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Abstract

ABSTRACT

TIME COVERED la
This report covers in detail work from February
1971 to May 1972, , lal
TENEX 1b
Durineg that time our PDP=10 and accompanying
TENEX time=sharing systems became operational.
We have made small adaptations in TENEX and
developed a system that sends and retrieves
files from tape archive. 1bl
NETWORK INFORMATION CENTER ‘ lc
Use of the Network Information Center has
increased steadily, including regular creation
by experimenters at several sites of
special=purpose documents on our system and
severalfold increase in documents stored and
cataloged, both online and in hard copy
dispersed at the sites, We have prepared and
disprersed manuales and given regular courses in
our system to classes gathered from the Net. 1In
the last weeks of the contract our display
system ran experimentally from another site for
the first time, lcl
HARDWARE ld
We have added a Bryant Drum, Digital Equipment
Corporation RP0O2 disc packs, and leased more
30~=character-per=second thermal printineg
terminals and compatible cassette recorders. 141
NEW FEATURES IN NLS le
To our online system we have added: lel
a command language, DEX, which allows entry
of text on tape for later automatic '
processing into NLS files; lela
several features which allow users to draw on
the power of NLS more effectively, including
individual control of a buffer for compiling
various special purpose programs: leld
cross file editine to our typewriter=-oriented
command language, TNLS, along with cther
features that suit NLS to typewriter terminal
work; and lelc
t0 our display system, the capacity to split
the screen, losd several files at once, and
transfer information from one file to
another, leld
.We have begun the redesign of NLS in modular

online Team Environment
1



SRI=ARC 8 JUNE 1972 13041
Abstract

units which will, among other things, ease

transfer of all or part of NLS to other systenms, le2
MANAGEMENT SYSTEMS 1f

In managenent applications we developed a first

cut task=and-assienment management

record=-kKeeping svstem, made ever=growing use of

our dialogz supvort system in management, and,

near the end of the contract period, reorganized

our group into operational and project suogroups

{2 matrix organization) with projects orientedq

tovard needs cutside ARC. « 1f1

Online Team Environment
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SUMMARY

INTRODUCTION

We are develoring a system of online computer aids for
augmenting the performance of individuals and teams engaged
in intellectual work and an Information Center for the ARPA
Computer Network., This document reportvs hardware and
software development and applicatiens in several areas, and
summarizes plans for continuing development.

We discuss here the work performed under a contract which
extended from February 8, 1970 to May 9, 1972, but recount
in detail only work of the last fifteen months of that
period, Our work from February 8, 1970 until February 8,
1971 is reported in the Interim Technical Report, dated 30
June 1971, NETWORK INFORMATION CENTER AND COMPUTER AUGMENTED
TEAM INTERACTION, RADC~TR=71=175, AD 737 131 (8277,). The
1970 werk is summarized below but discussed in the body of
this report only where necessgary to explain developments of
the lagt fifteen months.

To take advantage of tne automatic reference search of our
online system, bibliographic citations in this report are a
little unusual lookine, They will appear in two forms:

"See== + 3 comma + a string of numbers and letters + g
right parenthesis" [e.g., See==-,9an)) cites some other
part of this report as identified by the statement
numpers printed right. oOnline, a reader may cite such an
address and move automatically to the appropriate part of
the report.

A four=- or five=digit number in parenthesis [e.g.
(8277,)] cites a document in ARC's collection. The number
is the ARC catalor number, Most of the documents cited in
thig report are online and an online reader may move o
that file automatically ase above. A reference section av
the end of each chapter supplies ovibliographic
information about these documents in the usual way.

A glossary appears in (,9).
ARC has begun to maintain online a detailed description of

the current state of its activities, the Handbook discussed
below (see ==-,Lb),

Online Team Environnment
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Introduction

The reader may find in documents cited in the Handbook
more detailed accounts of several matters than appear in
this report, particularly of command and computer
laneuages,

The detaliled accounts are in the following Handbook
documents:

TREE META (10885,),

nEX USER GUIDE (993k,),

PNLS PRELIMINARY USER GUIDE (10703,),

NIC TNLS USER GUIDE (7470,),

NIC JOURNAL USEkK GUIDE (7635,)

110 PROGRAMMING GUIDE (USER GUIDE) (9246,)

110 = A Frogramming Language for the Augmentation
research Center (Systems Proegrammer's Guide) (7052,)

HIGHLIGHTS OF 1970

During that year we devoted our attention especialily to our
continying effort to improve the efficiency of our online
system and broaden and strengthen its usefulness tc¢c systems
programming, to working with the ARPA Network, and 1o
augmnentation cof distrinuted teams,

During the latter part of the year we were deeply involved
with translating our software into forms compatible with a
PDP=10 and with choosing and connecting its peripheral
equipment.

We planned and began usSe of an important new group of tools
for users which we now call User Programming. They are
routines in which the pasic user features of our online
system are building bplocks in construction of programs that
carry out specific, rather complicated tasks, such as

changing the order of 3 citation index and at the same time

the format of the citations. Important User Programs are
the rewritten Content Analyzer, the Analyzer Formatter, the
Collector Sorter, and Executable TeXt.

Online Team Environment .
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Early 41n 1970 we developed an aritnmetic and algebraic
calculator package to our online system, The calculator has
not yet been transferred to the PDP~10 version of NLS. 3bl

1970 saw new concentration on augmenting teams performning

work tnat is distributed in time, space, and discipline. By

way of communication and archival and managerial record

Keeping, we added a mail system and a Journal system, Any

user might write a mail message from his terminal to any

other uysers, The message was automatically brought to the

recipient's attention when he logged in., Mail was

particulariy useful to our people temporarily or permanently

at a distance from the Center. Mail messages automatically

became part of the Journal. ' 3b5

The Joyrnal is an online repository of the thoughts,

records, baselines, and evolving designs of the group.

Online is an index to the complete Jjournal, inecluding

various retrieving aids such as sorting by title words. 3b6

our participation in the ARPA Network in 1970 included:

using university of Utah's PDP-10 via the Network to aid in

our transfer t¢ 2 new PDP~10, and development of the Network

Information Center (NIC). 307

In ysing the Net to re=program our PDP=-10 we tynically
sent, blocks to UXAH that consisted of relocatable binary
data produced by compilers executing in our XDS-940 and
producing code for the 10, The data was stored on a disc
at uytan by the network control program SO that someone
here could reconnect and call cn the Utah loader for the
transmitted file. We found this service so useful that
we gdded nultiplexing at this end so that three of our
programhners coculd use the Utah system at once. The 1link
1o ytah operated daily from August 1970 through January
1971 and constituted the most substantial data
transmission over the Net to that date, 3b7a

In 1970 we established a collection of documents that form
the basgis of the Network Information Center, established
online techniques for handling the documents, and, most
important, began working dialoeg with the other centers, The
combingtion of our reference data storage techniaues with
our programmine allows retrieving documents according to a
variety of attributes and combinations thereof; e.g., year
of pubilication combined with author, or sponsoring

Online Team Environment
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institutiocn. V%e oreganized with the other sites on the

Networx tc estapvlish station Agents to handle their

interaction with the Network Information Center and supplied

the Station Agents with a catalog of thelr collection and

other working materiazls. To stimulate dialog, pending full

operation by connected computers, we set up a central

telephone exchange and a system for circulating documents

and memos by U.8. Mail through the NIC, including an

intra=-vet deocument numbering system. 3b8

In the spring of 1970 we decided that DEC's PDP~-10 with
associasteda software and paging box from BBN might be a wWay
1o increase the number of consoles and displays available to
us, to strengthen our system in other ways, and 1o ensure a
system that could be expanded further with ease, In June
after investigating several competing machines, we ordered a
PDP=10 which was delivered in September. Our 9)0 was
removed February 1, 1971. Associated equipment for tne
PDP=10 includes 128K of l.0-microsecond core and the BBN
Pagine Box. After studying the various alternatives, we
retained from the S40 system a 32K~word Ampex external core,
UNIVAC drums as a swapping device, and a Bryant Disc for
mass storage. A drum/disc interface, an interface for the
externgl core system, and an I/0 control box were built
locallyv to our specifications, 309

Re=programning for the PDP~10 created the necesgsity and
opportunity for thorough=going revision of our software,

Qur online system which had been written in a gpecial
language, SFL, was rewritten in L10, a language much more
machine independent and mere flexible in application. our
NLS was rationalized to allow more routines to call on other
routines, Disprlay reutines were changed to allow division
into up to eight areas which the user can load and edit
independently. tany other features sucn as Mail, Journal,

Calculator were substantially improved in the transfer, 3010
HIGHALIGHTS OF 1971 3¢
Team Augmentation : 3cl

In the last 15 rmonths our work toward Team Augmentation

has fallen into five areas: inprovement of our dialog

supnort system, the initial work on our nandbook, our

baseline record system, develoopment of basic NLS, ana

reorganization of our laboratory staff. 3cla

Online Team Environment
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Diajlog Support Systenm » 3clp

As with the XD$§=-%4LO Journal system, the PDP=-10 Journal

system serves as an open—=ended information storage and

retrieval system, orientead toward recording the

thoughts, notes, desiegns, workpieces, and reports

communicated by users., 3¢lbl

ARC and Nelwork personnel use the Journal systen
daily. 3¢clbla

Since 1t bpecame operational in April, 1971,

approximately 1600 docunients have been generated

at ARC and submitted to the Journal. 3clblal
The FDP=10 Journal system provides for automated entry
of online documents in contrast to the essentially
manual technique used on the XDS=940. 3clb2

when a user submits a document, the system tags it

with & numper and a distribution note which later

directs delivery of the document to a list of

recipients the user spells out. 3clb2a

A read~only copy of the submitted document is

then stored, along with information relevant te

the submission of the document (date/time,

title, keywords, etc.). 3¢clbh2al

A background process will subsequently transform
this into the €inal and permanent Journal entry. 3clb2ac

pelivery of Journal submissions to authors and
reciplents has been automated on the PDP~10 Systen, 3clb3

Hard copy is automatically formatted and printed
with an address page S0 tnat malling simply
involves folding, sta=xling, and stamping. : 3clb3a

An online delivery technique has been developed

wherein a user may receive notice of documents

addressed to him by the placement of statements in

his initial file, 3clb3o

These statements contain a link to the document,
along with the sender's identification,

gnline Team Environment
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date/time of submission, document number, and
title, 3clb3bl

A messape facility has been incorporated in the PDP=~10
Journal, which eliminates the mail syStem used on the
XDS=940. 3clbu

online Journal documents may now be reached through
NLS oy simply using the Catalog number as a file nane, 3¢clbs

Tne improved access to Journal documents has

resulted in increased linking between Journal

documents, whereby dialogs may involve a numper of

decuments, 3ll interlinked. 3clbbka

Handbook 3cle

We have begun develooment of a "Handbook," a

"super=document" that contains the beginnings of an

up=to~date, large, detailed, highly cross=-referenced

and well=indexedq description of ARC project=tean ,

activity. ' 3clcl

such a document will provide ARC, as a tean

tackline complex system=development projects, with

the highest-possible visivbility over its working

envirennent, 3clcla

Toward the end of the contract period we set up a
Leam to design a Handpook system which will be useaq
10 construct, index, and maintain this document, 3clclo

Baseline kecord systenm 3cld

we constantly face more opportunities for changes or

additions to our evolving system than we have

resources to carry out. Therefore we have attempted to

yse NLS to find ways to make ever nore effective,

coordinated analysis of our jideas, and of our people,

system, and material resources, 3clal

The result of such coordinated analysis is the

adeption of a current visible plan, or "paseline" of

eXxpected events, agreed Uupon system developmentis,

their external configurations, and resource

allocations, 3cld2

Online Team Environment
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The information relative to the planned systen
develcepments is contained in our Baseline Record.

