanded trunk network and multiple
No. 1 ESS processors would provide a capacity of 200,000 busy-
hour calls or more. But, in view of the state of the art at that time,
the software problems of multiprocessing were believed to be too
great to solve satisfactorily. Instead, the integrated circuit technol-
ogy had advanced so that a new technology for a new more power-
ful processor, later called the 1A processor, was postulated and
investigated.3* As a result, it was decided to move in this direction
and develop a system processor to support a toll ESS, after which it
was determined that a digital time-division switch (see Chapter 12,
section I) would be used for the network portion of the system.
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As a result of the development of features for toll ESS, both space
and time-division, the rapid replacement of electromechanical toll
switching systems with stored-program controlled systems is
expected. Fig. 10-17 shows the expected rapid toll traffic as meas-
ured by intertoll trunk terminations. While the number of No. 1
ESS systems will be large, No. 4 ESS will account for a large portion
of the toll trunk terminations, due to its large capacity. (See Chap-
ter 12, sectionIV and Fig. 12-5 for corresponding information on
systems.)

4.1 HiLo Transmission

Despite the advance in large toll systems, the No. 1 ESS is an
excellent system when the demand for toll switching is fewer than
28,000 trunks. While 2-wire toll switching has been used with
No. 1 ESS with less expense than the crossbar tandem system it
replaces, still to obtain further operational savings, and particularly
to avoid any office balance consideration, a new concept called
“HiLo” was developed (see Chapter 9, section 6.8.1). HiLo (see
Chapter 9, Fig. 9-66) gave No. 1 ESS an effective 4-wire capability
by providing ground-return, constant-voltage transmission over
each conductor of a 2-wire remreed network (see Chapter 9, section
6.6), thereby giving the equivalent of 4-wire toll service. This
development which was started in 1973 and first applied in 1977,
will also be useful for private network switching where 4-wire
transmission is a requirement.
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Fig. 10-17. Starting in 1976, No. 1 ESS with equivalent 4-wire transmis-
sion (HiLo) and No. 4 ESS were expected to rapidly dominate the needs of
toll terminations in the Bell System network.
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V. SMALL ELECTRONIC SWITCHING SYSTEMS

With the development of No. 1 and No. 2 ESS, stored-program
control switching became available to more than 85 percent of the
Bell System lines (see Fig. 10-18). However, more than half of Bell
System offices are small, containing fewer than 2000 lines. Studies
and exploratory developments showed that providing switching
with modern electronic technology for small systems is viable;
indeed, other administrations successfully introduced such systems
as early as 1966. However, attaining stored-program capability
economically in this size range proved more difficult. An explora-
tory development experiment known as ECDO (for electromc com-
munity dial office”’) was carried out from 1969 to 1972.% This system
included a new network and control technique, each taking advan-
tage of the latest integrated circuit technology.

In 1972, development was started on the No. 3 ESS, the first
stored-program control system to compete economically with elec-
tromechanical switching below 4500 lines.” This system used the 3A
central control. The 3A central control is also used in the 2B ESS
(see Chapter 9, section 7.2), the transaction switching network,®
and the No. 5 crossbar ETS (see Chapter 11, section 3.3.4). A semi-
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Fig. 10-18. Local stored-program controlled ESSs were developed and
extended to cover the entire range of Bell System requirements for all size
buildings, starting with the No. 1 ESS for large metropolitan buildings to
the No. 3 ESS for rural buildings.
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conductor network using pnpn crosspoints, originally postulated
for the No. 3 ESS from the ECDO experiment, proved at the time
development started to be too costly. It was therefore replaced with
a remreed network. Fig. 10-19 shows a rough layout of the system.
This development was successfully completed in 1976, with the first
installation placed in service in Springfield, Nebraska on July 31,
1976. It permits customers and telephone administrations in smaller
communities to attain the same service and feature advantages as
for the larger cities and towns.

For very small switching center needs (fewer than 2000 lines) a
remote switching system was announced as being ““under serious
consideration” in 1976,% and was subsequently developed as the
10A remote switching system.

LINES NETWORK FRAME
SWITCHING NETWORK
TRUNKS STAGES 1 AND 2
_————
TRUNK, JUNCTOR,
SERVICE, AND TEST
CIRCUITS
CONTROL FRAME
NETWORK CONTROL
SWITCHING NETWORK
STAGE 3
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AND DISTRIBUTOR
TEST FRAME PROCESSOR FRAME
TRUNK, LINE, 3A CENTRAL CONTROLS
AND SERVICE
TEST CIRCUITS MAIN—STORE MEMORIES

MAINTENANCE FRAME

CARTRIDGE TAPE UNITS
SYSTEM-STATUS PANEL
TELETYPEWRITER

Fig. 10-19. General arrangement of No. 3 ESS, first placed in service in
1976. No. 3 ESS brought the advantages of stored-program control to
small offices.
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The “Hi-bay'" laboratory at the Holmdel, New Jersey location of Bell Labora-
tories, 1967. In such labs, engineers developed many of the services and features
which we today take for granted. Familiar examples include direct distance dialing
by customers, TOUCH-TONE® dialing, automatic number identification, and
911 emergency numbers. Businesses benefited from direct inward dialing to exten-
sions, automatic identified outward dialing, automatic call distributors, and
WATS and INWATS. Custom calling features like speed calling and call forward-
ing were introduced. Also important were new developments to improve the effi-
ciency and economy of the internal operations of switching offices, such as systems
for maintenance, trouble recording, and traffic measuring.



Chapter 11

The Service and Feature Fra

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 switching 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 dialing. 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 new service since World War II was direct
distance dialing, DDD. By 1960, DDD was available to 54.4 percent
of the Bell System. By 1965, 47.9 percent of the DDD 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* Service

From the beginning, the use of pushbuttons has been the pre-
ferred method of remotely controlling automatic switching systems
(see Fig. 11-1). The efficiency of pushbuttons had proved itself for
operator control (see Chapter 3, section IV), but cost and electrical
problems’ 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 pulsing” (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.° 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 pr0V1510n of TOUCH-TONE capability in each type of
local central office* (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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DDD 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,”” 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.®
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-senders. 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-TONEB was the non-
compatible system, and TOUCH-TONE C was the crossbar switch
link arrangement.) The first TOUCH-TONE D was installed in Mon-
tevideo, Minnesota in 1974.

TOUCH-TONE calling 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 filed 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 (NPA) 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 NPA. 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 Chapter 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 Customer 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 vehicles® (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, Michigan 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 Qutward 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.? There 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 service'” 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,”’! was first installed in
December 1962 in Michoud, Louisiana.
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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 service.
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 nulsing 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 Bl 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.® 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 number.™* 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 DDD
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.’ 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 between 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 (SDDS) 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 locatlons, for use in reporting crimes, fires, or other
civil emergencies.’® 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.'” 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 economically. '®
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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." Initially, regular
telephone equipment, mcludmg an earlier design emergency-ser-
vice manual switchboard,” 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 1dent1ty 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 Labora-

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,? 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 1974.2 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
TELEPRINTER

STATION SETS

I—__] b . ANI DISPLAY
NO. 1 ESS/ ° AND TRANSFER
{PDSP) ANI . L UNITS
911 MASTER
TRUNKS CONTROLLER

L 1]

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 decided® 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
noncoin 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.> 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.” 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 junctor? (see Fig. 11-16). Later, in 1959, coin zone features
were added to No. 5 crossbar using the same principle.?
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special groups of originating circuits.

