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I. INTRODUCTION

Bolt Beranek and Newman Inc. is a consulting and research
and development company based in Cambridge, Massachusetts, with
regional offices in six other major U.S. cities.

Founded in 1948, BBN was initially a partnership of
Massachusetts Institute of Technology professors consulting in
the areas of acoustics, noise controel, and architectural services.
Over the years, however, the scope of BBN services has widened
and resulted in present capabilities which include computer
science and systems, applied physics, oceanology, instrumentation,

environmental systems, experimental psychology and education.

About half of BBN's professiomal activities are oriented
toward computer science and techneclegy, on projects ranging
from artificial intelligence to computer network technology to
medical computer systems for the research lab and the practitioner's
office. Since its entry into the computer field, BBN has focused
primarily on the field of man-machine interaction, and in so doing
has made major contributions to technclogical progress in the areas
of time-sharing, remote access, computer-assisted instruction,

artificial intelligence, and the building of computer networks.



I1. EARLY EFFORTS

BEN's earliest efforts in the computer field grew from the
study of prcblems in man-machine relationships. During the
late 1950's BBN embarked on several programs of research intended
- to make human use of machines more natural and more efficient.
The mid-century exponential rise in the number and complexity of
machines {(and, concomitantly, the degree of man's dependence on
technology) dictated close study of man's own capacity to derive
those benefits which machines were intended to provide. A machine
may operate at peak efficiency, yet its net effect be substantially
less efficient if information concerning its function is not
available or easily assimilable by its human controller. Thus,
knowledge of human perceptions and behavior are as essential to the
creation of an effective system as are metallurgy and electronics.
Given the problem of making humans better controllers of machines,
BBN entered the field of contrel theory, analyzing human perception
and reaction factors in control situations and incorporating com-

plementary behavior into machine design,

During this initial period of involvement, BBN intensified
its efforts in the field of psychoacoustics (a pre-existing
offshoot of BBN's major concern with physical acoustics) and
began experiments which spanned the entire range of perceptual
psychology, which results were fed back both into operator
training programs and machine design. Products of this initial
foray included a number of special-purpose computer displays,
pilot-vehicle simulators, and analog-digital simulations of a

variety of control situations.



ITT. MAJOGR AREAS OF RESEARCH

Since that time, research into computers at BBN has
essentially remained centered on the questions of man-machine
interaction. Two generally distinct approaches have been followed,
each having slightly differing emphagis on the man-computer
problem. One approach attempts to increase both the accessibility
of computers and the number of levels of possible human interaction.
The second path has involved research into artificial intelligence--
the attempt to facilitate human-computer interaction by organizaing
machine processes to resemble more closely human processes of
thought and behavior. This double-flanking movement, combined with
ongoing research in behavioral and physical sciences, has yielded
enormous benefits for the man-machine partnership in the form of
individual devices, new languages and complete hardware and soft-

ware systems .
A. Accessibility and Interaction
1. Time sharing

The pursuit of increased computer accessibility leads to
consideration of two types of access: one involves the capa-
bility of many users to make use of a single machine; others
involves the capability of a single user to call upon the resocurces
of a large number of different machines (for reasons of special-
jzation of function, language, or data base). During the 1960's
BBN developed the means to facilitate both types of access. 1In
1962 BBN provided the first public demonstration of a time shared
computer system, operating with three terminals on a PDP-1 (Fig. 1).
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FIGURE 1 - BBN configured a DEC FDP-1 computer as shown tc produce,
in September 1962, the first public demonstration of
time-sharing. A true tlme-sharing swapping system,
this system permltted three users simultaneously to do
machine-language priogramming and debugging. Over a
decade later, the same baslc organization is still
teing used in many time-sharlng systems.




Concrete application of this major advance followed rapidly
as BBN in 1962 undertook to design, develop, and implement a
time-shared information system for the Massachusetts General
Hospital under the sponsorship of the National Institutes of
Health and the American Hospital Association (Figs. 2,3). The
Hospital Computer Project, as it came to be known, continued for
the next six years, and culminated in a system which accommodated
64 active terminals and provided storage, processing and retrieval
of patient admission and clinical record files, laboratory results,
and medication reporting. Other developments included aids for
clinical research and nurse-scheduling, and certain specialized

graphics devices.

