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ABSTRACT

This report covers a two-year project, at the eleventh year of a
growing, multiproject program that is exploring the value of
computer aids to augmenting human intellectual capability.,

Outlined briefly are the background and the "bootstrapping"
nature of the program, its resources, and the activities it has
undertaken in pursuit of its goals.

Advances made during the project were:

(L) Making operational an experimental interactive laboratory
comprising an XDS=94L0 computer, special interface and display
hardware, a modified UCB~GENIE timesharing system, six NLS
consoles and sixteen typewriter terminals, a 96=-megabyte
file~storage disk, and a $é6=character line printer

(2) Making extensive progress in the development of
specialepurpose languages and software architecture to provide
for both highly interactive service and flexible system
evolution

{3) Moving our team of system developers into an on=line
working mode, and beginning to learn how to adapt to this
environment == with encouraging success, as represented by our
energing "software=engineering" methodology

(4) Establishing a plan, and partially 1mp1emehting the basic
services, for an information center to serve the experimental
ARPA Network,

User experience in applying our augmentation tools and techniques
to various normal working tasks within our Center is descrived so
as 1o convey a subjective impression of what it is like to work
in an augnented enviroment.

It 18 concluded that working=support, computer=-aid systems for
augnmenting individuals and teams, of the general sort we have
been experimenting with, are undoubtedly going %o be widely
developed and used.

A very special role in this development is seen for multi=access
computer networks: they will beconme special marketplaces where a
new kind of competitive evolution will take place, not only in
hardware, software, and special services as "pought" from a
"utility," but also in roles, skills, working methods, and
employment dynamics for the intellectual workers at the
terminals.
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PREFACE

The research descrived in this report represents conceptual,
design, and development work by a large number of people; the
program has been active as a coordinated team effort since 1963.
The research reported here was a cooperative team effort
involving the entire ARC staff., The following is an alphabetical
listing of the current ARC staff:

Geoffrey H. Ball, Walter L, Bass, Vernon R. Baughman, Mary G.
Caldwell, Roberta A. Carillon, David Casseres, Mary S. Churech,
wWwilliam 8. Duvall, Douglas C. Engelbart, William K. English,
Ann R. Geoffrion, Martin L. Hardy, Jared M, Harris, J. David
Hopper, Charles H, Irby, L. Stephen leonard, John T, Melvin,
N. Dean Meyer, James C. Norton, Bruce L. Parsley, William H.
Paxton, Jake Ratliff, Barvara E. Row, Martha E. Trundy, Edward
K. Van de Riet, John M. Yarborough.

The following former ARC staff members also contributed to the
researchs

Donald I. Andrews, Roger D, Bates, David A, Evans, Stephen R.
Levine, Stephen H, Paavola, Helen H, Prince, Jons F. Rulifson,
Elmer B, Shapiro, F. K. Tomlin.
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A,

I INTRODUGTION

General

The Augmentation Research Center (ARC) is a community of
researchers, supportved by several contract sponsors. It is
dedicated to exploring the possibilities for augnmenting the
intellectual activities of people working in complex
problem=solving situations.

By "augnentation" we mean increasing the capability of a
person or organization to approach complex situations and
identify problems present there, to gain comprehension ot
the nature and context of these problems, and to derive
solutions satistying given constraints,

Such increased capability may be reflected in any of the
following ways: faster and better comprehension, the
possibility of gaining a useful degree of comprehension in
situations that were previously too complex, faster and
better solutions, and the possibility of finding solutions
to problems that previously seemed insoluble,

Research Approach and Strategy

ARC's orientation is based on the fact that modern man is
confronted with problems of increasing complexity and urgency,
and the assumption that in attacking these problems the best
long=term payoffs will more likely come through the
developnent of more powverful problen=solving tools of a
general nature than through direct, piecemeal attacks on
specific problems of immediate urgency.

This orientation was spelled out in 1962 in a planning
document (Ref. 2) that provided the conceptual framework under
which ARC has been evolving. (Note: reference numbers are not
consecutive in this report, but refer to the chronological
bibliography.) Our approach to augnmentation research has two
essential aspects: the externalization of intellectual
structures in symbelic form, making use of highly interactive
computer systems, and the application of a bootsitrapping
strategy in the research program for developing augnmentation -
systens,

The purpose of externalization via conputer systems is to
make it possible for people to work with intellectual
struetures (such as computer prograns or highly
interconnected bodies of textual information) of mueh
greater size and complexity than can be effectually handled
with traditional techniques., The aim in designing the
computer systems has been to provide people with the



Section I
INTRODUCTION

Ce

increasingly flexible and powerful ways of using structures
of symbols 0 represent intellectual structures and of
viewing and manipulating these sympolic structures,

The bootstrapping strategy has been used in order Lo ensure
the tightest possible feedback in the process of developing
augnentation aids and in order to catalyze the research
progran by bringing higher and higher levels of
sugmentation to the researchers themselves, All
augmentation aids designed by ARC are intended for actual,
practical use in ARC itself, and once implemented they are,
for the most part, used heavily on a day-to-day basis,

Principal Conecerns During the Contract Period

During the period covered by this contract, three ongoing
processes reflected the principal concerns of ARC: the
following sections describe these processes,

l.

2.

NLS Development

At the end of the previous contract period (see Ref, 1l2),
the multi-user OnelLine System, NLS (which had been
developed from previous single-user systems), had been
carried from the early design stages through almost
complete implementation, During the subsequent two years,
NLS' has developed into an experimental operational system
that is novw in heavy routine use by the ARC stazff.

ARC resources have been heavily committed to increasing the
operational speed and reliability of the many components of

‘the system, improving the interaction of these conmponents

within the total system, and improving and extending the
user features of the systen,

Evolution of Goals

one usage trend that has become evident during this period
is a tendency for staff members who are working on a common
problem t0 gather around an NLS console so as to have
on=line access as a group to the working files that they
are using in common. Even when working individually, group
members frequently sit at neighboring consoles so as o be
able to converse about related tasks in progress,

This trend has been reflected, through bootatrgppin(. a8 an
evolution of ARC goals from the augmentation of individuals
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to the augnmentation of task~oriented teans,

Much thought has been put into deciding which areas of
research seem to offer the greatest promise for improving
the ability of augmented individuals to cooperate on s
common problem, and during the next few years one of the
magjor activities at ARC will be the development of
team=-augnmentation facilities and techniques. some of the
developments currently being considered are discussed in
Section V.

ARPA Computer Network Participation

During the contract period we completed plans for
connecting ARC's computer facility into the experimental
ARPA Network, which eventually will 1link the computer
facilities of about 14 computer=~science research centers,
We feel that the Network is a significant step in the
evolution of augmentation technology, and we are working
with the other Network participants in order to ensure the
success of this experiment,

We have agreed %o provide a Network Information Center
(NIC) for the Network, and over the past two years we have
been committing an increasing portion of our resources to
the planning and development of NIC services, We expect
that the success of the Network experiment will be
significantly affected by the quality of services that the
NIC can provide,

Structure of This Report

The remainder of this report is divided into four major
sections and a supporting appendix. Wwe have attempted to
describe what we have done and learned during the past two
years, without elaborating either on the technical details of
our hardware/software system or on the past history of our
regearch progranm.

These latter topics are covered in the references cited in
the Bibliography of this report. In particular, the
following may be of interest:

The 1962 planning document (Ref. 2) provides the
conceptual background for our approach to augmentation
research,
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The 1968 FJCO paper (Ref. li) gives an overview of our
Augmentation Research Center,

The 1970 final report for another sponsor {(Ref, 18)
discusses nmany technical details of our systen
implementation.

Section II of this report describes the resources == human,
organizational, hardware, and software == that ARC has
available for its research and discusses ARC's ongoing
activities. This material is supplemented by Appendix A,
which briefly describes several of the primary elements of our
augmentation systen, '

Section III is a collection of subjective descriptions of our
experience as augnmented workers in several of ARC'Ss central
activities. Two of the descriptions (for software engineering
and management research) are supported by illustrated
scenarios showing actual work in progress,

Section IV contains a description of the ARPA Network fronm a
user's standpoint and a discussion of some probabdble, early
uses of the Network. We point out some of the services that
Network participants will need in order to make effective use
0f the Network and indicate how ve are attempting to satisty
those needs through the Network Information Center.,

In Section V we discuss some of the conclusions drawn from our
regearch and indicate the directions in whieh we plan to
develop our resgearch in the future,



II RESQURCES AND ACTIVITIES

A. Introduction

In this section we describe the resources that have been

available to us during the past two years and the activities
we have undertaken L0 apply these resources to the pursuit of
our augmentation goals.

We use the term ‘'“resources" in the broad sense to include all
the assetls we possess as a team, including the following!

(1) Hardware facilities

(2) System software

(3) User systems

(4) Personnel (human resources)

(5) Organizational relationships.

Qur major organizational relationships are to SRI and to the
ARPA Network.

The Augmentation Kesearch Center operates at the group
level within the SRI Information Sciences Laboratory and,
consequently, has access to0 the extensive and varied
resources availlable through a large, diversified research
organization such as SRI.

As an initial participant in the ARPA Network, we will have
access to all services that eventually become available
through the Network. The implications of this are explored
in sections IV and V of this report.

Qur other resources are discussed in some detail below, along
with brief deseriptions of our major on-goine activities,

B, Resources

1.

The Computer Facility

At the begining of the contract period the current ARC
computer facility was almost complete, and the bhasic
configuration has been relatively stable over the past two
years, This Section briefly descripes this facility
{diagrammed in Figureg Il=l and II=2) and discusses some of
the changes and additions made during tne contract period.

The most siginificant additions have peen the ARPA
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2.

b.

Network interface and an external core systenm.

A more complete description of the facility is contained
in Refs. 11 ana 18.

The Leased Computer

Figure II-1 18 a block diagram of the facility as leased
from XDS,

A central processor with timesharing hardware operates
from a 64K memery in four banks with 24-bit words and a
cycle time of 1.8 microseconas.

On channels sharing memory access with the CPU are three
magnetic=tave drives, a paper~-tape station, and
communication equipment for sixteen typewriter
terminals.

A Second memory buss provides direct access to menory
for the RADs (Rapid Access Devices == e.g,.,, drums) and
the non=XDS portion of the facility, designated "Special
Devices Channel" in Figure II=-l.

There are three drums on the system, operating from a
common controller and accessing nemory through an XDS
device called a Direct Access Commmunications Channel
(DACC). Each drum has a capacity of 500,000 2i=bit
words, & transfer ratve of 120,000 words per second,
and an average latency of 17 milllseconds,

Special Devices Channel

Figure II~2 is a bloeck diagram of the portion of the
facility that has been put together by ARC, The
fellowing sections describe the major components.

(1) Executive Control

The executive control provides an interface %0 the
940 through the Memory Interface Connection (MIOC).

It acts as & multiplexer that allows asynchronous
access to cere by any of the six devices connected to
it.

It inecludes extensive debugging and monitoring aids,
allowing the monitoring of data and addresses for any
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of any of the devices.

‘(2) Disc File systenm

The disc file system was pul in operation in August,
1968, It consists of a Bryant Model 4061 disc file
and associated controller. The system ha# a capacity
of 32 million words, an average access time of 185
milliseconds, and a data transfer rate of 43,000
words per second.

The disc controller vas designed and built by Bryant
t0 interface with the executive control,
Specifications for the controller were developed
Jointly by Bryant, Project GENIE at UC Berkeley, and
ARC.

(3) Display Systen

The display system consists of two identical
subsystems, each with a display controller, a display
generator, and six higheresclution S~inch CRTs. A
closed~circuit television system carries display
images from the CRTs to television monitors in the
working area.

The display controllers were designed and built by
ARC., They access and process "command tables" that
are resident in 940 core,

A command is roughly associated with a user and
points to a "display list" in the user's core
space, The display list in turn points to buffers
containing actual display instructions (commands
to the display generator to produce images).

The display controller handles all core accessing,
including memory mapping for the user's core
space, It passes the display instructions along
10 the display generator.

The display generators and CRTs were purchased from
Tasker Instruments to ARC's specifications, They
have genera) character and vector capabilities,

Presentations for each of the six ORTSs are
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generated sequentially, and unblank signals fron
the display controllers select one or more of the
CRTs at & given tinme,

A high=resclution (875=1line) closedw=circuit
television system transmits display pictures from
each CRT to a television monitor at a corresponding
NLS console,

Input Device Control

In addition to the television monitor, each console
has a Keyboard, a binary keyset, and a mouse,
Appendix A describes the use of these devices,

The state of these input devices is read by the input
device controller at a preset interval (about 30
milliseconds) and written into a fixed table in 940
core.

Bits are added to information from the keyboards,
keysets, and mouse switches to indicate when a new
character has been received or when a switch has
changed state during the sample period., A new
character or switch change causes an interrupt to
be issued at the end of the sample period.

Mouse coordinates are digitized by an A/D
converter and formatted by the input device
controller as beam=position instructions to the
display generator. A user program may include the
mouse coordinates, as written by the input device
controller, as part of a display list, This
allows the mouse position to be continually
displayed with no attention from the CPU and no
perceptible delay to the uaser,

Line Printer

The line printer is a 9é=character drum printer
leased from Data Products Corporation (Model
M600=11A). With the 96 characters, printing speed is
340 lines per minute, :

The line printer controller processes print pugfers
of arbitrary length that have been set up in core bpy
a controllineg program (singleeline buffers are
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normally used),
{6) Network Interface

The network interface provides communication between
the 940 and an Interface Message Processor (IMP) on
the ARPA Computer Network. The interface operates
from message buffers in S40 core. Messages O the
Network are read by the interface from these buffers
and transmitted to the IMP. Similarly, messages
received from the IMP are written into puffer space
in 940 core, 1Instructions from the 940 enable the
system for receiving messages and control the sending
of nessages, A "linked=buffer" scheme permits
flexible memory allocation.

The interface message procesgsor and its
comnunications protocol are discussed in detail in
Ref. 19. '

Typewriter Terminals

At the begining of the project the only terminals in use
(other than the display consocles) were Model 33
Teletypes., Since then we have been experimenting with
different types of terminals, looking for improvements
in speed, print quality, and portability.

The newer terminals now in use, and some of their
features, are briefly descriped in this section,

It should be remembered that the only terminals we
have considered are those with upper= and lowers=case
print and full=duplex operation.,

(1) The Model 37 Teletype was one of the first
terminals added, and three are now in use,

It oberatés at 15 characters per second (as compared
to 10 characters per second for the Model 33) and has
excellent print quality and reliability.
It has a high noise level and is large and heavy.

(2) We have four GE Terminet=300 terminals in use,

These have switch=selectable rates of 10, 15, and 30

il
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characters per second. They have a chain printing
mechanism that is relatively quiet and have good
print quality when in adjustnment,

These terminals seem to require more frequent
maintenance than any others in use, but we have early
models and they may improve in later production.

(3) The best terminal we have found for portability is
the Execuport, manufactured by computer Transceiver
Systenms.

These terminals are used by our staff for remote
operations, usually in a staff member's own home, and
come in a portable case complete with acoustic
coupler and weighing only 26 pounds, They have
switch=selectable rates of 10, 15, and 30 characters
per second.

The thermal print mechanism is very quiet in
operation but print quality 1s poor; charactera are
made from a 5 X 7 dot matrix.

Modifications in Progress

Two modifications to the facility that will provide
significant improvement in service are now bpeing
implemented, These are an external core system and
faster drums, 1In addition, an accurate clock system is
being added,

(1) External Core Systenm

An external core system has been completed and will
be integrated into the facility in the near future,
It currently consists of a single 32,000=word bank
with gccess switching to allow access by up o eight
devices, Provisions are included in the design for
expansion to 16 devices and two core banks of 64,000
words each. The core cycle time is 1.5 mieroseconds
and the word length is 24 bits.

The primary purpose of this core system is to provide
storage for display buffers, the network interface,
and the line printer. These are the devices that
need constant buffers for relatively long periods of
time and therefore require "frozen rages" when
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operating from 940 core == a3 significant factor in
limiting system response, since thay take up space
that could otherwise be used for swapping.

(2) Faster Drums

From system response studies (Ref. 18) it is apparent
that a primary factor in response is the swapping
bandwidth., To improve response (and add more users),
we are in the process of replacing the Xps drums with
Univac FH=432 drunms,

These drums rotate at 7200 RPM, giving a transfer
rate of 365,000 words per second (as compared to
120,000 for the present drums) and an average
access time of about 4 milliseconds.,

In addition, we are formatting the new drums in a
way that will allow a page transfer to begin at
any position on the drum, Since a 2048=-word page
£ills two=thirds of a band, this will give an
average page transfer time of about 8
milliseconds,

The interface for the drums will be designed and
built by ARC. It will connect to the 940 through a
second Menmory Interface Connection (MIC), replacing
the current RAD=DACC combination shown in Figure
II=1,

(3) Cloeck Systenm

An accurate cloeck system is being added to assist us
in system measurements,

This eclock system provides twe types of time
information == absolute and relative == that are
written into fixed locations in 940 core at regular
intervals, The long=term drift on the clock will be
less than 1 second in 250 days..

2. Software Systems
The central focus of software activity at ARC is the
evolutionary development of the On=-Line System (NLS)., This

takes place within a rich environment of software systens,
many ©f which were created specifically to aid in its

13
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development, The following is a brief description of the
major systenms.

De

The Timesharing System (TS8S)

Most basic to the operation of NLS, as well as all our
other software systens, 18 the timesharing system (TSS8)
running on the XDS$SLO.

TSS was originally developed by Project GENIE at UC
Berkeley, but responsibility for maintenance of the ARC
version currently lies with the Center itself. NLS runs
&8s a subsystem under TSS, and users also have access 10
other subsystems such as the NARP assenmbler, KDF file
storage system, and DDT debugging systenm,

The support of new hardware and improved response to the
NLS user are the major areas of improvement in TSS over
the past two years,

Software Architecture
(1) Introduction

The developnent of NLS has been facilitated greatly
through the use of a powerful complement of languages
and compilers, most of which were designed at ARC,

The languages used range in generality from the NARP
assembly language through a collection of
special-purpose languages (SPLs) unique to NLS
implementation., Their major features are discussed
briefly below.

(2) NARP

A few parts of NLS can be most conveniently coded in
assembly language (e,g., the data page and thne
display-buffers), and for these the NARP assenmbly
language is used,

Also, for historical reasons, the timesnharing systen
(TSS) and most of its subsystems (e.,g., KDF and DDT)
are coded in NARP.
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(L)

MOL9LO

MOLS40 (or simply MOL) is a machineworiented language
for the XDS%i40 and was created by ARC to aid in the
programnming of NLS.

MOL combines the flexibility of assembly language
with the algorithmic clarity of higherelevel
procedure=oriented languages. Much of NLS is coded
in MOL.

puring the contract period MOL has been substantially
rewritten to improve its performance and provide new
programming features, The current MOL compiler was
produced using the new version of Tree Meta
(described below); consequently, the MOL compiler now
generates binary machine code directly rather than
producing assenbly~language ccde as an intermediary.

Special=Purpose Languages (SPLs)

Many of the higher=~level operations of NLS are
carried out by prograns written in one of a set of
special~purpose languages (SPLs). Each of these
languages i#& translated into machine code by a
custom=made compiler produced with the Tree Meta
systen.

Each SPL represents an attempt to formalize a
particular function of NLS, aiming at a syntax
appropriate Lo the data base and coperations required
for NLS, while at the same time empodying the
potential and peculiarities of the XDS9LO computer,

The four SPLs currently in use are the input=feedback
language, the structure=manipulation language, the
content=analysis language, and the
string=construction language,

Detailed descriptions of the SPLs will be found in
Appendix D of Ref. 1l8.

Although extensive changes in the SPLs are planned

for the near future, no basic conceptual changes were
mede during the contract period,
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3o

Ce

(8) Tree Meta

Tree Meta is a compilerecompiler developed at ARC; it
is used to produce compilers for MOL, for all the
special=purpose languages, and for itself as well.

Section IV=C=2 of Ref., 18 contvains a brief overview
0of the current version of Tree Meta; a nore detailed
description is in preparation for release as a
separate reporv,

NUTILITY

To ald our software engineers in maintaining the
approximately 150 symbolic and binary files that make up
NLS, a special subsystem called NUTILITY has bheen
developed.

This subsystem can archive or retrieve any of these
files, compile or produce listings for any of the
source=code files, and load the entire NLS system or any
part of it, requiring programnmer intervention only in
the event of errors that NUTILITY cannot handle itself,

User Systens

This section briefly describes cur principal on=line user
subsystemns; more complete desceriptions are contained in
Appendix A.

-8

on~line System (NLS)

The On=lLine System, NLS, as currently implemented, is a
highly sophisticated system oriented toward the on=line
construction, editing, and viewing of files,

NLS is a subsystem of the timesharing system descrivped
abtove, 1Its size is currently about thirty thousand
machine instructions, of which about half make up the
most frequently used portions. The source languages
used are NARP, MOL9L.LO, and the SPLs,

A complete-description of NLS, including progran
documentation, is in Ref, 18.
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b, Typewriter=Oriented Documentation=Aid System (TODAS)

In response %0 growing pressures to make access to our
on=line files available to Network participants, as well
as to members of our own staff working at remote
locations, we developed a new subsystem called TODAS
(Typewriter=Oriented Documentation=Aid System).

TODAS uses the same structure for working files as NLS
and provides most of the same editing and
view-gspecification capabilities, along with a few
special features of its ocwn. Thus, users can freely
meve from one type of terminal to another without losing
access to any of their on=line working records.

TODAS offers our oneline users the possibility of
trading off speed of operation for freedom of location,
It also makes it possible for us to inecrease the number
of on~line users that can be serviced simultaneously,
since a TODAS user places less heavy demands on our
computational resources than does an NLS user,

Ce Output Processor (PASSL)

The Qutput Processor (alsoc called "PASSL" for historicsal
reasons) is a program for formatting on=line text files
for output through a variety of devices including line
printers, paper-tape=driven typewriters, and computer
cutput to microform (COM) devices.

Personnel

The final, critical element of ARC'S resources is its staff
of professional researchers and support personnel. The
experimental nature of our work requires high=caliber
individuals who can function effectively in our team, learn
quickly to work with our systems and methodologlies, and
progress creatively along with the rest of the team and its
products.,

our staff members need t0 be able 1o adapt to the
rapidly changing ARC environment and 1o persevere
through very disturbing periods of system service level
fluctuation,

our selection of people for specific tasks is influenced
not only by skills already developed, but also by

17
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potentials for further developnment.,

Effective utilization of our human resources requires a
careful bpalance between gelecting those people most
likely to get critical tasks done well and those whose
developed capabilities will be strained by the tasks
they undertake (and hopefully extended in the process),

In ARC's earlier years our primary need was for individuals
skilled in tool building, with only secondary importance
assigned to methodology development skills. Thus, most of
our earlier researchers were system=oriented software and
hardware engineers,

As the systems developed became more generally useful,
providing aids and service levels beyond the systenm
engineers' basic needs, we entered a maturing phase of
facing the challenge t¢o use the system for a broader range
of tasks.

People have recently been added whose interests focus on
the study of the uger system itself, on use 0f the
systen for management purposes, and on its role in
supporting the Network Infermation Center,

These pecple have brought different needs and
perspectives into the group, directly aiding the aesign
of many system improvements, Interaction at the
day=to=day system development level has provided a rich
learning experience for most people, particularly in
technical areas they might not otherwise have learned
much about.

This diffusion of knowledge in areas such as systenm
design, system builaing, system analysis, and managenent
adds new perspective to each person's approach to
problems in his own areas of specialization,
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At present we have a full-time staff of 25, constituted as
follows:

Professional sseesscsccescss 18
Supervisory eseesee 1
SOfLWAre seeesese 11
Hardware ceseeees 4
Other esseessccnss 2

Non=professional cssecsssces 7
Technical eceecese 3

Clerical ecevccens L

C. Activities

l.

Introduction

This section outlines the nature and purposes of the major
activities carried on during the past two years of our
project. It was the pursuit of these activities that
produced the developments, experiences, and conclusions
discussed in the other sections of this report,

The greatest portion of our rescurces were gllocated to the
basic ARC bootstrapping pursult, which consists of these
major activities:

(1) Development and operation of our service systen

(2) Development of methodologies for harnessing the
user features offered by the service systen

(3) Application of these augmentation tools and
techniques to the pursuit of all our activities

(L) Assessment of our overall augmentation system to
guide its further evolution.

19
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2.

3.

Two other major activities received considerable attention
and resources:

(5) Connection of our Center into the ARPA Network

(6) Development of an Information Center for the
Network.

Development and Operation of Qur Service Systen

The coordinated development of hardware and software
aspects of our augmentation system, which has been under
way since 1963, was continued with particular emphasis on
activities aimed at preparing us for our role in the ARPA
Network.,

We have committed a substantial portion of our resources to
improving the reliability and capacity of the service
system and will continue to do so, a major milestone being
our planned transfer to a PDP=~1l0 computer this fall.

Another major effort has been preparation for expanded
remote=worker capabilities, both to facilitate use of our
systen by other Network participants and to continue our
efforts to increase the flexibility of working arrangenments
for members of our own research community.

There is already one member of our team (a software
engineer) who works remotely from his home in Sonoma
County (about 100 miles from our Center), and we have
plans to extend this capability to other members as
conditions permit,

Development of Methodologies for Harnessing the User

Features Offered by the Service Systenm

It has long been part of our plans to apply toward this
activity resources comparable to those for the service
system development activity, but unforeseen difficulties in
the latter area have forced us to divert more of our
energies to it than was originally envis ed,

However, many methodological developments have been
evolving more or less naturally as individuals adapt the
features of the service system to their particular needs,
The strongest such evolution has taken place within the
area of software engineering, which is the focus of
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consistently heavy activity by many of ocur people,

In one specifie area == management systems =-=- we have
engaged in an explicit effort to develop improved
methodology. This has been funded separately by a contract
with the Rome Air Development Center, which nhas enabled us
to apply one or two full-time people toward this Management
Systems Research activity for the past two years,

Application of Augmentation Tools and Techniques to the

Pursuit of All Our Activities

5e

our augmentation system is in daily use by most.members of
our staff., Detailed discussions of several exanples of
this use are given in Section I1II.

Assessnent of Qur Overall Augnentation sSystem to Guide Its

Further Evolution

6

Te

One of the basic requirements for carrying out a
bootstrapping operation is to maintain constant awareness
of the status of that operation s© as Lo be able to make
rational decisions about what developments should be
undertaken next,

We have made some attempts to quantify this process through
the taking of system performance neasurements and the
simulation of various existing and proposed systen
configurations, However, most of our work in this area
8t1ll has & very intuitive character, and we have bpeen
hampered in our efforts to improve on this by the necessity
for committing so much ©f our resources 10 basic
service~-system development activities,

connection of our Center into the ARPA Network

To make it possible for ARC to participate in the ARPA
Network (see Section IV), we had to design, build, and
install a device to interface our computer facility to a
Network Interface Message Processor (IMP). This Network
interface is described in Section II-B=l-f,

Development of g Network Information Center (NIC)
In preparing to £111 our role as Information Center for the

ARPA Network, we have been involved in developing the tools
and methodologies that we will need in order to provide an
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increasingly one=line, specialepurpose library for a widely
distributed clientele, The high technological base of this
Network experiment demands that we try %o harness as much
as possible of this technology for the Network Information
Center so that this service will be likely to enrich the
whole experiment.,

In addition to investing our resources in special=purpose
capabilities for the NIC, we have felt compelled to
increase our investment of resources in basic
service-gystem development 80 as t0 be able to supply a
better level of service to Network participants,

We had to get our system architecture, our compiler
languages, our documentation, and our hardware
configuration into a state where we would be able to
expand our user=carrying capacity rapidly. 7This led to
& number of major effortis:

(1) A series of significant architectural and
compiler changes within our software systems

(2) Several rather intensive trial designs for
alternate expanded-capacity system configurations

(3) A concerted effort in developing computer aids
for analyzing performance characteristics of proposed
systiens,

These efforts culminated in a decision to move our
systems onto a PDP~10 computer late this fall, and we
are currently involved in the leasing, purchasing,
contracting, engineering, fabricating, and programming
activities necessary to accomplish this transfer.
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III APPLICATIONS AND EXPERIENCE

Introduction

This section consists of relatively informal accounts
describing the application of our augmentation systems to
several areas of our own work while attempting to convey sone
feeling for what it is like to work within an augmented total
systenm.