Since operator positions may be located remote from the local
office, special signals, both dc and ac,” 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
5-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.”! 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. 5and 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.? 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, and the development of
automgzic test sets for use by coin telephone installers and repair
forces.

1.9 Common-Control Switching Arrangement (CC5A)

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 crossbar 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 several 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.> 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 DDD

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 I). 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 DDD 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 1955% (see Fig. 11-17). Later, improved
magnetic drum systems were introduced—the 9A% and 11A% 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.* This was an important part of the DDD 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.
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In 1977, one of the first applications of magnetic bubbles was in the
13A announcement system, which eliminated the need for rotating
magnetic drums.*

With the introduction of the automatic intercept system No. 1A
(see Chapter 10, section IIT), 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.* 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
act1v1t1es for many types of central office systems and switch-
boards.* 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 plan® was
developed and implemented. The service evaluation system
(No. 1A) was first placed in service in Dallas, Texas in July 1976%
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).* 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, section 1.2) was its
first commerdial application.”® 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 ESSin
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.% The first two services were
the first to use the piggyback twistor memory in commercial tele-
phone service.® 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.”! 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.*)

This modification of the No. 5 crossbar system, known as the
No. 5 crossbar ETS for Electronic Translator System, was 1nsta11ed
in Tarrytown, New York and became generally available in 1977.%
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
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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 alertmg is an arrangement for simultaneously calling a
number of lines in an emergency. This is widely used by volunteer
tire 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
55
information.”™ 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 J1 control terminals.’

*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.5” 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.”® 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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of the system. This 1966 development, known as Unigauge, was of
help in offices experiencing rapid growth distant from the wire
centers.” A field trial was held in Rockford, Hlinois 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 1971% 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 fore1gn area translatlon capability was designed
into No. 5 crossbar,®! crossbar tandem,® 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 Chapter2), 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 (ANC) 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.™ 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.** 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 dev1sed to enable the use of three-digit
area codes without restriction.®® 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 equlpment in Los
Angeles, California was also modified to accept the 0+ calls.%

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
1955.9 Also, the No. 5 system was provided with complete CAMA
and local tandem features in 1958% 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.%

The crossbar tandem system is used extensively for toll operation
with features developed in 1956.”° 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
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attractive (see Fig. 11-24). The first No. 4 ESS was applied as a
selective routing tandem in January 1976.”"

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.”? 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
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assistance (DA). The growth of DDD 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
1941 and the No. 23 crossbar call distributor from 1950,” 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.” Special gating was added to the line
link frames, on which 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
installed”® 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.” 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 phaseII 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. 11-26. 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.”® 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.”” 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.% Later, improved com-
puter DA/C and microfiche DA/M® systems were developed by the
general trade under the auspices of the business information sys-
tems area of Bell Laboratories® 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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e

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.*” 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 DDD, the same
paper tape method was employed.

o
==
By
e

E

¥

Fig. 11-30. MECHSIM 1968 trial position layout. As few as four
alphanumeric characters produced a limited number of telephone listings
from which the directory assistance operator could choose.




The Service and Feature Era 379

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 from: the same line needed to be correlated in the
accounting process. While paper tape LAMA was applied to a few
step-by-step (SAMA)3 and No. 1 crossbar offices,8 the principal
LAMA application was in No. 5 crossbar offices. The ESS# 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 (MTR) 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 required 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 recordlng center (AMARC) was
placed in service in Buffalo, New York.® 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 ANL
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 dc 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 interrupters 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.® 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 necessary®
(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 actlons contributing to a considerable portion of marker holdmg
time.”® 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.” 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, 1nc1udmg improvements in the panel and
No. 1 crossbar systems ” For the most part, the arrangements to
provide these services were developed prior to the war to meet
depression needs. While party line service has been dedlining
(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.% 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.* Not only has the
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Fig. 11-34. Diagram of 1A 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.” 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-
tion 3.1) 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 1A 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
busmess community, partlcularly in the New York securities
market.”® 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 (0SSs).” 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-
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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 DDD 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.”® 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 I1.%

3.2 Main Distributing Frame (MDF)

The main distributing frame (MDF) principle, patented in 1893,

had hardly changed in 75 years. Over the years, Bell Laboratories
had imgroved the MDF by providing for growth in larger wire
centers.'® 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 ESS'®
(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. ™ How-
ever, it was early recognized by A. E. Joel, ]r.,104 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 onamain distributing frame—asource of
troubleposingamajor challenge to designersand 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. ™

Therefore, Bell Laboratories engineers proposed many arrange-
ments for automatmg the MDF. SARTS (Switched Access Remote
Test System) % 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 achleve this trade was proposed by R. F. Bergeron
and H. Southworth.' Alaboratory 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.'®

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.'® 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 combinations.™’ 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.!! 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 11-1.1

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 Intertoll Trunk
Circuits

300 Incoming Intertoll Trunk
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

*Test circuits.
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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."® 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.114115 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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(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.!16117
This frame—through a no-test trunk and marker connector
appearances—gains access to lines on terminals one at a time. Itis
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.

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.
Systemwas a precursor of moderncomputer-driven testequipment.
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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
April 1971. 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 (COMAS). Minicomputers were
added to a number of crossbar tandem and No. 4A crossbar offices
in New York. The first standard phaseI 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 (see 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 application 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, Michigan 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 early manual switchboards,
When operators kept track of calls served by moving small wooden
pegs ?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 it'® 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 thls purpose,
and is extensively used in electromechanical offices.’** 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 1200 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 groups'?? (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
Recordlng System (TDRS), began to be developed in the early
1960s.'® Tt 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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" b s & P
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 TDRS 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 TDRS in
November, 1963 (see Fig. 11-49). The first field installation of the
TDRS took place in Washington, D.C. in 1968.

While the TDRS 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 Admmlstratwe Data Acquisition Sys-
tem (EADAS) was developed.'* EADAS extended the concepts of
the TDRS but used a commercial minicomputer for central process-
ing and control. While it could use the TDRS 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 PDP11/40 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 TDRS, 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. It 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 information 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
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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 sw1tchmg sys-
tems (see Chapter 10, section I and Chapter 12, section I).}? 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.!?” 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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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 Laboratories engineers, along with large groups from the
entire Bell System, were called upor: 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. ™

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 Bell System, the many services
and features covered elsewhere in this chapter were built into the
programs of ESS systems so that these 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. 1ESS 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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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.