The Baseline Record is a special subcollection of the
gournal. It consists of a series of files specially
formatted to contain task and resource allocation
information, including particularly files of plans,
specifications, analyses, designs, etc,

The present Baseline Record system has concentrated on
the recording of information relevant Xo individual
tasks being performed or under consideraton by various
ARC staff members,

There now are over 200 tasks of various magnitudes
to consider in our planning and operational
environment at any point in time, These range fronm
simple bug~fixing to complex design or
implermentation tasks that may be performed by
several people over many months.

We have developed a set of programs with an initial
data storage system that organizes information
recorded aboutl these tasks with features that
permit routine summary views to be produced anda
that 2l1so make available flexible, user=-created
views of the Baseline task information.

Procedures have been developed for data collection
and input and for view production thnat aid in
weekly updating of the Record. These views are
produced in hardcopy and are also entered into the
Journal.

we are not satified with the present Baseline grecord
system,

- we feel that our ARC users were not well guided and
trained in RRS use and

the initial system did not produce views that were
useful enough = mainly because most of tne needed
data were not in the systenm,

Although we have started using ARC's Baseline Record
system on a current task-by=task basis durine tane past

Online Team Environment
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vear, we still need to develop a more complete,
"higher level" picture of what new ARC systemnm
developments (functions, features, stages...) we want
and expect to see, Among other considerations, this
includes petter definition of activity goals.,

Basic NLS

In this past contract period, we have taken several
steps to further augment the software engineer

-= in fact, we have coined the acronym SEAS (for
software Engineer Augnmentation Systenm) -to give
specific system orientation towards the end of
developing a full and balanced set cf tools,
techniques, methods, prineciples, etec, for
augmenting software engineers.

The developments described below are part of an
accelerating activity == an important part of our
near=future plans in the next contract period
involve a greater level of activity here,

TNLS and DEX

A nevw and effective typewriter version (TNLS) has
found wide use both at ARC and at sites on the ARPA
Network .

Improvements have been made in the displayv version
(DNLS),

and a first version of an offline mode (DEX) has
peen introduced,

changes that make possible cross=file editing allow
any two passages to be involved by a given command,.

In TNLS, addresses in a command may be "links"
which can call any passage in any file on the
system;

in DNLIS, split screens allow the user to view any
LWO passages and control cross=file editing
visually.

Online Team Environment,
: 12
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Viewspecs make possible selective assimilation of

information from one file intc another, 3cle3c
New special purpose subsystems have been developed or
improved, 3clel

These include a sSort-merge systen, a user progran

system, and the output processor. 3clela
Tanguage development has continued. 3¢cleb

At present the primary language systenms developed

and in use at ARC are the Tree~=Meta

compiler-compiler System and the L10 Programming

language system which was written in Tree=Meta, 3clesa

Work is currently progressing on a Modular
Programming System (MPS) in collaboration witn a
group at the Xerox Palo Alto Research Centver, 3clesSp

Internal Organization v : 3clf

nuring the past year, several ARC organizational

arrangements were introduced, centering, in the early

part of the period, mainly on line=activity structure

and associated roles., 3clfl

The creation of pusher (task leader) roles for

tasks and coordination roles for system

architecture, methodology, and personnel resources

placed the responsibility more directly on

selected individuals, 3clfla

Pusher roles were defined in the framework of

the aeveloping Baseline management systen,

Coordinating roles were also carried out in this
environment, Our techniques for perforning these

roles still leave much to be desired. The

planned recording of task reaquirements and

designs in the Jjournal will strengthen the

roles, 3¢l1flal

In the Fall of 1971, we set up a four~man Executive
management committee (EMC) to carry out much of the
day=-to=day operating management. 3clflo

online Team Environnmnent
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puring the vast few months Dr. Engelbart has
established, a new, broader overall organizational
structure.

This structure consists of three main activities
that cover our framework and goal setting, line
operation, and personal and organizational
development needs,

These activities are called: FRAMAC, LINAC, and
PODAC.

FRAMAC 1s to discuss and define the ARC
intellectual framework and set longer-range
goals and plans,

LINAC is to carry out activities within the
framework that move ug toward the goals,
including more detailed, shorter=range planning.

PODAC institutionalizes continuing personal and
oreganizational development.

Networyg Intformation Center: QOperations and Development

The ARPANET can be viewed as 3 collection of resources,
people, hardyare, software, data, and special services
which can be brought together for short or long periods
1o work coorperatively.

ruilt upon hardware and fundamental software
connections are the processes that assist users to
find the geographically distributed facilities they
need to solve or studqy problems and to allow scattered
peoprle to work together effectively in tasks of mutual
interest,

we see the Netwyork Information Center (NIC) as one
part of the ARPANET experiment that is interested in
the latter probplems,

The NIC helps to create and sustain the sense of
community needed in an experiment such as that of
the ARPAVET.

The NIC is not a classical information center because

online Team Environment
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i1t provides a wider range than bibliographic and
library services.

The NIC Public

one of the problems in the design of an information
service is to determine the clientele and its needs.

our initial analysis showed us four main needs:
Referenﬁe and General Network Information;
Collaboration Support;
Document Handling and Creation; and
Trainineg.

The clientele for NIC appeared initially to be peovle
developing and pbuilding the Network, who were to be
follovwed by those whose research or development
interests would be intimately connected with Network
resources or who would be experimental users of
various Netwcrk resources.

NIC Services

TO meet the above goals, the NIC services availaole at
the end of the report period, May, 1972, through the
Net were:

Online:

(1) Access to the typewriter version (TNLS) of
the Augmentation Research Center Online System
(NLS) for communigue creation, access, and
other, experimental use.

(2) Access to Journal, Number, and
Identification Systems which allow messages and
docurments to be transmitted to Network
participants.

{3) Access.to a number of online information
bases through a special Locator file using NLS
link mechanisms.

Online Team Environment
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0ffline:

(1) A Network Information Center Station set up
at each site with:

(a) A Station Agent to aid in use of the NIC.

(b} A Liaison to proVide technical
information about his site,

(c¢) A Station Collection containing a
subcollection of documents of interest to
Network participants.

(2) Techniques for gathering, producing and
maintaining NIC Functional Documents, such
ag:

{a) Current Catalog of the NIC Collection,
(p) ARPA Network Resource Notebook.
(¢c) Directory of Network Participants.

(d) NIC User Guide,

(3) General Network referral and handling ot
document reaquests.

(4) Building of a collection of documents
petentially valuable to the Network
community.

In the beginnineg we've tried to collect
docunments valuable t0 network puilders.

(5) Crude selective distribution to Station
Collections,

{(6) Training in use of NIC services and
facilities.

NIC Goals

In the course of its evolution, the ARPANET will
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continue to generate needs for new software services
in interactive data management. 3e2dl

wWe propose to develop a user-oriented information

facility pased upon the NLS system and initially

serving the needs identified in (,3c2al), This

information facility is a new step in the

"bootstrapping” of the Augmentation Research Center,

and is leading to the establishment of a new resource

t0 be made avallable to ARPANET users. 3c2d42

Network Participation 3¢3

Qur Network participation outside of NIC activity has
been in two main areas, protocol development through work
in several protocol design communities and general
Network coordination through membership on the
short=lived Network Working Group Steering Committee and

its successor, Network Facilitators Group. 3c3a
Computer Facility 3ci
Hardware ' 3cua

AL the end of the first year of this contract, we

transferred our computer operations from an XDS=940 to

s PDLP=10 computer. The transfer effort is descrived

in our interim report for the first year (8277,). 3chal

Hardware activity during the past yeal has focused on

additionel tuning of the new configuration,

maintenance, troubleshooting and operation of the

facility, and some umngrading of critical parts of the

system. 3cuaz?

our hardware configuration contained a number of old,
nne~o0f=-a=kind nieces of equipment brought over to the
PDP=10 system from the previous XDS=940 system. These
nieces of eauipment have proven difficult to maintain
and studies were launched on how to replace or upgrade
this equipment, A new BBN network interface and a new
DEC kP=02 disc system were installed in the spring of
1972, replacing older unreliable equipment. Hardware
upgrading of our display system and its special core
pOX has begun to provide temporary relief until a
replacenent system can be planned, An additional 32k
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of core is to be added shortly. Studies leading to
recommendations to add another channel, disc
controller and set of disc drives have been completed.
These additions will provide more file space and
packup swapping capability. Improved reliability
should begin to be manifest in the summer of 1972,

System Software

TENEX

Wwe cooperate actively with BBN and other users in
debugging and maintaining TENEX, and have developed
a few new features, both visible to users and
internal to the systen. ‘

within the system:

We have forsaken TENDMP for loading the monitor
from DECTAPE and use instead DTBOOT from DEC,

we have added a Jjsys, a jump to a monitor
subroutine, to say that padding (sending
rubouts) is required for fast terminals when a
CR or LF is output.

We have made many changes 1o the teletype
routines t¢ accommodate our displays.

To greatly simplify startup we have changed the
starting address of the monitor from 100 (which
goes immediately to DDT) to SYSGOl.

We no longer add code to existing files when we
get new moniter releases, Instead we have
defined additional files that are assembled witn
each group of files and, where possible, have
made our additions in these new files with JRSTs
and CALLs 10 the new cede,

we have modified the system such that if
CHECKDSK does not run successfully, then nothing
else, e.g, AUTO=STARTUP Jjobs, can run (excepty
for the operator's consocle and one special
dial=up 1line) until the disc has been fixed and
CHECKDSK has run successfully.
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In the lUser's View

We have set up an advise command so one terminal
may contrel a job loaded at another terminal,

We have added routines that log out a user who
does nothing for a certain time, and that refuse
entry i1f the system 1s overloaded,

SUPERWATCH

To help find out what is8 going on within our
timesharing system we have developed an information
gathering and formatting program called Superwatch.

In general sSuperwatch has been valuable:

To verify that the system is working as
designed,

To identify the cause of poor service at the
time it is happening (e.g. a bug, hardware
malfunction, or Jjust overloading),

To identify the "weak l1ink" in the systen
configuration (drum, disk, memory or CPU
capacity).

To evaluate changes in the system or hardware
configuration.

Plans for the Future

ARC plans to resolve g set of interdependent goals by
condquecting research and providing service under a new
"Base~Project" contract, that concentrates primarily
upon:

Advancing the techniques available to ARC and Network
system builders and users for augmenting the
development and application of computer=-based
information systems.

Making the Network Information Center into both:

online Teanm Environnmnent
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{1) an increasingly useful service to the Network
community and

{2) an important part of the Network expreriment (in
its distributed, collaborative operations and in
its Network~utility role). »

And moving useful agugumentation techniques and
services out into the ARPA Network Community.

A central point of our proposed approach is our need to
learn t0 negotiate and provide extensive services to
distributed users,

Therefore, we plan to concentrate our efforts within a
four=pronged project wherein coordinated advances can ope

made:

(1) Developing service functions that will be the most
nelp to our above=mentioned goal structure,

(2)

Developing the knowhow and capability for

delivering significantly useful service to the
Network, as a utility,

(3)

Developing the knowhow and capability for

marketing a utility service to the Network, .

and wherein we become ever hetter at

(L) Operating a utility service.

Depending on funding availapility and other
arranfements 1o be negotiated we may find ways to
provide additional service capacity through
placement of the computer-based portion of our
augmentation system on a computer oOr computers
operated for us by a commercial timesharing
utility,

REFLRENCES

(7052,)

W, H., Paxton (SRI=-ARC). L=10 = A Progranmming

Languare for the Augmentation Research Center (a systems
programmer'!s guidel). 29 May 1971. Lép.

Cnline Team Environment
20

3¢c5a2a

3cha2b

3cbal3

3¢5

3cse

3¢hel

3¢5¢c2

3¢5¢3
3c5d
3cb5dl

3chdla
3d

3dl



SRI=ARC 8 JUNE 1972 13041

(7470,) Network Information Center, Augmentation Research
Center, Stanford Research Institute, Menlo Park, California
94028, TNLS User Guide: Preface, Syntax and Contents. 1
Septempner 1971, Separately paged.