Section III-B was written by Charles H, Irby, an ARC software
engineer., It describes in considerable detail the ways in
which an augmented software engineer can exploit our computer
systems to help him in the continuing development of these
Sane sgystens,

In addition, Section III-~B serves as an introduction to our
On=Line System, NLS., It is systenmatically illustrated with
photographs of an NLS display, showing actual sequences of
displays that the software engineer would see as he worked,
(Readers who are not familiar with NLS will find a
description of its user features in Appendix A, which
includes a glossary of special NLS terminology.)

Section III=C deals with "augmented nmanagement" and was
written by James C, Norton, who heads our Management Systenms
Research Activity and is also involved with carrying out much
of our operatienal project managenment,

This section, illustrated with display photographs like
those of Section III~B, shows how some of the most
sophisticated features of NLS can be put to use in a field
cutside of software engineering. Specific applications to
project cost accounting, cost estimation, work planning,
and other areas are covered,

The discussion develops a total=system concept of the
meanings of "management" and "management augmnentation" and
reveals how augnentation interacts with various aspects of
ARC.

Section III=D describes our use of augmentation systems in
writing, editing, and producing reports, The author of this
section, David Casseres, is ARC's technical writer and has
been centrally involved in ARC report writing since the
inception of this contract,

Here ve see the use of augmentation systems in a field
where it is difficult to apply them, because the problenms
of technical writing are so many and so dependent on
individuals,
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It appears that although the benefits of sugmentation in
writing, editing, and producing reports are considerabdle,
the most significant penefits come from the use of a very
close team=collaboration method, which would be virtually
impossible without augmentation.

Section III~E was written by Douglas C. Engelbart and covers
the augmentation of communication between a 8speaker and his
audience,

This kind of communication, which we have used for

explaining aspects of our work to audiences ranging fronm a
single person to thousands, is potentially one of the most
exciting areas of application for augnmentation technology.

The Augmented Software Engineer

One of the central objects of our augmentation research has
been to develop special tools and working methods for
augnmenting the design and implementation of our systen
software.

1.

Section III~B=1 below outlines the general augnmentation

needs of a software engineer and the aids provided at ARC
to meet these needs.

Section III-B=2 describes the ways in which our software
engineers actually use the systems we have been developing
in their daily work.

We pay particular attention to the use of the
system~=guide file, SYSGD, which is central to the
gsoftware=engineering augnentation systen.

The use of SYSGD is illustrated with photographs of an
ARC interactive display, showing the views seen by the
software engineer as he works to implement a new NLS
feature, using SYSGD as a reference,

gGeneral Conaiderations

The augnented software engineer needs the follovwing minimal
capabllities:

(1) The ability to rapidly access, understand, and
manipulate the source code
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(2) The ability to easily compile the source code

(3) Easy access 0 appropriate loading and debugging
capabilities,

The NLS, TODAS, NUTILTY, DDT, and diasc archive subasystens
together with the SYSGD source=code file directory provide
the ARC software engineers with these capabilities,

To the ARC software engineers, the aspects of NLS that are
perhaps of most importance are the ability to £ind a
particular place in the code or documentation quickly and
then to change it easily. Our code and documentation files
are normal NLS text files, and the languages that we use
have been specially develored to be compatible with the NLS
systen,

These languages are all string-based, and translation is
independent of the hierarchical statement structure,
This permits the programmer to use structural
conventions to make his source~code text eagsgsier to
understand and manipulate,

They also allow NLS links to be used for identifiers,
thus permitting one to use the *"Jump" commands to follow
subroutine calls in the source code, In addition, level
clipping, line truncation, and so forth may be used to
control the depth of detaill of the code and associated
documentation that one sees, These are very important
factors in quickly finding a specific location (er
series of locations) in a file.

Content=analyais filtering is often used to locate
references %o variables or subroutines or to locate a
particular piece of code (for exanmple, code containing a
syntax error reported by the compiler), The content
analyzer is also used to locate changes that have been
made to0 a flile by a specific programmer or during a
specified pericd of time by scanning the automatically
naintained "statement signatures," These signatures
contain the date of most recent modification for each
statement and the initials of the user who made the
modification and may also be used without the content
analyzer to see who wrote (or last modified) each
statement of code or documentation and when he diad it.

When viewing a segnment of a flle, the software engineer
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must be able to0 easily modify the text of the file, The
extensive editing power of NLS makes this possible,

The abllity to easily effect changes to various textual
and structural entities and to make multiple string
substitutions over structural entities while controlling
the seleection of statements for the substitution via
level clipping, content analysis, keyword reordering,
and so forth gives one great flexibility and power while
editing .

In addition to being able to modify the code and associated
documentation quickly, the software engineer may compile
(or cross~reference) his code files directly from NLS,

once again, he may use the statementeselection mechanisms
of NLS to control what the compiler gets as input. This
might be done, for example, to limit the compilation to
Just one branch of a file (one specified statement and all
its substatements), thus making it possible to have in a
single file source code written in several different
languages.,

We also have available as another subsystem the Project
GENIE on=line loader and symbolic debugger, DDT, for
testing and debugging the results of our changes to the
code files. Although DDT works at the assembly=language
level, it is a powerful debugger with such features as
multiple breakpoints, symbolic addressing,
single=instruction execution, conditional breakpoints, and
so forth,

To aid the software engineers in maintaining their
approximately oneshundred-f£ifty or so symbolic and binary
£iles, a special subsystem called NUTILITY was developed,
This subsystem is able to archive, or retrieve fron
archive, any of the files, to compile or produce listings
for any of the source files, and to load the entire systen,
requiring human intervention only in case of errors,

Central to our collection of source=code files is an
on=line file called SYSGD. It contains the following!

(1) A schematic diagram of the overlay structure of the
NLS system, The overlays represent (as far as
practicable) functional areas of the systenm, e.g.,
parameter specification, structure manipulation, and so
forth,
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(2) Links to other files that describhe the architecture
and logic of the systen,

(3) An overlay index listing all overlays, with the
following information about each overlay:

(a) A link to the file containing the source code
for the overlay.

(b} Information about where it runs in core, how
large it is, and where it is in the archive,

(c) A list of all the procedures in the overlay,
with one=line functional descriptions and with links
t0 the code and documentation in the source-code
file,

(L) A procedure index with a categorical listing of
procedures according to function., The NLS keyword
system can be used on this index to retrieve a list of
procedures (with links to the source code and
documentation) when a set of categories has bheen
selected,

(58) A section where one may document bugs found in the
systenm,

(6) A section where one may record ideas for improving.
the systen,

Because of present file=space problems, it is not possible
to keep the SYSGD file, the associated documentation files,
and the source=code files on line at all times (they are
generally kept in a disc archive). This situation renders
the SYSGD file less useful than it would be if the files
were always readily accessible,

The combination of the capabilities discussed above gives
the ARC software engineer the ability to easily manipulate
the NLS system to fit the needs of ARC experimentation,
thus greatly increasing his own abilities as a software
engineer, These capabilities would be greatly enhanced by
the addition to NLS of an interactive incremental language,
This would eliminate the time now spent on compiling parts
of the entire systenm and loading them in order to test
changes made in the source code of the system, and would
allow one to debug at the source=code level,
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2. The Augmented Software Engineer in Action

- 98

Introduction

This section is in the form of a scenario, describing
how a software engineer works to implement a new NLS
feature by manipulating files of text (both
documentation and actual code), The reader is
encouraged to pay special attention to the following:

(1) The ease with which one can move within and
among files

(2) The languages that have been developed for
particular purposes and the way in which they fit
into the NLS framework

(3) The ease with which one can locate desired code
and modify it

(4) The design of the NLS system=guide file and the
ways in which it ean help the software engineer

(5) The use of the NUTILITY subsystem to
automatically archive, compile, print, and
cross~reference files a8 well as to load nevw versions
of the systen

(6) The use of the DDT debugging program to test and
debug additions to the system at the machine~language
level.

Please note also that one moves within and among files
by means of "Jump" commands. At certain times when
Jumping, the user has an opportunity to change the
parameters ("VIEWSPECS") that control the selection of
information to be displayed on the screen, For exanple,
in the jump that occurs between Figures III~3 and III=}
below, a "branch-only" parameter is set and the
level=clipping and line~truncation parameters are set to
“ALL" .

One may Jjump to a Selected statement, to a statement
that is structurally related to the selected
statement, to a statement having a given name, or to
a statement specified by a "link" (a textual
construct that symbolically points to a partiecular



Section II

APPLICATIONS AND EXPERIENCE

statement within the file or within another file).

In addition, stacks of display=-start statement
identifiers and VIEWSPECS are maintained for the last
sevaral locations viewed within the file and for the
last several files accessed, and Jumps may be made
relative to these stacks so as to restore a previous
view.

be NOtes on Illustrations

In describing the display views and the processes they
reflect, we assume that the reader is familiar with the
user features of NLS 10 the extent that they are
exrlained in Appendix A,

Appendix A also contains a glossary of special NLS
terminology.

In exanining the photographs, note that the nanme of
an NLS command appears at the top of the display;
this is the command currently specified by the user,

Immediately to the left of this "command feedback
line" is a small block of text called the "VIEWSPEC
area," where VIEWSPEC paranmeters are displayed on two
lines,

When the VIEWSPECS are displayed in small
characters, they are currently in effect; when
they are enlarged, it means that the user has Jjust
set them and they will go into effect when the
display is next reecreated,

The upper line shows the current level=clipping
and line=truncation parameters (see Appendix A for
explanation)., The lower line in the VIEWSPEC area
shows code letters indicating the status of
various display features that are controlled by
VIEWSPECS.

¢s Scenario and Illustrations

Note: The illustrations for this scenario are grouped
together, beginning on page 35.

We log into the timesharing system, increase our drun
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allocation, and enter the NNLS (New NLS) subsysten
giving & set of initials and a user name (see Figure
III=1l). The NLS display comes up (see Figure III=2),
and we load the NLS systeme=guide file, 3YSGD, with level
and line truncation set to one and with blank lines
displayed between statements (see Figure III=3),

The major sections of the SYSGD file (see Figure III=3)
are as follows:

30

(1) Program Overlay Structure
A diagram showing the overlay structure used in
the current implementation of NLS (see Figure
III=7 below).

(2) Global Documentation
Links to other files that describe the file
structure, design philosophy, system architecture,
&nd commonly used terminology ©f the NLS systen
(see Figures III-L and III=5).

(3) overlay Index
A list of all of the overlays in the system (each
OvVerlay represents a functional area of the
system) with pertinent datsa about each overlay
(see Figures III-8, III~9, III-2L, III=25, and
III=26 below),

(4) Categories for Procedures

Categorieal list of procedures, by funetion, to be
used with the keyword retrieval systen,

(5) 1list of Known Bugs
A place where bugs nay be recorded,
(6) Map of Symbols '

A map of symbols to be used with the DDT debugging
sysuwen,
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(7) Thoughts for Improvements

A place where ideas about the further development
of NLS, TODAS, and NUTILITY may be recorded (see
Figure IJII=6).

The initials of the creator (or last modifier) and the
date and time of creation (or modification) are stored
internally as the "signature" of each statement, Since
statement signatures are available for display upon
request, one can easily determine who made or last
commented upon a given statement (see Figure III=6).

The SYSGD file is basically a directory file with a
sufficient amount of descriptive material so that one
can use the various retrieval tools of NLS to locate any
desired procedure or documentation.

To illustrate how the SYSGD file is used, we go through
the steps necesgsary for a programmer to implement a new
command in NLS., The new command will be called
"transpose" and will interchange two textual entities,
The command language for using this new command will be
modeled after that of the "move* command,

Let us begin (Figure III~7) with the diagram of the
NLS overlay structure, Fron the global documentation
of the system we Know that the main~control (mnetrl)
overlay consists of the code that implements the
command language for NLS commands, We therefore use
the "Jump to Vectorlabel' command w0 go t0 the branch
within the overlay index branch that contains
information about the mncirl overlay.

This information includes the following (see Figure
I1I=8):

(1) A 1ink to the source=code f£ile for this
overlay

(2) A 1list of all of the procedures within the
overlay

(3) Brief documentation as to the functions of
each procedure

(k) Links to each procedure's source code, See
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Figure I1I1I~9; whereas Figure JIII=8 shows only the
first line of each statenment, Fleure III=-9 shows
@ll lines =~ otherwise the two displays are the
same,

If we take the link to the "we' procedure (Figure
III=10), we see the top=level code for the NLS
command language, written in one of the
Special=Purpose Languages (see Section II=B=-l)
designed for this use, Jumping to the "move" command
code (Figure III-ll) and increasing the
level=clipping paranmeter by one, we see the top=level
command=language code for the "move' command., Since
this is to serve as a model for our proposed
"transpose" command, we will copy the branch and make
the necessary changes to it,

The necessary changes are substituting the string
"Transpose" for the string "Move", "qt" for "qgqm",
and "tr" for "m" (see Figure III=1l2).

If we look at the code for the “move" command (Figure
I1I-13), we see that it makes calls on routines in
the parameter=gpecification (prmspc) overlay to allow
the uger to make selections on the screen, and to
routines in the text=editing (itxtedt) overlay to
implement the algorithms for the commands,

Since the syntax for a procedure call permits an
entire link to be used in place of a procedure nanme,
we can use the "jump to link" command to see what
these routines in txtedt actually do.

If we jump "up" from the procedure pointed to by the
link (Figure III=lL), we see that once again this
code can act as a model since it only implements the
delimiting of the selected entities and goes to
another routine, moveix, to actually move the text,
We therefore copy this branch alsc and make the
necessary changes for the '"transpose" command (see
bottom of Figure III=li; Figure III=l1l5 is the sanme as
Figure III~lL except that all lines are shown).

The necessary modifications are changing the
procedure names to correspond %0 our code in the
mnetrl overlay and changing the name of the
routine that is called to actually do the
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transpesition,

The "jump t0 name" command takes us to the moveix
routine (Figure III-16), which again serves as a
model for our new routine, trantx. After outputting
the file we do "Jump File Return® twice to get bhack
to the SYSGD file,

Thus our new command has been implemented into the
source code for NLS. We must now compile the
main=control and text=editing overlays and reload the
system, Rather than do the compilation from NLS, we
will use the NUTILITY subsystem to both compile the
files and load a new version of the system, which can
then be run experimentally under DDT (see Figures
III=-17, III=-18, and III=19). In Figures III-1l9 and
III=20, the new command is successfully tested,

Let us now continue our examination of the SYSGD file
(for a review, see Figure III-3), AS shown above, the
SYSGD £ile can be used to help one exanmine and modify
the source code. There are also ways in whiech it can
help one locate procedures of a given functional type,
The use of the keyword system with the "index" branch
and the use of the content analyzer on the "“ovlind"
branch are two examples of this aid,

The "index!" branch contains categorical listings of
the procedures in the systen by funetion. Using the
keyword retrieval system, one can select and weight
categories and have the named entries (links to
procedures in this case) presented in order of
decreasing relevance, according to the user's
weighting and order of selection. One may then take
the links and examine the documentation and code for
each pfocedure (see Figures IJlI=21, III-22, and
111‘23 .

The "ovlind" branch of the SYSGD file contains
information about each overlay in the systen,
including lists of all of the procedures, organized
on an overlay basis, with one~line explanations of
functions (see Figures III-24 and IXII=25),

Since a brief description of each procedure's

function is associated with its name, we can use the
content analyzer %0 help us find procedures of a
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given type, For example, we can insert a
content=analysis pattern to search for statementis
containing the string "display" (see Figure III=26).

We compile the pattern (see Figure III=27) and
re=create the display with the contenteanalysis
filtering in effect. Now only statements containing
the string "display" will be shown (see Figure
III=28).

The result of this content filtering on this branch
of the file is a list of procedures that in some way
deal with the display. This is a useful way to
retrieve up=toe~date 1lists of procedures of a given
functional type.



eLO60UT IRBY.

DELETE SCRATCH FILES.

TIME USED 0:0:0 IN 0:0:17

TOTAL TIME USED 12:15:11 IN 282:11:4¢
07/23/70 1107:03

ARC 1.96¢ (3-9) IS uP

SENTER NLS.

PASSWORD - 0K

07723770 1107:16

oCHANGE DRUM AS6 T0 300,
NEW D. A, = 300 OUTr OF 300
aNNLS.

Intttals Please: CHJ
User: IRBY

TA-7079-11

FIGURE III-1 LOGGING IN TO TIMESHARING SYSTEM AND ENTERING NLS SUBSYSTEM
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LOAD FILE

TA-7079-12

FIGURE III-2 -~ NLS DISPLAY BEFORE A FILE IS LOADED OR CREATED. A “Load File”
command has been specified but not executed.
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ébtv ALL  June ro 1rew

:5YS60. 07/23/70 0946:37 CHI :

(overlay) PROGRAN OVERLAY STRUCTURE

tdoc) O §LOBAL DOCUMENTATION

+
tovlind) OVERLAY INDEX & DEBUG INFORMATION
{Index) CATEGORIES FOR NLS PROCEDURES
{Bugs) LIST OF BUGS

{map) MAP OF SYNBOLS AND BINARIES

tthoughts) THOUGHTS FOR INPROVENENTS

TA-7079-13
FIGURE 1II-3 MAJOR SECTIONS OF THE NLS SYSTEM-DIRECTORY FILE, SYSGD. The

command specified in Figure III-2 has just been executed: a ““Jump” command
to display the “Global Documentation” branch has been specified but not executed.
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ALL ALL JUMP TO LINK : :FILESTRUCTURE
sJLV 1

tdoc) GLOBAL DOCUMENTATION

for documeniaiton on ftle structure seedlftlestructure.1)
t
for documentailon on spectal problems see Inlsdocumentatlon.1)

for documeniatlon on data forms see !dataforms.1)

TA-7079-14

FIGURE III-4 "GLOBAL DOCUMENTATION” BRANCH OF SYSGD WITH “BRANCH-ONLY"”
FEATURE IN EFFECT. The user is about to follow a link which will cause
the file-structure documentation to be displayed.
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ﬁbtv ALL JUMP TO ITEM

:SYSED. 07/23/70 0946:37 CHI ;

toverlay)  PROGRAM OVERLAY STRUCTURE

tdoc) GLOBAL DOCUMENTATION

tovliInd OVERLAY INDEX & DEBUG INFORMATION
tIndex) CATEGORIES FOR NLS PROCEOURES
{Bugs) LIST OF BUSS

(map) MAP OF SYMBOLS AND BINARIES

{thoughi 810 YHOUGHTS FOR IMPROVEMENTS
+

TA-7079-15

FIGURE III-5 The user has now returned to the same view shown in Figure III-3 (several steps

have been omitted from the sequence). A “Jump’” command to display the
“Thoughts for Improvements” branch has been specified but not executed.
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ﬁﬁtv ALL JUMP TO NAME FIRST OVERLAY

(thoughts) THOUGHTS FOR IMPROVEMENTS

FIGURE III-6

40

G0 70/03/20 1109:23
tratls
WP €9/11/25 1951:23
Trall returne can be done through a push down stack. Every time
the seq-gen makes a trall branch t{ pushes the pstd on a stack.
The user may deftne a irall return syntax. If he has one. and It
s found In a statemeni. the stack s poped and the poped pstd
used to start the seq-gen out agaln.
WP 69/11/25 1951:24
content analyzer
WP 69/11/25 1951:24
Coroutines also seem to be the answer {o the content analyzer
case problem. A set of standard coroutlnes could be selectively
tnvoked to modify the text on the way to the TST and CV tests.
They would convert cases. skip puncilon. etc. They could be
Invoked and dls-lnvoked Independeni of the paren structure of the
pattern. a la directtons.
WP €3/11/25 1951:26
Don't have the sequence gen. set the content flags n the ring

TA-7079-16

The ““Thoughts for Improvements’ branch serves as a repository for ideas about
what could be done to improve the system. A “Jump to Name” command
has been specified to display a statement named “overlay’’—the user has
specified this name by typing it in.



R¥2 1

GJLV JUMP TO VECTORLABEL MNCTRL

loverlay) PROGRAM OVERLAY STRUCTURE
toct!
prmspc
mActrl
vetedt — veirl
—dtsbuf — tnpfbk todas
M todprn
cale
keywd
- dtddl
dat a —utllty o

cdeply
— seqgen -{:vdbnnp —txtedi — Inksub
~cacapl .

~stranp — claup

—reclnt — auxcod

TA-7079-17

FIGURE III-7 FIRST BRANCH OF SYSGD FILE: DIAGRAM OF OVERLAY STRUCTURE
USED BY NLS SYSTEM
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JUMP TO LINK
t

tmnctrl)  maln control overlay
ltnk to ftle tnls. mncirl. : [xbbjhaz) (kd! ERICKSON)
starting locatlon: orgmct=24000 page 5
cells used: 27450
procedures In the MNCTRL overlay
twe) what character
twalt) walt for MNCTRL
tcaqm! command accept. questilon mark

tdmant) digplay. then go 1o maln
tsetdum) set up dummy siatement
tcmdret) command reset

tmdispec) kludge for *get®
{maln) read a character

TA-7079-18

FIGURE III 8. A BRANCH GIVING SUPPORTIVE INFORMATION FOR MAIN-CONTROL
(MNCTRL) OVERLAY. Display shows only the first line of each statement.
A “Jump to Link” command has been partially specified—no selection has
been made.
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FIGURE III-9

JUMP TO LINK :MNCTRL
t

tmnctrl) maln control overlay
Itnk to file (nls. mnctrl. :jxbbihnz) (kdf ERICKSON)
stariing locatlon: orgmct=24000 page 5
cells used: 27450
procedures In the NNCIRL overlay
twc) what character
t‘HNLS. MNCTRL. wc : [gebJ)

lwati} wali for MNCTRL
INLS. MNCTRL. wali : jgwy!}

lcaqm! command accept. quesilon mark
INLS. MNCTRL. caqm : [qwJ)

(dmant) display. then go to maln
(NLS. MNCTRL. dmain : jgwy)

tsetdum) set up dummy statement
INLS. MNCTRL. setdum : [qwy)

TA-7079-19

SAME AS FIGURE III-8, EXCEPT THAT DISPLAY SHOWS ALL LINES
OF EACH STATEMENT. The link in the statement named “wc’ has been
selected; this link specified another statement named “wc” in a file called
“MNCTRL" under User “NLS"” (the characters “jgebJ” in the link are
VIEWSPEC codes).
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4 ALL

GJLV ¢ JUMP TO ITEM

twc) bp an zap CASE
"a: GROUP:edit STATE:xa.edlt O0SPlec Append Statement)
6ROUP:edli STATE:bs.edit OSP(+¢ Break Statement)
6ROUP:edlt  DSPl¢Copy TXESH) . CASE
6ROUP:edlt DSPIcDeleie TXESK) . CASE
OSPl¢Execute 1) . CASE
6ROUP:gpec DSPI¢ Freeze tStatement) . CASE
DSPi¢Goto t Program):. CASE
GROUP:edit DSPlcInsert TXESK) . CASE
cdeasy + 0: -¢VCTEOT. [mpagnde
cdeasy + 0: -(KEYWD. kmaln>e
cdeasy ¢ 0; 6070 ¢IOCTL. glq’e
6ROUP:edit OSP(cMove TXESK) . CASE
cdeasy + 0: 6010 (IOCTL.qoq>e
6ROUP:spec OSPl¢Polnter TFix) . CASE
6ROUP:edit  OSPIcReplace TRESK) . CASE
DSP1¢Substliute t Statement) . CASE
DSPIcView Sett) +(PRNSPC. [{specis
60TO C¢VCTEDT. setcontralre
REPEAT 1))

.

a
b:
c:
d:
e:
{:
9:
l:
|:
k:
l:
m:
0:
p:
r:
8:
v:
X:

TA-7079-20

FIGURE III-10 RESULT OF "“JUMPING” ON THE LINK SELECTED IN FIGURE III-9
(from Index in SYSGD File to Source Code for “wc”’ Procedure in
Main-Control Overlay). A “Jump” command has been specified to display
a particular branch of this code.



FIGURE III-11

COPY BRANCH
t

‘m:  GROUP:edli

13

cdeasy ¢ 0:
STATE:ml.edlt
STATE:ml.edlt
STATE:mi.edli
STATE:ms. edlt
STATE:mb. ed{
STATE:mp. edii
STATE:mg.edlt
REPEAT [¥ECK)
ENDCASE 60T0 ¢cagm?

L O U (R (U TN (U (I (O ()

won

c:
w:
n:
v:
d:
[
!
t:
§:
b:
p:
g:
CA:

it

DSP (e
OGP+
DSP (¢
0SP L
0GP (e
DSP (&
DSPle

DSPl(Move TXESK)

STATE:mc.edlt OSPl¢ ¢ Move
STATE:mw.edlf DSP(¢ ¢ Move
STATE:mn.edlt DOSPlLe ¢ Move
STATE:mv.edlt OSPl¢ ¢ Move
~(VCTEDT

. qud>e

¢
<
(4
¢
4
<
4

Move
Move
Move
Move
Move
Mave
Move

CASE

character) xEx=c.Character
word) xE¥=w.Word

Number) *E¥=n.Number
vistblel x*ex=v.visible

Invigible) xEx=1.Invislble
Link) ®Ex=1.Link

Text) xe¥=t.Text

Statement! XE¥=s.S5{atement
granch) *Ex=b.Branch

Plex) lEl:p.Plex

sroup) kE¥=g.6roup

TA-7079-21

CODE DESCRIBING COMMAND LANGUAGE FOR “MOVE"” COMMANDS,

IN A SPECIAL-PURPOSE LANGUAGE.