Chapter 12

The Integrated
Digital Toll Network

Recent years have seen a basic shift of emphasis in the development of
switching systems. Planning is leading to an integrated, nationwide net-
work controlled by stored-program control switching systems. Of great sig-
nificance to this trend were the choice of time-division digital switching for
No. 4 ESS and the development of common channel interoffice signaling.
As a result, many new services for customers become possible, even to the
extent of offering customers, in some instances, the choice of having tele-
phone numbers independent of geographical location. Also important is the
trend toward centralized, comprehensive testing and maintenance using
modern techniques of accessing and processing data.

I. NO. 4 ESS—INTEGRATED TRANSMISSION AND SWITCHING

As indicated in Chapter 10, section IV, electronic switching for toll
traffic was, from the beginning, considered to be an essential part of
the ESS development program. Moreover, in the late 1950s it was
recognized that some cities might require more than one switching
system to serve all of their toll center needs.! As a result, studies
were conducted at AT&T and Bell Labs, resulting in a system plan
for multiple toll switching offices in metropolitan areas.? Tt was dur-
ing this period that the capacities of both the crossbar tandem sys-
tem used for toll and the 4A toll crossbar system were increased
(see Chapter 11, section 2.9).

Toll service was growing rapidly. It was anticipated that by 1970,
15 metropolitan areas would require more than one 4A crossbar
office, and that this figure would grow to 24 by 1975 and to 47 by
1980. It was obvious that a larger toll switching system was needed
for the future.

Electronic switching techniques had always been assumed for
future application to toll, and these techniques were maturing in the
local and AUTOVON system applications. Bell Laboratories
engineering studies indicated a need for a 4-wire toll system that
would serve at least 40,000 trunks. This requirement could be met

421
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with switching networks of the type being built for local ESS. How-
ever, the call-attempt capability was estimated at 300,000 attempts
per busy hour, a figure much in excess of the capacity of processors
and software then being developed for local systems. Conse-
quently, several system control architectures were examined,
including multiprocessing with the No. 1 ESS processor. This was
abandoned because of expected difficulties in coordinating
software.” In the end, a proposal was accepted for a new processor,
called the 1A processor, with signal processors and fast signal distri-
butors. This proposal was considered to be the best way to meet the
call-attempt requirement with a single processor, duplicated for
redundancy requirements.

There were a number of viable switching network alternatives.
These included a ferreed network using the 4-wire AUTOVON
switch (see Chapter 9, sections 5.4 and 5.5), new ferreed switches,
solid-state switches, and electronic network controllers. However,
studies indicated the growing use of digital transmission facilities
among local offices and for toll-connecting and completing between
local and toll offices. A digital time-division switching network for a
toll ESS was therefore proposed in April 1968. As a result of the
growing acceptance and applications of digital transmission, studies
were accelerated to determine the cost effectiveness and the availa-
bility of technology for such a network. Networks of this type
appeared attractive not only for their greater degree of integration
with toll-connecting digital facilities, but also for expected floor
space savings, lower installation costs, and reduced processor real
time per call. Also, at little additional cost, the network could be
made nearly nonblocking with an expense saving by reducing if not
eliminating load balancing rearrangements. However, development
of a time-division network would require a greater dependency on
new technology and additional development effort and cost.

During the ensuing 15 months, much progress was made in defin-
ing a digital switching network. Many ideas developed earlier at
Bell Laboratories during the ESSEX experlment and the concept of
time slot interchange were recast in modern technology. H. E.
Vaughan, who in 1977 received the IEEE Medal of Honor for his
work in this field, was the prime mover of this effort.

One of the most important decisions for this project was made in
January 1970. After meeting with an intercompany committee
known as the switching council, W. H. C. Higgins, vice president of
the switching area at Bell Laboratories, decided, based on the
exploratory development and study results at hand, that a digital
time-division network would be developed for the toll system,
which by that time had been coded the No. 4 ESS. At the same
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time, it was decided that the 1A processor then being developed for
the expanded local system, No. 1A ESS, would also be used for the
No. 4 ESS (see Fig. 12-1).

The No. 4 ESS project was the most ambitious development pro-
ject undertaken at Bell Laboratories. Between Bell Labs and
Western Electric, more than $400 million was spent before the first
office was placed in service in January 1976.° A whole new technol-
ogy, known as the 1A technology, was developed featuring small-
and medium-scale integrated circuit chips on ceramic substrates.
This technology was used in this and other concurrently developed
switching systems, No. 14, 2B, and 3 ESS’ (see Fig. 12-2). In addi-
tion to the new technology, the development involved many other
areas of Bell Laboratories, such as electron device groups and
transmission development groups. The transmission area was
responsible for the development of peripheral equipment that com-
bined the signaling and terminal functions, including their mainte-
nance, to interface with interoffice transmission facilities.
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Fig. 12-1. Basic plan for a No. 4 ESS system. This $400 million
development was the largest ever undertaken by Bell Laboratories.
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While the initial time-division network proposal was for 65,000
terminations, the plan by March 1970 was adapted to have a growth
potential of 107,000 terminations with a 0.9 erlang capacity per
termination at a 0.001 blocking loss (nearly nonblocking). The prin-
cipal reason for the increase in capability was the result of engineer-

g {
Gy n i W et

Fig. 12-2. Elements of the new technology developed for No. 4 ESS.
Clockwise from upper left: integrated circuits, two types of circuit packs,
special interconnection boards, and wiring backplanes.
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ing studies predicting the possibility of longer holding times in the
future. Since the network used many active devices and was vital to
the provision of service, it was completely duplicated.

From the beginning, the network architecture used a technique
called time slot interchange (TSI) followed by time slot permutation
switching. The unit performlng this latter function is called a time
multiplexed switch (TMS).® With time-division switching, groups of
digits are received in multiplex for a number of different connec-
tions. These digits are synchronlzed and stored in a TSI memory so
that they may be placed in different time slots. They are passed
through the TMS so that connections may be mterchanged in each
time slot between different multlplexed lines. Unique in the design
of this network are the expansion and decorrelating features by
which lower blocking is obtained among all inputs. Also, switch-
able spare voice interface and digroup terminals are provided ona 1
for 7 or 8 basis, respectively. The highly precise clock for this sys-
tem is quadrupled for reliability.’

While the use of digital time division for the network was an
important innovation, one must not forget that, as with other ESSs,
the pr1nc1pal advantage of 1ntroducmg No. 4 ESS into the plant
besides its size is the fact that it is stored-program controlled. As a
result, exciting new possibilities opened up, some of which were
demonstrated to a lesser degree with No. 4A crossbar ETS
(see Chapter 10, section II).

Having extensive experience with software development and hav-
ing the capacity problems of the early No. 1 ESS much in mind (see
Chapter 9, section 6.1), Bell Labs engineers initially estimated con-
servatively a 350,000 busy-hour call-attempt capability for the No. 4
ESS. The first call was completed in a laboratory model in May
1973. For the first time with the No. 4 ESS, a general-purpose com-
puter was connected to the peripheral bus of the laboratory model
for artificially creating a traffic load on the central processor and on
the call-processing programs. This arrangement was called PETS,
for programmable electronic traffic simulator.® While a contingency
factor of at least 25 percent was maintained during the develop-
ment, it was found through PETS that the engineered busy-hour
call-attempts could be as high as 500,000. Just before the first cut-
over, a peak capacity of 550,000"! was announced, making the sys-
tem, by far, the most powerful to date.