(7635,) Network Information Center, Augmentation Research
Center, Stanford PResearch Institute, Menlo Park, California
94025, NIC Journal User Guide, 1 October 1971. Separately
paged, :

(8277,) D. C. Engelbart (SRI=-ARC), Network Information
Center and Computer Augmented Team Interaction, Interim
Technical Report, Augmentation Research Center, Stanford
Research Institute, Menlo Park, California 94025. Rome Air
Development Center, ARPA, RADC-TR=-71=175, AD 737 131. 30
June 1971. 10Lp.

(9246,) Augmentation Research Center, Stanford Research
Instityte, Menlo Park, California 94025. L-10 Programming
Guicde (a user guide), 4 April 1972, 100p.

(993L4,) Augmentation Research Center, Stanford Research
Instityte, Menlo Park, California 94025. Deferred Execution
(DEX) user Gulde, 16 June 1972. 66p.

Do Cs ®ngeloart (SRI=-ARC). Experimental Development of a
Small computer~augmented Information System. Annual Report
Covering the Period 15 April 1971 through 15 April 1972,
22p,

(10703,) Augmentation Research Center, Stanford Research
~ Institute, Menlo Park, California 94025. DNLS Preliminary
Reference Guide, 21 June 1972. Separately pafged,

(10669,) L. I. Andrews, H. G, Lehtman, W. He. Paxton
(SKI= APC). Tree Meta =~ A Metacompiler for tne Auzmentatlon
Research Center, In process, Unpaged,

Oonline Team Environment
21

Summary
References

3d2

343

3dL

345

3dé

3d7

348

3ay



SRI«ARC 8 JUNE 1972 13041
Team Augmentation
The Journal

online Team Environment
22



SRI~-ARC 8 JUNE 1972 1304l
Team Augmentation
The Journal

TEAM AUGMENTATION

by Charles H Irby, Wwilliam H Paxton,
William S Duvall, James C Norton,
Bruce L Parsley, Mary S Churech, Harvey G Lehtman,
Walter L Bass, J David Hopper, Douglas C Engelbars,

L Peter Deutsch, and James G Mitchell. )
JOURNATL La
Introduction bal

AS ARC becomes more and mere involved in the augmentation

of teams, we are giving serious consideration to

improving intrateam communication with whatever mixture

of tools, conventions, and procedures will help. Lala

If a2 team is solving a problem that exXxtends over a

congiderable time, the members will begin to need help

remembering some of the important communications-=-i.e,,

some recording and recalling processes must be invoked,

and these processes become candidates for gugmentation.

T¢ conslider some of the different conditions where such

Storage and recall may be useful, suppose Person A

communicates with Person B about Item N at Time T, halb

They may well remember their exchange during the

problem=-solving period, But consider the case of

person C who, it will turn out, is going to need to

know about this communication at time TT: halbl

Pernaps he was there at Time T, but iialbla

he was too heavily involved even to notice the
communication, and/or Item N was not relevant to

his work at that moment and sSo was not implanted

for ready recall. Lhalblal

Perhaps A and B did not anticipate his later need
and thus fajiled to invite him intoc their
interchange or inform him of its conclusion, 4alblp

Perhaps, although Persons A and B knew he would
later need the information, they didn't want to
interrupt their own working seguence with the

Online Team Environnment
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procedure of interrupting Person C and getting him
involved, halblc

or, if the consecuences of the interchange carry over

into a leong~lasting series of other decisions, one or

poth parties may fail to remember accurately, or may

remember differently because of different viewpoints,

and troublesome conflicts and waste of effort may

result, Lalpb?2

A single person will make a list of things to do on a

shopping trip because he has learned that the

confusion and pressure may make him forget something

important. It is obvious that to be procurer for one

of a mutually developed, interdependent pair of lists

would make it even more important to use a record, Lalb3

Further consider the effect if the complexity of the

team's problem relastive to human working capacity

redquires partitioning of the problem into many parts

where each part is independently attacked, but where

among the parts tnere is considerable interdependence

through interactions on mutual factors such as total

resaurce, timineg, weight, physSical space, and functional

meshineg. Lalc

yere, the communication between Persons A and g may

well be too complex for their own accurate recalle.

For example, their communication period resulted in

scratch paper or a chalkboard covered with

possioilities and the essence of the agreed=-upon

solution, which has since disappeared. halcl

We envision augmenting our collaborative team by having a

"Dialog Support System (DSS)," containing current and

thoroughly used working records of the group's plans,

designs, notes, etc, Therefore, we have bhegun to develop

a systenm for entering and managing those records. The

ARC Journal 1s the central feature of this intragroup ,
documentation systen. . 4ald

The DSS involves techniques for use by distributed
parties to collaborate effectively by means of the
inter=linked retferencing between NLS files, particularly
within the recorded=dialos medium of an NLS Journal. Lale
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FIGURE 1. ARC Dialog Support System hardcopy cave,
Third shelf from the top is the Handbook; fourth is
the Baseline Records; fifth is Journal indices.

halel

Oour DSS will provide the following general online

aids: multiwindowed displays; simultaneous and

independent mobility and view control among many

files; link-setup automation; back=link annunciators

and Jjumping; aids for the formation, manipulation, and

study of sets of arbitrary passages from among the

dialog entries; inteeration of cross-reference

information into hardcopy printouts. Lale?2

It also will include people=system developments:
conventions and working procedures for using these
alds effectively in conducting collaborative dialog
among various kinds of people, at various kinds of
terminals, and under various conditions; working
methodolegy for teams doing planning, design,
implementation coordination, and so on, 4ale3

The PDp=10 Journal La?2

During 1971, implementation of the initial PDP-10 Journal
system was completed. La2a

Online Team Environment
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A8 with the XDS=940 Journal system, the PDP~10 Journal
systen provides us an open-~ended information storage and
retrieval, oriented toward recording the thoughts, notes,
workpieces, and reports produced by users,

The system is in daily use by ARC personnel,

Since the first version of the system became
operational in April, 1971, approximately 1600
documents have been generagted and submitted 1o the
Journal., :

The system is also offered as a NIC service,

The PDP=10 Journal system provides for automated entry of
online documents in contrast to the essentially manual
technique used on the XDS=940.

AN NLS user can submit any portion of an NLS file
(which may or may not be currently in his viewing
area) Lo the Journal without leaving NLS,

In order to do this, he simply executes a command
which places NLS into a sub=command level whicn
recognizes commands relevant to Journal operation.

AS a document is submitted, it i3 assigned a number,
cataloged, and a distripution record is created which
will later caise delivery of a copy of the document to
a list of recinients indicated during the submission
nrocess,

A read-only copy of the submitted document is then
stored, along with information relevant to the
submission of the document (date/time, etc.,)

A background process will subsequently transform .
this into the final Journal entry.

Deljvery of Journal submissions to authors and rec1p1ents

has been automated on the PDP=10 System.

Hardcopy is automatically formatted and printed with
an address page SO0 that mailing simply involves
folding, stapling, and stamping.
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An online delivery technique has been developed

wherein a user may receive notice of documents

addressed to him by the placement of links in his

initial file. 4a2d2

A message facility has been incorporated in the PDP=~10
Journal, which replaces the mail system used on the
XDS=9)0, ‘ ha2e
Online Journal documents may now be accessed through NLS

by simply using the catalog number as a file nanme, ha2f

A catalog search is done which determines the real
name and location of the file containing the document
with the indicated number, ha2fl

This search is transparent to the user, and once

ijocated, the document is loaded as if the user had

typed in the name and directery information contained

in the catalodg, ha2f?2

User appearance a3

As the user initially addresses the Journal system for

document submission, he must define the document as any

legal NLS structural entity (Statement, Branch, Group,

Plex, or File) or as a message (literal) to be typed in. ha3la

The document is immediately assigned a catalcg number,
and copied into a WCrkKk area. La3al

As this is peing done, information relevant to the
document (date/time, author, etc.) is recorded in
the document header, along with default parameter
settings. La3ala

The usSer is now placed into an interactive submode, wWhere
the following parameters relevant to document submission
- may be specified: ' 1a3b

Author: Ferson (persons) or group sponsoring the
document., ) ‘ ‘ ka3bl

Clerx: prerson actually submitting the cocument, La3b2
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comments: A comment which 1s Kept in the document

dqocument when submission is complete,

Online Team Environment
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headgr as an appendage 10 the document, ha3b3
pistribution: A list of persons or groups to receive
copies of the document, La3bhk
Keywords: Key words which may pe used for document
retrieval at a later time. ha3bb
pbsoletes: A list of documents obsoleted by the
document bpeing submitted. La3bé
subcollections: A list of subcollections in which this
document is to pe included, La3p7
The sSubcollections listed here are in addition to: La3b7a
Any subcollections associated with the submitter
oy default, La3b7al
Any groups included in the distribution list. La3b7a2
Title: A title for the document., This title will
appear as a default page header in the final formatted
version, 4a3pd
Updates: A 1list of documents updated by the document, La3byg
Additional to the parameter specification commands are: La3c
commands for control ha3cl
Quit: Leave the Journal submission submode, and
abort the entry. ya3cla
Go: Terminate the parameter specification phase and
begin the actual docunent entry. ba3clb
status Command: Shows the current status of the entry
parameters : ha3c2
Place Link Command: Allows the user to specify a
location in a file, which will be used for inserting a
gtatement containineg a link pointing to the submitted
ha3c3



SRI=ARC 8 JUNE 1972 1304l
Team Augmentation
The Journal

Interrogate command: Places the user in a passive

rather than active interactive mode. Subsequent to

this command, the system will request specification of

certain parameters from the user, ka3ch

After the user has initiated the Go command, the systenm
proceeds to execute the necessary functions for making a
Journal entry from the working d4ocument, La3d

when this process has been successfully completed, a
1ink locating the just=submitted document is typed or
displayed to the user. Lha3dl
The user is then returned to the NLS command mode. ha3d?2

The Journal System User Guide (7637,) provides
additional information on the use of the systenm, La3e

¥ ¢ ’ e o

FIGURE 2. Someone calling the Journal System in TNLS.
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FIGURE 3. In the Journal System, a file has been
submitted, and the user is waiting for a number.

FIGURE 4. The user commands the System to quiz him for
the information it needs.
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30



SRI=ARC 8 JUNE 1972 13041
Team Augmentation

* i

FIGURE 5. The user has responded to the System's
promptings with the title and is about to fill in the
distribution list.

FIGURE 6. Journal System in progress.
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FIGURE 7. Submission complete,

Identification System hal

A8 the Journal system was being designed, the need for
uniquely identifying persons and groups within the
environment of the system became apparent, hala

Given this identification, the system could keep track of
a body of information about each user, such as address,
telephone, TENEX user name used by the user, etc. balb

The outgrowth of this need is the Identification systen, halc

With this system each user/group is assigned a unique
two=to0=Six-letter code, which is subsequently used as a
'handle' for that person. halid

wherever possible, the code (IDENT) for a person is
the initials of that person, and for groups the
acronym for the group. haldl

The IDENT may be used to locate an entry in a file which
contains the necessary information about that person or
EroupPe. hale
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Frovided in the Identification system are not only
handles for retrieving information about any IDENT, but a
command Sub=level for generatinz new IDENTS and modifying

infoermation for o©ld4 ones. half
The Identification system 18 used extensively by all
phases of the Journal. Lakg
The Identification System User Gulde (7638,) provides
additional information on the use of the system. Lalh
Number systen Las

The Number system provides a capability for centrally
assignineg Master catalog and Network Working
Group/Request for comments (NWG/RFC) numbers, haba

There 15 a set of NLS commands for directly assigning
catalog numbers, and for pre-assignine RFC and Journal

numpers. . habp
There is also a set of handles that alloWws numbers to be
assigned to internal processes, €.,g. the Journal. hasc
The Number System User Guide (7639,) provides additional
information on the use of the system. 4asd
Document Access 1aé

The XDS=940 Journal system provided essentially offllne
hardcopy access to Journal documents, Laéa

with the PDF=10 Journal system, an effort has been made
to provide convenient online access to Journal documente
in addition to imoroved offline access, haéb

Hardcopy master and access ccllections (liobraries) are
maintalned of all Journal documents, Laébl

“hile tne master collection is maintained in its

origiral form, documents from the access collection

may be checked out, annotated, and copied by AkC

rersonnel. Laépla

The master catalog number is still the key to
identifying documents. Laéb2
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AS indispensable aids to the user, ARC provides
author, numper, and titleword indices.