A “Copy Branch” command has

been specified to create a duplicate copy of this command-language code.
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ALL ALL

JUMP TO PREDECESSOR
GJLV Evece

* 0="{: GROUP:edlt DSPI¢ Transpose ! KESK) . CASE

: STATE:trc.edli DSPl¢c Transpose Character!
STATE:trw.edlt DSPl¢¢ Transpose Word) xEx=w.Word
STATE:trn.edlt DSPl¢¢ Transpose Number) kEx=n.Number
STATE:irv.edlt{ DSPl¢¢ Transpose Visible)
STATE:i1rt.edli DSPl+¢ Transpose Invisible!
STATE:irl.ed!t DSPlec Transpose Link) xEx=l.Llnk
STATE:1rt.edlf OSPl¢¢ Transpose Text] xEk={.Text
STATE:irs.edlt )

STATE:irb.ed!i OSP(¢ ¢ Transpose Branch )
STATE:irp.edli DSPIL¢ ¢ Transpose Plex ) kEx=p.Plex
STATE:irg.edlt DSPLe ¢ Transpose 6roup ! KEX=g.6roup
REPEAT (X%ECK)

ENBCASE 60TO0 ¢cagm?

t

¢

Tw:
‘n:
'H
‘1
e
‘4.
‘s
“b:
p:
‘gt
CA:

TA-7079-22

[ZT]

FIGURE III-12° By executing the “‘copy branch’’ command, then substituting “Transpose’

- for “Move,” “qt” for “qm,” and "tr" for “m,” we produce the command-
language code for the ““transpose” command. A “Jump to Predecessor’
command has been specified to redisplay the unaltered command-language
code for ““Move.”
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ALL

FIGURE IH-13

ALL JUMP TO LINK (TXTEDT
t

="m: GROUP:edlf DSPl¢Move T®ES¥) . CASE

‘c: STATE:mc.edlt OSP(+¢ ¢ Move Character) x*E¥=c.Character
+(PRNSPC. bug2epecrs getltt »LITx+0:
cdeasy ¢ 1:0 -(TXTEDT. quere
4

STATE:mw.edlf DSPl+¢ ¢ Move Word) *Ex=w.Word
+(PRHSPC. bug2specds getlti sLITker o
cdeasy + 1: -¢TXTEDT. qmwre

STATE:mn.edli 0SPl¢ ¢ Move Number) KEX=n.Number
+¢PRNSPC. bug2specds getllt mLITker *;
cdeasy + 1: -¢TXTEDT. gunde

STATE:mv.edli{ DSPl¢ ¢ Move Vislble) xEx=v.Vistble
+¢PRNSPC. bug2spec>s getlli KLITkes o
cdeasy ¢ 1: -<¢TXTEDT. qmvdse

cdeasy ¢ 0; -<VCTEDT. qud>e

TA-7079-23

COMMAND-LANGUAGE CODE FOR “MOVE” COMMANDS, WITH ALL
LEVELS SHOWING. We now ““Jump” on a link to a routine named “gmc”
in the “TXTEDT" overlay file which implements the “Move Character”
command {the link in this case is a subroutine call in the “Move” command-
language code—photo shows display just before “Jump” command is executed).
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FIGURE III-14

48

COPY BRANCH
t

1 move 1 :
tgqme) +¢cdlimy(sB1.5P1 TO 4) +ccdlim>($B2.$P5 TO 8)
6070 <movet x> END.
[quw) +<wdr>($B1.$P1 TO 4) +cwdr>($B2.8P5 TO 8)
+¢ddltm>[sP7.5P8) 60TO ¢movetx> END.
[qun)  +<wdr>($B1.8P1 TO 4) - +¢ndr>($B2.8P5 TO 8)
+¢ddlim>IsP7.5P3) 60TO <movetx> END.
tqml) +cidr>lsB1.SP1 TO ¢) +cldr>18B2.8P5 TO 8)
60T0 ¢(movetx> END.
tqmv) +cvdr>IsB1.SP1 TO 4) +cvdr>{sB2.5P5 TO 8)
+¢ddltm>(sP7.5P8) 60TO cmovet x> END.
tqul} +cvdrr(sB1.SP1 TO 4) +cldr>(sB2.8P5 TO 8)
+¢ddltm>$P7.5P8) 60TO cmovei x> END.
tqut) +<cdlim>(sB1.5P1 TO 4) +¢idr>(sB2.583.8P5 TO 8)
60T0 ¢movei x> END.
1 {ranspose 1
tgtc) +ccdltmy(sB1.sP1 TO 41 +ccdltm>(382.5P5 TO 8)
+ciranix>[381.882); END.
[giw) +cwdr>(3B1.5P1 T0 4) +cwdr>($B2.5P5 TO 8)
+ctrantx>($B1.882); END,

TA-7079-24

‘We. have executed the “Jump to Link” command from the previous view, and

then executed a “Jump to Up” command (omitted from sequence of photos)

to display the source statement of “gmc.” We see that the code which
implements the “move” commands can be used as a model for the “transpose”
command. Again, “Copy Branch” is used to make a duplicate copy of this code,
and the copy is altered to produce code for the “Transpose” command (bottom
of photo).



ALL ALL
HJLV

FIGURE III-15

JUNP TO NAME FIRST

1 move 1
(qme! +cedlim>1sB1.5P1 TO ) +¢cdlim>($B2.5P5 10 §)
6070 cRoveix> END.
+
Lqmw) +<wdr>1$B1.sP1 TO 4} +cwdr)>($B2.3P5 T0 8)
+¢ddlim>($P7.5P8) 60TO <movetx> END.

tqmn) +<wdr>{sB1.sP1 TO §) +cndr>($B2.$P5
+¢ddltm>IsP7.sP8) 6070 ¢movetx> END.

Lqml) +¢ldr>IsBI1.SP1 TO 4) +cl1dr>1sB2.
60T0 ¢(movet x> END.

{qmv) +cvdr>(sB1.SP1 T0 ¢) +cvdrr($B2,
+cddlim>IsP7,.sP8) 60TO0 ¢movelx> END.

tqml} +cvdrylsBI.SP1 TO 4) +cldrrisB2.5P5 TO 3)
+eddlIm>(SP7.$P8) 60TO ¢movetx> END.

fqut) +ccdlim>(sB1.8P1 TO ¢) +cidr>($B2.8B3.35P5 T0 §)

TA-7079-25

SAME DISPLAY AS FIGURE III-14 BUT WITH ALL LINES SHOWING.
We now follow a “GOTO” instruction by using the “Jump to Name”

command (photo shows display just before ““Jump” command is executed).
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ALL ALL JUMP FILE RETURN :MNCTRL
HaLy 1

Imovetx) :¢
IF SFIB1} = SF(B2) THEN
IF B1 ¢ B2 THEN
ST BY ¢ SFIB1) P2, kLIT*. P5 P6, P4 P7. P8 SEIBT)
ELSE ST B1 ¢ SF(B1) P7, P§ P2, %LIT¥, P35 P6. P4 SEI(BI)
ELSE BEGIN '
ST B! ¢ SF(BI) P2. wLIT*%. P5 Pé. P4 SEIB1);
ST B2 +« SF(B2) P7. Py SELB2) END:
rellli 60T0 ¢recred> END.
tirantx) PROCEDURE!bugt.bug2!:
REF bug!. bug2:
+(PRMSPC.{rngwelsP1 sP2)
DELPTRIPI P2) DELPTRIPS P§) :
IF SFlbugt) = SFlbug2) THEN
IF bugt ¢ bug? THEN
ST bugt ¢ SFlbugt) P3. PS5 Pé, P4 P7. P1 P2. P8 SElbugt)
ELSE
ST bugt ¢ SFtbugt) P7. P1 P2, P8 P3. P5 Pé. P4 SElbugl)
ELSE BEGIN
ST bug! ¢ SFlbugtl) P3. P5 Pé. P4 SElbugl):

TA-7079-26

FIGURE III-16 The “movetx’ code has been copied and altered to produce the “‘trantx”
' code for the new command. We now return to the previous file by
using the “Jump File Return” command (photo shows display just before
“Jump” command is executed).
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FIGURE III-17

aNUTILTY.

advised fty open =

ARC 1.96 (3-9) IS UP

@ENTER NLS.
PASSWORD - 0K
07/23/70 1128:01
QEXECUTIVITY -1,
1]

[ ]

[ ]

oRESET.

[ ]

%Fille.

ct! ftle

Text:; MNCTRL TXTEDT .

¥Write .
xComplle .
¥Wrlte Blinarles,
%Abort .

¥60

TA-7079-27

The NUTILITY subsystem allows one to automatically archive, retrieve

from archive, compile,

print, and cross-reference files (display is now

running in Teletype-simulation mode, as it was before NLS was started

up in Figure III-1).
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eNUTILTY,

adviged tiy open = :8
ARC 1.96 13-9) IS uP

eENTER NLS.
PASSWORD- 0K
07/23/70 1128:53
SEXECUTIVITY -1,
[ ]

[ ]

[ ]

oRESET.

[ ]

%*Read Blnarles.
%¥Load NLS .
*Flle.

ct! fule all fules.
%60

TA-7079-28

FIGURE III-18 Once the changed code has been compiled, NUTILITY can be used to
automatically load a new version of the system.
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ALL ALL TRANSPOSE WORD
WaLy

. DUMNY ;
Thds 1s a stalement.
+

TA-7079-29

FIGURE III-19 Under DDT we run the new experimental NLS and build a dummy
statement to test the new ‘‘transpose’” command. In this photo the
command has been specified and two words selected.
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. DUMMY ;
statement ts a rhis.

FIGURE III-20

TRANSPOSE WORD
t

t

Here the “transpose’”’ command has been executed.

TA-7079-30



ALL  ALL KEYWORD SELECT FILEIO
SJLY t

tIndex) CATEGORIES FOR NLS PROCEDURES

ftle handling

{89ilelo) RANDON FILE 1/0
% (lodrfb) (rdhdr}

tfilcopy) FILE COPYING
% lcopftl) tgefwka)

tf1Ire!) FILE BLOCK REFERENCING
% (lodregv) (lodrfh) (lodsdb)

tftlcontrol) FILE CONTROL
% lopnftk} (lodrfh) tbressx) trdhdr)

TA-7079-31

FIGURE III-21  Another branch of the SYSGD file allows one to select procedures
according to function with the “Keyword” commands. In this photo
the user has selected the word ‘“fileio”’ as a keyword; we see that the
statement named “fileio” contains two other names, “lodrfb’”’ and
“rdhdr,” in a special format.
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ALL. ALL JUMP TO LINK (UTILTY
sJLY t

(lodrfb) load random file block

O(NLS. UTILTY. lodrfb : jqws)
t

trdhdr) read header block of file
INLS. 10CTL. rdhdr :gwi)

TA-7079-32
FIGURE III-22 - DISPLAY PRODUCED BY KEYWORD SYSTEM. When the selected

procedures are presented, one can ‘““Jump,’” via the associated links,
and examine the documentation and code for the procedure.
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ALL  ALL JUMP FILE RETURN
saLy 1

tlodrfb) 1rhts s the PROCEDURE that everyone calls to have a
random flle block loaded tnto core. Also. i ls possible fo
obialn a block of core which ls empty and not assoclated with
the Ttle. For example. a long ltteral reglster s created In
thts way. There are several 1K blocks In core. some of which
may be *frozen*. which means that they may not be moved or
used for anything else. LOORFB loads the desired ftle block
Into one of these core blocks. On eniry. the A contans the
random ftle block number. and the B contalns the block type.
or -1 IF no ftle block s to be read Info that core block.

The algorithm ls apporximately as fol lows:

First. a block ts chosen. A qulck scan ts made fo find an
unused block. If all are In use. THEN a clrcular counier
INACP) 1s used {o find the *next* core block that Is not
frozen. If all are frozen. RERROR Is called.

RERROR !s called IF the destred clock does not exlsi.

1f the newly found core block conttlans a file block. then

TA-7079-33

FIGURE I1I-23 DOCUMENTATION OF LODRFB PROCEDURE. The “Jump to Link”” command
specified in Figure III-22 has been executed, and the user has set up a “Jump
File Return’’ to display the SYSGD file again.
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FIGURE II1-24
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R+2 1

HyLV JUMP TO ITEM

/4
10viInd) OVERLAY INDEX & DEBUG INFORMATION
tauxcod) forks and fork startiing
trectnt) recovery and Intttalizing

t dat a} data page

lu{lliy)"‘u{lll{y package

tinpfbk) tnput feedback

(mnctrl) maln conirol overlay

{prmspc) parameter speciflcailon overlay
tvciedt) spectal characiers and vector libe

tvetrl)  vector package

TA-7079-34

The overlay index branch of the SYSGD file contains information about each
overlay in the system. . A “Jump’ has been specified to display the branch
on the utility package. The VIEWSPEC code “R+2" appearing at the upper
left corner of the screen shows that in executing the “Jump,” two additional
structural levels of text are to be displayed.



JUMP TO LINK SUTILTY
t

tuttlty) uttlity package
¢ %ink to file INLS.utlliy.1:[gebjs) (kdf PARSLEY)

starting locatlon: orquiy=14000 page 3

cells used: 17715

locatlon for {emporartes: utt

prefix for generated labels: utl

procedures In the UTILTY overlay
tutgd) UTILTY genera! declaratlons
(push) push b-reg onto general stack
[pop) pop general stack onto b-reg
relltf) release [lteral regleier
lgetlit) get Itteral reglster
regadr) get reglsier address
lapchr) append character to a-siring
tapsr) append a-string 1o another
t1dchr) load character from a-siring
tcpysr) copy one a-siring Into another
tasrbuf} move a-siring fo buffer
tmvbfb?) move buffer tup tn corel
Imvdown) move buffer tdown (n core)

TA-7079-35

FIGURE III-25 INFORMATION ON THE “UTILITY” OVERLAY, Including Part of the List
of Procedures in the Overlay. The first substatement in this branch contains
a link which the user is about to follow.
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INSERT CHARACTER
t

10vlInd) OVERLAY INDEX & DEBUG INFORMATION. [‘dlsplay‘]:
lauxcod) forks and fork stariing !
tnk to ftle (nls.AUXCOD. : jgws) tkdf ERICKSON)
starting locatton: | orgaux=24000 page 5
cells used: | 26234
locatlon for {emporaries: | axt
preftx for generated labels: | ax!
procedures In the AUXCOD overlay
tgkf) freeze oiaiement
INLS. AUXCOD. gkf : jqws)

tqka) release frozen statement
INLS. AUXCOD. QKA : [gws)

tqplst) polnier show
INLS. AUXCOD. qplst : guwy)

{qpm!) potnier delete
INLS. AUXCOD. gpm! : [gwy)

TA-7079-36

FIGURE III-26 Here the user is back to the SYSGD file (several steps have been omitted
from the sequence). In the first line of text on the display he has inserted
a content-analyzer pattern. for finding procedures containing the string

“display.”
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FIGURE III-27

CONTENT ANALYZER

{0viInd) OVERLAY INDEX & DEBUG INFORMATION O[ *display‘]:
tauxcod) forks and fork starilng +
ltnk to ftle (nls.AUXCOD. : jgws) (kdf ERICKSON)
stariing locatlon: | orgaux=24000 page 5
cells used: | 26234
locatton for {emporaries: | axi
preftx for generated labels:| ax!
procedures In the AUXCOD overlay
tqkf) freeze statement
INLS. AUXCOD. gk! : jgws!

tgka) release frozen stafement
[NLS. AUXCOD. QKA : [gws]

Lqpls1) polnter show
[NLS. AUXCOD. qplst : [gwy}

(gpm1) polnter delete
INLS. AUXCOD. gpmi : jgwy)

TA-7079-37

The pattern is compiled with command “Content Analyzer.” The display is
not yet affected—the content-analysis code compiled from the pattern will
be run when the user changes a VIEWSPEC.

61



FIGURE I1I-28
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ALL AL JUMP TO LINK :RECINT
HILY !

(0vlInd) OVERLAY INDEX & DEBUG INFORMATION [‘display*]:
tsetdlis) set up display
:(NLS. RECINT. setdls : jgwy)

{dismes) diteplay message
INLS. UTILTY, dlsmes : [qwy)

tixt) create a new display pop
INLS. UTILTY, txt : jgws)

telrdpy) clear display
INLS. UTILTY. clrdpy : jquws)

(resdpy) reset display
INLS. UTILTY. resdpy : [gwi)

tclrall) clear enttre display
INLS. UTILTY. clrall :jgwi)

{numdpy) number display

TA-7079-38

RESULT OF CONTENT ANALYSIS: a list of procedures that in some way
deal with the display (since they contain the word “display’’)
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C.

The Augmented Manager

le

Introduction

General Considerations

Most people need to play the role of "manager" at
various times, whether that role is their primary
function or simply a necessary element for the
accomplishment of their other work,

We will use the terms “"manager" and "management' in
this expanded sense, applying them to an individual's
nmanagement of his own time, resources, and skills as
well as to individual and collective management of
the work of other individuals and groups,

Our experience with augmented management can be
described best in terms of the augmentation tools we
have developed and the methods we have evolved for
exploiting these tools in the task of managenment,

once a tool goes into use, methodology becomes as
complex and critical a concern as the design and
developnent of the tool itself, and our research in
the area of augmenting management has been concerned
principally with the development of special
methodologies for using our basic augmentation tools
with only secondary enphasis on the development of
new special=purpose tools.

We have identified the following as some of the major
needs relevant to fulfilling the role of manager in our
augmented community.

(1) PFast and flexible means for accessing and
studying management working files and other group
working files

(2) Techniques for locating specific pieces of
information in a complex file or collection of files

(3) Efficient methods for entering, updating, and
storing management information

(4) Techniques for interacting with other group
members to verify and comment on information within
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be

the group's working records

(5) Facilities for rapid and flexiple composition,
modification, and publication of management
documentation

(6) Special tools for the processing of management
information (e.g., the NLS calculator facility).

Some of the specific tools and methods developed in
response to the needs outlined above are described
briefly below,

Our collection of on=line files now contains
considerable management ingformation of various kinds,
and we have pursued our investigation ot
managemente=information coperations by using NLS and
TODAS to provide and develop aids for management of
the ARC one=line comnmunity.

There are many areas of potential application for
on=line aids, and we have chosen those ch appear
to be most useful operationally for the purposes of
experimentation and developnment.,

Coste=Accounting Files

While still under continuous development, special
cost=accounting files (described in detail in Section
III=-C=2 below) are now in routine use, These files are
extremely useful in terms of getting work done, and our
experience with developing and using them has
constituted some of our most fruitful research on the
intensive exploitation of the overall on=-line systen.,

The files have an intricate structure, designed for
maxXimum mobility in accessing information and for
maximum efficiency in interfacing with the NILS
calculater facility. 1Intelligent use of these files
includes the entry of new information and the occasional
restructuring of the information to take advantage of
new possipilities in the system and to meet newly
discovered needs. While fundamentally simple, this kind
of usage requires the coordinated operation of the nost
advanced features of NLS; thus the cost=accounting files
are a leading edge of our research on highly interactive
information structures,
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Work=Planning Files

We have begun experiments in using NLS files for the
planning and monitvoring of tasks within our project
activities., Our first experiment involved the
management of the TODAS development activity, for which
we created a file called UPLAN to use in formulating
specifications for TODAS and in planning for the
implementation of the specified features,

This file contains a branch for each identified task
with the following information organized for easy
study and retrieval:

(1) Description of the task, with linkas to other
working files used in its development

(2) Comments on the relationship of the task to
other ARC tasks

(3) Estimates of implementation costs (mainly
manpower) and schedule of work and implementation
stages

(L) Comments on the current status of planning and
implenentation.

We also created a separate file called UMEET containing
agendas and notes for the TODAS developnent activity
neetings,

We made use of a research assistant working on=line
t0 take notes during these meetings, The research
asaistant worked from an agenda composed before the
nmeeting so a8 10 have a convenient franework for
notve=taking, and was also available for finding
on=line information as needed during the meetings.
Successive meeting agendas and minutes vere kept in a
single f£ile 80 as to make it easy for us to search
for records of all discussion related to any given
topic,

On a less formal basis, we have used various other files
for work planning throughout the project's history.

This has ranged from the construction of lists of tasks
in such a way as 10 reflect their interdependencies, to
the maintenance by individuals of files listing their
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personal tasks on hand along with plans for completing
these tasks.,

4. Personnel Files

Some of our personnel information is now kept in on-line
f£iles, Features in the timesharing system permit us to
resirict access to some of these files, while letting
others remain "public." Even though our personnel
roster 1s relatively small, we find it advantageous to
have the ability to specify automatic Ssearches on the
personnel files, eapecially for such tasks as cost
estimation.

e, Documentation

All of our documentation, from large final reports to
the brief circulars distributed at conferences, is
composed, stored, and updated in on=line files. Our
flexible composition and editing capanilities and fast
publication technology (from on=line file to formatted
hardcopy in a few seconds per page) give management
controls over the documentation process that are not
possible without augmentation,

£. On~lLine Dialogue

We use the term "dialogue" to0 indicate the process of
formal communication via interactions with a common
information base, This kind of dialogue plays an
important role in the formulation and monitoring of
plans for project activities, and while we are still
using informal experimental methods to achieve this, we
are in the process of formulating the initial plans for
a long=term investigation of advanced techniques for
augmenting dialogue processes,

Subsequent sections offer detailed descriptions of several
management applications that have been developed using NLS
and TODAS, illustrated with photographs taken from NLS
display screens to show sequences of
information=manipulation operations, A familiarity with
the basics of NLS (Lo the extent that they are explained in
Appendix A) is assunmedq,

In following the descriptions, it should be Kept in mind
that the speed with whieh NLS serves its users is an
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important part of its utility. The photographs indicate
transitions that take only one or two seconds under good
conditions. This speed lends great power and
flexipility to the relatively simple service functions
performed by NLS.

Project Cost Records

In our routine operations, we need frequent and rapid
access to summary data on project costs, with little
reference to lower-level detalls except when the costs are
first checked for reasonableness and accuracy. Therefore
we declded to start by putting summary data on=line at ARC.
As needed in the future, we can add more levels of detail,

We first constructed a cost=history file for 1968-1969
costs on SRI projects ESU 7101 (RADC Contract
F30602=68=C=0286) and ESU 7079 (NASA Contract NAS 1=7897).
This file is called HISCO,

The elements of HISCO included the following for each of

the two projects, on the basis of L=week accounting
periods (as used by SRI's accounting systen):

(1) Salary

(2) Burden

(3) Overhead

(k) Total cost

(S5) Fee

(6) Total charges., |

See Figures III=-29, IJII=30, and III=31 (illustrations
for this section are grouped together, veginning on
page 75).  Each of these three figures shows a
display of one branch of the file, containing the
information for a specific project and year.

We also needed a section showing combined salary
costs and combined total charges for all of our
projects (see Figures III-32 and III=33), We put

these costs in separate branches ¢of the file, The
last branch shows total costs for both projects
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combined, We retroactively studied existing records
for all 1968 data and kept up the 1969 costs every i

weeks, entering the new data by hand.

The usual way of accessing HISCO was via pre=established
links f£rom other working files whenever the user had a
question about recent costs, The VIEWSPECS in the 1link
usually caused HISCO to be brought in with only
high=level statements on display, showing only the
headings for project name, combined salary, total
charges, and total ARC costs (see Figure III=3Lh).

The user could then select the project he was
interested in (by the command Jump to Item), open up
an additional level for viewing, and see column
headings and numerical data (Figures III=-29, III-30,
and III=-31),

Then he could Jjump down through the accounting
periods to the one he was looking for,

If he was making a calculation (perhaps already

started in the file he was working in before he

logded HISCO), he could then call the calculator
and add, subtract, multiply or divide by any of

the numbers in HISCO, His previous calculations
in the previous file would remain intact.,

If finisned with HISCO, he could then return to
the previous file (by the command Jump File
Return) and continue with the calculation, having
found in HISCO the input number or numbers he was
looking for.

As an arena for experimentation, HISCO proved valuable,
Operationally, it was usefyl from time to time but revealed
a need for more frequent updating of the summary data, Our
experience with HISCO led to the development of a
redesigned cost=history file called COSTS which is updated
weekly, with L=week and cunmulative summaries,

The cost elements in this file are:

68

(1) Salary cosis

(2) Total personnel costs
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(3) Non=labor costs

(L) Total costs

(5) Total charges with fee
(6) Balance remaining.

See Figures III=35, III=36, and III=37. Figures
III=35 and III=36 show the same branch of the file
with different VIEWSPEOS; Figure III=-36 displays one
more level than Figure III-35, and this level shows
the weekly data. Figure III=37 shows the weekly data
for another project.

We aliso included funding information showing current
totals, unfunded totals, and total contract amounts
in the "cost," "fee," and "total" categories,

We use separate branches for each project and for total
ARC project costs (Figure III=-38). The skeleton format
for the file was set up in advance for the entire year
of 1970. )

Before entering any actual data, we copied the first
top=level branch (containing some 70 statements)
within the file at the same level four or five times
S0 &8s to create blank format branches, Then wve
simply inserted the project name headings for each
project into a corresponding blank branch., We keep
one blank format branch in the f£ile in case any new
projects should arrive,

Like HISCO, COSTS is usually reached through a link fronm
some other working file, perhaps while a study of
near=future costs is in progress, or from a proposal
cost estimate under development, Again the file is
usually entered with only the top~level statements or
project headings showing (see Figure III=39).

If a particular project is of interest, the
corresponding branch is selected and another level
opened for view. The second level shows
periocd=by=periocd subtotals in each cost category. 1If
weekly data are desired, another level is opened by
changing the VIEWSPEOS and & particular week is
selected by the command Jump %o Itenm,
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The statement for each week has the week-ending date
as its name, The reason for using thi orm of nane
construction is not only so that the statement for a
particular week can be accessed by the Jump to Nanme

command using the ending date, but also so that the

date may optionally be suppressed from the display.

(NLS has the capability of suppressing all statement
names from the display.)

The normal way of viewing these particular files is
with names suppressed; thus the dates 4o not clutter
the display. However, a user who needs to know the
ending date for a vparticular week can see it by
executing a single command,

To access the information for another project within
COSTS, one executes Jump to Return twice to see the
top=level statements again (Figure III=39),

One can move very quickly and accurately through a file
that is set up in this fashion, even without any
familiarity vwith the information it contains,

The primary function of COSTS is to show a consistent
week=by~week progression, by category, of costs for each
project, The file can also be uged for study purposes,
through the use of content=analyzer patterns, some of
which are stored in the origin statement (see Figure
I1I-40, which is the same as Figure III-39 but with
different VIEWSPECS). Any other patterns can be created
88 needed,

This allows a user to extract special categories of
information from the f£ile very quickly, For exanmple,
a user may easily create a display showing all
project costs for the eighth week of 1970, for each
ARC project, It is also possible to output such a
"filtered" display via a line printer, thus obtaining
hard copy of a specialepurpose extract from the total
fila' .

The content analyzer is helpful when using the
calculator on all the data for one week, project by
project, to f£ind total ARC charges by category.
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When only one week's data are displayed (Figure
III-41l), one can add items down each column and
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insert the answer in the "ARC total" space, One can
then elear the accumulator, and add down the next
column. This is done very rapidly through bug
selection of input numbers and keyset entry of
commands == Add, Add, Add, Add, Insert, Clear, Add,
Add, Add, Add, Insert, Clear, and so forth.

The COSTS file is now operationally useful to us, and ve
expect it to be useful for future experimentation with
automatic processing techniques,

3., Estimates for Proposals

Personnel Costs

An estimator working on a proposal can select from an
on=line file, by labor category, representative people
who may be invelved with the proposed work; as he
selects them, he can transfer th names and relevant
information about them to a file where he is building up
his estimate,

The estimator loads a special file, maintained by
himself, which is a directory to all of his other files
and perhaps to a few files belonging to other people.
Figures III=}42 and III~L43 are two displays of a user's
file directory. 1In Figure III-42, only first-level
statements are shown; these are used for establishing
categories. 1In Figure III=43, another level is shown,
containing the actual directory listings in each
category.

This "file directory" contains 1links to each of the
files that it lists. In the present case the files
probably would be cost histories, personnel listings,
previous special studies of costs, and other
adninistrative information,

He loads a previous cost estimate, makes a working copy
of it, changes the heading to reflect the name of the
new proposal estimate, and eliminates the amounts fron
the o0ld estimate.

This produces a blank cost-estimate format. If any
items from the o0ld estimate are inappropriate, they
are easily deleted; new items are easily added as
separate statements. When the format is ready, it is
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output as a new file,

He can then load a file that lists names of people in
the group and some projection of expected additions,
Figures III=L4h4, III-LS, and III-46 show portions of such

a file.

Using this personnel-listing file, he obtains
information about labor categories, A branch
containing contente=analyzer patterns is kept in the

These can be easily reached by Jumping to a

1ink that causes all the patterns t¢o be displayed
(Figure III=L7).