The unique maintenance advantages are given below in sectionII,
particularly as they apply to trunk facilities. As with all Bell System
stored-program systems, automatic fault detection and location are
inherent in the de51gn, with the usual objective of no more than two
hours downtime in 40 years.'? Backup of the program memory was
provided by a pair of memory modules, each of which serves as a
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roving spare standing by to replace any one of N active memory
modules. Previous systems required a backup module associated
with each active memory module (a total of 2N modules). The
scheme with the roving spare modules required a total of only N + 2
modules and at the same time provided greater dependability of
service.

Besides providing for dial pulse and multifrequency pulsing, the
system is the first to be equipped from the beginning with
common-channel signaling (see below, sectionIll). Thus, calls
between No. 4 ESSs and similarly equipped 4A crossbar ETS offices
enjoy faster switching and the other advantages of CCIS. Wired
logic signal processors are used for receiving and sending pulsing
and supervision.® The ease with which trunks are assigned to the
network is due in part to its nearly nonblocking character
(see Fig. 12-3) and in part to the use of the circuit maintenance sys-
tem (see below, section II) that includes an extensive translation and
administrative data base. Call charge recording is provided as
CAMA. Extensive traffic data are recorded, including provision for
noting the origin and destination of calls to aid division of revenues
between the toll and local companies. The program for call process-
ing, containing more than 400,000 instructions, is one of the most
extensive ever introduced into an initial system design.

The bu11t -in network management features are also the most
extensive.'* Reorders encountered on calls are counted on the basis
of attempts per called central office code. These results are
analyzed periodically (e.g., every 5 minutes) to determine “hard to
reach” codes. The more usual dynamic overload controls (DOC),
such as traffic overload reroute control (TORC) and directional
reservation equipment (DRE), are employed to deal with focused
overloads. Selective trunk reservation is employed for traffic with a
higher probability of completion. Finally, manual controls may be
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Fig. 12-3. No. 4 ESS network blocking. Curve shows that, below 0.9
occupancy, the network is virtuaily nonblocking.
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instituted to cancel traffic on a code or route, and to reroute traffic
out-of-chain (out of the hierarchial routing) (see Fig. 12-4).

II. MAINTENANCE AND ADMINISTRATIVE TECHNIQUES

While digital technologies were bringing about the merger of
switching and transmission, the automation and integration of the
maintenance of the network was also being integrated. In fact, the
greatest savings from the application of electronics to switching
have to date come as a result of the maintenance advantages real-
ized by the use of modern data processing.

The No. 4 ESS has access to an extensive data base for all the
trunks it serves. This data base, unlike translations, contains details
for identification and maintenance of the facilities that carry the
trunk groups as well as of the trunks themselves. It is known as the
circuit maintenance system, or CMS. It comprises duphcated com-
puter facilities and terminals used by crafts personnel.”” At these

Fig. 12-4. Network management center in Chicago, Illinois where Bea
Dellorto (left) checks routings with Chris Layden (foreground). Extensive
network management features built into No. 4 ESS enhance ability to con-
trol traffic and avoid traffic congestion.
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terminals, displays and keyboards are used to access trunks for tests
and to place them into or take them out of service. The CMS 1A is
used in No. 4 ESS to interconnect the trunk operation center (see
below), terminal equipment center, and the ESS administrative
center (see Fig. 12-5). In a sense it is the modern data processing
version of the earlier toll test facilities (see Chapter 3, section IV).
CMS uses the No. 4 ESS to access trunks and to connect measuring
and functional testing equipment as required by craftspeople. With
it, operators at cathode ray tube terminals in the various operating
centers can perform routine tests of the internal system facilities to
check signaling capability. They also can localize troubles between
offices, in conjunction with remote telemetering systems.

The integration of test and maintenance facilities has always been
an inherent part of switching system design. However, with the
improved operations support system conceived and devised by Bell
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diagram) is the trunk data base of No. 4 ESS. Such modern data process-
ing facilities greatly enhance the efficiency of maintenance personnel.



The Integrated Digital Toll Network 429

Laboratories engineers, centralization and comprehensiveness of
testing is now an integrated function of all systems, whether
transmission, switching, outside plant, or other. Further, Bell Labs
studies indicate that this integration and centralization of mainte-
nance and administration will continue to be as important as the
integration of the technical facilities that perform the service
functions. This is particularly important as the first costs of these
facilities are reduced and developments are implemented to. take
advantage of the new techniques by reducing annual expenses.
Fig. 12-6 shows the unique way the CMS No. 1A interfaces with

the many parts of the adjuncts to the No. 4 ESS.
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Fig. 12-6. Interaction of the circuit maintenance system (center) with
No. 4 ESS and its adjuncts. The extent of such centralization and its

comprehensiveness are new to telecommunications.



430 Engineering and Science in the Bell System

The circuit maintenance system provides the data base at the
heart of the trunk maintenance of the No. 4 ESS. Operations or
work centers for the system equipment (transmission and switch-
ing) are equipped with cathode ray tube and keyboard work sta-
tions. One of these, the 51A test position, is shown in Fig. 12-7. A
group of these positions form the trunk operations center (TOC)
(see Fig. 12-8). The master control center is located in the mainte-
nance operations center as shown in Fig. 12-9.

With the liberal engineering of the time-division digital network,
the trunk facilities may be directly assigned to the network without
taking into account the average trunk occupancy. As a result, the
size and number of distributing frames are greatly reduced, being
required only for the nonswitched services that share transmission
facilities with the switched channels. Furthermore, most internal
trunk cabling is coaxial, since the channels are digitally multiplexed.
This considerably simplifies installation cabling.

III. COMMON CHANNEL SIGNALING

In the early days of manual switchboard operation, one popular
arrangement was separate but common “call wires” from the cus-
tomer to the central office. Over these wires, customers ““ordered
up” the connections they desired.'® The standard manual switch-

o

Fig. 12-7. Barbara Reed, Long Lines, at a 51A test position of the circuit
maintenance system 1A, which gives craftspeople access to No. 4 ESS
data bases and circuits for trunk maintenance.



The Integrated Digital Toll Network 431

P

Rt i T

o

Fig. 12-9. Maintenance operations center at the Chicago7 No. 4 ESS
office. The master control center is also located here.
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boards had call or “order wires” between A and B switchboards for
the originating A operators to order up terminating connections by
the B operators.”” In the 1920s a time-multiplexed asynchronous
teletypewriter-like channel was used to signal trunk seizures
between toll switchboards in New York and Philadelphia.’®

In the late 1940s, switching researchers at Bell Laboratories took a
renewed interest in call wire techniques as a way of speeding signal-
ing between central offices. In the late 1950s, exploratory and
engineering studies focused on arrangements to use one trunk in a
group to carry the interoffice signaling for the entire group. The last
idle trunk, or first to become idle, was used for signaling for the
entire group.