These indices are automatically produced from the

ARC Master catolog by a series of L10 user
progranmns.,

ARC JOURNAL INDEX BY AUTHOR

Title Date

# The TENEX Scheduler 21 Jul
# response memo 21 Jul
# response nemo 12 Jui
* No title 1k May
# known porforrance problens : 28 Fed
# SCHED1 protlem ' 18 Febd
2 # Pot reshuffle Prososal . : 13 Jul
# FKerly to 10954 (repiy to 10983) - . . loJdw
# Repiy to yocur coraents on NIC documentation 5 Jul
* re: uncate 5 Jun
# let ne tell you about the Handbook 5 Jun
% re: attach/devach and at vs.after 23 May
# re: output processor directives (again) 11 May
* heuder Positioning Options . 11 May
# re: <docurnentationdrequest 8 May
# PRIMER DRAFT : L May

A Portion of the Journal Author Index.

online access is provided to all documents added to the

Number

7419
7415
7394
6982
9313
9232
11041
11002
10953
10633
10632
10566
10417
10413
1038k
10332

Laéb3

haép3a

Author

Andrevs
Anarevs
Andrews
Andrevs

Laébl

ARC System Mea
ARC System Mea

Auerbvach
Auerpach
Auerbach
Auervach
Auerovach
Auervach

° Auervach

Auerbdach
Auerbaca
Auerbach

Journal collection since the PDP=10 Journal system became

operational.

ANy Journal document may be located oy using the master

. catalog nunber as a file name,

Regardless of the location of the document, the
system will find it and return it to the user as

reguested.

At the present time, all recent and most earlier key

docunents are kept online,

An archival system is currrently being implemented,

Online Team Environment
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Wwith this system, a request for a document which is
not in direct access storage will result in sa
response of the form : "Document is in Secondary
Storage==Retrieve 7",

An affirmative response will cause the system to
direct an operator to mount an appropriate tape (or
disc pack) and load the file to direct access
storage.

An algorithm based on acce8s activity and priority
Will pe used for determining which documents will be
Kept permanently in direct access storage.

A8 with the hardcopy collections, author, number, and
titleword indices are provided online as an aid to
locating documents.,

Additionally, a user may use any level of L10O user
programs and Content analysis patterns to process the
Journal catalog, thereby creating his own

. sub=collections usineg whatever selection criteria he
chooses,

Document Distribution La?7

Document distribution is more convenient not only for the user
specifying the distripution of a document, but also for the
operator producing hardecopy, and the recipient. na7a

A ugser subnitting a document mav specify recivients by simply
entering an IDENT for said recipient as one of the parameters
specified during submission. ha7o

since an IDENT may identify either an individual or a
group, distribution to many persons/groups may be specifieq
in a sinple manner. ha7bl

F.€e. "Districution: SRI=~ARC" indicates that a copy of the
document is to pe distributed to each ARC verson. La'7p2

Copies of any document in the Journal colleection nay be
distributea in a 1ikKe manner using the Secondary Distribution
command. La7c
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A uger may specify the manner in which Journal documentas

addressed to himself are to be distributed, Ba7a
current delivery options are hardcopy and online. ha7dl
A user may specify either or both 0f these options. La7d2

other options will be provided as they become necessary.,

1f hardcopy delivery is specified, the user will receive a
hardcopy version of all documents addresssed to him via the
UYeS, mail, La7d3

I1f online delivery is specified, notification of a document
addressed to the user is received via a branch in the users
initial file. : . ha7d4
Included in the notificatjion are the document author,

number, date, and title; any comments or notes

a®sociated with the document; and a link locating the

document,

Physical distripution of Journal documents is automated to a
high degree, pafe

online delivery is done by a background processor which is
automatically started when TENEX is initiated. La7el

The printing of hardcopy must be initiateda by an operator,

put then the system proceeds o produce correctly formatted

and addressed hardcopy without operator intervention

(except for paper handling, etc.). La7e2

A provision nhas been made for automatically starting
hardcopy production, but is as yet inoperative because
of certain system interface problems.

The printed hardcopy nmust be subsequently stapled stanmped
and mailed, La7e3

Special Features Lad

Certain applications of the Journal system have required
speclal handling. ha8a
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Most notable of these special applications has peen the
Network wWorking Group Request For Comments (NWG/RFC), Ladal

The Journal and Number systems have been mddified 80 that
they provide the necessary functions for producing RFC's

within the context of the Journal. Lada?2

This greatly facilitates the processing and distripution of
these docunments, Lada3
Problems and Comments Lat
Reliability , ha9a

In terms of file handling, the Journal is a complex system., La9al

one of the major problem areas has, correspondingly, been
file manipulation, specifically file integrity. Laga2

mhere are (at least) L files which must contain
synchronized data for each Journal entry. ha9al3

nue to 3 variety of factors (such as disc errors and TENEX
bugs) one or more of these files has occasionally been
qestroyed, , La9al

Unless the Journal system immediately recognized this
fact, any subsecuent Journal entries could potentially
cause significant scrambling of related data, resulting
in numpers being assigned twice, documents being
delivered two or more times (or not at all), or
documents disappearing.

several eftorts have been made to make the Journal _
fail=soft 1n this area, Lagas

Whenever the system is restarted, a special verification
and repair program is automatically run.

This program checks the integrity of Journal files,
and (if vossible) fixes any errors it finds. If an
error is found which cannot be automatically fixed, a
message 18 typed on the operator and logging
consoles, and the Journal system is locked.
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periodically, a background process runs and checks the
validity of various files. Again, if any errors are
found, the Journal is locked.

If any file errors are discovered during the submission
process, the Journal is locked and any user currently in
the process of submitting a Journal document is notified
of a file error, and is returned to the NLS command
level,

Oprerations La9b

pespite efforts to make the Journal fail-soft, an error
occasionally occurs that is not immediately detected, Lag9bl

when this occurs, the resuylt is frequently a mess that
requires several hours of manual fixXup to restore the
Journal mechanisms to their prover state,

This creates an environment which makes reliable
operation of the Journal system difficult and subject to
the whims of a sometimes unmerciful systen.,

Forturiately, however, increased reliability of the
system (due largely to the RPO2 Disc Packs and improved
techniques of maneuvering within the constraints of
TENEX) has sharply decreased the frequency of serious
file crashes, ' ,

The major current cause is running out of Disc space,
which TENEX does not handle very gracefully.

For an extended period, there has been an interface problenm
hetween TENEX and the part of the system which produces
hardcopy. hayba

Again, this is in the area of file handling.

This asynchrony has made consistent production of
hardcopy difficult., 1In fact, for a while it was
virtually impossble.

The hardcopy production system will not be &mooth and
automatic until the interface problem is rectified,
wihich will hopefully be the case in one of the (not too
distant) future releases of TENEX.
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Sumnmary 4alo

The Journal system (along with the Identification and Number
systems) is currently a viable system in use by ARC and
Network personnel, 4al0a

There are certain efficiency problems, largely due %o certain
system file functions requiring greater overhead than
orieinally anticipated, and our attempt to implement the

Journal system using NLS files for the data base. LalOb
Manipulation of NLS files i3 considerably slower than the
manipulation of 8Specially formatted files would be, 4alObl
Future efforts will attempt to improve the efficiency. 4aloOb2

Other systems and procedures within the ARC and Network
environments are interfacing with the Journal systen. 4aloOc

The Baseline Record System uses the Journal system for the
distripcution of task lists and other planning information
t0 ARC personnel. 4210cl

The Journal will use a new Catalog Production System for
the creation of its catalogs, 4aloc2

The Journal is an integral part of the ARC Hanapook
activity. Lal0c3

The Journal system is being actively used in design
processes and dialog not only in ARC, but among Newwork ,
users as well. Laloclh

Future Journal system changes and additions will attempt to

improve the handlineg of problem areas, as well as introducing

new tools for viewing, retrieving, and linking among Journal

dialogs. LalQa

A major Dialog Support System effort will be in the creation
of a set system, which will allow the flexible and convenient
manipulation and viewing of collections of Journal items, LalOe
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HANDBOOK
Descriontion

The ARC Handbook is intended as a "super~document" containing
an up=to~date, larre, detailed, highly crosas-referenced and
well-indexed description of ARC project=team activity.

Such a document will provide ARC, as a team tackling complex
systemn=development projects, with the highest possibple
visibility over its working environment, i.e. over its:

Planning =-= plans, contingency alternatives, resource
commitments, status, criticisnms

Designing == designs, design principles, constraints,
estimates, analyses, supportive data, relevant needs and
possibilities

operatine ~- roles, task definitions, assignments,
policies, operational procedures and conventions

ARC has formed a team whose responsipility is the design of a
Handbook system which will be used to construct, index, and
maintain this document., However, concurrent with a formalized
Handbook design is a bootstrap attempt to pull together bits
and pileces of ARC information from sources at hand. The
latter is described here.

At present, we have Jjust finished the first and very nrimitive
pass at organizineg and obtaining in hardcopy mueh

~documentation relevant to the contents of an ARC Handbook. An
outline is included in this repert, see-=-,11).

The Handbook is arranged topically; this arrangement is by no
means fixed as we eXpect to learn much from actual usage and
will redesiegn as appropriate. It exists online much as the
contents appear here but the online version includes 1links to
each of the documents referenced., It also exists in nhardcoopy
in the ARC library and includes a copy of each of the
documents referencea. Procedures have been written which
describe revision/maintenance for the Handbook in its current
form.

Online Team Environment
LO :

Lo
Lol

Lbla

4Jblbo

Lolbl

Lblb2

Lblb3

Lole

Lbld

Lble



SRI-ARC 8 JUNE 1972 13041
Team Augmentation

Handbhook
At this writing, the primary guide to the Handbook is the
contents file reproduced in this report. A simple keyword
index will be written in the near future and eventually, a
system for automatically producing indexes. sblel

The Handbook as it now exists is by no means inclusive as its

primary source is the Journal for information ahout system

features, ARC procedures, etc, However, the building of the

Handbook has revealed and specified many areas of insufficient
documentation and jeurnalization and as such hasg already

stimulated documentation and Jjournalization activity at ARC. Lblf

It is currently being used as an aid to some individuals and
documentation teams in the production of general, mediume~scale

and medium=complexity documents, This usgge is expected to

increase as people become more familiar with its organization,
reliability, and inclusiveness. : Lble
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BASELINE RECORD SYSTEM | Le
Introduction “hel

Our ARC system development team has the same basic needs for
planning, coordinating, documenting, and accounting for a

constantly changing set of interrelated tasks as do other

groups of people developing complex technology. hcla

we constantly face more opportunities for changes or

additiong to our evolving system than we have resources %o

carry out, Therefore we must find ways to obtain as

effective utilization of our ideas, and of our people,

system, and material resources as we can sO as to make the

pest progress toward our goals. Lclal

planning requires a framework within which infcrmation
about goals, needs, possibilities, resources, and related
dialiog can be recorded, studied, and modified usefully, kecla2

ARC planning and task activity 1s currently conducted in
the LINAC operational framework outlined pelow, see-=-,je3), U4cla3

The result of such coordinated analysis is the adoption of

a current visiple plan, or "paseline" of expected events,

agreed upon system developments, their external ,
confiegurations, and resource allocations, beclay

The information relative 10 the planned systenm
developments is contained in our BasSeline Record.