Each pattern will select some particular category
of statements from the file. For example, the
estimator will need to know which people have the
status of Senior Professional,

He selects the appropriate pattern with the
commnand Execute Content Analyzer, and then
jumps on a link that turns on the content
analyger, starting the search at the beginning
of the branch containing personnel listings and
restricting the search to that branch,

This produces a display showing only the
listing of senior professionals in the group.
This set of statements can then be transferred
10 the new proposagl cost-estimate file,

Other patterns can be used to extract sets of
statements according to other criteria -~ for
example, all the hardware or software people in
the group (Figures III=-u8 and III=~L9).

Thus the estimator can select, by labor category,
representative people who may be involved with the
proposal; as he selects them, he can transfer their
names and the information that goes with them to the
file where he is bullding up his estimate,

Thne payroll burden and overhead rates are checked for
currency and inserted into the estimate, using the
calculator to apply them to the direct labor. At this
point the labor portion of the estimate is completed.

72



Section III
APPLICATIONS AND EXPERIENCE

Lo

b, Non=Labor Costs

A typical estimate will involve some travel costs, some
consultant costs, and some report costs, Data
supporting the cost of consultants may be checked by
reviewing current consultants' costs by project and by
censultant. These are Kept in a separate file and
reached through a link for review. The data nmay bde
copied into the estimate if desired.

Report=production costs are estimated using current
Institute schedules, which are based primarily on the
number of pages expected in the end preoduct. These
computations can be made using the calculator and the
existing cost factors from the last proposal (checked
for current applicability).

In addition, the proposal may contain plans to add
equipment. In this case, the estimator will use an
equipment study written in another file by the people
involved in hardware design.

The equipment costs contained in the special study
are summarized in total and reached by a link. The
special study can be viewed and updated as
appropriate and can be copied to go with the proposal
a8 an appendix or used later for backup.

In this fashion, various information is gathered from
various files and transferred into the developing cost
estimate, PFigures III-50, III-51, and III~52 show
portions of a completed on=line cost estimate actually
used for a recent ARC proposal,

Purchase=QOrder Processing

In making estimates of costs for new equipment being
constructed at ARC, reference to previous cost information
is very useful, Ve constructed a
purchase~order/requisition processing file that contains a
separate statement for each item purchased for the past few
years, Figure III-53 shows a portion of this file.

All outstanding orders are contained at a second level
within a single branch (see Figure III~5L4); therefore the
distinction between outstanding and completed orders is
easy to see by reference tc level, To reduce clerical
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error, we consider an order completed when the comp pattern
is inserted and the statement is moved to its alphabetical
position on the top level.

This file can be searched using the content analyzer in

- some interesting vays. If we wonder what we purchased on

PR A08927, the question can be answered simply by executing
a content=analyzer pattern specifying the number, We can
quickly see all outstanding orders charged to a particular
project, Figure III-55 shows a content=analyzer pattern
that has been temporarily written into the file, for
2inding any entries pertaining to orders for relays under
Project 7101. Figure III-56 shows a view generated by
using this pattern.

This file ias kept up=to=-date by the secretary of the
hardware group, who is most involved with requisitioning.
She does this updating entirely with TODAS.,



JUMP TO ITEM
t

7101 (RADC) COSTS 1968
Perlod Salary Burden Ovhd NonLabr ToiCost

TA-7079-39

FIGURE III-29 A BRANCH OF FILE HISCO
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JUMP TO SUCCESSOR
!

t

7079 (NASA) COSTS 1968
Perlod  Salary Burden Ovhd NonLabr TotCost Fee TotChgs

21317
28086
32801
30010
32114
41316
25246
24847
31967
31411
34449

TA-7079-40

FIGURE III-30 - A BRANCH OF FILE HISCO
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t

7079 (NASA) COSTS 1969 t

Perlod Salary Burden Ovhd NonLabr ToiCost Fee TotChgs

1 4083 115 4664 1625 11147 712 11859

7296 1386 8335 352 20538 1312 21851

9538 5111 17958 10113 42780 2733 45514

9157 2193 11330 3117 26377 1685 28062

10171 2379 12238 6812 31600 2015 33615

8541 2050 10591 7533 28715 1835 30549

6463 1562 8129 2215 18369 1180 19549

7364 1767 9131 4632 22984 1462 24356

3 3211 112 3989 4733 12713 812 13525

10 2749 660 3408 1429 8244 5217 8770

11 2348 563 2912 613 6437 411 6849

12 3601 864 4466 1442 118135 662 11035

13 3175 162 3937 1349 9823 628 10451

projcum 133413 42884 233242 86730 556269 35541 591810

TA-7079-41

FIGURE III-31 A BRANCH OF FILE HISCO
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t

Combined Project Salary 1968
Perlods 7101+ 7079 = Total
1

2138
12061
12913
11517
14893
13803
12130
14259
13393
123%4
14774 .RES:

TA-7079-42

FIGURE III-32 A BRANCH OF FILE HISCO
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Combined Total Project Charges 1963 ¢
Perlods 7101 + 70719 = Total
1 J1232 11859 63091
2 21650 21851 43501
3 13249 45514 118763
4 52903 20062 30965
5 65059 33615 98674
¢
7
s

25366 30549 55915
109129 19549 128678
114209 24356 133565

[ 50255 13525 63780

10 30442 170 89212

11 113633 6849 120482

12 14257 11035 85292

13 74078 10451 34529 .RES:

TA-7079-43

FIGURE III-33 A BRANCH OF FILE HISCO
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t

tHISCO., 02/27/70 1443:55 JON :.0O6N=1; RIJ=0:.LSP=0:.5CR=1: HED=*ARC
ARC PROJECT COST HISTORY 1968-1969
See also (funds.costhlstory:zwgn!

By Project:
7101 (RADC) COSTS 1968
7101 {RADC) COSTS 1969
7079 [NAGA) COSTS 1968
7079 (NAGA) COSTS 1969

By Itenm:
Comblned Project Salary 1968
Comblned Project Salary 1969
Combtned Fotal Project Charges 1968
Comblned rotal Project Charges 1969

TA-7079-44

FIGURE III-34 INITIAL VIEW OF FILE HISCO UPON ENTRY VIA LINK
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t

PROJECT 7101 [RADC-old)

Fundlng: Cost Fee Total

current total: s 1459564 $ 55658 s 1515222

unfunded total:s 0 s 0 ] 0

Total contract:s 1459564 8 55658 $ 1515222

. Wk-Per Salary Percost NonLabr ToiCost TotChgs Balance
rotal 1 14121 35216 46894 - 82110 85230 181358
rotal 2 1130¢ 28225 23917 52142 53724 127634
Total 3
rotal 4
rotal §
rotal €
Total 7
Total 8
Total 9
Total10
Totaltil
Total12
Total13

TA-7079-45

FIGURE III-35 A BRANCH OF FILE COSTS SHOWING ENTRIES FOR 4-WEEK -
ACCOUNTING PERIODS

81



JUNP TO ITEM
?

PROJECT 7101 [RADC-old)
Funding: Cost Fee Total
Current total: s 1459564 s 55658 $ 1515222
Unfynded total:s 0 s (] ] 0
Total contract:s 1459564 s 55658 s 1515222
. Wk-Per Salary Percost NonLabr TotCost TotChgs Balance
11 (comblned with week 2 on PSR')
2-1 6660 16617 10902 27519 28565 238023
3-1 3646 9067 555¢ 14623 15178 222845
4-1 3815 9532 30436 39968 41487 181358
Total 1 14121 35216 46894 82110 85230 181358
2113 6773 509 7282 7559 173799
2874 T184 8495 15679 16275 157524
3465 8647 9578 18225 18917 138607
2254 5621 5335 1095¢ 10973 127634
11306 28225 23917 52142 53724 127634

TA-7079-46

FIGURE II1-36 SAME AS FIGURE III-35 BUT EXPANDED TO SHOW WEEKLY ENTRIES
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PROJECT 7079 (NASA)
Fundlng: Cost Fee Total
Current total:" s 617937 s 39500 $ 657437
unfunded total:s 0 s ¢ s ]
Total contract:s 617937 s 39500 $ 657437
. Wk-Per Salary Percost NonLabr TotCost TotChgs Balance
1-1  (comblned with Week 2 on PSR")
1488 3718 1495 5213 5547 60018
410 1025 28 1053 1120 58899
1847 4618 1823 6441 6853 52045
3745 1361 3346 12707 13520 52045
2314 5787 H 5789 §159 458386
2300 5748 27 5115 6145 39741
1348 3372 32 3404 3621 36120
- 1701 4251 391 4642 4940 J1180
Total 2 7663 19158 452 19610 15925 J1180

-
o
g

e R ]

— o -
—

¢
~ oo oo~

‘

2
3
4
a
3
6
7
8

TA-7079-47

FIGURE III-37 SAME AS FIGURE III-36 BUT FOR A DIFFERENT BRANCH OF FILE
COSTS SHOWING DATA FOR A DIFFERENT PROJECT
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t

ARC TOTAL PROJECTS

Fundling: t  Cost Total

Current total: $ 2184659

Unfunded {otal: ] 0

Total contract:s 4432336 8 202787 s 4635123

. Wk-Per Salary Percost NonLabr TotCost TotChgs Balance

1-1  tcombined with Week 2 on PSR")

8148 20335 12397 32732 34112 298041
405¢ 10092 5584 15676 16298 281744
5662 14150 32299 46409 48340 233403
17866 445717 50240 94817 98750 233403
5027 12560 511 13582 13718 219685
5174 12932 8522 21454 22420 197265
4813 12019 9610 21629 22538 174727
5207 13003 5765 18768 19241 2567549
20221 50514 24408 75433 17917 2567549

« e
— - -

-
(-]
Lo d
_—
—

-
o
e
@ — e « ¢
~ oo oo
~

¢
N W

.

2
3
4
a
5
]
7~
8
a
9
0
1
2

P

TA-7079-48

FIGURE III-38 A BRANCH OF FILE COSTS SHOWING COMBINED DATA FOR ALL ARC
PROJECTS
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JUMP TO LINK
1

1COSTS. 62/27/70 1534:27 JCN
ARC 1970 PROJECT COSTS:
PROJECT 7101 (RADC-old)
PROJECT 7079 (NAGA)
PROJECT 8457 (RADC-new)
PROJECT xxxx (ONR)
PROJECT 8444 (PhLltps)

ARC TOTAL PROJECTS

TA-7079-49

FIGURE III-39 INITIAL VIEW OF FILE COSTS UPON ENTRY VIA LINK
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RaLy t

tCOSTS, 02/27/70 1534:27 JCN

[* 3-1 *JOR[*PROJECT*JORL ** Wk*]:

[ *Current *JORL *PROJECT*JOR] *Funding :*];

[ *Current *JOR[ *Unfunded* JOR[ *Tot a!l cont *JOR[ *PROJECT* JOR[ *Fundling :*]:
[‘Unfunded']OR[‘PROJEcr‘]OR[‘Fundlng‘:‘];

[*Total contract:*JOR[ *PROJECT*JOR[ *Funding :*]:

[*Cum*JOR[ *» Wk*JOR[ *PROJECT*]:

no charges

JOSN=1; RTJy=0; LSP=0;.0L5=0; SCR=1: HED=*ARC PROJECT COST HISTORY 1970

i .NSW=0; DPR=0; [**]:theading!:zxbbrDlnK) RES:
ARC 1970 PROJECT COSTS:

¥ Wk-Per Salary PerCost NonLabr TotCost TotChgs Balance

PROJECT 7101 (RADC-0ld)

Fundlng: Cost Fee Total
Current fotal: s 1459564 8 55658 s 1515222
unfunded total:s 0 s 0 ] 0
Total contract:s 1459564 55658 $ 1515222

TA-7079-50
FIGURE 1II-40 SAME AS FIGURE Il-39 BUT WITH DIFFERENT VIEWSPECS TO SHOW

CONTENT-ANALYZER PATTERNS STORED IN FIRST STATEMENT
OF FILE
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NILY t

ARC 1970 PROJECT COSTS:

* Wk-Per Salary PerCost NonLabr TotCost TotChgs Balance

PROJECT 7101 (RADC-old)

3-1 3646 9067 14623 15178 222845
PROJECT 7079 (NASA) '

3-1 410 1025 1053 1120 58899
PROJECT 8457 (RADC-new!

3-1
PROJECT xxxx (ONR)

3-1
PROJECT 8444 [Phlllps)

3-1
ARC TOTAL PROJECTS

3-1 4056 10092 15676 16298 281744

TA-7079-51

FIGURE Il1-41 VIEW OF FILE COSTS WITH CONTENT ANALYZER IN OPERATION,
SHOWING DATA FOR A SINGLE WEEK ONLY. This is done by using
the first pattern appearing in square brackets in Figure I1I-40.
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JUNP TO ITEM
t

JCN Scratch Flles 02/27/70 0858:30 ycN
Other People's flles ¢

Speclal Links

Viewchange linet

TA-7079-52

" VIEW OF A USER'S FILE DIRECTORY, SHOWING FIRST-LEVEL
STATEMENTS ONLY

FIGURE III-42
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ALL ALL JUMP TO ITEM
HILY 1

JCN Scratch Flles 02/27/70 0858:30 JCN
JCN dally working NOTES .
t|plan.:zxbn) f
Flnanclal and STATISTICAL daia .
{fundsg. : zx0n)
Speclal operattonal cost STUDIES.
tstudy.:zx0n)
Current 1970 project COST SUNNARIES
{costs.:zxnD)
STATEMENT of WORK ARC Projects .
{gtate.:zxCn)
Cost ESTIMATE: ESU 69-100 RADC 11/14/69 .
{newes. : zxbbn)
Schedules: ESU 69-100 RADC 11/14/6)9
tschda. : zxbbgn)
Cost ESTIMATE: ESU 69-119 ONR 10/26/69 .
tonrest.:zxbbgn) .
Schedules:  ESU 69-119 ONR 10/26/69 .
1 shdon, : zxbbgn)
ARC: MSR demonstratlon OUTLINE .

TA-7079-53

FIGURE I1I-43 SAME AS FIGURE II1-42 BUT WITH ALL LEVELS DISPLAYED
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JUMP TO LINK
1

ARC PERSONNEL

FIGURE III-44 -

Present (2/5/70)
Borrowed

Pt e es s et et ceassersssen e

+3 more durung 1970 ?

TA-7079-54

PART OF A FILE CONTAINING INFORMATION ON ARC PERSONNEL.
(Not all levels are shown.)



JUMP TO LINK

Present (2/5/70)
Ball. 6.H,
Bass. W.L.
Baughman. V.R.
Bosch. F. Van Den
caldwell. M. 5.
carlllon. R.A,
Casseres. D. 6.
Church. N.S.
Duvall. W.S.
Engelbart. D.C.
English. w.Kk.
6eoffrion. A.R.
Hardy. M E.
Harrls., J
Hopper. J
Irby. C.H
Leonard. L.S.
Melvin, J.L.
Meyer. N.D.

.M.
0.

TA-7079-55

FIGURE I11-45 A VIEW OBTAINED BY JUMPING TO ONE OF THE STATEMENTS
SHOWN IN FIGURE III-44 AND OPENING AN ADDITIONAL LEVEL
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FIGURE III-46

JUMP TO ITEM
t

Heyer. N.D.

Norton. J.C.

0 Connell, D F.

Pargley. B.L.

Paxton. W.H.

Ratltff, 4.

Row. B.E.

Trundy. M E.

Van De Rlet. E.K.
Borrowed

Brown. D.R. (1/20)

Lelo. B, t1720)

Yarborough. J.M.

Systems Programmer
Research Englneer. [Hardware)

FUNCTIONS

1+ peoplé

June 1370
Apetl 19702

TA-7079-56

A VIEW OBTAINED BY JUMPING TO THE LAST STATEMENT SHOWN

IN FIGURE III-45



CONTENT ANALYZER

[**secy*]: [*ksupvt]: [**srprof*];
[ *xprof*]: [ *stech*]: [ ‘*sresasei‘]:

P* xhardware']: [* *#software']:

[* xsupport*]: [* »usersys*]:

[* *managementsys']: [**#programming*]:
[ *knetworkinfo*]:

LINK . ... [personnel:zxbbbhpin}

TA-7079-57
FIGURE III-47 CONTENT-ANALYZER PATTERNS STORED IN THE PERSONNEL-

INFORMATION FILE. Each set of square brackets contains one
pattern, used to search for hidden “‘tags”’ in statements in the file.
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FIGURE III-48

JUMP TO LINK
t

Hardware:
Baughman. V.R.
Engltsh, wW.x,
Hardy. M.E.
Meyer. N.D.
Rat IUff. 4
Row. B.E.
Van De Rlet. E.K.

Yarborough. J.M.

TA-7079-58

VIEW OBTAINED BY USING CONTENT ANALYZER TO SELECT

ENTRIES IN PERSONNEL-INFORMATION
TAGGED FOR “"HARDWARE"

FILE THAT ARE



JUMP TO LINK
t

Software:
Bass. W.L.
Bosch. F. Van Den
Church. M.S.
Duvall. W.S.
Engltsh. W.K,
seoffrlon. A.R.
Harrls, J.M,

Hopper. J.0.
Irby. C.H.
Leonard. L.S.
Melvin. J.L.
Pargley. B.L.
Paxton. W.H.

TA-7079-59

FIGURE III-49 VIEW OBTAINED BY USING CONTENT ANALYZER TO SELECT ENTRIES
IN PERSONNEL-INFORMATION FILE THAT ARE TAGGED FOR “SOFTWARE"
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JUMP TO LINK
t

:NEWES. 03/17/70 1525:26 JCN ;,0LS=0;:.RTJ=0; DPR=0; HED=* SRI PP°p08a|
Itnks: (funds.annual:zxbdn) (schda.1:zxb0nh)

FIGURE III-50

t

COST ESTIMATE
{for the two year pertod startlng 2/8/70)

Personnel Costs $ 1.213.500
Direct Costs 1.093.179
Total Eetimated Cost 2.306.679
Flxed Fee 115.334
Total Estimated Cost Plus Fixed Fee s 2.422.013
% See attached Schedules

Personne! assumed:

TA-7079-60

PART OF AN ON-LINE COST ESTIMATE FOR USE IN A PROPOSAL



JUMP TO ITEM
t

Direct Costs

Travel

Facllity »

Consuliants

Report Costs

Total Direct Costs
Total Estimated Cost
Flxed Fee

Total Estimated Cost Plus Flxed Fee s
* See attached Schedules

TA-7079-61

FIGURE III-51 PART OF AN ON-LINE COST ESTIMATE FOR USE IN A PROPOSAL
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JUMP TO ITEM
t

FACILITY COSTS

Total Factltiy Costs: $ 1.044.072

‘Computer Facllliy Support 853.072

Lease Cost
Malntenance and Operatlon

Anticlpated Improvements ' 191,000

Interactive External Core
Conferencing Faclltty
Console Switching Factltty
Unlvac drum Lnterface
Bryant disc expanston
Disc Interface [(XDS 7242)

TA-7079-62

FIGURE III-52 PART OF AN ON-LINE COST ESTIMATE FOR USE IN A PROPOSAL



ALL ALL JUNP TO ITEM
KaLv t

§ Accessory. Overvoltage Protectlon. LM-Ov-2. Lambda. 1 at $30. 00.
8457-20. PO A67969. Aprll 10. 1970. ekv. kcompx

t
7 Adapter. Rack. LRA-3. Lambda. 1 at $35.00. 8457-20. PO A67766. March
31. 1970, ekv. xcompx

8 Augat. 8042-101 thru 8042-1610. David H. Ross Co.. 10 of each color
at $1.10. 7101-23. PO A¢7475. ekv. Scompk

9 Amplifter. video Distributton. #981. 6rass Valley 6roup thry
Ward-Davis. 3 at $185.00. PO A67189. T101-21. January 269. 1970, ekv.
xcompx

10 Ampltfier. Pulse Distributlon. #910. 6rase Valley 6roup thry
Ward-Davis. 1 af $185.00. PO AG7183. 7101-21. January 26. 1970, ekv.
kcompx

11 Augat Adaptor Plugs (Klugel. 8136-29g6. Sterling. Elecirontcs. 30
at $1.64. PO A67311. 7101-21. February 9. 1970. ekv. »compx

TA~-7079-63

FIGURE III-53 VIEW OF A PORTION OF THE PURCHASE-ORDER PROCESSING FILE,
SHOWING CONTENTS OF INDIVIDUAL STATEMENTS
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JUMP TO ITEM
t

3 PATTERNS useful for searching (link htdden)
3A Outstanding requlstitons ... no purchase order yet
L: ;[ *PR CJAND -[*PO *JAND -[*%*]:)
3B Oytstanding requlstilons with a purchase order
L:1:[*PO *JAND -[‘kcompx*]:)
3C Completed orders . t
L:U:[ **%compx*]:
30 Recent changes to this ftle: _SINCE (70/03/0¢ 08:00);
OUTSTANDING ORDERS EACH ON A SECOND LEVEL
4o Cablnet. Storage Type. 1000. Shelcor Inc.. 1 at $95.90.
30140-710. PR A17508., Nay . 1370. ekv.
48 To Regun CRTs. SCEP-1. Sunbriie Elecironlcs. ¢ at $95.00.
8457-20. PO A68777. Jyuly 15. 1970. meh.
4c Binders. Nylon Post Hanger. 9-14INBL. Wilson Jones. 10 at s2.17.
8457-20. PR A25012. date. meh.
40 card. 2 Input Nand Gates. 502. Data Tech. 5 af $27.00. 8457-20.
PR A25006. ber.
4t Assembly. ¢ Prong Table Leg. 72¢. West Coast through Palo Alto
0fftce Equipment. 10 at $36.00 (with 25 per cent discouni). 8457-20.
4F Markers. Cable. PWC-PX-3. 1% x 3*. WH Brady Co.. 10 packs at

TA-7079-64
FIGURE III-54 VIEW OF A PORTION OF THE PURCHASE-ORDER PROCESSING FILE,

SHOWING OUTSTANDING ORDERS LOCATED IN A SEPARATE BRANCH.
Upper part of screen shows a branch containing Content-Analyzer patterns.
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ALL ALL CONTENT ANALYZER
eJLY

3B P*Relay*]AND[*7101+];
+

TA-7079-65

FIGURE III-55 A CONTENT-ANALYZER PATTERN FOR SEARCHING IN THE
PURCHASE-ORDER FILE
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ALl ALL JUMP TO ITEN
eILY 1

3B [*Relay*]AND[*7101%]: t
548 Relay. Phillips. Advance. 6706K-2¢3. Klerulff Electrontcs. 6 at
$3.70. PO ¢5148. 7101-22. Aprtl 20, 1969. meh.

TA-7079-66

FIGURE 1II-56 VIEW GENERATED BY A SEARCH ON THE PATTERN SHOWN IN
FIGURE III-55
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APPLICATIONS AND EXPERIENCE

D.

The Augnented Reporte=wWwriting Tean

9

2.

Introduction

This section discusses the generation of large,
contractually required reports, since these test our
capabilities most thoroughly. Smaller, less formal reportis
involve a great deal less effort; the advantages discussed
below are equally present, but the problems are
insignificant in comparison to the ones that arise with,
for exanmple, a final report.

It should be noted that much of this diicussion is
applicable to proposals and other types of documenta, as
well a9 reporta.

Team Approach

As in many other research groups, none of our mljor reporis
are written by a single individual.

Because of the broad scope of activities reported ==
ranging from management systems research to the detailed
design of software implementations == we use a tean
approach, involving one or two individuals who
coordinate the effort and numerous others who contribute
sections of material coverint their particular

- specialties, ;

- The present report containg material written by at least
six people == the exact number is hard to determine
because some material is adapted fronm previous .
documents, using archived files saved for this purpose,

Also involved in the process are individuals who nmust
formally approve sections as they are written, the

- prineipal investigator, who must approve the overall report
- at various stages of completion, and a technical

writer/editor.

Typically, these persons as well as the cobrdinators are
also major contributors to the text of the report.

‘This list excludes other SRI personnel outside of ARC ==
editors, illustrators, officers who must approve the
report, etc, Part of the reportewriting tean's dob is
to conduet liaison with these people,
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Augnentation bears upon all aspects of this team effort,
Because of the flexibility of the tools (principally NLS),
the various individuals involved use the systenm in various
individualistic ways.

To some, NLS is simply a super=typewriter; to others, it
is a high-povwered study aid for searching existing
material and extracting information needed in the
current report, ’

some people prefer to do certain types of work with
hard copy rather than at a console., These people use
NLS for rapid production of hard copy of latest
versions of parts of the report; after working on the
hard copy, they use NLS for rapid incorporation of
their changes and additions into the master files on
line,

To the coordinators, augmentation means the ability to
create an outline of topics to pe covered in the report,
with notations indicating persons responsible for writing
particular sections, comments as to desired amounts of
material and depth of coverage, deadlines for successive

drafts, etc,

Suech an outline can be continually updated by changing
the basic plan of the report, adding or deleting
sections, altering deadlines and assignments, etc,.,; thus
the outline becomes a continuing status report of
consideranhle complexity, yet with all information
readily accessible because of NLS features such as the
content analyzer.

As sections of the report begin to take shape as NLS
files, links t0 these files can be inserted at the
appropriate locations in the outline, Now the
coordinators, examining the status of the report effort,
can Jump instantaneously from a planning description of
part of the report to a view of the actual work in -
progress; conversely, authors working on report sections
can exanine and reexamine the outline as they work,

It 18 difficult to make a meaningful comparison between

‘report=writing at ARC and elsewhere, because the process

always depends heavily on the individuals involved and the
organization's general philosophy about reports, as well as
the facilities available. However, we can safely say that
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this kind of close teamwork would be quite impossible for
us without the augmentation aids that support it., To
collaborate as tightly as we do without augmentation, we
would need an immense amount of time and a staff of
full=time coordinators, clerks, and typists.

Advantages

NLS

As a tool for coping with the mechanical problems of
report writing == input of material, assembly of
material into a report structure, organization within
the structure, text editing, and final output == NLS has
proven to be superb., For some operations, such as
automatic searching of thousands of words of text for
particular words or phrases, NLS is several orders of
magnitude more efficient than paper=and-pencil
technology.

To illustrate the advantages of NLS, let us briefly
consider a few specific examples.

For entering text, NLS becomes & super=typewriter.
This 1s probably the simplest possible use of NLS.
‘The advantages of NLS over a typewriter come fronm
several factors:

(1) Backspace=character and backspace=word keys,
which cause immediate deletion of the last input
character or word.

(2) The user's knowledge that further corrections
can easily be made later,

(3) The availability of NLS's study capabilities.
This is the most critical advantage, since it
allows the writer to go back rapidly over what he
has already written and reorient himself as he
moves from one topic to another.

As a to0l for assembling, organizing, and
reorganizing material from diverse sources (recent
input, existing files, etc.) NLS replaces such
technelogy as the loose=leaf binder, the blackboard
full of notes, the extra information written on small
slips of paper and clipped to pages in the looseleaf
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binder, etc.

In our present state of evolution, this
replacenent is necessarily incomplete == the older
methods are used in coordination with NLS,
However, NLS dominates the overall technology for
organizing material and to this extent it greatly
increases efficiency.

The master copy of a report in progress is a set
of NLS files, The insertion of new material as it
becomes avallable is accomplished quieckly and
smoothly, and the working material is completely
legible at all stages.

The difference pbetween working with a formatted
NLS display and working with & binder of cut,
stapled, pasted, and pencilemarked typevwriter
copy must ve experienced to be appreciateq,
Moreover, a complete, fresh, fully formatted
printout of the existing draft can generally be
obtained in a few minutes, at any stage of the
jobh.