By 1964, foreign administrations through the Comité Consultatif
International Télégraphique et Téléphonique (CCITT) became
interested in applying separate data link signaling to intercontinen-
tal operations that were just beginning a period of rapid growth.
This form of signaling was promoted since it was much faster than
the form of international signaling (system CCITT No. 5 and R2)"
then being used. Furthermore, it was visualized that, in the future,
additional information might need to be transferred.

A CCITT study was started in 1964, leading to a standard form of
common channel signaling, later known as CCITT No. 6. The Bell
System was an important contributor to this proposal. An interna-
tional trial was agreed upon in 1968. Ten PTT administrations from
nine countries participated: the United States, Australia, Japan,
United Kingdom, Belgium, Netherlands, West Germany, France,
and Italy (2), and the trial extended from 1970 to 1972. The
Columbus, Ohio location of Bell Laboratories, the U.S. participant,
used a modlfled version of the 4A crossbar ETS (see Chapter 10,
section II)

In the mid 1960s the Bell System became acquainted with fraudu-
lent schemes for bypassing accountmg equipment and, thereby,
avoiding charges on certain toll calls.” To determine the extent of
this practice at the time, special equipment was developed and built
at Bell Laboratories to enable Bell System security forces to estimate
the seriousness of the problem.” Since then, CAMA-C equipment
(see Chapter 11, section 2.8) has been arranged to detect this so-
called “‘blue box” type of fraud.?

Also during this period, the cost increased for ac signaling equip-
ment designed to withstand inadvertent simulation of disconnect
signals by speech. Further, electronic switching systems were being
deployed that offered the potential of new services not only within
systems but also between systems. The signaling capability of the
nationwide network had not changed since the introduction of ac
signals. Therefore, the need for better interoffice signaling in the
coming era of electronic switching was apparent.
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Fig. 12-10 compares over-the-channel or channel-associated ac
signaling (single-frequency for supervision and multifrequency for
pulsing) with digital signaling over a common (but separate) chan-
nel or data link for a group of trunks connecting two switching
offices. Since the data link is connected to the same toll offices or
end points as the trunk group it serves, it is said to be ““associated”’
with the trunk group, and the method is referred to as associated
common channel signaling. With ac per-channel signaling, the
amount of information and the speed with which it could be con-
veyed between offices were limited in view of the data processing
capabilities of the offices themselves. With common channel signal-
ing, the rate of transfer of data is faster (initially 2400 bits per
second), and much more information about each call may be trans-
mitted in both directions. This is best implemented by using
stored-program control.

Having a common channel signaling data link associated with each
group of trunks for all trunk groups is not cost effective. There are
many small trunk groups in most national telephone networks, and
the older signaling methods are less expensive for such cases. CCITT
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planning studies of common channel signaling recognized this and
included in their recommendations a ““non-associated” approach
where the data links did not necessarily share the same end points.
Signaling and supervisory data traversing the common channel sig-
naling links must also contain information to link that data to the
proper trunk group by its end points or place in the network.

A further step, also included in the CCITT recommendations, was
the routing of signaling messages from common channel signaling
equipped offices to a signaling switch which routed the data
between those offices according to part of the contents of the
transmitted messages. This switch, a message switching system,
was called a signal transfer point (STP). Processor-controlled
switching offices would have access to STPs for collecting and con-
veying signaling information between two similarly equipped and
directly connected offices.

In a large network, more than one STP would be required, and the
common channel signaling links connecting toll offices and STPs form
a message switching network communicating packets of data used to
control calls through a nationwide toll network. This arrangement
was the one adopted by the Bell System as the most economical and
powerful means for modernizing its signaling network.

This arrangement was selected after intensive study by the Bell
Laboratories switching engineering organization under the leader-
ship of W. O. Fleckenstein and in conjunction with Long Lines.
These studies showed great economies could be achieved by
reducing and eventually eliminating the growth of ac signaling
equipment in the toll plant (seeFig. 10-14). Furthermore, inter-
office toll service can be speeded from an average of 10 to an aver-
age of 3 seconds from the end of dialing to the start of ringing. The
possibility of “blue box” fraud will gradually be eliminated, and
more information can be conveyed to stimulate the development of
future new services (see below, section IV).

The specific implementation of the new signaling network was
worked out by Bell Laboratories and AT&T Long Lines engineers to
meet the needs of the nationwide network. A two-level signaling net-
work structure was planned with toll offices and STPs in ten signaling
regions corresponding to the network regions (see Fig. 12-11). Each
region includes, for reliability, two STPs located in different cities.
Each office serving some trunks using CCIS connects with data links
tothe STPsin their regions (see Fig. 12-12).

For Bell System use, the CCITT No. 6 signaling system was modi-
fied and called Common Channel Interoffice Signaling (CCIS).%*
Details such as the number of words in messages for trunk identifi-
cation were modified, since trunk groups within the United States
are generally much larger than those in other countries.”
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Fig. 12-11. Plan of signal transfer points for common-channel interoffice
signaling. Call information transmitted over CCIS offers potential for
many new services. (IEEE Symposium Record, International Switching
Symposium, Kyoto, Japan, October 1976.)
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Fig. 12-12. CCIS switching plan. An office with trunks served by CCIS
connects with signal transfer points in its region.



436 Engineering and Science in the Bell System

Implementation of this system was begun in 1976. Both the No. 4
ESS and the No. 4A crossbar ETS systems were provided with this
capability. Selected No. 4A crossbar ETS offices were also arranged
to be signal transfer points. The first signaling region was estab-
lished to correspond with the Norway, Illinois region in the
midwestern U.S. The toll CCIS network became operational with
the first offices in Madison, Wisconsin (No. 4A-ETS crossbar) and
Chicago, Illinois (No. 4 ESS) being served in the signaling region by
No. 4A-ETS crossbar offices in Indianapolis, Indiana and Omaha,
Nebraska as STPs (see Fig. 12-13). The No. 4 ESS was the first
switching system to include CCIS capability in its initial design.

The cutover of the CCIS network represents the start of a new era
for toll switching in the United States. Common channel signaling
networks were placed in service in Japan to a limited degree prior to
the start of CCIS in this country, but no nation matched the
widespread and extensive deployment of common channel signal-
ing provided by the Bell System in the 1970s.

By the end of 1976 three of the ten signaling regions were estab-
lished serving two No. 4A ETS crossbar and four No. 4 ESS toll
switching offices with a total of 700 trunks. All ten signaling regions
were activated by the end of 1977.% Fig. 12-14 shows the extent of
CCIS application expected (and achieved) by the end of 1979.
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Fig. 12-13. Initial CCIS network, 1976. (IEEE Symposium Record, Interna-
tional Switching Symposium, Kyoto, Japan, October 1976.)
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Since signaling for toll calls involves the entire North American
network, the independent telephone mdustry was kept informed of
the plans for CCIS, starting in 1972.% Extension of CCIS into local
ESS and TSPS offices is planned to obtain additional efficiencies and
service capabilities.