The Baseline kecord is a special subcollection of the Journal.

It consists of a series of files specially formatted to

contain task and resource allocation information, including
‘particularly files of plans, sSpecifications, analyses, ‘
designs, etc. Lclb

The pasic obJectives of the Baseline Record System are: helobl

l. To provide a central place for recording Baseline
data in an oreganized way.,

2. To prepare useful views of such data.

3. To provide a system for updating the Baseline data
base,
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The main responsipility for the data actually being
complete and current resides with the pushers for the
various tasks and activities.,

some BRS design criteria are: yclb2

Uusers' opinions should be gathered and brought into the
BRS system design process as it progresses.

Data input must be easy for task initiation = whetner
for tasks agreed upon as officially "on the Baseline of
planned tasks" or just as possibilities (needs) up for
consideration.

Data should be stored in a readable format to permit
scanning for clerical proocfing purposes, user-orowsineg,
with flexible, but strictly formatted, storage for
automatic processes to0 access and use in preparation of
routine views and summaries of the information.

Views must be "easy" t0 generate = both by the
operations people and by individual ARC users wanting
special views,

rRoutinely produced views must be meaningful and useful
t0 a wide rgnge of users'! needs,

Uysers must be guided = trained = in the use of the BRS,
probably on a continuing basis.

The Baseline Record is composed of the portion of our

currently sccurate working records that represents our best
definition of: what tasks we plan to perform, how we plan

0 d0 them, and how we will allocate resources (people,

system service, materials). kclo3

This record is produced from central planning data
contained in online files at ARC, and will contain
various views of that information as needed to give
meaningful representations of our situation.

A basic set of Baseline record views we will use
includes:

(1) Schedule: by activity grouping (NI1C,DSS,CS0)
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(2) Schedule: all tasks by ARC planning stage
(3) Scnedule: all tasks by person

(L) Baseline record summaries by task, formattea as
"status" reports, with elements such as:

Information: (about nature of task and
agreements)

Buyer(s): {for whom or what task is this task
peing verformed)

Requirements: (agreed upon needs this tasx will
fulfill and certain design criteria
as needed)

Design: (details of design--or linke to
such==user interface features,
internal implementation)

Milestones: (significant delivery/evaluation
points used when relevant)

Subtasks: {smaller segments made visiple for
more detailed planning purposes as
needed)

Subcontracts: (other tasks initiated in direct
support)

we have been keeping some or all of the Baseline Record
information within a sprecially organized subcollection of
the Journal, shelved separately. We will use as a "Shelf
List" a tornically oreganized Table of Contents.

Sections of the Baseline Record that are superseded by
new Journal entries will ne separately shelved with
other opsolete documents,

Changes in requirements and 4esigns will be approved anqd
recordec as in configuration management of hardware
designs.,
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ve plan to develop new tools to aid analysis of estimates,
schedules, and staff involvements, with interactive factor
adjustment features to permit consideration of the effects

of potential changes in configurations of dates, people,

and interdependent tasks. Lclbs

Present Baseline Record Systenm he?2

The present Baseline Record system has concentrated on the
recording of information relevant to individual tasks being
performed or under consideration by various ARC staff members, Lhe2a

There now are over 200 tasks of various magnitudes to
consider in our planning and operational environment at any
point in time. These range from simple pbug-fixing tasks to
complex design or implemeritation tasks that may be

performed by several people over many montns, he2al
Baseline Task Fstimates as of 26 APR 72 fors Jox
Monthat > Apre=May=JuneJulee <

ONR Annual Report 8622> I xxx ) [ 5% 512 CUCE JCN JB5N?227
Stacking Chairsd> 1xxx ] V28 5/8 <DVN? JCM BER
Develop RADC APC Baseline) I XXXXX 1 eon Sk <PXR JCN DyN
Projection TV)> 1 XXXNKK ) 1l [ 133 CEKV MYH JCN?
Denmonstration Trainine) 1 XXXRXK ] [ 31 61l CJCN DVN MFA 777
RADC Final Report 8457 FXRXAXRK ] 1 ¥3 5 6312 CDVN JCN MFA CHI WHP RWV HoL WSD DCE
Resource Accountine Designd IXXXXXRAKK ] ceon 61h CJCN FKV ReW DCW
Operations Develooment) IRAAXXRARKKRKKN § e 227 CJCN .
NIC Orerations Coordinatord ) ! 27?7 227 <RWW JCN DCE
BRS Designd |meecnn cencnacs oon LAl <PXR JCN JDH
Recruiting) |mnescacvacncunce] .ow e ¢JCN ChHI DCE RWW EXV 77?2
Journal Catalom> jecncncnacnn wew] . e <JCN BAH Wsh
User Documentation Maintaind jeseccnncaran (e ] e - CMFA JCN CP BER PNL
Manargerent And Coordinationd I= LRI L LY e Ladad ¢DCE JCN RWW WHP
Accounting) - ccavens| . ane <JCN I?V"
Visitors> |eeerannscnwann] P . wee <¢JCN ALL
Yacations) |ovesncncnnunas] LT woe <ALL
Needs'Possibilities .

RINS NP R . -4 ) ) 227 ?17? ¢JBN JCN RWW

Cat Data Element Revise) ] ) 17? 2?7 ¢JBN JCN RwW
RINS Entry Conventions) ] ) ?7? 27? <JBN JCN
External Collaborator Qoordd ) ] 77?? 27? <DCE JCN

FIGURE 8. The tasks of one person as printed by the
Baseline Record Systenm,

Lc2a?2

we have developed a set of programs with an initial data
storage system that organizes information recorded about
these tasks with features that permit routine sumnmary views
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t0 be produced and that also make available flexible
user~creasted views of the Baseline task information. hec2a3

Procedures have been developed for data collection and

input and for view production that aid in weekly undating

of the Record. These views are produced in hardcopy and are

also entered into the Journal. : Lc2al
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Higher-lLevel Planning Needs Le3

Although we have started using ARC's Baseline Record System on
a current task-by-task basis during the past year, we still
need to aevelop a more complete, "higher level" picture of
what new ARC system developments (functions, features,
StagesS,.) we want and expect to see, Among other
considerations, this includes better definition of activity
goals. . ke3a
Plan needs he3b

we are now working on a set of descriptions of proposed
aevelopmental stages for each of our activities, 4e3bnl

Because our activities are strongly affected by the
developnents (features, timing, resource use) of others,
it is clear that realistic plans for each activity will
be produced only after considerable integration and
adjustment.

Plans needed and who makes then he3c

The pusher (or a prospective pusher) for each activity is

the person responsible for seeing that the developmental

plan is made and kept up == as a continuing part of his

role as pusher. Thus, for example, the DSS pusher will

pull together the various needs and possibilities about how

the DSS should and might develop, over the coming months

and years, , Le3cl

He is expected to draw upen others (including his DSS
planning team) for help, ideas, or other inputs in the
process, but he is the one responsible for producing the
plans we need.

Rather than just getting help from others individually,
he may find it may useful to have some group diascussions
among appropriate people for each Main activity. The
pusher should makKe this nappen where needed,

rach activity plan requires many hours of effort on the
part of the pusher =« particularly with the balancing and
adjusting that may be needed, be3c2

Plan elements ke3d
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The following eight items are basic considerations pushers
will provide in their plans: ke3dl

1. Basic objectives of the activity.
what should it result in or produce?

2, New or changed features that may be addéo...including
descriptions of what they are, how they might wWork, what
they mean to the system and/or the users,

These may be thought of either as separate tasks, or
simply as "features" == which might result from
several tasks.,

3. The non=-machine methodology, procedures, and training
that need development t© really use the tools and
features to produce useful total packages ==
sub=systems,

Le Stages of development == logical combinations of
features, procedures, training (not just points in tinme,
describing the "look" at gignificant points.

The stages should fit the natural progression of the
activity == not necessarily related to ARC overall
stages.

Some activities will have less apparent need for
showing stares of development than others. Still, it
seems it is important to "partition" the future plan
in some way, even if on an arbitrary, less meaningful
basis.

5. Relationships to other tasks or features needed.
where critical needs (for each activity) exist, they
will be pointed out ~-~- with some discussion of the
situation.

6. Effort needed to meet stages.

ROUGH estimates in man=weeks by feature or staee

{plus skill types or people being considered to work
on it if known) are needed.
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7. Alternative possipilities for other features or
stages,

8, Implications on the staffing skills and levels
required of ARC as a wWhole,

Comments on our Experience with the BRS to Date kel

Congidering our initial experience using the initial BRS, we
feel that our ARC users were not well guided and trained in
BRS use, Jcla

The initial system 4id not produce views that were useful
enough = mainly because most of the needed data were not in
the systen, Lehb

Key missing data were requirements, designs (or links to
them) partly because they did not exist, partly because of
a lack of participation by the user population, Lelhbl

we still need to develop better estimating techniques. The
accuracy of estimates needs improvement and what estinmates

mean 10 us needs description, ARC peopie need to learn more

about how to make predictions of start, end and other

dates, resource use estimates in our changing, quite

unpredictable environment. helhb2

A BRS=integrated accounting and resource allocation systenm
is needed to aid in estimating, and in the decision
processes in Baseline management. bchp3

Developing a system for the facilitation of input of
data is a real challenge, but must be worked out.

An activity and task accounting number system that will
pe shared with the BRS has been designed. It is
open=-ended and will lend itself to overlappring task,
activity interests.
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BASIC 318 hd

Basic NLS User Features 4al
Introduction hdla

ARC focuses on the evolutionary development of the Online
system (NLS) in the spirit of bootstrappineg which has been
applied since the project's inception. 4dlal

continuing evaluation based on our experiences generates

the need for and the form of modifications to NLS. The

to00ls of earlier versions of NLS are used to design and
implement new vVersions which differ in new features and

in the growth, modification, and possibly deletion of

older features, 4dlala

We try out tools in the hope they will improve the

working apilities of the group. Changes are

evolutionary and small to minimize the shock 1o the

whole system., Modifications are, however, constantly

being made, halalal

Examples of some changes to NLS and the reasons for
the changes include: 4dlalia?

the addition of the sSplit screen display mode to
make possible multi=-file viewing and cross~file
editing,

the removal of the trails feature because it was
not used extensively.

the modification of the supstitute command to
provide a lareger, more useful variety of parameter
modes,

QUIr augmentation system provides a workshop of online

tools and human interaction techniques used not only in
sofiware design and development, but also in the

management of the group, in the operation of the Network
Information Center, and will be used in the creation of

online communities of discipline-oriented researchers. kdlalb

our experiences in the development of augmennation system
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features within the center and on the ARPA Network indicate
agome new directions for our bootstrapped research effort, hdla2

In the contragct period, emphasis has shifted from the
develcopment of tools to auegment individuals toward

development of tools for local project teams and also

scattered communities of researchers, pdla2a

such tools include: hdla2al
the Dialog Support System (DSS), and
the Baseline Record System (BRS).