The term Y"editing" is used here to mean the task of
going through a draft or a section of a draft and
correcting errors of spelling, grammar, style, and
(within limits) content,

Qur reportvs generally receive two editing passes:
one by ARC's technical writer, using NLS, and a
second by one of the SRI editing staff using
pencil~=and=paper methods.

NLS permits the augnmented editor to work a great
deal faster than he could with paper and pencil,
0f course, he vorks with the knowledge that
another editor will go over the draft and
habitually leaves many decisions up to hin.

The advantages of NLS for editing stem from two
basic factors == sheer speed, and the power of
automatic searching.

The speed is just brute force in action: it is
quicker, for example, to specify the command
"Replace Word," point to a location, type the
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new word, and hit the "command accept" button
than it is to make the equivalent marks on hard
copy. Using "Jump" commands to locate
cross-referenced locations in the text is
faster, by orders of magnitude, than flipping
pages in a bdinder,

Automatic searching for specified strings of
text permits operations that are virtually
impossible for the unaugmented editor.

For exanple, many writers consistently
misspell certain words. The augnmented
editor can execute a "Substitute" command
that will correct all ocurrences of several
different consistent misspellings,
throughout a file, in a single operation,

For another example, suppose that halfway
through a lengthy draft, the editor suddenly
finds something that makes him uneasy about
the way a particular term is being used == a
term used many times in the early portions
of the draft.

The unaugmented editor would be faced
with the prospect of reexamining many
pages of text, looking closely enocugh to
£ind all occurrences of the suspect tern.
This situation is one that editors
encounter quite frequently, and tie work
involved is both lengthy and fatiguing.

With NLS, the problem disappears; the
editor uses the content analyzer to find
all occurrences c¢f the tern _
automatically. If he then decides that a
different word should be used, he can use
a "Substitute! command to make the change
throughout the file or in specified
portions of the file.

b. A Note on Structured Text

our use of "structured text" == j.e., & format that
reflects hierarchical relationships among "statementa"
or paragraphs == is somewhat controversial with some of
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b

Coe

our readers,

Many of NLS's most valuable features depend upon
structured text., Moreover, structured text has
advantages of its own. The special formatting carries
information that is not in the text itself, thus
increasing the overall "bandwidth" and permitting
greater economy in writing.

Structured text is a direct consequence of the use of
the conmputer as a writing medium, Jjust as standardized
punctuation resulted from the introduction of movable
type as the medium for publishing. Hoprefully,
structured text will turn out %o be only the first step

"4n the development of new ways to show, by formatting

and other nonverbal means, various relationships among
the units of information that make up a docunment,

Assenbly of Reporis

As noted above, NLS is used to put together material
from various sources to preoduce a complete draft. This
raises the possibility of keeping on hand a large
collection of material that describes our work in its
various aspects, frequently updated so that at any time
we can extract what is needed for a report. This
material, ideally, would make up a very sizable part of
each report and would require only simple rewriting,
thus greatly reducing the labor of reporte=writing.

This idea has been with us for years, and we have nade
some progress in implementing it, To the extent that it
actually happens, it is very worthwhile; however, only a
very small part of a typical report is actually done
this way.

In the present report, for example, only the preface,
the bibliography, and the appendix are taken directly
from existing material. Larger portions are derivea
from existing material, but with complex and
extensive rewriting to suit the needs of this repcrt.

Problems

The problems of augmented reportewriting fall into several
categories, descrived in the following sections,
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To some extent, the problems are not merely
report=writing problems but augmentation problems, i.e.,
problemns created by side=~effects of augmentation upon
the total ARC asysten,

Technical Problenms

The simplest problems are technical in origin. For the

‘most part, they seem not to relate to gaps in technical

capability =« j.e.,, "missing fegtures" =~ but rather to
inadequate performance of the technical systems on which
we have come to depend.

As noted elsewhere in this report, system response is
degraded when several users are working simultaneously;
because of our tean approach %o report=writineg, this
degradation tends to be worst at the worst possible time
== just when several people are trying to complete their

-econtributions to the report.

A more critical problem arises from technical
limitations on file storage. Two storage media, disc
and tape, are available for report purroses,

Tape, in the current system configuration, is
inconvenient and ean only be used for long=-tern
backup copies.

In the last few months regular procedures have
been established for tape archiving; so far,
however, relatively few files have been saved on
tape in such a way as to be reasonably accesaible,

Disc storage space is severely limited. Reports take
up a great deal of space compared to other types of
files in use by ARC, while at the same time they are
less useful in day~to=day work by ARC personnel,

Work on a report generally invelves considerable
shuffling of files in order to obtain space for
the new report files; files not related to the
report are moved into out-of~the=way locations,
and we sometimes lose track of them in this
process, Duplicate copies are destroyed to0 make
more room, and here there is a chance of
inadvertently destroying the last copy of a file,
Furthermore, if only one copy of a file is kept we
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be

face the possibility that a system error will
destroy it.

The actual loss of a file has become a
relatively rare occurrence, as users have
become aware of the problems and developed
habits and procedures to safeguard their files,
However, we expend a great deal of time and
energy on these safeguarding nmeasures, and this
seriously slows our report-writing efforts as
"well as all of our other on=line work.

When work on a report is finished (or temporarily
halted) g reverse process takes place: the report
files are hidden away, with a risk of losing then,

Probleme of Explaining the "Augmentation Culture”

NLS and our other augnmentation systems are part of an
exceedingly complex total system that includes all of
our set procedures for doing things, our management
methods, our goals, and our strategies and priorities
for doing research, This total system is the tangible
part of the "agugmentation culture'; the intangible part
consists of personalities, emotional interactions,
intellectual orientations, etc.,

It is a tiny and incomplete culture with a brief history
=« 3 laboratory model. Nevertheless, like most cultures
it is incompletely understood by the people inside it,
The long-term side-effects of any innovation are
unpredictable, and occasionally such side~effects give
rise to problens,

The problems of the augmentation culture affect all of
our activities to varying degrees; with reports,
however, these problems are nultiplied, because the
central task is (in principle) to explain this sanme
culture 1o a reader who has no direct experience of it.

'In practice, we rarely or never attempt g complete

explanation; instead we describe various important
aspects of our work, one at a time., Unfortunately, this
leads to a fragmented picture in which the true context
0f our work == a whole=gystem approach == tends to
become attenuated,
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¢. Problems of Organization and Technique

Practically nobody likes to write reports, What ias
worse, very few people are capable of writing good
reports on difficult topics without very great
expenditures of time and energy. AV ARC, we have
responded to these problems in several ways:

(1) We have developed an elaborate system of
computer aids for writing (as well as other
purposes),

(2) We have negotiated our contracts in such a way
as to require a minimum number of reports,

(3) We have used live demonstrations and fiims to
supplement the communication function of reports.

(L) We have experimented continually with different
ways of organizing a report=writing team to function
within our culture,

Some commentary on these responses may serve to
illuminate the problenms,

With regard to the first item, the computer aida are
magnlficent (as described above),

Reducing the total nunber of reports required is
debatable; it can be argued that it would be easier
and more effective to produce small reports at more
frequent intervals, thus making final reports much
less critical and easier to write, since they could
lean upon the information contained in recent short
reports.

It is probably true that films and live presentations
are nmore communicative of what we are doing than any
written report could be, However, they do not lessen
the demand for good reports and they cannot be stored
on line for computer access.

Experimentation with ways of organizing the reporting
efforty will probably be the most fruitful way of

.solving the problems,

We are still only beginning to develop a good
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organizational approach to the report problenm,
The present report is peing produced under a
rather elaborate plan of highly distributed
guthorship with a single individual as p ner,
coordinator, and "pusher."

At this writing, our prineipal difficulties are in
getting all the various authors to finish their
contriputions on time and in sticking to any one
scheme for the organization of the many sections,
Although early analysis may well be misleading,
the situation suggests that we have concentrated
100 hard upon the distribution of responsipility
for writing sections, thus neglecting other
equally important requirements for a workable
delegation of authority, better forecasting of the
effort involved in various phases of the work,
better timing, etc. ‘

The Augmented Presentation

1.

General

When a group of people meets for purposes of discussion,
briefing, planning, etec., it is often necessary to
communicate a prepared body of information to them for
review, orientation, or tutorial purposes,

The usual mode in such a session (which might be &
meeting, lecture, seminar, or any other sort of
gathering dealing with any sort of subject from poverty
problems to sales policy to bilochemistry) is for one
person at a time to speak, with various degrees of
preparation, and various levels of support from
audio=visual aids. Effective use of these gids usually
requires special preparation of the materials (tapes,
slides, charts, etc.), or special effort at the time to
write on a blackboard or image=projector suface ==
although occasionally there is an opaque projector or TV
circuit that enables the speaker to integrate sonme of
his normal working material into his presentation
without apecial preparation,

To any of us who are seasoned users of NLS,
participating in conventional presentation processes has
become even more painful than it was before we became
accustomed to augmentation, We have grown so used to
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- the ability to move around easily within any of our
informaton bases (designs, documentation, reference
material) and to switch quickly among the many useful
ways of viewing the information, that we wish that sort
of capability were available to the speaker,

If a closed=circuit TV system is avallable to distribute

- the computer=display images to a group, then a speaker
with on=line access to a computerized information systenm
can indeed make an "augmented presentation,"

Early Experimenta

In October 1967 we set up a special conference room, with
TV monitors arranged so that some twenty people, sitting
around a rectangular table, could watch an augmented
presentation. We inaugurated the facility with a two=day
meeting petween our staff and the technical monitors from
the four agencies then sponsoring our work.

At all times during the meeting, the speaker sat at the
NLS control console (a position at the table that had a
Keyboard, keyset, and mouse in addition to a monitor)
and could instantly access and display information in
any of our total collection of files, Some of the
material was specially prepared reference material for
agenda purposes, but most of it was our actual working
material == planning, design, documentation, and
scratch=note files,

A trial agenda was prepared ahead of time in an NLS
file, but from the outset it was subject to ad hoce
review and modification,.

To give the participants a better means of talking about
the displayed material (i.e., volcing questions,
challenges, or suggestions), each had access to a mouse
which could control a second tracking spot on the
screen, Thia apot was used as one would use a wooden
pointer to draw attention to an item on a blackboard; it
was of different shape from the control spot used by the
speaker, 80 1t was easy 10 keep track of who was
peinting.

This mode of running a project=review meeting proved

"yery rewarding., We subsequently used the setup
frequently for special presentations (mostly for
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visitors), also with great success, and perhaps a dozen
times for working meetings of our group, In mid=1968 we
dismantled the setup, since we needed the space for
expanded shop area and the TV monitors for more NLS
consoles, .

To get at least the capability for a larger audience to
view a display, we have had a flexible arrangement for
attaching two or more TV monitors to one NLS conasole,
We hold many demonstrations and presentations this way,
for groups up to about 20 people,

3. Development of Improved Capabilities

By mid=1968 we had acquired some special-effects video
equipnment that gave us the following capabilities:

Video monitoring and switechingt An operator monitors
images generated from a number of sources and can select
from these the signals to be channeled to various
destinations, '

Video mixing: Two asignals can be blended, with
adjustable strengths, to superimpose two images.

Signal fading: A selected signal source can be glowly
diminished or strengthened to achieve smooth, gradual
transistions between image=composition states,

Image splitting: The screen image is divided
geometrically into two parts, each being the
corresponding frame part from a different image source,
A horizontal or vertical dividing line can be set at any
postion, or a rectangular inset can be made in one
corner of the frame and its size adjusted,

We also located a NASA-~owned Eidophor Video Projector at
the nearby Ames Research Center and were fortunate enough
to be able to borrow it on several occasions, It projects
our video images onto a large single screen with very high
quality and is suitable for presentations to large
audiences,

" AS We were experimenting with augmented presentations, we
learned of a special technique developed by W. A. Palnmer
Films Inc. of San Francisco for directly £ilming the video
image (and sound from a microphone circuit) to produce a
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motion picture, 0On a number of occasions, we have arranged
for a camera and operator to film our presentations,

We alsoc developed special coupling equipment enabling us to
lease voice= and video=grade transmission channels to a
remote site, From the remote site, we can then use our
computer system to support two regular NLS conscles and any
associated video=cgontrol and =~projection equipment for
conducting full presentations,

Large=Scale Augnmented Presentations

We successfully used the full range of these techniques in
two large~scale presentations == in Decenmber 1968 at the
FJCC in San Francisco, and in October 1969 at the annual
ASIS meeting in San Francisco.

These presentations were set up with the main speaker
segted at the front of the auditorium, at one of our
regular NLS consoles, to one side of the large screen
“but in full view of the audience, He had a microphone,
and could directly address them as though delivering an
ordinary speech.

A TV ecanmera mounted near him caught a full-size face
view, and a "production manager" for the : i
presentation, seated at the rear of the auditoriunm
with switehing, mixing, and frame=splitting control,
could put the face view on the screen for a much more
effective feeling cof dirzact contact between spezxsry
and audience.

When the speaker chose to use NLS, and turned his
head slightly to see the NLS display screen, the
projected image would be switched to show his
computer~display view to the audience,

Frequently, images captured on mobile TV cameras in our
laboratory at S8Rl were switched onto the projection
screen, s0 that the presentation could include both a
tour of our laboratory and participation from people
located there,

Four different researchers at the laboratory worked

during the presentation at consoles in our work roon
(various shots during the presentation verified that
they were there in the background, actually using the
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consoles while the rest of the show Went on).

At various times, the full face of one of the four

- Wwas brought on screen, dialogue went on between hinm
and the main speaker to introduce him and his topic,
and then he took over and ran a portion of the
presentation in much the same manner as the main
speaker had been doing == the screen being able to
show alternate (or split and/or mixed) images of hinm
and his display=screen image.

For both conferences, the complete presentations (each
about one hour and forty minutes in length) were captured
on lé=mm £ilm (black and white with optical sound), The
ASIS f£ilm is the better of the two, and we have made eight
coplies that have been in active loan circulation since the
first of the year., It is petter than any earlier
self=contained form for conveying an overall picture of our
augmentation system. The copies have been loaned to some
70 organizations, including several in Canada and one in
France, and we hear of many repeat showings put on by a
borrowing organization as a result of the response of the
initial audience, '

One must see one of the movies to appreciate the
difference between the gugmented presentation system and
what could almost have been substituted for it =-- e.g.,
& previously made set of slides of all the
display=screen views, and a very fast-acting and
large=capacity slide-selection system under contrel of
the speakers,

For classroom lectures, for project briefings in
connection with complex systiem~developmment projects,
for presentation of complex issues to a reviewing body
(such as a congress), etc., these extensions of our
augmentation system toward an augmented presentation
system seem extremely promising.

We intend to push further developnment of these
‘techniques for application by smaller groups within a
systen-developnent tegm == group meetings for
brainstorming, plan and design review, etc.

5. Conelusions

"Assuming that techniques similar to ours are bound to
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evolve for widespread use in intense intellectual work both
by individuals and in small groups, it is quite obvious
that extensions to the techniques, such as described above,
for augnmenting presentations to larger greoups will become
quite important. Although pursuit of presentation
techniques is not our central goal, we would like to
encourage a general appreciation of its potential.
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IV THE NETWORK INFORMATION CENTER

A, Overview of the ARPA Network

1.

Basic Description

The Advanced Research Projects Agency (ARPA) of the
Department ¢f Defense has inaugurated a novel experiment,
the purpose of which i3 to explore the possibility for
fostering effective, real=time cooperation and interaction
between approximately fourteen of its contractors, all of
which are doing research on the development of advancecd
information=processing techniqueas,

To carry out this experiment, the Agency is in the process
of establishing the ARPA Netwerk, which is a
data~communication network linking the computer faciiities
of these fourteen research centers,

Each of these centers has a coordinated sollection of
resources == both technological resources such as
computers, storage facilities, input/output devices, and
software systems, and human resources sSuch a8 knowledge,
skills, and methodologies.

It has been necessary, in general, for these ceniers 1o
engage in wasteful duplication of basic resources and Lo
live with adverse restrictions on the numper and quality
of special=-purpose rescurces available to the
researchers at any one center, But wide=bana
connections between centers will bring many == perhaps
eventually all == of any center's computer resources
within the reach of every user in the Network,

Two basic domains of work are involved in this experiment:

(1) Develcpment of technology for providing
intercommunication between programs in the different
centers

{(2) Integration of the distributed resources of these
centers into new patterns of support for users cof the
Network.

Detailed information=~network technology is descrived in a
set of companion papers presented at the 1970 Spring Joint

Computer Conference (see Refs, 20 through 24). The

following simplified description is intended as background
for the discussion of the Network Information Center
contained in subsequent sections,
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2.

3.

Host=to=Host Communication

Each research center, or Network "neode," will provide
access to one or more local computers dedicated to research
on information=processing techniques, These local
computers are called "hosts."

As part of the Network, ARPA supplies to each participating
center a small, specilally programmed computer called an
Interface Message Processor (IMP) which is connected to the
host (or hosts) for that center.

The IMP provides each host computer with a unifornm
functional interface into a netvwork consisting of
B0=kilobaud transmission lines leased from telephone
companies,

Each IMP controls traffic to and from its host or hosts,
as well as traffic along the Network channels. As far
a’ each host is concerned, the Network may be treated as
& multi=-port black box with IMPs serving as the ports.

Very much like voiceepath connections between users of a
telephone system, one~way nmessage paths called "links" may

‘be set up between specified hosts by the IMPs,

For example, "Link AD3" might designate a path from Host
A L0 Host D differentiated from other possible links
from A to D by the label "3,"

Special Network=monitor prograns resident in each host
computer activate such links and negotiate among
themselves t0o allocate them to specifice
communications=path purposes,

The "0O" links are reserved for control messages directly
between the monitors.

Program=to~Program Communication

Program A in Host A may ask for a communication link to pe

established from it to Program B in Host B. As currently

planned, the following chain of operations would occur:
Program A submits the request to Monitor A,

Menitor A uses Control Link ABO to negotiate this with
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Monitor B. After Monitor B ascertains that Program B is
available for such communication, the two monitors
together assign one of the AbBn links to this
communication purpose (for example, Link ABL).

Monitor A verifies to Program A that its request has
bpeen filled, and that Link ABL 18 now connected to
Frogram B.

Program A is now linked to Program B by what appears Lo
the two programs as a private communication channel
between them; any data sent out by Program A vii Link
ABL is delivered directly to Progranm B,

Any sort of information that could be sent between two
programs within the same computer nay be sent along such a
channel.

"For example, Program A might send control information to
Program B asking it to set up a reverse link, and to
transmit along that link the resuylts of processing a
File B that resides within Hoat B. Or conceivably,
Program B could be asked te link to Host C to get and

- process File C.

Program A could be an interactive preprocessor serving a
- User A who is connected directly and lecally to Host A
and for whom most of the service is being supplied by a
Program B., Program B could be a sophisticated user
subsystem such as Mathlab at MIT, the Culler=Fried
system at UCSB, or our NLS.

In any of the more sophisticated, display=oriented
subsystems, User A's hardware could be different from the
hardware used at Program B's home site.

Program A might provide an adaptation for the particular
terminal hardware being used by User A,

It probably would also provide some of the local

interactive feedback such as character echoing at a
full=-duplex terminal.
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Some of Our Prospective Uses for the Network

1.

Basic Processes

A variety of Program A that is likely to be established
early at each host is a process that allows a typewriter
terminal at that host to link to the timesharing executive
in Host B.

Such a2 process would enable User A to log into the Host B's
timesharing system and work as though he were a local user
at Site B, using any of the typewriter=-oriented subsystems
that may exist in the B systen,

Bootstrapped System=Transfer

For our first experiment in Network usage we have -
established an interface to the University of Utah's
Network host, a PDP-10 computer, S¢© that a programmer at
one of our conscles can use the editor and loader=-depugger
at Utah to develop and check out programs to be run fer our
special use, :

This is the first step in a sequence of experimental
uses of the Network that promises to nhelp us

significantly in preparing to transfer our software
systems onto a new PDP-10 computer system next Fall,

In carrying out this experiment, we will be cobrdinating
a very large collection of technological and
methodological resources in a novel way.

- We are producing modified versions of all our
language compilers., These nevw versions will still be
run on our XDS94u0 system but will produce object code
for the PDP=10,

our programmers will compose, modify, study, and
compile the software being written for the PDP-1O
using only the resources of our own Center,
principally NLS and the special compilers,

Then, when there is need to test a plece of the new
software, they will activate Network links to put
them in communication with Utah's PDP=10 executive
system. The compiled code will be shipped over the
Network to Utah, where it wlll be loaded and
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executed,

Still working at our on=line consoles, our
programmers will be able to debug the object code
using the PUP=-10's debugging facilities and, then,
rapidly switch back to NLS to correct the source code
as well.

In this way we plan to bootstrap the development of a
FPDP~10 version of NLS8 so that we can be up and running
very quickly when our own PDP=10 is installed., We hope
NLS will have been entirely written and mostly debugged
by then. The entire power of NLS will have been used
during cyclic stages of converting/rewriting, debugging,
source=code updating, and documentation.

It is interesting to note that another PDP=10, which cculd
be used for program checkout via magnetic tapes carried
back and forth, is located just down the hall from our
present computer. However, it promises t0 be significantly
more convenient for us to use Utah's PDP=10 connected
directly to our computer via the Network.

wWe can communicate our programs o it nmucn more
conveniently: and, while sitting at our own conscles to
‘debug the programns, we can quickly switch to locsal NLS
to inspect or modify the sourcee=code files or to enter
notes and documentation,

Ctentralized File Archiving

Another straightforward way we can benefit from the basic
Network is by using the file~storage system at the
University of California at Santa Barbara as our
file=archive resaource,

Besides providing service to the local ARPA project, UCSB's
host IBM 360/75 is the central resocurce of the University's
Computation Center.

IBM 2314 disc=file transporis, programs to store and
retrieve files, on-duty operators to run back=-up dumps
onto magnetic tape, and accounting and billing
procedures to handle service to miscellaneous users are
all part of this resource.

Ve consider using their file~storage system as our

la3
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file~archive resource,

We would interface this archive system to our On~=lLine
System sc that the response to a call for some service
in storing or retrieving an archive file could function
exactly as though we were storing and managing the file
locally.

Other Network users could also use this file=archive
system either by interfacing to it directly or by
interfacing to it through us.

This begins to suggest sone of the power inherent in
the network concept, since the number of subsystems
available to each network participant can "pyranmig"
on the basis of a relatively small number of
interfacing tasks.

We could gain considerable economic advantage from being

- able tO share with many other usgers the capitalization and

Lo

operating=accounting expenses invelved in providing a basice
disc~file archive systen,

Installing and operating such a Service ourselves would
be a distraction from how we want to use our manpower ==
but we have to have this capability.

Being able to use £he Network to share this resource
could be an important benefit to us.

Data=Base Management Service

We also hope to utilize one of the big=computer hosts with
larege 4iscs and an operating staff, to help install a
commercial data~base management system for use by us and
the rest of the Network.

Again, the interface process would reside in our host and
give our users a data=base management service that they can
interact with as if it were a local service, None of the
protocol required to fire up the remote systenm, properly
format service requests, and specify delivery of its
products need involvz our users, :

To present our users with uniform conventions over all
of our different service functions, we would want to be
able to compose sService requests in an NLS file using
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our own particular syntax.
In addition, to take advantage of NLS power in study and
modification, we would want to have query results
.converted into NLS~file form so that they can be
integrated directly into our regular working files,

Ce Need for a Networ§ Information Center

To pursue such relatively straightforward uses of the Network,
& user will need to Know answers to such questions as:

What resources are available within the Network?

What conditions are associated with the use of a particular
resource at a given node?

What interfacing is required to couple to this resource?
Who should be contacted to arrange'for this?

More generally, each site will also need answers to questions
about other nodes and about the Network such as the following:

What are the hardware and software resources?

What are the research activities?

What are the operating instructions for a given resource?

when will a prospective resource become available?

Who is interested in new display asystems?

Who went to a particular conference?

Who else was interested in NIC Memo 77217
The whole Network experiment will consist of negotiating,
implementing, and operating many sSuch arrangenments. To carry
out these negotiations effectively and to document the resultis
of Network experiments, Network participants need access 10
information of the kinds mentioned above as well as a mediunm

" for recording their experiences; it is the role of the Network
Information Center (NIC) to service these needs,
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1.
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Backgrounad

our involvement in the development ©f the Network
Information Center began shortly after the official
announcenent of plans to proceed with the development of
the Network itself.

Realizing the importance of this information center to
the success of the Network experiment, we volunteered to
undertake the task of designing, implementing, and
overating the NIC,

Since then, we have peen gradually evolving and
implementing plansg for providing a coordinated and useful

collection of services to Network participants. This has

proved to be a far more difficult task than we originally
envisioned for several reasons,

The Network will provide a completely unfamiliar workineg
environment, and it is far from obvious just what kinad
of information services will pe most conducive to
effective action within that environment. 0Qur contracts
have contained no specific guidelines as to what fornm
NIC services should take, and other Network participants
have been equally vague and often contradictory in
voicing their expectations with regard to the NIC,

We also have had no previocus experience in providing
information services to users outside our own Center,
and have learned the hard way that this kind of
operation requires a kind of organizational structure
and management different from that which had been
appropriate in the early years of our research
activities,

In designing the NIC, we were conscious of the fact that
nore was needed than Jjust good library facilities,

The technical sophistication of the tools we had
available and of the users we would be serving
demanded that we seek to make it possible for this
community to derive significant advantages from the
Network in terms of increased comnmunication of ideas,
designs, criticisms, and comments on needs and
possibilities.
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We recognized the challenge involved in fostering an
envirenment that would encourage increased
collaboration among individuals and groups at
different nodes, and felt that the NIC would bear
much of the responsibility for setting the direction
of efforts to meet this challenge,

And in designing the NIC we were aware that it would not
be sufficient merely to provide good technical features,
but that the design must reflect the kind of coordainated
user~gsystem / service=system interface that we nave felt
is so important in the bootstrapping approach to the
development of our own augmentation aids.

Orientation

In order %0 gain perspective into what was expected or
desired in the way of service from the NIC, we talked with
2 number of Network site managers as well as with library
science gpecialists.

Most of the managers were uncertain about the nature and
extent of their probable participation in the Network
and did not know what they wanted from the N]IC.

What expectations we were able %0 uncover freduently‘
showed extreme differences from person to person.

Some thought that there was little need for a NIC,
while others thought that the NIC should supply
initiative and leadership in the development of
overall Network conventions and methodologies,

Some thought that the NIC was going to serve as a
intermediary for handling working communication
between hosts, providing teletype buffering and
spooling operations, or that it would be responsible
for specifying protocols for comnunication between
different types of terminal devices.

The types of service to be provided, in terms of
media for storage of documents and methods of
enquiry, were perceived at points all along the
continuum from completely off~line to completely
on=line,

And the types of retrieval capabilities envisioned
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ranged from fully automatic to fully manual,

Hovever, one reasonably consistent picture did emerge:
almost all the managers contacted expressed a concern
for the poor state of documentation within their
projects and a hope that the NIC would be able t© help
them not only with Network=oriented documentation but
with their ine=house needs as well.

The need for improved documentation was seen not only in
the area of "formal" documentation, such as user manuals
and reference guides, but also in the realm of the
"folklore" that evolves around every system and that is
an absolute necessity for making effective use of a
systen,

Some managers expressed the opinion that a remotely
located documentationeaid system might receive
heavier use than one at their own site because there
would not be the ususl conflict between using the
local facility's resources for documentation as
opposed to using them for programming or other work,
the latter always receiving higher priority in nmost
researchers'! minds.