IV. STORED-PROGRAM CONTROLLED NETWORK

With plans for the development and introduction of CCIS in the
toll network well under way, Bell Laboratories switching engineers,
under the leadership of R. L. Simms, started in 1973 to study in
more detail other advantages this form of signaling could bring to
the North American message network.- From these studies it was
realized that the sooner offices with stored-program control could
be directly interconnected (trunked) using CCIS, the sooner the
advantages, particularly improvements in call-completion times,
would be discernible to the public. This led to an effort by Bell
Laboratories switching engineers to find other reasons for planning
such a subset of offices within the nationwide network.

As a result, the concept of a stored-program controlled network,
or SPC network, was planned and implementation begun. It will
offer new services and other improvements on calls between cus-
tomers within this network.? This subnetwork will ultimately bring
to the entire nationwide network what SPC has brought to the cus-
tomers and administrators of individual ESS offices.

By 1976 studies of the SPC network concept demonstrated ways of
accelerating the achieving of such a network by directly intercon-
necting SPC offices in the network hierarchy.? Other studies have
shown that greater efficiency may be achieved in the installed trunk
plant, particularly during overload, by taking into account the non-
coincidence of busy hours in different parts of the network and by
treating as one the separate trunk groups serving SPC entities
between the same cities.3

With CCIS, it has been proposed to establish data bases that may
be reached via the STP network to determine the destination and
treatment of calls based upon the time and location of the call origi-
nation. With this ability, some telephone directory numbers need
no longer be associated directly with specific switch terminations.
Also, it will be possible to forward over the SPC network the class
and calling line identity information to permit different service
treatment at the terminating office according to the wishes of the
called party. As an example, there can be automatic acceptance of
collect and reverse-charge calls and a special form of ringing on calls
from numbers specified by the called customer.’ As shown in
Fig. 12-15, by 1990 the number of toll switching systems should be
reduced by 40 percent. This is expected despite an increase of more
than 300 percent (see Fig. 12-16) in the growth of intertoll trunk ter-
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Fig. 12-15. Numbers of switching systems expected to 1990. The large
capacity of No. 4 ESS makes such reductions possible. (Conference Record,
International Conference on Communications, Chicago, Illinois, June 1977.)

minations. By that time the SPC network should be more than 90
percent implemented. This penetration is made possible by the use
of the large-capacity ESS systems to replace all but a few small elec-
tromechanical toll switching systems.

As stated in reference 31: “What is essentially a new nationwide
telephone network—the network of the future—is now evolving.
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Fig. 12-16. Expected growth in toll terminations, to 1995. ESS replaces
electromechanical systems, and CCIS grows to accommodate most trunks.
(Conference Record, International Conference on Communications, Chicago,
Illinois, June 1977.)
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As it takes shape over the next quarter century, a variety of new
customer services will become increasingly available. At the same
time, greater operating efficiencies will be realized.”” It is appropri-
ate that this history of central office switching end on these most
exciting possibilities for the future. Without the basic principles and
engineering foundations that were developed in large part by Bell
Laboratories engineers during the past 50 years, they would not
now be possible. These and many more innovations will be possible
in the services and features to be included by Bell engineers in the
design of switching systems for the future. From this history of
public central offices, one does indeed come away with the impres-
sion that switching progress is the glue that holds together the
many individual innovative service concepts in providing excellent
community and nationwide telecommunications.
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DIMENSION® Custom private branch exchange (PBX), Miami, Florida,
1977. PBXs in many ways paralleled central office switching systems by evolving
from manual and early dial systems through crossbar to today’s modern electronic
systems, using the same techniques. In 1963 the Bell System introduced the first
stored-program controlled, time-division, all-solid-state PBX (the No. 101 ESS).
Thereafter, rapidly developing solid-state technology and stored-program tech-
niques led to the DIMENSION system, introduced commercially in 1975. By
early 1976, it had about 135 features grouped into packages to meet the needs of
various businesses and industries.



Chapter 13

Private Branch Exchanges,
Key Telephone Systems,
and Special Systems

Communications technology of necessity focuses on the vast community
of individual telephone users, but not to the neglect of the many needs of
businesses and other organizations, and of systems adapted to special pur-
poses. Private branch exchange and key telephone systems have therefore
been developed to cover the very wide range between small businesses with
only a few telephones to large companies and government agencies with
installations nationwide. Further, these systems have been constantly
updated and improved with infusions of new technology and engineering
innovations, some of these in response to business demands and some point-
ing the way toward new business potentials. The Bell System’s sensitivity
to the market, the full power of electromechanical switching, and later of
solid state electronics and stored-program control have helped solve the
problems of business communications needs.

I. BEGINNING THE SECOND HALF CENTURY

The second half century began with a fundamental program
directed at meeting the extremely varied service requirements of the
Bell System’s private branch exchange (PBX) customers. In the first
five years of this period (1925-30) there evolved from their prede-
cessors not only a family of manual switchboards tailored to the
requirements of installations of varying sizes, but also an array of
dial PBXs for large and small installations.

As described in the first volume of this History series (subtitled
The Early Years: 1875-1925), the manual family of PBXs included the
cordless 506A and 506B, which provided service for 7 to 12 lines for
small businesses. Also available were the cord switchboards 551A
and 551B for customers requiring up to 300 lines, and the large mul-
tiple cord switchboards 604C, 605A, and 606A for requirements up

to 5000 lines.
443
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Somewhat similar to the pattern of manual systems, the dial sys-
tems were designed for specific size segments in order to function as
efficiently as the prevailing art permitted. The small relay-type 750
PBX was developed for customers having up to 15 lines; the step-
by-step types 740A, B, and C served customers having up to 80
lines; and, for customers having very large numbers of lines, there
were the step-by-step types 701A and 701/711 combinations.

It is interesting to note that almost as many PBX systems were
introduced during 1925-30 as were developed in the previous 25
years. It is perhaps equally interesting that the added impetus
given to PBX development during this period coincided with the
formation of Bell Laboratories in 1925. Indeed, not only was a
fundamental array of systems made available at that time but also a
pattern was established which laid the groundwork for future
improvement and innovation for many years. Further detail on sys-
tems made available during this period is shown in Table 13-1.

II. CONTINUED EVOLUTION OF PBX SYSTEMS
2.1 The Thirties

The great depression of the 1930s caused many social and
economic problems, leading to severe effects on all of the nation’s

Table 13-1.Private Branch Exchange Systems, 1925-1930.

Capacity
System (Lines) Introduced Characteristics
Manual
506A 7 1928 } Key controlled
506B 12 1928 cordless switchboard
351A 40 1927 Non-multiple
551B 80,320 1927 cord switchboard

604C 2,000 1925 Multiple
605A 1,500 1928 cord switchboard
606A 5,000 1929
Dial
701A 3,200 1929 Step-by-step with cord switchboard
711A 10,000 1929 Step-by-step for “satellite” use
740A 88 1926 Step-by-step with
740B 38 1928 cordless switchboard
740C 38 1928 Similar to 740B but

residence oriented
750A 15 1929 Relay logic
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manufactured products. The PBX field was no exception, of course;
it felt this directly through lower demand for new PBX equipment
and indirectly through reduced development effort. Even so, two
significant changes occurred in the art, one as a result of functional
reevaluation and the other from efforts to try new technology to
reduce costs and improve performance and demand.