As previously noted, improvements to the machine component
of a man-machine system must be met with an increase in capability
of the human element if the system is to be of real value. And
so BBN responded to the proliferation of time-shared systems (and
the yet greater resultant increase in the number of possible users)
with the development in 1965 of the special-purpose time-sharing
language, TELCOMP. Based upon Rand Corporation's JOSS, TELCOMP
permitted users at remote terminals access toc a central computer
in a simple, English-algebraic language which could be learned by
a non-specialist in a matter of hours. This on-line remote-
access system provided considerable benefits to scientists and
engineers, who were previously denied access for reasons of
distance, finances, or lack of training. Later hardware and soft-
ware developments gave TELCOMP users the capability for on-line
storage and retrieval of information directly in the bulk memory
of the central computer.
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FIGURE 2 - The computer system shown is a prototype hospital
information system developed by BBEN and operated on
a trial service basis in the Massachusetts General
Hospital from 1966 to 1968. The programs stored in
the central computer could manlpulate medical-record
data of any hierarchical level, could perform complex
tasks of medication scheduling and charting, and could
handle up to sixty-four termlinals simultaneously
entering or retrieving clinical information.
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FIGURE 3 - This is a graphlc representation of the interrelation-
ship between the programs and the data of the Information
Storage and Retrieval System developed by BBN in the
mid-1960's for blo-medical researchers at the Massa-
chusetts General Hospital. Unusual features of this
data management system include interactive definition
of file structures, a user-orlented syntax, description
language to specify data formats, compatibility with
standard punched-card files, a hierarchical indexing
or file-inversion capability, and an abllity for the
user to generate a variety of retrieval requests
simply by answerlng computer-posed questions.



In 1970 BBN furthered the efficiency of man-computer inter-
action in the realm of increased multi-user accessibility with the
development of TENEX, a paged virtual memory operating system for
the time-shared operation of the PDP-10 (Fig. 4). TENEX, providing
each user with a 256K word virtual address space, simplifies the
solution of problems-requiring programs and data bases larger than
the amount of available core memory. Creation and simultaneous
operation of hierarchies of interdependent processes, real time
response, expanded capabilities for system programming, and
direct compatibility with DECSystem-10 code at the object code
level are further advantages of the system. The TENEX system has
won nationwide popularity, resulting in the existence of about a
dozen TENEX systems throughout the U.S5. in mid-1973, with more
expected in the future.

2. The ARPA Network

Just prior to this development, BBN began working on ways
to increase computer accessibility in the opposite direction, that
is, to grant a single user access to a number of machines. The
current product of this work is the ARPA Network, designed and
developed under the sponsorship of the Advanced Research Projects
Agency of the Defense Department (Figs. 5,6). The ARPA Network is a
buffered store-and-forward data network that connects a set of
geographically separated, heterogeneous, and autonomous computers,
designated "Hosts," with the objective of facilitating interactive
resource sharing between any set of these Hosts. The store-and-
forward processing is accomplished by a set of identical small
computers called Interface Message Processors (IMPs}, and users with
no Host computer are provided direct terminal access to the network
by means of Terminal Interface Message Processors (TIPs} (Fig. 7).
The internal operation of the IMP and TIP subnet is self-contained

and essentially transparent to persons using the network. An



FIGURE 4

BBN's specially-developed memory pager, for use with

the DEC PDP-10, allows users to unite programs as

if they had over 260,000 words of core memory even

though only a small portion of their program need
actually be in core. BBHN also developed the time-
sharing software for this system, which is called TENEX.
The system has many special features, such as the ability
to run multiple processes that share memory and a pseudo-
interrupt capability that facilitates interprocess
communication.




ARPA NETWORK GEOGRAPHICAL MAP, DECEMBER 1969

FIGURE 5 - a) The initial Advanced Research Projects Agency (ARPA)
Network, above, connected four Interface Message
Processors (IMPs), each of which allowed connection into
the network of up to four Host computers.
b) The May 1973 network interconnects 36 sites, several
by means of Terminal Interface Message Processors (TIPs),
each of which allows direct access to the network by
up to 63 terminals.

ARPA NETWORK GEOGRAPHICAL MAP, MAY 1973
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ARPA NETWORK, LOGICAL MAP, MAY 1973
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FIGURE 6 - Resources avallable to users of the Advanced Hesearch

Projects Agency {ARPA) Network include a wide varity of
Host computer types (shown in ovals). A user may access
any rescurce on the network from his own computer via
Interface Message Processors (IMPs), themselves small
computers based on Honeywell models 516 or 316, or
directly from a terminal through an H31l6-based Terminal
IMP (TIP). The IMP/TIP subnetwork communicates over
leased 50-kiloblt telephone lines (with the exceptlon of
a 230.4-kilobit link between the two Ames sltes) plus

a communications satellite 1link to Hawaii; an Atlantic
satellite 1link will shortly extend the network to England
and Norway. BBN i1s responsible for the design of the
IMPs, the TIPs, the network as a wheole, and the network's
day-to-day operation.
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FIGURE 7 - The basic coﬁponents of the
IMP Subnet for the ARPA
Network.

a) The Interface Message
Processor (IMP).

b) The Terminal Interface
Message Processor (TIP).
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