Part of the "folklore," or informal documentation,
would play the role of c¢clearing house for
communication on defects, bugs, needs, possipilities,
etc., and would help to provide feedback on the
sStatus and accecptability of existing or needed
programs and formal documentation, ‘

The outcome of these discussions, and of analysys of the
several tentative NIC designs that resulted, has been to
take the position that we should initially provide Network
users with a few relatively basic services and let the
development of the "optimum" NIC evolve in a natural way as
usage experience builds up.

Thus, wWe are planning toc help Network users gradually to
apply our concepts, conventions, tools, and techniques
10 relevant aspects of their own working environmentis,
while at the same time providing them with a reasonable
initial corpus of reference material.

Ve will nake every attempt tc encoursge and facilitate
feedback from these users so that we can expand NIC
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Services to meet their needs for information access and
exchange,

E. Current NIC Plans

1.

2.

Introduction

We aim to be prepared to provide certain basic types of
services through the NIC, each of which will be expanded or
elaborated a3s needed. This approach is our way of
accommodating the uncertainty about the user=population's
information activity descriped above., This section
outlines the measures we have taken to accommodate these
basic serviee needs,

Basic Library Services

The foundation of NIC operation must be a flexipble library
service, the development of which requires us to:

Accumulate a physical collection of information items,in
various sizes and media, and then store them in a secure
and orderly manner.,

Provide a catalog in which the descriptions of these
items are maintained, and from which can be obtained the
Keys (clues). necessgary to locate the physical itenms.

Provide indices and assocliated query procedures to aid
users in finding catalog items of interest.

Provide direct means for a user to obtain access to
documents for which he possesses keys, and enable
. "prowsing" where possible,

Provide direct reference help via two=way dialogue with
an expert. , ; :

We will initially provide this basic library service in
ways not too dissimilar to those used by other special
information centers and clearing houses,

That is, we expect to be interacting with users through
mail and voice=telephone channels, to be distriputing
hard=copy indices and catalogs, and to be mailing
special query=response listings and references.
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3.

On=lLine Services

We are also seeking to harness computer, display, microform
and communication techneologies to elevate what a "library"
represents to its community toward new levels of
"augmenting the intellectual processes of communication and
collaboration."

To this end we are taking special measures toward "the
way we do our library work here" =~ the nature of the
collection, the form of catalog and indices, the
procedures for developing and maintaining them, etec.

And we are investigating ways of improving special
aspects of the user's interface to the NIC == his query
and browsing techniques, his means for doing
biprliographic work, his means for publishing communiques
to the community, his means for staying in touch with
current activities, etc.

As the technology and methodology of Network utilization
develop, there will pbe a rapidly increasing number of
widely distributed terminals through which a person can
gain on=line access o0 the NIC, and we are takineg very
streong measures 1o be able to serve then,

Besides developing the services described below, we have
invested a great deal of effort toward increasing our
service capacity with special system studies and the
installation of a bank of external core and three
high=speed swapping drums; and this £fall we will be
shifting to a new computer (see Section II).

We are prepared to supply some on=line query service as
soon &8 the Network can support host=to=host full=duplex
typewriter transactions =~ the simplest kind of genersal
Network usage, Continual development of the variety and
sophistication of the service will follow lines discussed
in the rest of this section.

During the next year most remote on=line users will bve
served by TODAS, & typevwriter=oriented version of our
On~lLine sSystem (NLS).

Initially, both access to our subsystems and the number
of Network users that we can accommodate will be quite
restiricted, but we plan for steady improvenment in both
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interactive quality and amount of the service available
to Network users.

We feel ready to . support three Network TODAS users now;
when installation of the new drums and external core is
completed late this summer, we might be able to increase
this to fives and, depending upon the response possible
using our new computer, we may be able to support as
many as fifteen by the end of the year,

Those sites having display terminals that can emulate
typewriters with high transmission rates will be able to
get fasteresponse from our typewriter=-oriented system =-
service that is really quite respectable even without
direct screen-selection means such as a mouse or tablet.

We are currently modifying an Imlac display console for
remote use on our system, and we hope that it will beconme
fully operational by early fall.

It will eventually have full NLS capabilities including
our standard nmouse and keyset input devices, and any
other Network user possessing such a terminal could
quickly avail himself of similar service.

A8 soon a8 we have transferred our present systems onto the
new PDP=-10 computer and have achieved reascnable stability
in system reliability and response, we intend to
concentrate upon developing techniques to permit general
use of our NLS capabilities on a wide variety of remote
display terminals, and we anticipate having a growing
Network load of this type by next sumnmer,
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V CONCLUSIONS, RECOMMENDATIONS, AND PLANS

Introduction

Our experience in developing and using augmentation systens,
some of which was described in Section III, gives us
confidence in the validity of our long=term goals and approach
10 augnentation research. We are beginning to have strong
feelings that our efforts, still proceeding under the guidance
of our bootstrapping strategy, are on the threshold of

‘Yielding significant payoffs.,

The concept of augmentation systems is no longer in question
== gyuch systems are bound to come, The only uncertainties
involve the rate and direction of development and what can be
done to improve both, 80 as to foster more efficient evolution
and ensure the earliest possible application of these systens
to solving real problems facing society.

This section summarizes the conclusions we have drawn from our

regearch program and outlines some of our plans for future
activities.

COnélusions Relevant to Other Augmentation=-System Developers
l. General Comments

The experience we have had in setting up the Augmentation

Research Center facility may not be directly applicable to
other system developers, pbut there still may be something

to be learned from our accomplishments and disappointments
in implementing some of the components of our systen,

In this section, therefore, we will take a look at our
facility, evaluating some of its unique aspects and
discussing some of the major problems that have been
encountered in its evolution.

This facility is describped briefly in Section II-B, and
a more complete description is contained in Ref. 18.

2. Accomplishments
8. Display Systenm
(1) General
our display system uses centrally locateq
display~-generating equipment and a closed=circuit

television system to distribute images to individual
consoles,
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(2)

(3)

This approach to display=system design was chosen
on the basis of cost and flexirvility, and a
detailed description of the system and of
considerations that went into its design is given
in an earlier report (Ref. 1ll),

After considerable experience operating this systen,
we are still pleased with the basic approach.

Usage Advantakes

The closed=circuit television system offers several
distinet advantages over other means of producing
displays at & user console, :

Since only a television monitor and a video line are
required to present the display at each NLS console,
the design and location of consoles is flexible
enough to facilitate experimentation with different
types and t0 permit moving them apbout with a minimun
of cabling problems,

The video signal can be inverted to provide a
darke=on=light display, which is usable in higher
ambient light conditions than the more common
light=on=dark presentation and which makes flicker in
the display image less noticeable to the user,

A significant storage time can be obtained on the
vidicon surface by proper adjustment of the
television camera. This reduces the flicker effect
that is present in the original CRT display, and with
this system we find it possible to produce
satisfactory images with a regeneration rate of about
tvwenty per second.

Maintenance Features

Since the display equipment at each NLS console is
simply a television monitor, it can be replaced by a
spare for maintenance without taking the consocle out
of service.

The location of the display=-generating equipment in
the computer room, where complex maintenance and
repairs are more convenient, makes possible an
uncluttered office environment in the user's working
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area.

Having two identical diaplay systems, from display
controller through actual monitors, is a major factor
in maintaining up~time in spite of the high level of
maintenance that has been required on thege systems,

Since there is not a fixed one=to-one relationship
between display=generating equipnent and NLS
consoles, users may Select conscles freely on the
basis of current needs even when part of the
display system is out of service,

Potentials for Extending Capabilities

Since a great variety of commercially available
equipment 18 compatible with our videc system, there
are many potentials for innovative use of our systen
that would be nmuch harder to realize with
conventional display=distribution techniques,

For example, we have used highe=quality projection
television as part of our presentations at the
1968 Fall Joint Cemputer Oonference and at the
ASIS Conference in 1969 (see Section IJI-E).

It is possible to use nmultiple TV monitors or
intermediate~gsize projection equipment for smaller
groups, and experimentaion with thege techniques
.Will be & major element of the team=gugmentation
work to be carried out under our next contract,

The video capability offers additional flexibility in
the images that may be presented on the screen,

For exanple, in the conferences mentioned above,
live television pictures of the veople and
equipment involved were freely used, poth alone
and after being mixed with computer=-generated
images,

This, also, will be a significant factor in teanm
collaboration at a distance where pictures of the
people involved can be used, either mixed with or
inserted alongside of the computer-generated
images,
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Another potential use of the video is the viewing of
microform documents.

Many systems are now available that use
closed=circuit television for the storage,
retrieval, and viewing of microform documents, and
Wwe expect this kind of system to become nmore
prevalent in the future,

We already have plans for experimenting with
various switching techniques in our
display=distribution system, and the inclusicn of
provisions for microform viewing would require
very little additional effort.

be NLS Consoles
(1) Console Design

As mentioned above, the use of video for displayvs
allows considerable flexibility in console design.
We have experimented with many arrangements over the
past few years and are now using the three basic
designs shown in Figures Vel, V=2, and V=3,

(2) Keyboards

The Keyboards in use have gone through several stages
of design with special attention to touch and layout.
They now have a key force of 80 grams and a good
“"feel," They are well accepted, and ve find that new
users rapidly accommodate to the locations of special
keys guch as command accept and backspace,

(3) Mouse

We f£ind that the mouse is still the most convenient
locating device for our purposes. It is described in
Ref. 7, along with some experiments in the use of
various selection devices. Available commercially,
it i8 now used on other systems as well a8 our Own.

(L) Keyasetis
The Keysets in use were designed with special

attention to "feel." Tolerances on the moving parts
are very close to give smooth, positive action. Key
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FIGURE V-1

.
i

TA-7079-70

r

“HERMAN MILLER" CONSOLE. This console, designed in cooperation with
Herman Miller Research, was first used for the Fall Joint Computer Conference
in 1968. The keyboard-keyset-mouse unit is attached to a swivel chair, with
the TV monitor on a separate stand. It is a little confining to many people
and the limited space for operating the mouse is an annoyance. However, it
is reasonably comfortable and is useful for meetings and demonstrations because
the user can turn and be part of a group while working.
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FIGURE V-2
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TA-7079-71

ONE-PIECE CONSOLE. This console, designed about two years ago, basically
a table on wheels with the TV monitor mounted at a suitable angle for
viewing. Both sides of the table have pull-out shelves for mouse, keyset, and
working papers. This console now seems too rigid to most users. The TV
monitor is too close for some, and there is not enough extra working space
for notebooks and papers.



FIGURE V-3

CURRENT CONSOLE DESIGN. This console consists of a small table with
integral keyboard. Connectors for the mouse and keyset are immediately behind
the keyboard. The TV monitor is on a separate stand. The table stands low,
placing the keys at a convenient level for typing, and other tables can be placed
on either side for additional working space. This arrangement is very flexible
and allows plenty of working space as needed. It is particularly good for

group collaboration, since the monitors may be turned for better group viewing,
and entire consoles are quickly moved into different working arrangements as
needed.
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spacing and size approximate those of a piano,
¢. Printer

We value a high~=quality line printer that produces
uppers=- and lower=case alphabetics and a full complement
0f ASC]I symbols. The one now in use is a Data Produets
model M600=1lA, whieh has been very reliable and
maintains highequality output,

We normally use specially perforated paper along with
our output=formatting programs to produce hardcopy,
complete with pre-punched holes, which is ready to bve
inserted into a standard 8,5x11 three=ring binder., This
feature has been enthusiastically accepted and is of
particular value in the production of reports and other
documentation.

d. Software Architecture

The overall architecture of our software systems is
described briefly in section II.

The use of a compiler=-compiler to augment the
development of a versatile get of specialw~purpose
languages has proved quite valuable in facilitating
debugging, rapid modification of existing features and
addition of new features, and orientation ¢f new
programners,

our efforts to use higher=level languages wherever
~ possible should result in additional payoffs when we
transfer our software to a new computer this fall.
e, The On=lLine Systen
N1LS has been evolving for many years and has proved its
value both as a tool for bootstrapping its own evolution
and as a flexible laboratory for developing experimental
working methodologies (see, for example, Section III).
3. Problems

The major problems we have encountered in developing our
system stem from four basic difficulties:

(1) Trying to fit a very large operational system into
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hardware oo amall to support it

(2) Using an available timesharing system that has
proved inadequate for our purposes

' (3) Developing too much special hardware with the

associated problems of unreliability and missed
schedules '

(L) Unreliability of some components of the facility,
particularly file storage devices.

Hardware lLimitations

Limitations imposed by both the hardware configuration
and the timesharing service system have resulted both in
worse response and in the ability to handle a smaller
number of on=line users than we had expected,

Moreover, this has resulted in the neceassity for
expending more resources on programming the service
system than we had originally anticipated, and our
planned work on evolving the user system has suffered
accordingly.

We originally had hoped to be able to service ten
on=line NLS consoles at a time, but we now find that
only five can be operated with reasonable reaponse to
the users. The primary factors affecting this response
time are swapping (core=drum transfers) and file I/0
(core=disc transfers).

Studies that measured and recorded the time required
for a program to be activated from the lowest
priority queue under various system loads suggest
that an external core for display buffers will
provide improved response by freeing a maximum amount
of memory for use in swapping (Ref. 16).

To analyze factors affecting the responase of the
timesharing system, we developed a highly
parameterized, discrete simulation model of the
system (Ref, 18).

This was used to evaluate the impact of changes in

the hardwvare configuration, such as faster drums
or larger core nemory, as vell as the effect of
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various mixes of user demands,

Changes in the scheduling and swapping algorithnms
were also tested in the simulation, with the
results being subjected subsequently to
experimental verification,

The major hardware limitations of the facility are the
maximum core available (the 940 can accommoedate only
64,000 words), and the limited address space available
(a program can address only 16,000 words),

Maximum core limitation results in the swapping
bottleneck mentioned above,

Limited address sprace requires an overlay stiructure
inordinately complex for a program the size of NLS.

This means that programmers must expend a grea
deal of energy designing overlay structures and
are constantly running inte problems of full
overlays as the system is expanded.

This factor alone probably increased the cost of
programming the system by ten to twenty percent,

In retroapect, we recognize the error in the following
design decisions:

The decision to refresh displays from main core
memory was a bad one, Memory bandwidth is no
problem, but tying up the memory with display images
(which require "frozen" pages of core) reduces the
space avallable for programs and makes the swapping
bottleneck even worse,

With the present system design, providing feedback to
a user requires that a program unique to each user bpe
swapped in for every character of input. A different
approach might have consolidated some of the
interactive feedback, thus reducing the swapping
reguirements.

b, Timesharing System Defects

The timesharing system obtained for use on our computer
has been another significant faclility limitation,
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Although this timesharing system was one of the most
sophisticated available at the time vwe acquired it, it
has proved itself inadequate (0 provide the serviece

whieh we must have.

Partly this is because the designers of the system d4ia
not anticipate accommodating programs ss large as NLS.
We are constantly running into size limitations built

Anto the assenbler, loader, and debugger.

Another problem is that we are the only people using
this timesharing system for an application like NLE& and,
therefore, have had to carry on alone its maintenance
and evolution.

There still are many bugs in the system that would be
totally unacceptable if we were not a
researcheoriented organization with few naive users
dependent on the system for service,

Some of these bugs have been known about for two
years or more, pbut higher=priority demands on our
programmers' time have always prevented us from
locating them., With transfer to & new computer now
imminent, we plan to live with them a little longer
rather than wasting valuable energy trying to £ix
then at this tinme,

Problems with Custome=Built Hardware

Much of the hardware in our system has been custom built
to our specifications, either by our own staff or under
contract,

We have badly underestimated the resources needed for
constructing some of this hardware, the results bveing
missed schedules, failure to meet specifications (for
the display system in particular), and high maintenance
costs.

In putting together an experimental facility for
augnmentation research, we now see the desirability of

restricting special hardware development to those areas

moat directly associasted with user features == @.,g.,
uler-;onnole design.

Wherever possible, use should be made of comnmercially
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d.

8

b.

available computers, interface devices,
'dilplay-generation equipment, etc,

File=Storage Device Unreliability

File unreliability has also resulted in considerable
loss of time to both programmers and other users,

Although the disc=file system we are using is quite
good when compared with others in the computer fielq,
adequate file backup features were not incorporated
into the system design.

This means that users must either go through
elaborate procedures to keep several copies of
important files or osccasionally suffer significant
lost time when a file goes bad.

Until file storage devices are much more reliable than
those now available, sophisticated automatic backup
facilities should be designed into any systen,

L Maintenance Experience

General

General reliability of the facility has been good.
Ccomputer up=time has been high, although the reliability
0f the disc=file system has been only fair,

We had a preriod of several months of above=normal
" error rate, with five days down while cloek tracks
were rewritten, v

The chain printer we originally bought had marginal
print quality, was unreliable, and we had difficulty
getting satisfactory maintenance service,

consequently, we have replaced the unit with a Data

~ Products d4drum printer that has 96 printing characters
per line with upper= and lower-case alphabhet, The
print quality is excellent (witness this report), and
80 far it has been falirly reliable.

niaplay‘Syatem

We have spent more effort on maintenance of the display
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system than on any other part of the facility., Since our
display systenm is somewhat unusual, we will discuss sonme
0f the problems encountered in so far as they reflect
considerations relevant to the design of other similar
systens,

(1) oOne basic system limitation has been the inability
of the display=generator CRTs to produce adequate light
for the vidicon pickups., This means that many elenments
of the display systenm are operating at marginal levels.

The display=generator CRTs must be run at such high
intensity #hat their life is relatively short.

This high intensity also causes difficulties in
maintaining good focus over the entire image.

To operate with these low light levels, the vidicons
must be quite sensitive; since sensitivity drops off
with age, they, also, have & relatively short useful

life.

(2) Because the writing speed of the display generators
is lower than we had specified, we have a flicker
problem when all six screens on the system in use are
reasonably full of text,

We can compensate to some extent for this flicker by
careful sdjusitment of the vidicon beam current and
target, but this adjustment needs frequent attention,

We have considered using longere=persistance phosphors
on the TV monitors and will experiment with this in
the near future,

(3) In addition to these difficulties there are sone
basic weaknesses in both the display generators and the
television system which could be corrected in future
designs by more careful attention to component quality
control and the inclusion of circuite=design and layout
features which would facilitate maintenance,
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our General Orientation Towards Future Research

Over the years we have frequently been faced with the problenm
of attempting to explain to people outside of ARC Just what
our on=Line System (NLS) is.

It is usually fairly easy to get across the idea of
augmentation in the abstract, but it is nmuch nmore difficult
to convey to people who have not made extensive use of NLS
Just how powerful it is as an augmentation tool == it is
very easy to get trapped into looking at NLS as just a nice
text-~editing system without seeing all the power that
resides behind that particular aspect of its surface
appearence,

Recently we have developed a way of looking at NLS which helps
0 convey somne of the power that we Kknow is present, and that

is to view NLS as a worker's on=line "office" == that is, his
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normal, daily, local working environment. The analogy follows
from the observation that to a naive visitor an office can
look like just another '"room," but to the person who uses that
Office it serves as an interface to0 many of the capabilities
0of an entire organization,

‘The office serves as a place where a person can work at
organizing his ideas, studying correspondence, reporvs,
etc., and formattineg his own written materials., The office
has associated with it communication links such as mail and
telephone as well as access to secretarial and clerical
services that are used on a daily basis,

This same sort of picture can be applied to NLS, for it is
used on a daily basis to help with organizing, studying,
formatting, etec., and provides now, or soon will provide,
many ©of the other communicatien and clerical services
normally associated with "office work."

NLS also has many similarities to an office in the way that
both act as interfaces to extensive external capabilities.

Just as one would not expect to find complete publication,
laboratory, library, and f£iling facilities in the average
office, one should at present not expect any single
augnentation facility such as NLS to provide all the
computational facilities that a person might wish to call
upon, But, in the same sense that a person should expect
to be able to access extensive organizational resocurces
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from his office, he should be able to access extensive
‘computational resources from an NLS=like facility.

For example, NLS provides all the capabllities needed for
constructing, studying, and editing programs in any of
several languages; however, the facilities for printing,
compiling, archiving, etc. are not considered to bde
integral parts of NLS and must be activated as "external
processors" by the NLS user.

Similarly, we have plans for implementing various message
transmission and informationeretrieval systems as external
processors, so that all the formatting of input to these
systems as well as the studying of the output from them can
be done using the powerful NLS mechanisms, while tne actual
processing can be carried out by independent prograns
running as background Jjobs on our timesharing system ==- or
even by programs operating on computers at remote sites.

This office picture is very important to understanding how a
research center such as ARC can make the most effective use of
the resources of a neiwork of interconnected computers such as
the ARPA Network described in Section IV.

We anticipate that whenever we plan to make extensive use
of the resources of a particular node of the Neiwork, ve
will add facilities to NLS so that it can be used as an
interactive interface with those resources.

For example, if we were planning to use an
information=retrieval system at some other site, we would
make provisions for the following:

(1) Permitting the retrieval requests to be fornmulated
using regular NLS techniques ‘

(2) Translating the request from our syntax to that
required by the remote system and transmitting the
reformatted request out over the Network

(3) Receiving the response from the remote site ang,
finally, translating this output into a properly
formatted NLS file sc that it can be viewed and
manipulated using tools already familiar to the ARC
stafs, "

This approach appeals to us because it promises to permit a
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nember of Our research community to use subsystems running
at widely distributed computer facilities without learning
2 new set of conventions and user techniques for each
different system., We believe that this way of viewing the
role to be played by an organization's local computational
facility will become more widely accepted as computer
utilities and networks proliferate,

When organizations become able to access a powerful and varied
collection of resources merely by interfacing their local

facilities to a network, it will become more generally
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recognized how wasteful it is for each local facility to
design and implement all the computational capabilities it
needs,

It is likely that various computer "utilities" will evolve
to serve the needs of large communities of users for
specialized oneline services that cannot be provided
econonically at the local level,

By taking advantage of the load=leveling that results from
serving a large number of customers, utilities could
develop service facilities to £ill the needs for large
high-speed calculations, archival file storage, searches
over large data bases, etc,, with very good average
response times and at relatively low cost,

Bringing the dispensing of specialized computation services
into the "market place" provided by resource distribution
networks could foster competition that would both
accelerate development of this kind of service and make
possible significant reductions in the cost of
computational services in general.

In the context of this kind of development, individual
research centers such as ours will be relieved of much of the
chore of implementing and maintaining the basic service
capabilities necessary for daily operations,

This chore, now duplicated from center to center, consumes
an excessive portion of our collective resources.
Effective computer networks should ‘permit computer acience
researchers to reduce this duplication of effort so as to
increase the rate of progress possible with available
professional manpower and computational resources,

These research groups will then be able to focus more
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energy on the problems that they are particularly
welle=equipped to handle,

In our case this might involve basic research to find
the most satisfying ways to interface s specific
community of users to a network providing general
capabilities, while other groups could apply their
talents to areas of interest such as mathematical
manipulation, computer graphics, and so on.

This consideration becomes particularly important when one
realizes, as we are coming to realize t0 an ever greater
extent, that the tools and techniques needed to constitute
a "complete" augmentation system are far beyond the
development capabilities of any one research center such as
ours.

In coming years, we believe that significant ,
developnents in the computer sciences will come about
nmore and more as a result of the cooperative efforts of
many research centers, each working on particular
aspects of augnentation.

The preceding comments should convey some feeling for the
power that we feel is inherent in a network of
regsearch=oriented computer centers and provide a background
for understanding our enthusiasm for participating in the ARPA
Network. We believe that being a part of the ARPA Network
will be valuable to us in achieving the goals of augmentation
regearch for several reasons,

(1) It will give us experience in working with a community
0f regsearchers nore varied and widely distributed than our
own team of staff menmbers,

This will permit us to gain additional insight into the
validity of our approaches to augmentation research by
observing how and to what extent our facilities can be
of service to computer users who are not captive members
of our local research community.

(2) Network participation will provide impetus for our
efforts in the direction of team augmentation by creating a
comnunity of reseagrchers who are working on different
aspects of s common problem at widely distriputed
geographical locations and who need new tools and
techniques for communication and cooperation to succesfully
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~achieve their common goals,

(3)

By working with such an extended community, we will be
able to set goals and priorities in our researcn progran
more knowledgeably than we would be able to do if we
were limited t¢o augmenting only teans working in our own
Center. .

As mentioned above, we at ARC have come to realize

that attaining the goals of augmentation research on a
‘reasonable time scale is a task far beyond the capabilities
of any one small research center such as ours, and we are
very coptimistic about the possivility of achieving a
significant acceleration in the progress of augmentation
research through network participation with other research
centers having aimilar goals,

D. Overview of Current Augmentation Research Center Plans
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l. General

be

Introduction

The previous section should give the reader some feelineg
for the forces that have been shaping our plans for
future research. JInternasl forces have combined with
those generated by our Nevwork participation to produce
& shift in our research emphasis in the direction of tvo
general activities:

(1) Research on team augmentation
(2) Development of a system design discipline.

In addition, increased awareness of our need to
comnunicate and interact with the outside world is
leading us into the development of a new area of
specific concern, discussed below under “Transfer of
Resulevs. !

Team Augmentation

Vhereas in the past we gave most of our attention to
augmenting the individual worker, we are now focusing on
the augmentation of a team of collaborating workers,
each of wvhom is individually augnmented,
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The high mobility and manipulative capability of a
skilled "augmented individual® has a unique potential

which can be meost fully realized when a number of

augmented individuals join to form a collaborative tean,

Not only can each individuazl move very rapidly
through joint working files to study them, enter new
information, and update old material, but the group
processes of intercommunication and coordination can
be facilitated by special computer aids, conventions,
and techniques,

The contemplated efforts in "team augnentation®" involve
the development of several facets:

(1) conventions and procedures for organizing the
working records of our plans, designs, objectives,
design principles, and schedules to give nenmbers of a
team effective mutual "task orientation® nhy making
all information related to the tean's obdective
optimally accessible,

(2) A "Dialogue Support System" to facilitate rapid
evolution of these working records through dialogue
anong members of the design tean.

(3) Techniques to facilitate simultaneous
collaboration among people at physically remote
on=line terminals by giving them direct communication
with one another, independent of their current
individual work interactions with the computer, This
includes provision, where feasible, for the
following:

(a) Video and/or voice intercommunication

(b) Easy angd flexible control of means for
- duplicating, at any terminal, all or part of the
type=out or display from another terminal

{c) Ready transfer of contfol of one terminal's
computer interaction to another terminal's input

devices,
(4) Special management and system-building

techniques for use by an augmented team, and
provision of applicable technical intelligence and
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user training capabilities,

These techniques are expected 10 evolve within ARC under
conditions of use in our own coordinated
system=development work, and tc be applied over a wide
range of collaborative sctions, from simple
questioneanswering facilities to complex design work
involving intense mutual participation by team members.

As applicable techniques become effective within ARC, we
will explore thelr value for the following:

(1) Support of Network Information Center (NIC)
services such as teaching, question=answering and
some types of query servicing

(2) Working collaboration between ARC staff and
personnel at other Network sites

(3) Wworking collaboration between people at remote
Network sites, independent of ARC staff.

Development of User~ and Service-System Design
ciplines

The functional features of the Yuser system" == the
collection 0f computer aids available to an ARC worker
== have evolved with some ingenuity, a great deal of
cut=and=try experimentation in actual-usage conditions,
and a certain special orientation offered by our overall
research framework. Until now, however, there has been
a significant lack of objective, methodical engineering
design in the development of the overall user systen,

A user=gystenm design discipline is definitely needed,
and we intend to devote an increasing amount of
effort toward developing such a discipline.