The reevaluation process occurred in the small dial PBX field
represented by the 740-type step-by-step equipment, which had
cordless attendant positions. These systems were characterized by
engineered and packaged equipment units, which reduced material
and installation costs. In addition, these units were characterized
by key-type cordless auxiliary switchboards instead of cord switch-
boards. While the cordless boards offered operating and aesthetic
advantages, their success depended upon the acceptance of several
compromises in operating functions. Among these were a need for
the attendant to dial the telephone on incoming calls without a prior
indication of busy, and the need for the telephone user to hang up
and be called back on outgoing calls completed by the attendant.
Experience with the 740 systems indicated that many customers pre-
ferred the flexibility of full cord switchboard operation such as was
available with the larger 701A systems. Accordingly, such a combi-
nation, known as the 740AX, was made available in 1932. It con-
sisted of 740A dial equipment with a cord switchboard (coded 552)
composed of 605-type circuitry in a 551A framework, at which
appeared the central office trunks, stations, and attendant trunks.
However, the 740A and B cordless systems continued to be desired
by many customers; their manufacture continued into the 1950s, at
which time they were superseded by more modern systems.

The second and more forward-looking development of the
depression years was the exploration and subsequent introduction
of PBX crossbar switching in the latter half of the decade. Con-
current with the development of crossbar switching in the central
office area (see this volume, Chapter 4), and leaning on the common
system device and circuit technology, PBX development engineers
ventured into this new method of switching, since it held the prom-
ise of escaping from the technological traditions of the past and of
promoting better systems in the future. Two crossbar systems
resulted from this effort, one a small system for customers having 20
lines or fewer, and the other a larger system for up to several hun-
dred lines.

The small system, known as the 755, was introduced in 1938.
Utilizing 10 X 10 crossbar switches and U-type relays, it functioned
from the customer’s standpoint in much the same manner as the
earlier 750, and indeed it replaced that system. However, its capac-
ity of 20 lines and 4 trunks provided a wider field of use than the
15-line 750, and the new apparatus provided greater reliability. The
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maximum capacity was made possible by a switching network con-
sisting of two crossbar switches; one of these could be omitted along
with some of the peripheral equipment to make an economical sys-
tem for ten lines. A 6-button telephone set was used which func-
tioned similarly to the 5-button set used with the 750. One button
conditioned the system for station-to-station calls, four buttons pro-
vided access to each of the four trunks, and one button was used for
holding connections while permitting use of the telephone for other
connections. Telephone lines were connected to the verticals of the
crossbar switch (10 lines per switch) with trunks and station-
to-station junctors (called links in this system) connected to the
horizontals. A maximum of three links were available for station-
to-station calls. In addition to providing the transmission path,
these links accepted dial pulses and decoded two digits for the use
of the common control in setting up the connection to the called
telephone. Outgoing calls were steered to the proper horizontal to
which the button-selected trunk was connected; incoming trunk
calls were indicated by a lighted lamp, and a user at any telephone
could answer by depressing the proper trunk button. If another
telephone was desired, the answering telephone could hold, call the
other telephone, and identify the trunk to be picked up. Additional
features of the system included line hunting and conferencing of up
to three telephones.’

Block diagrams for station-to-station and trunk calls are shown in
Figs. 13-1 and 13-2. A view of the equipment of this first crossbar
PBX is shown in Fig. 13-3. The usefulness of the 755 was attested to
by the fact that it continued to be manufactured for more than 25
years after its introduction.

The larger crossbar system developed in the 1930s, coded 745A,
used a cord switchboard for completing incoming calls to telephones
from central office trunks. The service features were essentially the
same as those of the 701A and 740AX PBXs. It was intended that this
system would cover the field of the 740 and small 701A PBXs. The
745A was developed to the point of field trial of a 200-line system in
the late 1930s. Solutions of some circuit problems were worked out,
but final development was not undertaken because of the onset of
World War II, which diverted nearly all development effort to war
projects.? After the war, technological concepts had been altered to
the point where other embodiments of crossbar switching principles
were undertaken. However, it is interesting to note that the 745 PBX
pioneered some features that were used in other switching systems.
For example, the 745 PBX employed the “’call-back’ technique, which
dispensed with a separate register link and controller by causing the
marker to connect a line to a register through the line-to-trunk
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Fig. 13-1. Connections through two crossbar switches for a 755 private
branch exchange station-to-station call. Telephone 36 (right) calls tele-
phone 22 (left).

switching matrix. After dialing was completed, the register called
back the marker and told it to connect the line to the trunk or tele-
phone represented by the called digits. Some years later, this tech-
nique was used in the No. 5 crossbar design, the 756 A PBX, and in
other systems (see Chapter 7, section I).

2.2 The Forties—War and Post-War

As World War II approached, the use of dial PBXs increased and
many installations grew in size enormously. For example, the
Department of Agriculture PBX in Washington, D.C. grew from 400
lines to 6000 lines; another government agency grew to 12,000 lines.
The Department of Defense in the then recently established Penta-
gon building in Washington grew to 16,000 lines, requiring a PBX
switching system of a size suitable for a small city. The operating
telephone companies, aided by Bell Laboratories, provided special
equipment designs to accommodate these growth requirements. To
reduce the station multiple for handling inward calls at the switch-
board, the attendant was provided with trunks to groups of 100 tele-
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Fig. 13-2. Telephone 25 (right) placing a 755 PBX “‘outside’” call via a
trunk (left) to a central office.

phones; after selecting the proper one, the operator dialed the last
two digits. To provide service to large PBXs quickly and with rea-
sonable economy, the 606B switchboard was developed. With ser-
vice features similar to the 605A, the 606B was adapted to the reuse
of dial equipment that previously had been manufactured for use
with the smaller switchboards of the 605A type.’

When the war ended, priority was essential for the development
of new central office switching systems. As a result, development
of PBX facilities was resumed only gradually. However, an interest-
ing switchboard contammg several equipment design innovations
was introduced in 1948.* Coded 555, the new switchboard brought
the plug-in concept to the switching field. Trunk circuits, attendant
telephone circuits, and the major switching links—the cord
circuits—were designed as removable plug-in units, thus facilitating
growth and maintenance.

Although the 555 was introduced in 1948, it was being developed
before the war and had proceeded to the trial installation stage.
However, production was delayed until final design and manufac-
turing information could be completed. The circuits of the 555 were
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Fig. 13-3. Equipment for the 755 PBX, the first PBX to use crossbar
switches.

fundamentally the same as those of previous switchboards, but the
operating devices were different. For example, the keys were
installed in a sloping key shelf; they were rotated for answering and
talking (instead of the conventional push/pull operation). Buttons
were provided for ringing.

Fig. 13-4 shows the switchboard. Designed for a capacity of 120
lines, 15 cords, and 13 trunks, these switchboards could be operated
side by side to provide capacity for 240 lines without multipling.
The 555 replaced the 551 for requirements up to these limits.
Fig. 13-5 shows a cord circuit being removed and Fig. 13-6 shows a
plug-in trunk.’

