
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-
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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 fhe 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 p~riod 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 effmt 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 irtvention 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 modem switching efficiency and flexibility. The last 

panel office in the Bell System was removed from service in 1982. 