Like the user system, the '"service system" == the
hardware and software underlying the features for
augnenting users == has evolved in an ad hoc fashion.

Here there is also a significant need for a
system=design discipline,

Such systemedesign disciplines would have communicable,
teachable, and generally applicable frameworks,
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supporting ecoordinated sets of concepts, terminologies,
principles, methodologies, and special tools,

Transfer of Resultis

Behind these basic aspects of our work in the ARC (teanm
augmentation and design disciplines) lies an essential
feature of our long-term strategy, nanmely, the goal of
producing results that will be of direct value to other

groups of system developers == in particular, to those

who will be developing augmentation systens,

This is in contrast with being of direct value to
customers who want systems for thelr own direct use
-- €,8., O aUgnent a manager, a designer, an editor,

or & scientist,

Display terminals, communication channels, and computer
service are destined to become both cheap and plentiful,
and it is certain that a very large number of
organizations will want te use them, They nmust rely
upon systen developers who should be capable of the
following:

(1) Analysis of system=usage environments

(2) Design and implementation of a smooth, powerful,
and coordinated system of user aids, conventions, and
methods

(3) Training and "education" of users unfamiliar
with the potential of this nevw technology

(L) Subsequent monitoring ©f user performance 8o as
10 inplement the changes necessary to track the
evolution of useras' attitudes, concepts, skills,
usage habits, and wants,

Although it is important for us to stimulate the
eventual customers for augmentation systems by making
them aware of the potential for these systems in their
Wwork, we feel that our results should be directed

- primarily towards helping system developers, We plan to

do this by pursuing the following long=term goals:

(1) Making visibple an advanced, integrated systen,
operating in a heavy=~usage environment, that can
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orient system developers to the available
cost/benefit tradeoffs

(2) Developing an effective system=design discipline
10 aid in developing asugmentation systems, whether or
not these systens resenmble ours

(3) Maintaining thorough, highly current,
comprehensive documentation, designed for quick
location of relevant nmaterial

(L) Establishing wide=band communication channels
over which & dynamic interchange of information can
take place, so that the maximum amount of our
knowledge can be quickly available in useful form

(5) offering a complete prototype design of an
augmentation system especially designed for
augmenting system development,

This system would be compatible with the
system=design disciplines descrived above, and
would include techniques for planning, analyzing,
designing, programming, debugging, documenting,
and teaching.

our current approach to implementing the transfer of
results discussed above i8s t0 plan for what we call the
System Developer Interface Activity (SYDIA). We expect
to approach representative candidates during 1970 with
proposals for multiple sponsorship. The initial purpose
0f the SYDIA will be to develop the following:

(1) A facility for an effective interchange of
information and skills between ARC and the existing
and potential community of augmentation=systen
developers ,

(2) The ability to assist ovher groups in
transferring our system, or parts of it, directly
into other hardware and user environments.

Later, with specific individual funding arrangements, we
expect to begin developing close interchange
relationships with various system=developnent groups who
could adapt our augmented techniques to their own
system=development worke.
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2. Team Augmentation Research Plans
"a. Introduction

‘We have already discussed the evolution that has been
taking place in the goals of our research progranm,

Having made significant progress towards realizing
the obJjective of augmenting the individual
intellectual vorker, we find that the greatest
augmentation need evidenced within our own Center at
the present is for developing tools that will
facilitate collaboration among members of a
project=-oriented or probleme=solving team of augmented
individuals,

It is not that we have already accomplished our

original objectives and feel that we can now turn

our attention elsewhere, but that teanm

augmentation =« geen in the light of our

bootstrapping strategy == offers the greatest

promise of hastening the eventual realization of
" these goals.

We view the "augnmented team" as a group of workers
sharing a common base of working files and using the
mechanical elements of their augmentation system as both
& Mmedium for goale-related communications and a
laboratory for carrying out relevant experiments,

At present we are most interested in exploring the
possibilities for augmenting the activities of teanms
whose purpose is the development of advanced computer
systems such as our own,

We feel that this is g profitable way of investing
the resources with which we are entrusted, not only
from the standpoint of ocur bootstrapping orientation,
but also because gugmenting this type of team now is
most likely to have the greatest payoffs in the long
run for society as a whole,

Over the past year we have identified a set of basic
‘capabilities that seem to meet the major needs of the
sugmented system-developnent teanm.

The following description of these basic capabilities
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can be viewed as representing a framework for the
system=development activity that must take place in
the process of designing and implementing systems o
realige these capabilities.

It also indicates, indirectly, the nature of other
related activities that will pe concerned with
integrating these capabilities into our working
methodology, applying them directly to the operation
of our Center, and analyzing their effectiveness so
as to provide direction to subsequent developments,

Faat Editing and Publication

Qur already fast computer editing techniques will

naturally continue to evelve, and we are in the early
stages of developing a powerful "Output Processor"
capabilivy.

The Output Processor is envisioned as a coordinated set
of techniques for preoducing hard copy through a varietvy
of media, such as microform and direct publication on
paper, using conventions that are compatiple with those
by which the associated file material can be studied anad
manipulated on line,

We plan %0 concentrate early upon automatic production,
from our oneline files, of hard copy in which one can
very flexibly specify the composition of text, diagrams,
tables, equations, footnotes, indices, etc,

During the production process, such operations as
converting intrafile links to page references and
interfile links to footnotes would be perfornmed
automatically, with associated conversion tables
being saved for future use,

one of our goals for the next few years is to develop a
system coupling a typewritere-like computer terminal with
2 nmicroform reader that can be positioned to any page
within its "liprary® upon direction from the central
computer,

This system would use conversion tables generated by
the Output Processor during publication of the
microform library to drive the reader in response o
directions from the user. This would give the user



Section v
CONCLUSIO

Coe

NS, RECOMMENDATIONS, AND PLANS

much of the power for studying large bodies of
interreferenced documents that currently c¢an bpe
obtained only through the use of a display-oriented
system like NILS.

Plexdocs

A team tackling a complex systen=development project
must provide itself with the highest possible visibility
over its working environment =~ i.,e., over the
following:

Planningt plans, contingency alternatives, resource
commitments, status, criticisms

Designing: designs, design principles, constraints,
estimates, agnalyses, supportive data, relevant needs
and possibilities

Operating: rolea, task definitions, assignments,
policies, operational procedures and conventions,

 We currently have quite powerful techniques for aiding

an individual or small reportewriting team in producing
docunents of the usual researchereport size and
complexity. But in our approach to team augmentation,
we consider it essential to expand upon these techniques
80 as to facilitate the developnent and production of
very large, very complex documents containing many
details that are highly cross~dependent.

We use the term "plexdoc" to denote the concept of
such & complex document, which would, in fact, be
composed of a possibly quite large collection of NLS
files, cross-linked in complicated ways.

The stem "plex" comes from the Latin Yplexus,"
which means woven or intertwined, and supports the
image of a body of information that has been woven
into a coherent fabric by & group of people
through the use of special indices, footnotes,
reader=-contributed comments, specific
cross~=references, ete.

We intend to develop and keep up to date a large,

detailed, highly cross-referenced and wellwindexed
“plexdoc" that contains a description of our own
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project=tean activity fulfilling the needs listed above,
our techniques to facilitate its modification and
republication will be under constant evolutionary

pressure,

Dialogue Between On~lLine Collaborators

(1) The Dialogue=Support Systen

One=line access by collaborators to each other's
files, as provided by a number of today's timesharing

systems, leaves much
effective dialogue.

10 be desired in supporting

In this context, we use "dialogue' to refer to the
incremental building up of a group expression of
ideas on any given subject through the addition of
"commenta" to some set of relevant files.

We are attempting

o meet the need for more

flexible and powerful means of facilitating such
dialogue through the developnent of a

"dizlogue=support
esgential element

The dialogue=support
conjunction with the
capabilities such as

(2) Commenting

system," which we consider an
of any team augmentation systen.

system must function smoothly in
plexdoc conventions to provide
are deacribed below,

Any team menmber working at a display console must be
able swiftly to access for study any portion of a

plexdoc's structured

files, and he must be able

conveniently to add his contributions to the on=going
dlalorue that is contained in these files,

Whenever he wishes, he should be able to introduce

conments that are
references to any

freely sprinkled with explicit
specitic item (character, worq,

statement, line, curve, box, expression, etc,)
within any prior entry == as though he were
pencilemarking a paper draft with marginal
comnents, underlines, encircled passages, arrowvs,

and the like,

When creating a comment entry, he needs flexible
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aids and methods for the following:

Arranxihg display of tvhe various passages he is
referencing relative %0 the content of the
comment he 18 cregting

Designating the explicit entities he wishes to
reference

Having the current commente=creation state
preserved temporarily wnile he checks on some
related material.

This must be managed by the computer so that it does
not matter if other people are concurrently scanning
the same material or affixing comment references to
the same itens,

(3) stuay

His study techniques should enable him flexibly to
select which comments will be displayed for him and
which ones will remain invisible (or whose presence
will be made known t¢o him without appearing in their
entirety), For example, he may wish to be aware of
only those comments that reference a given citation
in a text, term in an equation, or label in a
diagranm.

He quite likely does not want Lo see reference
indicators for all such prior comments, so he
needs flexible mechanisms for specifying which are
to be viasible =~ e,g., Dy author, creation time
(relative or absolute), specific content,
prior=assigned commenteset membership,
author=affixed category degignations, etc.

- Also, whenever he sees indication that an
interesting type of comment is associated with
some item in the studied passage, he needs
considerable flexibility for designating how he
will be shown such selected comments. relative to
the referenced material ==~ for example, in one of
the following ways:

With a split screen (original reference text on
the left and comments on the right)
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Comments enclosed within boxes and the boxes
enmbedded within the original text

Ability to H“e£lip" between views of the
reference material and views of the comments,
ete.

Notification

Provisions need to be developed tO enable setting up
"annunciator calls" to various people, or sets of
people, to request their special attention (at some
level of priority) to a given comment., This might
call for actions such as the following:

(1) An approval signoff to record the fact that
the comment has been noted by the party or parties
to which it was addressed

(2) Some kind of special vote, automatically
tallied and recorded on the annunciator
specification in that comment

(3) A need to observe a "point of order" in the
apecial methodology the team has adopted == e.g,.!

"I protest this decision and ecall for a review,
citing Policy X, relative to Budget Item Y and
Degign Prineiple Z.,"

Retrieval

Al) dialogue entries immediately become part of the
plexdoc containing the complete working records (and
much of the history) of the augnented team. Since
comments and other werking record entities can refer
to each other in indefinite extension, it will be
possible to build up a very complex network of
relationships among these comments and the
substantive records about which the dialogue is
swirling.

Although these relationships need never be ambiguous,
it will pe difficult for even a Kknowledgeable tean
nember to keep track of them in such a way that he
can effectively '"navigate" through the plexdoe to
follow all the relevant developments that may be
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taking place concurrently.

This is about the toughesat central challenge in
effectively augmenting a team == that of
develeoping computer aids, working methods, etec. to
allow a skilled person to be highly effective in
digesting the content and implications of such a
record, and to develop a substantive nexte-stage
design or plan that integrates the dialogue
contributions.

Essentially similar techniques are required to
augment any individual's central intellectual
capability for synthesizing the next stage of
development in plan or design == and to the extent
that we are successful with this, we should be
able to offer strong guidance for capability
augmentation over wide ranges of individual and
team activities,

our initial activities in response to this problem
will pe in the direction of providing powerful
retrieval tools that will enable a user flexibly to
specify, by content, which elements of the plexdoc
are of greatest interest to him at any moment,

We also have plans for developing techniques that
will permit a user to construct specific indices

and catalogues over a given plexdoc and to create
and manipulate arbitrary "sets" of entities that

are of immediate interest.

-Many of the tools developed to fulfill these needs
will also receive extensive use in other ARC
activities such as the Network Information Center,

Distributed Dialogue

We consider it important for people other than the
central, highly trained, displaywequipped teanm to0
participate as well as possible in dialogue ot the type
dilcusaed above,

We seek to provide capabilities that runction
effectively over the widest possible range in
sophistication of computer, communication, and
terminal facilities and in level of experience and
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training of the individual users == and with as much
independence as possible of geographical location,

As a first step we intend to work on the problen of
developing organization and formatiing conventions for
presenting plexdocs for study on deviges other than our
centrally located selective-view displays.

We assume that for significant participation via any
typre of coupling with a low information=transfer rate
(such as a Teletype), the user will need to have on
hand comprehensively indexed hardecopy reference
materiasl that is republished relatively often (e.g.,
weekly or even daily).

We are already working on mechanisms for producing
high=quality hard copy in both paper and microform
(as described above under "Fast Editing and
Publication").

Our goal is to be able automatically to publish
reference material (probably in microfiche) in
Such a way as to make feasible a
frequent=republication operation servicing a
moderate numpber of remote participants,

We have also begun to investigate many different
Kinds of renmote printing devices and are
particularly excited about the high=speed,
high-quality, scan=driven hard=copy devices now
appearing on the market,

We also are investigating techniques for allowing a
remote affiliate, such as a participant at one of the
other ARPA Network sites, to use a manual microfornm
reader (or even a volume of paper printouts) in
conjunction with a typewriter=like computer terminal
through which we could provide computer aids for
locating items of interest and following the various
kinds of cross~reference links.

A next step (nearing operational status) is to provide
facilities for direct, on=line, dialogue participation
using TODAS (our Typewriter=Oriented Documentation=Aid
System). We are giving this special emphasis so as to
provide for early access to Network Information Center
files,
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We are actively pursuing an extremely promising
possibility associated with an emerging line of
microfiche readers that can be operated under direct
computer control and which permit Jjumping to any frame
of a fiche in a fraction of a second.

Most of these readers also allow jumping to any fiche
within a cartridge, or even to0 any cartridge within a
larger store, in times comparable to those we
currently experience in studying files on 1ine using
our display systenm.

Such a reader, loaded with updated cartridges from
us, where the reader and a typewriter terminal both
connect through the Network to our computer, can
provide a person with very powerful help in his
plexdoec studying.

He would be able to fo0llow links, jump to an index
and from there to selected pointa, Jump
successively to the candidate selections produced
by a retrieval query, indicate where he wants to
direct a comment reference (via typewriter entry
of his comment) == all via quick directions on the
typewriter, abbreviated by cues (whiech the
computer knows about) that he sees on the screen
of the microfiche reader,

In some applications a frame=jumping microfiche
reader/typewriter terminal system could be quite
competitive with our high=response, on=line

~display console system, and we are very interested
in developing experimental versions of such a
system for exploratory use in the Network
Information Center, ‘

Conference Dialogue

The team'augmentation techniques we have discussed so
far are gll directed at aiding team members working at

individual eemputer terminals,

There are times, however, when such a team will wish
to convene as a whole to review some new proposal,
debate a pressing issue, or collaborate actively in
some particular phase of their work. .
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The "complete" team augmentation system must provide
mechanisms for facilitating this Kind of conference
dialogue activity.

We already have experimented with using NLS as a
sophisticated "blackboard" where one person can Make 3
presentation to a group seated within viewing range of
one of our regular NLS consoles., This gives new powver
for presenting material and answering questions as well
a8 providing a very flexible medium within which the
record of the discussion can evolve,

In cases where there are more viewers than can be
comfortably accommodated around the "chairman's®
console, our disrlay transmission mechanisms make it
trivial for us to hook up additional "slave" monitors
at convenient locations.

At two of our major conference presentations (see
Section III=E) we have used video projection
equipnment to allow us to give live demonstrations of
our on~line system to large audiences, and we are
planning to purchase similar equipment for use in
conference augmentation experiments at our own
Center. '

The next step along this avenue of research is the
development of techniques for allowing several users,
each working at his own terminal, to ¢ollaborate in
real=time work on a common set of working files,

We have experimented a little in allowing
multi-conscle simultaneous access to g single file in
which one user (the "chairman") has full contirol
while the other users are restricted to nmerely
positioning a personal bugemark on the display, each
using his own mouse.

With the evolution of multiple viewing windows, a
flexible voice intercom system, and other technigues
will come opportunities for more sophisticated forms
of interaction; and we are optimistic sbout the
possivility of achieving significant increases in
tean effectiveness through advances in regl-tine
dislogue augmentation.

Further down the road, we see a real need for developing
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"~ techniques that, without requiring an extensive training

period, will extend the ability to participate
effectively in augmented conferences te individuals with

1ittle experience in using the complex set of

coordinated skills needed to competently operate our
present on=line system. One possibility we envision is
to give them a "cnauiteur" to operate their on=-line
vehicle.

Voice Dialo:ue |

We hope to begin experiments in the near future using

" techniques for the digitization of normal speech

strings, developed by Glenn Culler while he was at the
University of California, Santa Barbara, Our plans are
to modify NLS &o that a "statement" can contain not only
the present text and/or graphic material but also a
digital representation of a speech string.

Then, with only minor changes to NLS, we would be
.able to provide techniques for breaking long speech
strings into shorter ones, hierarchically organizing
them, and providing cross-refcrence links between
‘'voice strings and normal text.

These capabilities will permit us to integrate actual

spoken dialogue into the dialogue mechanisms previously

he

discussed, providing an extremely powerful addition to
our repertory of team-augmentation techniques.

They would be cof great help t0 remote dialogue
participants -= or even to0 our own staff when away
from the office == since phoned=-in comments could be
integrated into an on~going dialogue record, and they

-open new doors in the realm of conference -
augmentation as well,

Moreover, the anticipated gradual evolution of
speech=processing techniques will provide
inereasingly powerful benefita from this voice
dialogue approach, ‘

Technical Intelligence
To satify our own needs as a research team, we have been

accumulating for many years a significant corpus of
"intelligence" (bibliographic) data about activities and
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products of organizations outside our own that are
involved in related work, and we have committed
ourselves to shaping up this collection in order teo
provide at least parts of it (properly catalogued and
indexed) to other groups, particularly NIC users.

In addition %o maintaining an up=to=date collection of
standard bibliographic items, we plan to expand into new
areas that are specifically related to the needs of
systen=development teams, We intend to bvegin seeking
out and collecting data such as the following:

(1) Ghlracteriatics of, and user experience with,
various commercially available and custom=made system
elements

(2) Reference material and user commentaries on
externally develovned systems and techniques

(3) Intelligence on the status and resulvs of related
wWOork by other groups,

We have begun development of a flexible set of
information=retrieval tools that will be used
extensively in the maintenance and interrogation of our
intelligence collection as well as in the management of
our complex working records (as discussed above),

User Training

With any user-oriented system as complex and versatile
a8 ours, there is a continuous problem in helping new
users to attain competence in operating the system so as
to obtain the maximum benefits from it. This problem is
magnified many times when users can work from many
widely separated sites, making it impossible for them to
receive personal help from experienced staff on a
ninute=to=minute basis.

With a system evolving as rapidly as ours, it is
difficult to keep even the central staff informed of
all new system features and special methodologies.

We are making some progress in the preparation of
training and reference materials for our user system,
but there remains muech to be done, not only in actually
providing such materials, but in discovering what forms
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0f indoctrination materials (£ilms, video tape,
introductory manuals, reference manuals, brief reference
guidea, etc.) are most useful.

Special Managenment Techniques

The management of a technically sophisticated

problem=solving team requires the use of some

methodological techniques that are common to the
management of any organized group, as well as many
others of a more specialized nature, :

There needs to0 be an acecepted methodology for managing
the files containing the team's working records so as to
ensure the most effective use of these files,

Effective procedures need to be worked out for

developing plans for the future activities of the tean,

K.

for negotiating and reviewing task designations and
individual roles, and for sallocating and accounting for
the resources possessed by the team. :

Finally, there must be well-understood and accepted ways
of defining, representing, and monitoring operatiocnal
procedures and of resolving conflicts between elements
of the teanm regarding the allocation of resources among
the activities of the team that must compete for then,

special System=Building Techniques

In addition to the capabilities described above, which
are relevant to the needs of all problem-oriented teans,
there are some considerations that are uniquely
applicable to & team whose domain is system development.,

 The syatem-developmeht team needs to have a consistent,

if not complete, set of principles for desiening the
overall software-architecture of interactive gystenms.

It must develop an understanding of the principles
underlying the design and analysis of interactive
systems from the standpoint of user services,

It must have effective techniques for training new users

of the systems it has implemented and for generating
usegul reference materials for these systens,
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It must have flexible methods for obtaining and
analyzing performance data on a systen,

It should have powerful ways for simulating significant
parts of an existing system and for simulating newly
conceived or modified systems in order to diagnose
existing bugs, predict future performance under various
conditions, and compare the performance of proposed
system configuratons with that of the existing one,

Finally, it must have highly augmented techniques for
creating, compiling, and debugging the huge collection
of programs used in the implementation of a large
software system.

3. Development or System Design Disciplines
8. Analysis and Design Principles for On~Line User Systenms

Designing a whole augmentation system involves a
balanced consideration of many factors, all of which are
subject to reevaluation and change in response to
increased understanding gained through experience. The
following are examples of such factors:

(1) Ways in which users conceptualize their working
tasks

(2) Methods for representing and recording tneae
concepts

(3) Procedures for developing the concepts and
products associated with a given task

(4) Forms of computer aids and utilization
methodologies needed to obtain maximum help in
carrying out such working procedures

(5) User techniques for negotiating service
transactions with the system in various contexis.

At present there is no design discipline encompassing
this range of interdependent system factors, but one
really must evolve if any large-scale benefit is ever to
be derived £rom the computer services that we clearly
see coming over the horizon.
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By & "design discipline" we mean a coherent,
comhunicable, generally applicable framework
comprising a coordinated set of concepts,
terninologies, principles, methodologies, and special
tools,

This design discipline must provide a common ground
for analyzing the needs of a community of users,
formulating easily communicable designs for systenms
to meet thege needs, and providing adequate controls
over the implementation process,

These capabilities should make it possible to offer
clients accurate cost/benefit pictures prior to any
extensive commitment of resources and should make the
design and implementation processes more efficient,

Consider the predictable tremendous increases in speed,
capacity, and economic availability of computational
regsources, and then realize how the quality of service
represented by these resources can be enhanced through
the application of ever more powerful urtificial
intell;gence techniques,

We conaider it desirable to avert the possipility of all
this power being harnessed in ways that leave these
mechanical helpers remote and uninvolved f£rom our
ninute=hby=minute human activity.

We need to learn how to design such systems and how
to adapt our thinking and working methodologies so
that quick little bits of service cln be harnessed on
our own terms,

A significant challenge is involved in finding ways
for matching these computer services to human
perceptual, cognitive, and motor mechanisms soc as to
optimize working capabilities and provide a natural
and satisfying extension of human capacities.

Design 0f the repertoire of user services to be provided
by a computer/communication/terminal facility is a
process requiring the kind of coherent design discipline
associated with any complex system design process, and
we consider the development of such & discipline for
augnmentation=system design to be a vital componenb of
our next phase of research,

169



Section v
CONCLUSIONS, RECOMMENDATIONS, AND PLANS

b. Software Architecture Principles for Interactive systen
Design

(1) Overview

Just as important to us as the developnment of a
discipline dealing with the analysis and design of
user services is the development of a companion
discipline dealing with the design of software
architecture for interactive systems offering these
services,

These two disciplines are actually Just opposite
faces of the same coin and must be interfaced so
a8 to form a single overall discipline that
provides a unified approach for going from user
needs straight through to integrated operational
systems satisfying those needs,

To organize the conceptualization of such a systenm
design into appropriate levels and areas, and to
develop effective representations of the design
specifications and principles at each such level,
seems necessary if we are ever to transform
interactive system design from an art into a
profession,

Qur present software architecture approach
stresses these things and promises to make useful
hegdway in evolving conventions, procedures, and
aids that could help other people approach and
operate on the architecture of complex computer
systens,

We describe below some of the approaches that have
evolved in our work and which we feel offer the
foundations for a design discipline of the type we
are seeking.

(2) oOompiler=Compiler Techniques
Almost all our programming is done in some member of
a whole family of languages based on our Tree Meta
syntax-directed compiler (aee Section II-B-2=b and
Ref, 18)-

This zechnique provides us with great flexibility in
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£itting each programming task into a language
particularly appropriate to the requirements of that
task, ylelding more efficient use of vital progranmnmer
time as well as code that is sufficiently
self-documenting to aid considerably hoth in the
debugging of our system and in the orientation of new
progranmers,

Format Conventions for Source-~Code Language Files

A very important feature of these special languages
is that their format and structuring conventions have
been designed so as to f£it particularly well into our
augmentation-~system usage environment, This provides
a very revarding and powerful degree of facility for
composing, studying, and modifying source code.

The plexdoc approach described previously has evolved
from a belief that all levels of design and analysis
thinking and data should be integrated into one
compatible system of files over which the designers
and supervisors, and later maintenance personnel,
colleagues, etc., can roam freely and adroitly.

This approach has been applied to some extent in
our present collection of systemeprogram files,
This collection forms a plexdoc by virtue of the
fact that interfile links can be used as the
arguments of procedure calls; the internal systen
documentation is also linked into this plexdoc.

Dialogue~support techniques have an important
contribution to make at every level of this
process in providing an integrated approach to
recording, documentation, and monitoring.

System Architecture Principles Fostering

Evolutionary Development by an Augnented Teanm

We have begun to apply various modularization
concepts to our working and thinking methodologies so
a8 to foster the ability of individual menbers of our
research/development team to work effectively on
specific aspects of our project with the least
possible chance of destructively interfering with
other activities,
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These concepts are also important to the way in

- which we view participation in the ARPA Network,
in that we are seeking flexible ways of
interfacing various modules of our own operating
systems to computation components available at
other sites through the Network,

We 3lso seek to0 exploit the properties of
modularization to promote design clarity and
facilitate transfer of programs and techniques to
ether systemns and groups.

The extensive attention to conceptual partitioning

through use of a variety of special=purpose
programming languages is one example of this,
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I The On=iine System (NLS)

A,

Introduction

NLS, a8 currently implemented, is essentially a highly
sophisticated texte-manipulation system oriented primarily
toward on=line use; i.e., it is not primarily oriented
toward production of hard copy, although fairly
sophisticated hard-copy formatting and output are included
in the systien.

NLS is intended t¢0 be used on a regular, more or less
full=time pbasis in a time=-sharing environment, by users who
are not necessarily computer professionals. The users are,
however, assumed to be "trained" as opposed to "naive,*
Thus the system is not designed for extreme simplicity, nor

- for selfwexplanatory features, nor for compatipility with
~"normal" working procedures,

"Rather, it is assumed that the user nas spent
considerable time in learning the operation of the
system, that he uses it for a maJjor portion of his work,
and that he consequently is willing to adapt his working
procedures to exploit the possibilities of £u11-time.
interactive computer assistance.

‘Thus the practices and techniques developed by users for
exploiting NLS are as much a subject of research
interest as the development of NLS itself,

NLS is supplemented by a typewriter=oriented counterpart
called TODAS, which is discussed in Section Il of this
appendix, Section IIl descrives the NLS/TODAS capabilities
for producing Ilexibly formatted hard copy from on=line
file!. }

Section IV of this appendix is a glossary of special
NLS/TODAS ternminology.

NLS Console
The user sits at a console whose maih elements are a
display screen, a typewriter keyboard, a cursor device
called the "mouse," and a set of five keys operated by the
left hand, called the "keyset,"

The screen is used for displaying text, in various
formats, The top portion of the screen (approximately
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1/5 o2 the total area) is reserved for feedback
information of various kindas: the name of the user
command mode currently in effect, a '"register" area used
for various kinds of textual/numerical feedback, an
"echo register" which displays the last six characters
typed by the user, and other items that are explained
below,

The Kkeyboard closely resembles a conventional typewriter
keyboard, with a few extra Kkeys for special characters
and control functions. It 1s used for typing text as
content for a file and for specifying commands, which
are given as two=- or three=character mnemonics.