Also added to the manual switchboard family in 1948 were the
607A and B switchboards—multiple switchboards for large installa-
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Fig. 13-4. The 555 switchboard. This switchboard was developed to the
trial stage before World War Il and introduced in 1948.

Fig. 13-5. For ease of maintenance and for growth, the 555 made exten-
sive use of plug-in cord circuits. Here a plug-in circuit is being removed.
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Fig. 13-6. Plug-in trunk circuit of the 555 switchboard.

tions—which consolidated the improvements accumulated after the
development of the 606A and B boards. The 607 boards could be
used either for manual PBX service up to 3500 lines or as a dial auxil-
iary switchboard for the 701A system to serve up to 5600 lines. The
features of this board included symmetrical cord circuits, automatic
flashing recall, machine ringing, and idle-indicating lamps associ-
ated with the outgoing trunk circuits.

2.3 The Fifties—Improvement, Change, Innovation

By the beginning of the 1950s the “‘post-war’’ environment faded as
the nation faced new social and economic challenges. The business
scene was characterized by new methods, products, and services, and
by accelerating growth. PBX communications, a fundamental part of
business operations, kept pace. For example, the quantity of PBX
equipment manufactured in the 1950s was more than double that of
the 1940s (which in turn was double that of the 1930s). More signifi-
cantly, manufacture of dial PBX equipment in the 1950s was triple that
of the 1940s and drew even with equipment for manual service.

Faced with this imminent increased demand, the most expedi-
tious course of action appeared to be to improve the manufacturing
processes of existing manual and step-by-step systems and to
increase their engineering capabilities, their flexibility, and their
service features. Accordingly, since the larger step-by-step
(701/607) systems and the manual systems (607 and 555) had been
only recently improved, attention turned to the small and mid-range
dial systems of the 740 type.

The 740E PBX® was standardized in 1950 to replace the 740AX. It
retained the basic step-by-step line finder and selector-connector
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arrangements but was manufactured in standard ““packages’” which
were equipped, wired, and tested in the factory. The system was
engineered to be readily expanded beyond the capacity of the
740AX, up to a nominal maximum of 300 lines. Thus, the 740E could
grow with the customer from a small size requiring only two-digit
dialing up to an intermediate range requiring three-digit dialing.
Very importantly, the system could grow without being taken out of
service simply by adding line frames and selectors, and by changing
a flexible cross-connection field associated with the switching
frame. A modern-appearing attendant’s switchboard, the 556A,
similar to the 555A in features and equipment flexibility, was
developed for use with the dial equipment.

Continuing the practice of improving existing technology, the ear-
lier cordless PBXs of the 506 type were redesigned. The 506 models
were used by large numbers of customers requiring service for no
more than 12 lines. The redesigned model was introduced in 1951
as the 507.” Its styling and operating features permitted it to blend
well with the commercial office equipment then being introduced.
The 507 is pictured in Fig. 13-7. The 506, which was replaced by the
507, was the last PBX in the Bell System using magnetic ““drops”® as
line and supervisory signals.

In the early 1950s, new customer ecuipment parameters were
being formulated. Moreover, terms like marketing, modernizing,

Fig. 13-7. The 507 cordless PBX, an improvement of existing technology
in the 1950s.
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packaging, flexibility, office decor, etc., were entering the engineer-
ing vocabulary and so enhanced basic technical and economic con-
cepts and placed in perspective new design objectives. It was time
now, in 1953, to see what could be done again to meet the objectives
through the use of crossbar technology, which had previously been
limited commercially to the small (20-line) 755. Crossbar technology
by now had been advanced by improved switches, new wire spring
relays, solderless wrapped connections and other device improve-
ments—all of which led to lower cost and greater reliability.

The target in 1953 was a small crossbar system to meet the demand
in the 20- to 40-line range—a range above the viable 755 but below
where the 740E was economically competitive with manual opera-
tion. Studies indicated that a common-control marker-register type
of system would be technically feasible for small PBXs, but a major
problem was to make this type of system economical and reliable in
the target range. This was because the cost of the common-control
equipment, which was shared by each line, was mostly constant and
not much affected by the number of lines served. Thus, systems with
a small number of lines had to carry a major burden. However, it was
anticipated that a system of this type could be designed for low
installation, engineering, and maintenance costs. In addition, com-
pared to previous systems, such a system could be attractive to cus-
tomers because of a reduction in floor space requirements, better
performance, and simple operating procedures for the attendant. It
was further anticipated that if these objectives were attained, dial
service in the target range would be sufficiently attractive to custom-
ers to result in substantial growth in dial PBX service—a desirable
objective for both the customer and the Bell System.

These objectives led to the development of the 756 crossbar
PBX,*!? the initial design for which was completed in 1956. The 756
met its market objectives, performed reliably, and provided desir-
able customer features. As finally developed, equipment options
permitted capacities of 40 or 60 lines. It seemed almost axiomatic in
the PBX field that a system originally intended for a maximum
upper limit was always extended somewhat in the final design.
Such extension came about, of course, as a result of the desire to
expand the use of the system as much as possible.

The 756 PBX functioned much like a small central office. Making
use of a marker, dial pulse registers, and a crossbar switching net-
work, it had in addition a cordless attendant position for handling
inward and special traffic. In retrospect, the success of the 756 sys-
tem stemmed from its many design and innovative features, among
which were as follows.

(a) The use of a simple but efficient switching network helped to
meet the cost objective and provided reliable operation. The design
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permitted lines, trunks, and attendant circuits to have access to and
be connected by links, as shown in Fig. 13-8. Sixteen links were
derived from the 10 horizontals of the crossbar switches. This tech-
nique was the same as used in the No. 1 and No. 5 crossbar trunk
link frame (see Chapter4, section2.1). Also, the use of a single
marker aided in meeting the cost objective without undue sacrifice
in reliability by using dual channels for the critical paths of the
marker. The 756 was the first to use twin wire spring relays for this
purpose, and their use minimized the space required for the dual
channel technique.

(b) The high concentration of equipment permitted by the use of
sliding racks (seeFig. 13-9) achieved the physical objectives
without sacrificing maintainability. This caused the 756 to be the
smallest system yet provided for the range above 20 lines. In addi-
tion, the design provided low noise levels and modern styling in
keeping with the customer’s office decor.

(c) A small desk-top cordless position for the attendant, as shown
in Fig. 13-10, provided new and pleasing operating features, which
were fundamental objectives of the development. The position’s
pushbutton control, display, and service features, coupled with the
changing attitudes of modern attendants, caused it to be the
forerunner of a line of compact cordless facilities for future systems
(see below, section 3.2).

(d) The 756A included the introduction of new operating features
for the first time. These included camp-on service for incoming calls
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Fig. 13-8. Switching plan for the 756, a PBX featuring common-control
switching. Design of this PBX was completed in 1956.
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Fig. 13-9. Front view of the 756, a PBX switching cabinet with two
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