The first scattered community will be composed of systen
designers aided primarily by the Software Engineering
Augmentation System (SEAS) discussed below see=--,ld2),

This community will collaborate in the developnment of a

system desien discipline. The augnmentation of the

Software Engineering community will accelerate evolution

of new tools., In the future, other communities will

receive specialized tools developed by the augnmented

system designers, 4dla2p

Tn the past contract period many additions and

modifications were made to NLS. A new and effective

typewriter version (TNLS) has found wide use both at ARC

and at sites on the ARPA Network., Inmprovements have been

made in the display version (DNLS), and a first PDP~10

version of an offline mode (DEX) has been introduced, hdla3

As of February 1971, an initial version of TNLS

({Teletypewriter NIS) was fully orerational on the

PDP=-10. oOne of the primary reascns for iis development

was to £fill in the spectrum of augnmnentaticn tools to be

made available at less expensive hardware and computer

resource cosis8 than are necessary to run a DNLS system., udla3la

Tnere are currently many people over the ARPA Network

who use the system in their work. The TNLS command set

is largely synonymous with DNLS, barring features

peculiar to the display (e.g., Split Screen) and most of

the recent features available in DNLS are available in

TNLS (e.g., Sort Merge). 4dla3sb

Tne basic differences between the command vocaoularies
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of TNLS and DNLS are in tre area cf addressing. DNLS is

a highly interactive, nonlinear, visual system while

TNLS, owing to the nature of the medium, is less

interactive and linear. In an effort to compensate for

the deficliencies of the medium, many special TNLS

addressing features have peen made available to the

user. ydla3c

It should be noted that the TNLS command and

addressing language is richer than that of most otner

"text editors"; some would accuse it of being

confusing, Novices, however, can quite effectively

start by using a subset of the features. bdla3ecl

The system, as with all systems developed at ARC, is
meant to provide a workshop of tools to many levels
of user experience to aid in the augmentation of
intellectual tasks. Thus, making use of various
combinations of address specifications, the
sophisticated TNLS user may accomplish the equivalent
“of crossfile editing. . 4dla3c?

A new TNLS guide has been written (see == 7470,),

reproduced, and distributed to Network and local users.

Tnis gulide contains a complete description of TNLS

commands and Journal, Identification, and Number Systenm
commands in both detailed and summary form. It is

designed sc that as the system evolves, it can be easily
updated so as to remain current and useful. Ldla3ad

several training courses for Network users of the NIC
and TNLS have been held. They are descripned in tnis
report as part of NIC activities (see-~-,5g10a)), 4dla3e

New special purpose subsystems (in addition to the Dialoeg
support System (DSS) and the Baseline Record System (BRS)
descrinhed elsewhere in this report) have peen developed or
improved. These include a sort=-merge system and a user

program system among others. hdlal
MLS == Technical overview Ldlo
Introducticon , Ld4lpl

The current implementation of NLS on the PLP-10 is a
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large, continually evolving program, Code presently
occuplies about 150,000 words of computer storage. kdlbla

This section presents an overview of the organization of
NLS and the structure of files in the systen, 4d1lblb

Descriptions of earlier versions of NLS may be found

in previous ARC reports. The April 1970 report

(5139,) contains a detailed discussion of the systenm

as it existed in its final days on the XDS~9)40, Ldlblbl

Changes have been made in the logical structure of
the system for seversl reasons: Ldlblh2

3-0CT-72 832

commend Reset

<VANNOUHUYS>TITLE NLS;2, <VANNOUNUYS>RESEARCH.NLS1, 2-0CT-72
(1970) 1970 Summery of 9123 DVN

(1970} 1970 Project

(1971} 1971 Summery of

(1871} 1971 Project Activity

(Abstracts) ILLIAC IV

(Abstrects) ILLIAC 1V

(Abstracts) 1LLIAC IV

{Access) Primery Access

{Access) NWB/RFC 2161 TELNET

(Access) A Study of optimsl
(Access) NWB/RFC 135: Dstse
(Access) Some Lege! end
faccess) Design, Thry
(Access) Multiple access
(Access) System Control In
{Access) A Grefted

FIGURE 9. Cross file information manipulation
with split screens: initially the screen is split
Wwith a title index on the left and a new enmpty
file named research on the right. Titles are
truncated to show more lines,
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FIGURE 10, User calls the Goto Programs Subsystenm
by entering the first letter of each command via a
kKeyset, On the keyset he can enter with one hand
all characters that can be entered from a
Keyboard, The other hand is free to use the mouse

(below) .

soto Progrems
’

<VANNOUHUYS>TITLE .NLS;2, <«VANNOUHUYS>RESEARCH NLS;1, 2-0CT-72
(1970) 1970 Summery of 9:231 DVN

(1970) 1970 Pro |ect

(1971) 1971 Summery of

(1971) 1971 Project Activity

(Abstrects) ILLIAC 1V

(Abstrects) ILLIAC IV

(Abstrects) ILLIAC IV

(Access)
(Access)
(Access)
(Access)
(Access)
(access)
(Access)
(Access)
(Access)

Primery Access
NWG/RFC 2161 TELNET
A Study of optimel
NWG/RFC 195, Dete
Some Legs! end
Design, Thru
Multiple Access
System Control (n
A Brofted

FIGURE 11, The Goto Programs Subsystem (see
command feedback line in the upper middle of the
photo) includes several user service subsystems,
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*

«VANNOUHUYS>RESEARCH.NLSY, 2-0CT-72
9:23 DVN

(19700 1970 Pro Ject

(1971) 1971 Summery of
(1971) 1971 Project Activity
(Abstrects) ILLIAC IV
(Abstrects) ILLIAC 1V
(Abstrects) ILLIAC 1V

(Access)
(Access)
(Access)
(Access)
(Access)
(sccess)
(Access)
(Access)
(Access)

FIGURE 12. He calls one of the user systems,

Primery Access
NWB/RFC 216 TELNET
A Study of optimsl
NWG/RFC 195: Dete
Some Legel end
Design, Thry
Multiple Access
System Control (n
A Orefted

content analyser,

FIGURE 13, To insert text of more than a few
characters, this user switches hands to the
keyboard. Practice varies among users,
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|

FIGURE lli. The usSer returns his left hand to the
Keyset and his right hand to the mouse, To
confirm his command to compile the pattern

"Research" he presses the right hand button on top

31-0CT-72 832

content enelyzer pettern complle

[“Resesrch']
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(1970) 1970 Summery of 9.23 DVN
(1970) 1970 Pro ject

(1971) 1971 Summery of

(1971) 1971 Project Actlivity

(Abstrects) ILLIAC 1V

(Abstrects) ILLIAC 1V

(Abstrects) ILLIAC 1V

(Access) Primery Access

(Access) NWB/RFC 216: TELNET

(Access) A Study of Optimel

(Access) NWG/RFC 195 Dete

(Access) Some Lege! end

(eccess) Deslgn, Thru

(Access) Multiple Access

(Access) System Control (n
(Access) A @rafted

FIGURE 15. The text he entered appears in the
literal feedback line on the upper left, The
content analyser will act as a filter and pass
only statements that contain the word Research.
Patterns may be much more complex and include
logical operators and classes of characters as
well as specific characters,
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1-0T-72 8,32

Assimllete Plex
’

«VANNOUHUYS>TITLE .NLS) 2, <VANNOUHUYS>RESEARCH.8LS11, 2-0CT-72
(1970) 1970 Summery of 9123 DVN
(1970) 1970 Project

(1971) 1971 Summery of

(1971) 1971 Project Activity

(Abstrecte) ILLIAC 1V

(Abetrecte) ILLIAC 1V

(Abstrects) ILLIAC 1V

(Access) Primery Access

(Accese) NW8/RFC 216, TELNET

(Access) A Study of Optimel

(Accese) NWG/RFC 195, Dete

(Access) Some Lege! end

(eccess) Design, Thru

(Access) wWultiple Accese

(Accese) System Control (n

(Access) A @refted

FIGURE 1lé6. The user calls the command Assimilate

Plex by entering three characters on the keyset,

At the same time he is relling the mouse which

moves the arrow to the area (middle right) where
he wants t0 put the assimilated material.

FIGURE 17. By holding down the left hand two
buttons on top of the mouse, he commands the
system to assimilate only items that pass the
content pattern he specified above., The letter i
toward the upper right and the larger letters on
the upper left are feedback from this command.
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3-00T-72 910

commend Reoet

<VANNOUHUYS>TITLE.NLS; 2, «VANNOUHUYS>RESEARCH.NLS12, 3-0CT-72
€1970) 1970 Summery of <VANNOUHUYS>TITLE.NLS:2, 2-0CT-72 9:23
€1970) 1970 Pro ject (1970) 1970 Summery of Resesrch
€1971) 1971 Summery of £1971) 1971 Summery of Resesrch
(19713 1971 Project Activity {abetracts) ILLIAC IV Resesrch
(Abstrects) ILLIAC IV tAbstrecte) 1LLIAC 1V Resesrch
(Abstracte) ILLIAC 1V tAbgjracts) ILLIAC 1V Resesrch
(Abstracts) 1LLIAC 1V

(Access) Primery Access

(Access) NWB/RFC 216: TELNET

(Access) A Study of Optimel

(Access) NWG/RFC 1951 Dsts

(Access) Some Legs! end

{access) Design, Thru

(Access) Multiple access

{Access) System Control in

(Accesa) A Grefted

FIGURE 18. Agsimilate has created a new file of
papers on Research. Such steps normally take from
1l %o 5 minutes depending on the system load; they

were slower in these examples for photographic
reasons.

1, The current ARC programming language, L10, is
more powerful than the several languages it
replaces, MOL and the SPL's., L10 permits special
purpose constructions anywhere in its code. It is
a higher level language and providesg greater
compiler optimization.

2, An effort has been made to modularize further
the functions within the system to ease
development by a team of programmers. This
functional modularity will be incregsed with the
introduction of the Modular Programming Systen,
see~=-,Ld2f),

Discussions of the user features of the systems and
subsystems makineg up NLS may be found in the following

locations: ‘ kdlble
DNLS; See DNLS user guide, (10703,) 1dlblel
TNLS: See TNLS user guide., (7470,) 4dlble?2
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DEX: See DEX user guide (993L,) and below (see
";hdl@). hdlble3
Journal: NIC Journal User Guide (7635,) and see
--,L43) and --,5f£2a) of this report, ‘ bdlblel -
Identification: See TNLS user guide (7470,) and see
==,4%al) in this report, . hdibleh
Catalog: See ==,4aéb2) and =-=-,5g3), Lalbleé
Sorter-Merger: See =-==-,ldlel). kdlole?
Baseline: See ==-,}icC). 4dlblcs
NLS=DDT: See ==,hdleuad). Ldlblce9
NLS file structure Ldlb2
Introduction | | Lalbz2a

The format and structure of NLS files were determined
by certain design considerations, hdlv2al

It is desirable 10 have virtually no limit on the
size of a file, This means it is not practical to
have an entire file in core when viewing or
editing it.

The time required for most operations on a file
should be independent of the file length. That
is, small operations on a large file should take
roughly the same time as the same operations on a
small file. The user and the system should not bpe
penalized for large files,

In eXecuting a single editing function there may
be a large number of structural operations,

A random file structure staisfies these

corsiderations, Each file is divided into loegical

blocks that may he accessed in random order, There

are several types of blocks, each with its own

structure, hdlv2a2
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An NLs file is made up of a header and up to a fixed ,
nunber (currently U4é65) of 512=-word file blocks, - Ldlb2a3

File Header » ualo2b
File header contents: hdlb2bl

File creation date
Version word (changed when NLS file structure
changes)
Identification of last user to update or output
the file.
File owner.
Left name delimiter default.
Right name delimiter default.
Number of structure pages used,
Number of data pages used.
Status table =« One word per ring block or data
block page, Contains the following:
Whether page has been modified by a user,
Free space count (for data block)
Pre-garbage collection count,
POost=garbare collection count.
Free list pointer (fcr ring block)
Marker table.,

Structure Blocks == ring elements Ldlb2c

These blocks contain fixed size ring elements with a
free 1list connecting those not in use. hdlb2cl

king element contents: hdlb2c?2

FPointer to first supstatement,

Pointer to successgor statement,

Fointer to the SDB that contains text for this
statement,

DEX wWork area,

Head of plex flag.

Tail of plex flag.

Name flaeg.