The mouse is a roughly boxeshaped obJjeet, about four
inches on its longest side, which is moved by the right
hand. It is mounted on wheels and rolls on any flat
surface. The wheels drive potentiometers that are read
by an A/D converter, and the system causes a tracking
spot ("pug") te move on the screen in correspondence to
the motien of the mouse,

The user specifies locations in the displayed text by
pointing with the mouse/bug combination, This
eliminates the need for specifying a location by
entering & code of some kind, Use of the mouse is
very easily learned and soon becomes unconscious,

on top of the mouse are three special control
buttons, whose uses are described below,

The keyset has one key for each finger of the left hand.
The keys are struck in combinations called "chords," and
each chord corresponds to a character or combination of
characters from the Keybocard., There are 31 possible
chords; beyond this, two of the buttons on the nouse
may be used to control the "case" of the keyseti, giving
alternative meanings to each chord, There are four
possible cases, for a total of 124 possible
combinations,

A simple binary code is used and has proved
remarkably easy to learn, Two or three hours!
‘practice is usually sufficient to learn the most
commonly used chords and develop reasonable speed.

The Keyset was developed 10 increase the user's speed
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and smoothness in operating NLS. It was found that
users normally keep the right hand on the mouse,
because the great majority of command operations
involve a pointing action; efficient use of the
Keyboard, however, requires the use of both hands,
and shifting the right hand (and the user's

- attention) to the keyboard is distracting and
annoying if it must be done for each two= or
three=letter conmand mnemonic,

Use of the keyset permits the user to Keep his
right hand on the mouse and his left on the
keyset, reverting to the keyboard only for entry
of long strings of text (typically five or more
characters).

Originally, the keyset exactly duplicated the
keyboard in function; in the developnment of NLS,
however, certain control functions have heen made
two=stroke operations from the keyset where they
would be three= or four=stiroke operations from the
kKeyboard, Nevertheless, it is still possible to
operate all of the features of NLS without using the
Keyset; thus the beginner may defer learning the
keyset code until he has galned some degree of
mastery over the rest of the systen,

Ce Structured Text

"Text" is used here as a very general term. A "file" of
text (corresponding very roughly to a "document® in hard
copy) may consist of English or some other natural
language, numerical data, computer~program statements, or
anything else that can be expressed as & structure of
character strings., Simple line drawings can also be
included in a file.

All text handled by NLS is in “"structurede-statement" form.
This special format is simply a hierarchical arrangement of
"statements," resembling a conventional "outline" form.

Each statement in a file may be considered to possess a
"statement numpber,* which shows its position and level
in the structure. Thus the first statement in a file is
Statement 1; its first substatement 1s la, and its next
substatement is lb; the next statement at the same level
28 the first is sStatement 2; and so forth. Statement
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numbers have been suppressed in printing out most of
this document but are printed out for the remainder of
this section as an example,

2C28l1 Every statenment also bears a "signature" that
nmay be displayed on command. The signature is a line
of text giving the initials of the user who created
the statement (or modified it most recently) and the
time and date when this was done,

2c2b A statement is simply a string of text, of any

- length; this serves as the pasic unit in the
construction of the hierarchy. In English text,
statements are normally equivalent to paragraphs,
section and subsection headings, or items in a list. In
other types of text, statements may be data items,
program statements, etc,

2¢2bl Eaeh paragraph and heading in this docunment is
an NLS statement. Each statement is indented
according to its "level"” in the hierarchy; this
paragraph is a substatement of the one above, which
is in turn & substatement of another statement. A
statement may have any number of substatements, and
the overall structure may have any number of levels,

2¢3 Note that when a user creates a file, he may let all of
his statements be first-level ones, i,e., 1, 2, 3, etc. 1In
this case he will not have to consider a hierarchical
structure but simply a linear list, as is found in
conventional text.

2c3a However, many of the features of NLS are oriented
to make use of hierarchy, and the benefits of these
features are lost if hierarchy is not exploited.

2c3b This is an example of an NLS feature to which the
user must accommodate his methods; however, the
experience of users has been that hierarchical structure
very rapidly becomes a completely "natural" way of
organizing text. Many automatic features of NLS make
the structure easy to use: for exanple, statement
numbers are created automatically at all times and the
user need not even be aware of them, It is sufficient,
when the user creates 3 statement, to specify its level
relative to the preceding statement, : :
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Use of the Systen

Text manipulaticn is considered to inveolve three basic

types of activity by the user: composition, study, &and

modification. In practice, the three activities are so
intermingled as to be indistinguishabdle,

1.

2,

Composition

-composition is simply the creation of new text material

as content for a file.

In the simplest case, the user gives the command "Insert
Statement” by typing "is", He then points (with the
mouse) 1o an existing statement; the system displays a
new statement number which is the logical successor, at
the same level, as the statement pointed vo. The user
may change the level of this number upward by typing a
"u" or downward by typing a "a“,

NOTE: 1If no previous statement has been created, the
system displays a "dummy" statement at the top of the
text=display area, and the user points to this dumnmy
in order to insert his first statenment,

The user then types the text of the new statement fronm
the keyboard, On the screen, the top part of the
texXt=display area is cleared and charaecters are
displayed here as they are typed, When the gtatement is
finished, the user hits a CA (command accept) button on
the keyboard or nouse, and the system re=cregtes the
display with the new statement fcllowing the one that
was pointed to.

New material may also be added to existing statements by
means of commands such as Insert wWord, Insert Text, and
others, Properly speaking, these operations are
modification rather than composition, and are discussed
below,

Simple line drawings may be composed and added %0 the
file by means of the "vector package.," This is
discussed in another section of this report.

study

The study capabilities of NLS constitute its most
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powerful and unusual features, The following is only a

~ brief, condensed description of the operations that are

possible, :

Jumping

NLS files may, ©of course, contain a great deal more
text than can be displayed on the screen, Jjust 23 a
document may contain more than one page of text, An
NLS file is thought of as a long "scroll." The
process of moving from one point in the scroll to
another, which corresponds to turning pages in hard
copy, is called "Jjumping." There is a very large
family of Jump commands,

The basic Jump command is Jump to Item, The user
specifies it by entering "Ji" and then points to
some statement with the mouse, The selected
statement is moved to the top of the screen, as if
the scroll had been rolled forward.

Mosgt of the Jump commands reference the
hierarchical structure of the text., Thus Jump to
Successor brings to the top of the diasplay the
next statement at the same level as the selected
Statement; Jump to Predecessor doces the reverse;
Jump to Up starts the display with the statement
of which the selected statement is a substatement,
and so forth.

The Jump to Name command uses g different way of
addressing statements, If the first word of any
statement is enclosed in parentheses, the systenm
will recognize it as the "name'" of the statement,
Then, 1f this word appears somewhere else in the
text, the user may jump to the named statenment by
pointing to the occurrence of the name, or by
typing the name,

This provides a cross-referencing capability
that is very smooth and flexible; the command
Jump to Return will always restore the previous
display, 80 that the user may follow nane
references vwithout losing his place,

It is also possible to jump to a statement by
typing its statement number.
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View Control

If a f£ile is long, it may be impossible for the user
to orient himself to its content and structure or to
£ind specific sections by jumping through it. The
principal sclution to this problem is provided by
level contrel and line truncation.

Level contrel pernmits the user to specify some number
of levels; the system will then display only
statements of the specified level or higher. Thus if
three levels are specified, only first~-, seconde-, and
thirde=level statements are displayed.

Line truncation permits specification of how many
lines of each statement are to be displayed. Thus if
one line is specified, only the first line of each
statement will be displayed.

Common usage is to use the first two or three levels
in a file as headings describing the material
contained under each heading in the form of
substatenents. Thus the user may start by looking at
& display showing only the first~=level statements in
the file, one line of each., This amounts to a table
of contents,

He may then select one of these statements and
jump to it, specifying one more level. He will
then see more detalls of the content of that part
of the file, This process of "expanding the view"
may be repeated until the user has found what he
is looking for, at which point he may specify a
full display of the text.

Users soon develop a habit of structuring files in
such a way that this process will work well. As
it happens, such a structure is usually a good,
logical arrangement of the material, reflecting
the relationships inherent in the content,

The level and truncation coniroels are designed so
that the necessary specifications may be made with
only one or two strokes of the Kkeyboard or keyset,
These controls are only the most important of a large
set of viewscontrol parameters called "VIEWSPECS."
Other VIEWSFECS control a number of special NLS
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Ce

de

features affecting the display format,

An example of the use of VIEWSPECS is given below
in Section I-D=2=e of this appendix,

Content Analysis

The NLS content analyzer permits automatic searching
of a file for statements satisfying some content
pattern specified by the user, The pattern is
written in a @special language as part of the file
text.

Content patterns may be aimple, specitying the
occurrence of some word, for example. They may also
be highly complex, specifying the order of occurrence
of twe or more strings, the absence of some text
conatruct, conditional specifications, etc. Simple
patterns are extremely easy to write; complex ones
are correspondingly more difficule.

"Keywora" Systenm

A "keyword statement' is a named statement that
references other statements in the file by nane, in a
special format., The name of the keyword statement is
then understood to be a “"keyword" applying to the
statements referenced by the keywerd statenment,

Suppose that a file contains a list of keyword
statements, The user may study this 1list and
select several Keywords with the Keyword Select
command (pointing to the keywords with the mouse),

He may specitfy a welight from 1 to 10 for each
Keyword; if no weight is specified, a weight of
1 is assuned.

When the user gives the Keyword Execute command, a
searching/scoring process is executed, Each of
the selected keyword statements is scanned for the
nanes of statements that it references, Each
referenced statenent receives a “score" equal to
the weight of the keyword. 1If a statement is
referenced in more than one keyword statement, the
scores add.
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When this process 13 completed; NLS constructs a
display picture showing only the statements that
have received nonzero scores, in order of
decreasing scores,

In other words, each keyword is the name of a
statement that defines some arbitrary category of
statements in the file. When a user selects and
weights keywords, he is expressing his interest in
certain of these categories, NLS then displays all
of the statements in these categories, peginning with
the '"most interesting.*

Because the relationships used in this system are set
up explicitly when a user writes keyword statements,
the system is very flexible although not highly
automated, It may be regarded as a generalized
method of reordering some of the statements in a file
on the basis of usereselected criteria chosen from a
supplied list (the keyword statements),

Note that this reordering is on the display, not
in the file proper. The file proper is not
affected in any way, except that the list of
selected keywords and weights is saved in the
file. ‘

This list may be displayed on command,
Individual Keywords may be deleted from the
list or their welghts changed, or the whole
list can pe deleted on command.

Link Jumping

A "link" is 3 string of vext, occurring in an
ordinary file statement, that indicates a
crogs~reference of some Kind, It may refer to
another statement in the file, or to a statement in
some other file, possibly belonging to another NLS
user. The text of the link is both humanereadable
and machineereadable, and the command Jump to Link
pernits the user to point to the link with tne mouse
and immediately see the material referred to,

An example of a link is (Smith, Plans,
Longrange:ebgtin).,
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The first item in the link indicates that the
referenced file belongs to a user named Smith; the
second is the name of the file; the third is the
name of & statenment in the file (a statenent
number nay also be used); and the siring of
characters following the colon controls the
VIEWSPECS to set up a particular view of the
material.

The Jump t0 Link command, executed by pointing
to this link, would cause Smith's f£ile "Plans®
to be automatically loaded and the display
start set to the statement whose name is
"Longrange.," VIEWSPECS would be automatically
set as follows:

The "e" causes the number of levels |
displayed to be set equal to the level of
the display=start statement.

The "b" increments this by one,

The "g" specifies that the display is to be
limited to the "branch" defined by the
displaye=start statement =« i.,e,, only that
statenment, its subatatements. their
substatements, etc.

The "t" specifies display ©f only the first
line of each displayed statement,

The "n" gpecifies that statement numbers are
t0 be suppressed from the diasplay.

Thus the net result is toc display the fLirst
lines of statement "Longrange" and its
highest=level substatements, without
statement numbers,

‘The use of interfile links permits the

construction of large linked structures made up of
many £iles, and study of these files as if they
were a3ll sections of a single docunent. The Junp

420 File Return causes the file previously viewed

t0 be reloaded and displayed, with the sanme
display start and VIEWSPECS that were in effect
Just before the link jump; thus the user may
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execute link jumps freely without leosing track of
his original location.

3. Modification

A large repertoire of editing commands is provided for
modification of files. The basic functione are Insert,
Delete, Move, and Copy.

These functions operate upen various kinds of text
entities, Within statements, they may operate upon
single characters, words, and arbitrary strings of text
defined by pointing t0 the first and last characters.

This set of commands is not restricted to operation
within one statement at a time; for example, & word
may pbe moved or copied from one statement tO0 another,

The editing functions also operate at the structural
level, taking statements or sets of statements as
operands, A number of special entities have been
defined for this purpose: for example, a "branch"
consists of some specified statement, plus all of its
sybstatements, pius all of their substatements, ete, A
branch can be deleted, moved t0 a new position in the
structure, etc.

As noted above, the modification activity tends to
merge, in practice, with study and comvosition.

summary

It must pe noted that NLS is not a system designed for
general usage, but a specialized tool designed for a group
of people working on the development of computer aids to
human intellectual processes, It is for this reason, for
example, that NLS is not really a texteediting systenm
oriented toward harde=copy production, but rather something
sinultanecusly more general and more specialized,

It is in the process of manipulating a file -« studying it,
making modifications, adding new material as an integrated

process lasting for minutes or hours at a time and having a
continuity extending for days, weeks, or even years == that
the real benefit of NLS appears,

An NLS file tends to become an evolving entity, subject
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to constant modification, updating, and reevaluation,
Its developnent may have no clearly defined endpoint.,

It may cease to exist as a file by being incorporated in
anocther file, or it may eventually be abandoned or
superseded; however, in most cases it will never be
“ginished” in the usual lense 02 the word,

Continuous use of NLS to store ideas, study then, relate
them structurally, and crosse-reference them results in a
superior organigation of ideas and a greatver ability to
manipulate them further for special purposes, as the
need arises == vhether the "ideas" are expressed as
natural language, as data, as programming, or as graphic
information.

The Typewriter=oOriented Documentation=Aid System (TODAS)

TODAS is a text=handling system designed as a "typewriter®
counterpart to NLS. In principle, TODAS can be operated from
& Teletype or any other sort of hardecopy terminal, ineluding
terminals linked to the 940 through acoustic couplers and
ordinary telephone lines (as opposed o0 NLS, which requires
special transnission arrangements).

The present implementation allows for the use of Teletype
Models 33, 35, and 37, Terminet and Execuport terminals
(the latter being portable, with a builtein acoustic
coupler), and N1LS display consoles.

Each ©f these terminals has its own character set, no two
sets being exactly the same except Teletype Models 33 and
35, AS a result, apecitl-cnaracter assignments are
devices=dependent., A TODAS feature allows the user to
redefine characters at will to suit his immediate purposes.

An important use of TODAS is for access, within the ARPA

Computer Network, to the Netwoerk Information Center (NIC)

operated by ARC. TODAS will give Network users access to
files of information created either with TODAS or with NLS,
since files created with the two systems are identical in
structure and fornmat,

TODAS ha# many of the same capabilities as NLS for the

‘manipulation of text; it differs from NLS as required by the

use of a “"typewriter® device instead of a display. The

.1mporttnt differences arise from the fact that TODAS has no

18}

analog cursor device to correspoend to the NLS mouse and fron
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the generally slower operation of TODAS.

For this reason, editing of text within a statement cannot
be done by means resembling those of NLS, since all of the
NLS editing operands are indicated by the user with the
mouse, TODAS uses two alternative methods,

One is the TODAS "alter!" command, which operates very
much like the "modify" command of the QED line=-editing
system develpped by Project GENIE at UC. "Alter®
creates 3 new statement to replace the original one, by
going through the original from beginning to end; under
user control, characters are (l) coplied from the old
statement to the new, (2) skipped over, or (3) inserted
into the nevw statement from the Keyboard,

The other is the TODAS "substitute' command, which
allows the user to specify that & certain string of
characters in the statement is to be found by TODAS and
replaced with another specified string.

At the structural level (where the user wishes to
manipulate statements and sets of statements as units), NLS
permits the user to identify statements by pnointing with
the mouse; TODAS requires that statements be identified
from the keyboard. Oonsiderable flexibility is provided in
this operation,

The user may identify a statement directly by typing its
statement nunber or its name; he may also igentify it
indirectly by specifying its structural relationship to
scne other statement whose number or name he knows
off«~hand,

Indirect specification corresponds to the use of NLS
commands such as "Jjump to head," "jump to successor,"
‘etCs., Dut with the added feature that relationships
may be concatenated == thus the user may, in a single
operation, aspecify a complex relationship such as the
successor of the first substatement of the
predecesgsor of & given statement,

A special TODAS capability (not yet implemented 4in NLS) is
"executable text."

A TODAS statement may consist of the string of
characters that a user would type from the keyboard to
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perform some sequence of operations., This statenment may
then ne executed with a special command, and the result
will be exactly as if the user had actually typed these
characters, causing the sequence to be carried out,

The sequence may, in principle, be arbitrarily eo@plex;
an executable statement might, for example, contain the
following sequences

(1) Load s f£ile whose name is specified elsewhere in
the current file

(2) Search this file with the content analyzer,
f£inding statements with a specified pattern of
content

(3) Write these statements out in a temporary
"buffer! file

(4) Reload the original file

(5) Copy the statements in the "buffer" file into a
specified location in the working file.

A special "switch" character may be used in the
executable text. When the switch character is
encountered, execution of the text is interrupted and
control reverts to the keyboard. The user then enters
part of the control sequence manually; when he types the
switch character from the keyboard, execution of the
executable statement resumes at the point where it left
off, This feature affords great flexibility, since it
allows part of the sequence to be specified ahead of
time and part at “execution tine,"

. Besides its primary purpose as a Network user's interface to
the NIC, TODAS is used within ARC as a supplemental tool to

186

TODAS can be used conveniently for nany tasks that do not
require the rapid display response of NLS, and has the
advantage of creating signiticantly less load on the
overall tinmesharing system, Ve currently have one clericsl
worker, who is not an NLS user, operating TODAS routinely
for entry of information and for some limited retrieval
work,

{
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Additionally, we 2ind TODAS useful for renote accessing o?f
our system, We have made TODAS available to selected
consultants, who use home terminagls with scoustic couplers,
and regular ARC personnel occasionally do work from their
homes by the sanme neans,

The prototype version of TODAS went into service in September
1969; a second version, with greatly expanded capabilities,
becamne operational early in 1970,

III Output Facility

NLS and TODAS both use the same facilities for producing
formatted hard=copy output from NLS/TODAS files,

The devices in ordinary use at ARC for hardecopy output are a
line printer that produces upper/lower=case print of adeguate
qQuality for local use, and a paper=tape=driven automatic
typevwriter used for ginal output of reproducible cecopy for
reportvs, proposals, etc.

The output Processor (previously known as "PASSL") can be
controlled by the user to a considerable extent. This is done
by means of "directives" embedded in the file text. The
directives can be used to reset page paranmeters, econtrol page
numbering, and turn various format features "on" or "off,"

For example, directives can be used to suppress indentation
of statements or change the amount of indentation, to
create "running headers" that are asutomatically printed at
the top of each page, suppress statement numbers, etc. One
of the directives causes all directives to bpe suppressed
from the output,

In addition to the line printer and the automatic typewriter,
the Qutput Processor can output a file to magnetic tape,
appropriately formatted to drive CRT=to-film conversion
equipment for production of microfilnm.

In all cases, the user may elect to output an entire file or
only part of the file. In the latter case, he may cause
output to begin at some specified point in the f£ile instead of
4t the beginning, and he may cause the printout to be limited
by the same kinds of criteria that may be used on the display
== {,e,, content analysis, limited number of structural
levels, etc,
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Glossary of Special NLS/TODAS Terminology
BRANCHS A specified statenment, plus asll of ivs substructure ==
i1.e. all of its substatements, plus all of their
substatenents, etec.
BRANCH ONLY: A VIEWSPEC parameter that restricts the text
displayed (NLS) or typed (TODAS) to & single branch (see
VIEWSPECS).
BUG: The cursor mark on the screen that is meved by the mouse
and that is used for selecting (pointing to) entities on the
di!plly.
When the bug is “"active," i.,e,, when a selection can be
made, it appears as an up~arrow when it is inactive it
appears as a plus sign. ,

CHARACTER: Any letter, digit, punctuation mark, space, tab, or
carriage return; an indivisiole entity.

CHORDS A combination of Keys on the keyset (see KEYSET).
CLIPPING: See LEVEL CLIPPING,

END: The last statement in any branch; specified by specifying
the branch.

FILE: A complete tree structure of statements witn s single
root (the origin statement).

FILENAME:! The name of a file. It appears as the first word in
the origin statement of an existing file, and must be supplied
by the user in creating a new file.

GAP CHARACTER: Any space, tab, or carriage return,

GOHAR: Abbreviation for GAP CHARACTER,

GROUP: A subset of a plex, consisting of all branches fronm one

specified branch to another, inclusive,

‘188

HEAD: The f£irst statement in a sublist,

The head is specified by pointing to any statement in the
sublist.
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INVISIBLE: Any consecutive string of gap characters, bounded
by (but not ineluding) printing characters or the end of a
statement: see PRINTING CHARACTER, GAP CHARAOTER, STATEMENT.

Specified by pointing to any character in the string. If a
single printing character lying between two invisibles is
pointed to, both inviasibles (and the printing character)
are selected.

KEYSET: The device at the left-hand side of the NLS console,
When a combination of keys (a chord) is depressed on the ‘
Keyset, the effect is the same as striking a key on the
Keyboard.,

KEYWORD: The name of a "keyword statement.,"

KEYWORD STATEMENT: A statement that lists, in a special
format, the names of all statements in the same file that fall
into some arbitrary category. T

The "kKeyword system" of NLS/TODAS commands, operating upon
keyword statements, performs informationeretrieval
operations based on the sets of statements defined in
keyword statements. :

LABEL: A string of text placed in a picture by means of a
command in the vector package,

LEVADJ: The specification of level when a statement, branch,
plex, or group is nevly created or noved.

LEVELS The 'rank" of a statement (see STATEMENT) in the
hierarchy of the file (see FILE).

The level is equal %o the number of fields of letters or
digits in the statement number; thus Statement 3 is a
firste=level statement, Statement 4alOg3 13 g fifthelevel
statement, etc, level is of great importance in
understanding the hierarchical strueture of an NLS file.

LEVEL CLIPPING! Restricting the text displayed (NLS) or
printed (TODAS) to statements no deeper than a specified
level, which is set by a VIEWSPEC parameter (see VIEWSPECS).

LINE TRUNCATION: Restricting the amount of text displayed

(NLS) or printed (TODAS) to the first N lines of each
statement, where N is specified by setting a VIEWSPEC
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paraneter (see VIEWSPECS).

Each statenment is formatted into lines upon output to the
display or printing device; thus the amount of text in a
line depends upon the device and upon other parameters,

LINK: A specially formatted string of text in a statement,
analogous to a reference or cross-reference citation in a
conventional document.

A link specifies a user, a file belonging to that user, a
location in the file, sand VIEWSPECS., A user may "follow" a
link by means of the Jump to Link command (NLS) or an
indirect address (TODAS). .In either case, the systenm
detects the 1link, interprets it, loads the specified file,
and displays or prints the specified portion of it with the
specified v:swspzo paraneters,

MOUSE: The device at the right=hand side of the NLS keyboard,
When it is rolled around on the tabletop, it causes the bug
(eursor mark) to move correspondingly on the screen,

NAME: IZ the first word of a statement is enclosed in

‘parentheses, it is the NAME of the statement,

The command Jump tO Name can then be used to place the
statement at the top of the display. This is done by
entering the name from the keyboard or keyset, or by
finding an occurrence of the name as text on the display
and pointing to it with the bug,

NLSs Acronym feor "OneLine Systen,*

_ORIGIN: The first statement in a 2ile; it contains information

about the f£ile, plus any other text the user inserts. It has
8 level of O, and hence no statement nunmber,

ovrvuw PROCESSOR: Program used by NLS and TODAS for producing

Lormatted output.

PASSL: Alternate name used for the output Processor.

"PATTERN: A string of special-language text in a statement that
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may be compiled vis the command Execute Content Analyser,
When compiled, it produces a program that is used by the
content=analyzer feature,
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PCHAR: Abbreviation for PRINTING CHARACTER,

PLEX: Another name for a SUBSTRUCTURE, used in comnmand
specifications.,

A plex is specified by pointing 1o any one of its
higheat=level statenents.

POINTER: A string of up to three characters that is attached
0 some character in the text with the Pointer Fix command.

PREDECESSOR: The statement preceding a specified statement in
& SUBLIST.

PRINTING CHARACTER: Any letter, digit, or punctuation mark.

SOURCE: The statement of which a specified statement is a
substatenent,

SIGNATURE: Information stored with a statement (and displayed
on command) giving the initials of the user who created the
statement (or most recently modified it) and the time and date
when this occurred,

STATEMENT: The basic structural unit of & file of text in NLS.
Formally, it is a string of text and/or pictures that is
bounded at the beginning by the end of the previous statenment
or the beginning of the file, and bounded at the end by the
beginning of another statement or the end of the file,

Statements are arranged in a tree structure or hierarehy
and are assigned "statement numbers" indicating their
positions in the structure. Each statement has a nunmper,
made up of alternating fields of digits and letters; the
number of fields indicates the "level® of the statement
(see LEVEL).,

‘A statement is specified by pointing to any character in
the string.

SUBLIST: The set of all substatements of a specified statement
(not ineluding the substatements of the substatements),

SUBSTATEMENT: A statement "X" is called a substatement of
another statement "Y" if it is deeper in the structure than
"Y," if 4t follows "Y," and if there is no intervening
higher=order statement. "Y' is called the scurce of "X." The
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statement number of "X" will be the same a# that of "Y" except
that it will have one more field at the end, The value of this
field gives its ordinal position in a "sublist' of the
substatements of "Y,*

A substatement is specified by pointing to the source
statenment,

SUBSTRUCTURE: The set of all substatements of a specified
statement, plus all their substatements, etc. until no more
are found. The set ©f all branches defined by statements in
the sublist of a given statenment,

SUCCESSOR: The statement following a specified statement in a
sublist. :

TAIL: The last statement in a sublist,

The tail is specified by peinting to any statement in the
sublist.

TEXT: Any string of characters within a statement, bounded by
(and including) two specified characters: see CHARACTER,
STATEMENT,

TODAS: Acronym for TypewritersOriented DocumentationeAid
Systen,

TRUNCATION: See LINE TRUNGCATION.
VECTOR: A line in a picture,

VIEWSPECS: View=control parameters controlling a number of
special NLS features affecting the display format, See, for
example, BRANCH ONLY, LEVEL CLIPPING, and LINE TRUNCATION,

VISIBLE: Any consecutive string of printing characters,
bounded by (but not including) gap characters or the end of a
statvenment: see PRINTING CHARACTER, GAP CHARACTER, STATEMENT.

Specified by pointing to any character in the string. If &
single gap character between two visibles is pointed to,
then both visibles (and the gap character) are specitfied.

WORD: Any consecutive string of letters and/or digits, bounded
by (but not ineluding) any other types of characters or the
end of a astatement: see STATEMENT.
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Specified by pointing to any character in the string. If a
single character is pointed to that is not a letter or
digit and lies between two words, then both words (and the
single character) are specified.
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