Name hash., ‘

Statement identifier and free list link.

Data Block == statement data blocks p1dlb2d
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Data blocks are composed of variaple sized blocks

called Statement Data Blocks (SDB's) which contain

the text of NLS statements. New SDB's are allocated

in the free space at the end of a data block, SDB's

no longer in use (because of editing changes) are

marked for garbage collection when the free space is
exhausted. kdlp2dl

Statement Data Block (SDB) header contents: ‘4dlb2az2

No=longer-ugsed SDB flag.
Length of 3DB.,

Length of string in SDB.
Left name delimiter,
Right nane delimiter.
Pointer to ring element.
Length of name,

Last write time.

Last write ident.

string Identifiers and Text Pointers hdib2e

A string identifier (STID) is a data structure used
within NLS to identify strings (possibly within NLS
statements). hLdlb2el

If the string is in an NLS statement, the STID
contains a file identifier and a rine element
identifier.

The presence of a file identifier within the STID
all editing functions to be carried out between
files,

Text pointers are used with the string analysis and
construction features of L10, They consist of an
STID and a character count, halb2e?2

Locking mechanism <= Partial copies ' pdlp2f

The NLS file system under TENEX provides a locking
mechanism, which protects against inadvertant
overwrite when several people are working on the same
file. Once a user starts modifying a file, it is
"locked" by him against changes by other users until
he deems his changes consgistent and complete and
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issues one of the commands: Update File, Output File,

or Unlock File which "uynlock" the file. Note, a user

can leave a file locked indefinitely == this

protection is not limited to one console sessgion. Ldlo2f1l

when a file is locked (is being modified), the
user who has modification rights sees all of the
~changes that he is making. However, others who
read the file will see it in its original,
unaltered state. If they try te modify it, they
will ve told that it is locked by a particular
user. Thus the users can negotiate for
modification rights to the file,

This feature is implemented through the use of flags
in the status table in the File Header and through
the partial copy mechanism. halo2f2

All medifications to a file are contained in a
partial copy file. These include modified rine
elements and SDB's.

gore Management of File Space idlb2¢g

when space for more data is needed, the following
steps are taken in order until enough is found to
satisfy the request: hdln2gl

le Core=resident paees are checked for sufficient
free space,

2. Other pages are checked for free space. If
one has sufficient space, it is brought in. P

3. If garbage ccllection on any page in the file
will yield a page with sufficient free space, then
the page which will give the most free space is
prought into core and garbage collected,

L« Otherwise a new page 1s created,
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rogical structure Ldlb3
Introductvion 4dlb3a
Interaction support 4dlb3b
Terminal interaction support 4Ldlb3bl

Display interaction support

The display interaction support routines take
input from display users, support various L10
display input constructions which allow the
creation of simple interaction statements, and
control the command feedback line, name area,
view spec area, ané bug selection areas of the
display screen.

Typewriter interaction support

The typewriter interaction support routines are
primitives for interacting with a typewriter
terminal user. They include input, command
feedback, literal collection, and error
feedback routines.

Sequential file input support , Ldlb3b2

Sequential file input support routines take input
from DEX sequential files or a contrel file and
pass it to the DEX subsystem processor or the
control file driver system, respectively.

subsystem control 4dlb3c
Command specification . ' kdlb3ecl

The command specification routines receive
information from the inout interaction level or
sequential file input and process it as follows:

1. Command mnemenic input from the user is
parsed using tests implemented as a laree set
of nested case statements which check
successive command characters,
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At

2. Operands for commands are interpreted where
necessary.

3. Control is transferred to tne appropriate
execution routine.

L Control is transferred to the Portraval
Generator for formatting and display.

5. The user may repeatedly execute commands of
a2 given tyve with different parameters by

"speclifying more marameters, when the user

types a character wnican can not be a parameter
specification, the input is gssumed to be a new
command, '

any time prior to execution, the user may abort

an individual parameter specification and enter a
corrected operand without destroying operands
previously entered in multi-parameter commands.

It

is, however, possible to abort an entire

command at any time before it is executed,

Subksystem Support

These routines support the parsing of particular
subsystens and provide the code necesgary to
translate the high level functions of each
subsystem into calls on the file manipulation and
portrayal generation routines of NLS. They also
have code necessary to implement any additional
facilities needed by the subsysten.

Portrayal generator

Display control

The display controller is composed of

1) a fast formatter and data stiructures that
allow NLS to modify portions of the display
image in response to user modification of the
files peing displayed, and

2) user controls, such as the DNLS Jjump
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commands, over what 1s portrayed and how nmuch
is shown.

This formzstter can maintain images in several
"display areas" at one time, updating them as
necessary. Each area may display information from
several files,

Typewriter terminal print control kdlb3d2

This is a formatter that is oriented toward
printing parts of a file onto a typewriter
terminal.

Hardcopy formatters Ldlh3d3

These include a3 relatively simple systen,
Quickprint, and a more complicated formatting
program,. the Output Processor,

Quickprint formats the text for printing as it
appears througn the display or typewriter
terminal formatters.

The Output Processor can feed to a variety of
different devices, including printers and
microfilm, and controls the formatting of the
document according to directives embedded
within the text. For details, refer to the
"Output Processor User Guide",(,11076,2).

Sequence generator 4dlb3du

Succeeding calls on tne sequence generator create
a sequence of statements which satisfy system or
user filters starting at a place in the file
specified by the user,

An example of the system filters it observes in
deciding whether the identifier of a statement
should be part of a sequence is the level
truncation viewspec which permits the display
of only those statements above particular
levels in the NLS hierarchical file structure,

These sequences of statement identifiers are used
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by formatters for terminal or hard-copy portrayal,
by compilers, or by processors which manipulate
files, such as the sorter,

See==,Ldlel) for a discussion of the sequence
generator with user programs.

User filters and reformatters Ldlp3d5

The usger may write and incorporate additional
filters which the sequence generator will use as a
final acceptance test, These user=-supplied
filters may reformat the text of the file for
special applications or views.

User sequence generators hdlnh34é

The user can write his own seguence generators
which can make use of any NLS routines.

Editing kdlb3e

File manipulation algorithms hdlb3el

These algorithms carry out the file manipulation
commands of NLS. They decide what is to be done
pyY the textual and structural editing routines and
in what order, Utility routines actually
manipulate the NLS files.

Some commands make use of textual editing
routines exclusively (e.g., "Insert Text");
some use only Structural editing routines
(e.2.,"Move statement”); others use a
conbination of the two (e.g., "Insert
statement"). :

These algorithms can move and copy text from one
file to another through cross-file editing..

Structure editing kdln3e?

Tnese routines involve the manipulation of ring

structure alone and do not alter the contents of
the sStatement data blocks which contain the text,
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Text editing Ldlb3e3

These routines edit the text of NLS statements,
Content analysis features of L10 are used to
determine where changes should take place; the
string manipulation and SDB manipulation machinery
then change the contents of the file,

special purpose processors 4dlo3f
Inserting and outputting sequential files Lhdlb3£fl

These processors create NLS files from sequential
files and vice versa.

Compilers Ldlb3f2

currently four compilers are available from NLS,
In addition we are now studying ways of making
avallable through N1LS the assemblers of the TENEX
operating systen,

The four compilers now available are:

L10, & procedure=~oriented, block structured
language developed by ARC for use on the
PDP-10,

A subset is available as the content analyzer,
(9246,10) and see ==-,idleld) in this report,

IMOL, a procedure=-oriented, block structured
language which produces code for the IMLAC
computer=display.

Tree~Meta, a compiler-compiler used by ARC

staff to develop other languages, such as L10

and IMOL. (See the Tree-Meta Report (10869,,)
"~ and ==-,ld2e ) of this report.)

MPL, the Modular Programmning Language, an
experimental new language to be used to rewrite
NLS. (See ==-,hd2f)

Text is passed to these compilers through the
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sequence generator (and thus can be filtered and
reformatted enroute to these various processors).
Utility routines _ 4dlo3g

NLS file systen ‘ hdlb3gl
These routines imvnlement and manipulate the data
structures in Tenex files which NLS uses, Unlike.
other routines discussed above, they are cognizant
of and deal with the data structures and tne TENEX
timesharing system environment,

They are responsible for:
Opening and closing files.

Managing the portion of core set aside for file
pages. ,

Writing on and reading from files,
Manipulating rine elements and SpB's.

Moving within the NLS file structure by
following ring element vointers.

Statement name lcokupD.
NLS string systenm 4dlp3g2
Supports string manipulation construcions in the
Li0 language and deals with the NLS Statement Data
Block and Ring Block structure,
Miscellaneous support routines Ldlo3g3
| Basic L10 language support routines, |
Call mechanisns, |
bisplay support routines Ldalb3elh

Information writine on the scCreen.

Manipulatine information on the screen.
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Basic input routines ' Lalb3g5s

Basic typewriter terminal output routines Lalv3eé

NLS == New features Ldlc
The following features, commen to both DNLS and TNLS, are

new on the PDP=-10: _ ydlcl

Name Delimiters ’ Ldlc2

A user may specify the characters to be used for left

and right name delimiters for statemnents within any

structural entity in an NLS file., The system defaults

are left and right parentheses, hdlc2a

Jump to wWord/Content bdlce3

The user was provided with the capability of Jumping to
the first or next occurrence of a sSpecified word or text
strine. ‘ Ldlc3a

Null File Ldlich

A new command, Null File, has been added to TNLS and
IDNLS. Given a file name, it will create an empty NLS
file with that name., Upon completion of the command the
user is left with the CM (Control Marker == TNLS) /

display start (DNLS) at the origin of this new file, btdlcha
cutput Assembler Ldles

Sequential files acceptable t0 the DEC assembler may be

created from NLS files using this command. 4dlcsa
output Compiler | Ldlcé

The capability to drive TREE-META produced compilers
(including the L10 language compiler) directly from NLS
files is available, Ldlcéba

output Sequential Ldlc?7
The user may produce a Sequential file that corresponds

to his NLS file, Spaces are used to indicate the level
of a statenment. 4dlc7a
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Tnsert Sequential , 4dlcd

The Insert Sequentiazl File command converts sequential
files into NLS format. This also allows the user to
convert XDS=GLO files to TENEX~NLS format. kdlc8a

putput Quickprint : : hdle9

since users often want quick nard copy of their files,

the cutput Quickprint command was added. Unlike the

putrut Processor, this formatter does not make use of

embedded formatting directives. The command offers the

user a cdefault file name and a default of 1 for the

number of copies to print; these may be superseded by

vhe user., After the document is formatted it will bpe
gutomatically spooled for printing. vVviewspecs in effect

at the time the command is given conirol the format and

content of the printed text, pdlc9a

ypdate File == File Locking $4d1lel0

The N1S file system under TENEX provides a locking

mechanism, which pnrotects against inadvertant overwrite

when several people are working on the same file. Once

5 user starts modifying a file, it is "locked" by him

against changes by other users until ne deems his

changes congistent and complete and issues one of the

commands: Update File, OQutput File, or Unlock File which
"unlock" the file, Note, a user can leave a file locked
indefinitely == this protection is not limited to one

console session., hdlclOa

when a2 file is locked (is being modified), the uger

whe has modification rights sees all of the changes

that he is making. However, others who read the file

will see it in its original, unaltered state., If

they try to modify it, they will be told that it is

locked bv a particular user. Thus the users can

nergotiate for modification rights to the file. kdlclOal

1he users are also allowed to enter "Browse Mode", which

allows several users to simultaneously modify a file.

when they leazve browse mode, one of them may elect to

keep his changes if no one has the file locked, in whicn

case he locks the file until an update or output command

is executed bv him. LalclOb
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goto Exec ’ , 4dlcll

The user may start a new copy of the TENEX EXECUTIVE

below NLS in the job's process structure and execute

arbitrary EXEC level commands, including running other
subsystems. Then, by issuing the EXEC quit command, the

user is returned to NLS, exactly as he was before

issuing the Goto Exec command. hdlclla

EXecute Logout 4dlcl?

The new EXecute Logout command is equivalent to issuing
the EXecute Quit command in NLS and following it with a

LOGOUT command in the EXEC. bdlcl2a
The following features in DNLS are new on the PDP=10:¢ kdlcl3
Split Screen and Cross File Editing Ldleclhk

Display Screen Splitting and Formatting bhdlclha

FIGURE 19. (Opposite) oOverall NLS logical structure,
Ldlclial
Goto Display Area Control Ldlclha2
Horizontal Split

This splits the display area in which the BUG
ocecurred horizontally (into an upper and lower
segment) at the bugged location moving the
image of tne original display area to the upper
or lower segment depending on whether the
cursor is above or below the bugged position
when the final CA is input.

No display area will be created which is
smgller than 2 lines by 20 columns (using the
character size of the original display area),

vertical split
This splits the display area in which the BUG

occurred vertically (into & left and right
segment) at the bugged location moving the
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inage of the original display area to the left
or rignt segment depending on whether tne
cursor is to the left or right of the bugged
position wnen the final CA is input.

Move Roundary

The selected boundary (first BUG) is moved to
the new position (second BUG). A boundary will
not be moved past a boundary of a neighbor. a
boundary is moved for all display areas for
which it is a boundary. Any resulting display
area which is smaller than 2 l1lines by 20
colunns will be deleted.

Format Display Area

Character S8ize

The current character size of the display area
that currently contains the cursor is
displayed, and the user may type a number (O,
l, 2, 3) for a new character size. Different
display areas may sinultaneously have different
character sizes,

Clear Display Area

The dugged display area is cleared, i.e., thne
imgege is8 erased, the return and file return
rings are released, and the association of a
file with that display area is removed, The
display area itself is not deleted.

cross File Fditine in DNLS

hdlclhp
One may freely edit ana jump using several display
areas. The position of the cursor is used to resolve
ambiguities, , hdlclibl

For example, if one executes a Jump command, the
position of the cursor when the final command
accept 1is enterea determines in which display area
the new image is to appear.

41s0, if one chang¢es viewspecs using the lefimost
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two buttong of the mouse, the viewspecs of the
display area containing the cursor when the
puttons go down are used as the initial values and
are displayed in the viewspec area., When the
buttons are released, the display area containing
the cursor receives the new viewspecs,

substitute Commanrec Change kdlclb

substitute in DNLS (and seon in TNLS) has been expanded
t0 allow words, visibles, etc., 10 be substituted in a
structural entity. 4dleclba

All of the old basic NLS substitute commands are still
available and work as before. In addition, the

commands, Substitute [text entity/ in [structure entity)

are now available. Text entity may be Character, Word,

Visible, ete., and Structure entity may be Statement,

Branch, Group, or Plex. kdlelbo

puring the supstitution, the delimiters of the

candidates for supstitution are observed, For exanmple,

if the user issues Substitute Word... "the" for "an" in

the statenent "Do you want an 1gloo instead of another

Kkayak, dear?", the word "an" will be replaced by "the",

but the word "another" will not pe changed, kdlelsc

Display Creation Efficiency Improvenment Ldlclé

The former code that generated and maintained the

display image updated the whole screen except in the

case of textual edits. We were able to optimize this

process so that, in most cases, only those windows

involved in the overation are changed, and only those

entities involved are actually reformatted. The

response time for a display user has pbeen reduced
substantially. Ldlecléa

The Deferred Execution System (DEX) pdld
peferred Execution (DEX) is a system that provides a means
py which information may be prepared offline for later
processing by the computer. 44314l

mhe currently running system, DEX=l, has commands that
provide for text input, backspacing over characters,
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etion (and undeletion) of commands, and the creation of
files and hardcooy printouts. DEX=2 will provide

ther editing capabilities as well as access to existing

€S. . L4142

-1 was designed to be used with typewriter terminals

connected to some recording device (currently paper tape or

mag
pro
inf

NnEX
ere
can
whe

~he
NLS
dis

netic tape cassette). At Such a2 terminal the user
duces a paper tape or tape cassette containing
ormation destined for computer processing, L4143

is a complement to the online NLS. It operates with
ater systen=use efficiency since actual computer time
be deferred to periods of low usage =-~- "off-hours",
n the load is ¢reatly reduced. hdldi

ena result'of files created by DEX and files created by
is the same. Once created by either systenm, no
tinction is made == they are all NLS files that may

later be edited online., ud1ds

T™he
com
nf

nro
obt

¢cverall goal of DEX is to increase the utility of our
puter aids nhy, in most cases, reducing the support cost
computer-azided text manipulation, and in some cases
viding more service value to the user than he would
ain from immediate=execution processes. bLd1dé

There should be a smooth spectrum of features applicable
1o different situations of service level, terminal
device, information context and type or priority of
task., : pdldéa
In such a sSpectrum of computer aids, users should find

complete consistency and continuity in concepts,

nomenclature, and operating skills required for

operating effectively in these different situations, udlidéh

lsers should eventuglly be able to switch from one level

of interaction to another while at an online terminal

therebty providing maxinum utility toward the user's

working goals. ndldéc

Online Team Environment
Th



SRI=ARC 8 JUNE 1972 13041
Team Augmentation
Basic NLS

FIGURE 20, Deferred execution (DEX) operator
transcribing a meeting. The black box to the
operator's right plays an audio tape of the meeting,
She types the words on her terminal and the terminal
output is recorded by the digital tape machine that
she is touching with her right hand. The digital
tapes are read onto our disk storage and processed
into NLS format at leisure,

Ldldécl

DEX=1 was a first attempt at satisfying these goals and

was implemented primarily to provide an offline input

facility. DEX=2 will provide editing facilities and more

flexible input, Later stages will make deferred features
available in the online modes. Ldla?

The design of DEX=1 was carried out in an augmented mode

making use of the dialoging possibilities of the Journal.

DEX=2 has been designed using these same capabilities with

a team approach. Thus a recerd of the system from first

ideas to final documentation is available., The

implementation of DEX=2 is expected to proceed soon. Ldld8

A manual for DEX=-1l is currently available, (993L4,). 4dld8a
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The design for DEX=2 is documented in (924l1l,). Ldld8o
Other subsystems ' : ' hdle
sorter-merger=-Updater Description : Lilel
General Implementation Descrirption : hdlela

The new sort-mnerge=-update caprability is based on the
addition of three primitives to NLS that are used by

the Sort Branch/Plex/Group and Merge

Branch/Plex/Group commands and which may also be

called from user L10 programs compiled with the "Goto
Proerams 1.1C User Program Compile" command. Lhdlelal

Each of the three primitives added to NLS te
perform the sorting, merging, and updating
functions requires as an argument the address of a
key vrocedure program written in the L10 languarge
te furnish sortine criteria. 1In addition, the
update primitive requires as an argument the
address of an update decision procedure to take
action on corresponding data items. This
procedure will differ for various specific
apvlications. In the most general case, it is
providea by the user, although we are building up
a library of some standaré procedures for common
aoplications.

Thne sort primitive uses a tree sort as its btasic
algorithm, This is the same one used in our
previous sorting system. The restriction of its
abolication to intra-file use, the implementation
of efficient kKey romrarison algorithms and a
special reordering routine have resulted in a
speed increase on the order of 100,

procedures supplied to the Sort, Merge, and Update
primitives: ; idlelo

Key procedure: ' bilelpl

Sort key procedures are written in the L10O
language and onrovide the patterns for text Strineg
analysis through which a data base in an NL8 file
is to be scrtied.
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Typical keys may Dbe written to:
find and order last names after initials
find numbers in columns
find individual key words in inaices
The systen default alphabetizes statements over
which the system is run,
Update Decision Procedure hdlelb?2

The undate decision procedure is called by the
update primitive once for each sort key value
found in either the master or update input.

All ¢f the statement identifiers (stid's)
supplied to this procedure on a given call have
the same key value as determined by the key
procedure. ’

In general, this porocedure changes the master file
py deleting some branches from tnhe master input
and inserting some of the update input.

In the simplest case, there would be at most
one master and/or update item for a given key
value. In this case, the update decision
procedure deletes the master item wnen there is
a corresnondine update item to replace it.
Cther master items are kept and other update
items are inserted after the destination stid,

A comparison file may be created by this procedure
for proof reading.

control File and Record Mode hdle2

A set of commands (and modifications to the user input
routines) has been added to implement a record and
playback capability. A session or series of operations
at a2 display console may be recorded on a file, then
played back, DNDuring the playback, NLS will read the
input from the control file instead of from the user,

Online Team Environment
77



SRI=ARC 8 JUNE 1972 13041
Tean Augmentation
Basic wLS

AN attempt is made to replay the commands at the 8sanme
speed that the user entered then, ndlez2a

This allows us to capture user interaction with NLS

for analysis and for creating a "control load" to use

in testing the effects of changes to the TENEX and/or

NLS systems. In addition, users can build up a

library of common sequences of commands, whiebh can

then pbe executed quite easily. Also, comprehensive

testing of new releases of NLS can be accomplished

using such recorded user interaction. hdle2al

NUtput Proces3aor Addition hale3
The Cutput Processor is an NLS file formatter, driven oy
empeddeda airectives, for various output media such as a
line printer or microfilm. This subsystem was eXpanded
to provide a larger variety of directives (summarized in
the "Cutput Processor srief User Guide" (6912,)) and to
permit such the use of the FR=80 nmicrofilm device. hdle3a

The output processor subsystem code was rewritten in
Tree=Meta %0 provide an interpreter for the ,
formatting directive language. hdle3al
FR=80 Output Processor Device Ldle3p
Documents may again be formatted for FR=80 microfilnm
devices. The document formatter (commonly called the
Output Processor) provides the following options with
respvect to this device: hdle3pl
éji character sjizes,

placement of text within a 1lék by 16k coordinate
system,

various intensities and line widths, and
microfilm/fiche and/or naper output,
User Frograms , hdleu
Introduction : pdleia

User=written programs enable one to tailor the
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presentation of the information in a file to his

particular needs, EXperienced users may write and

compile online programs that edit files

automatically. These programs, written in the L10
progranming language used by NLS system programmers,

may be composed usine the NLS8 text editor, compiled

intoc the user program buffer, and linked into the

user'!s running NLS systen, hdlekal

The language contains some high level features for
operations such as string analysis anag
manipulation which are implemented in the language
as calls on NLS library routines.

The User Program facility brings together the
tools formerly descriped as Higher Level Processes
(HLPS) in the June 1971 Report (&§277,). The
current system provides the user with access to
the full array of NLS system tools as well as the
debugeging facility, DDT. The ability to cereate
what are known as User Sequence Generator programs
allows greater file reordering than did the old
Analyzer Formatter, User Programs also satisfy
some objections to the earlier Executable Text,
which could not be easily programmed or debugged.

NLS provides a variety of commands for file

manipulation and viewing. All o0f the editing

commands, and the print command with associated

viewspecs (like line truncation and statement

‘numbers) provide examples of these manipulation and

viewing facilities. hdleha?2

But occasionally one may need more sophisticated view
controls than those available with the viewspec and
viewchange features in NLS. hdlela3

For examplé, one may want to see only those
statements containing a particular word or phrase.

or one might want to see one line of text that
compacts the information found in several longer
statements, ‘

Ctne might also wish to perform a series of routine
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editing operations without specifying each of the NLS
commands over and over again. hdlehal

The Network Information Center at ARC uses the
ability to create text using the information from
several different statements (and even different
files) and the ability to insert this new text
into a file to produce catalogs and indices,

These programs may range fronm simple content analysis
pattern filters wnicn alter the way a file is viewed

by 2 user to advanced programs that provide sequence
generators and sort Kevs to edit and restructure many

