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ABSTRACT

The oNLine System, Version 8 (NLS-8) developed at the Augmentation Research Center
(ARC) was brought to prototype operation. Improvement in fundamental design continued,
but new attention was given to applications and technology transfers. Strategies included an
effort to involve more and more users outside ARC, establishment of experts in NLS within
user organizations, a training program, an online query system to inform users about NLS,
revision of the command language, and operation of the Network Information Center. New
develo,.ients include a simple calculator subsystem, multi-host journal system, a variety of
options to tailor the system to different working conditions, file access contrels, and a
control meta language to make user interface writing easier and more flexible. ARC
acv=loped a microprocessor-device, the Lineprocessor, to enhance inexpensive displays for
use with two-dimensiona! display NLS and reduce communication cost. ARC made NLS
available on a subscription basis through an information utility with its own computer.
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INTRODUCTION .

TIME COVERED i
This report covers Contract F30602-72-03i3, which extended from March 1972 through June

1974. an:

SUMMARY OF WORK UNDER THIS CONTRACT it

In this period the central develooment zi ARC, the Online System (NLS), was brought to
prototype operation with outside groups. Passing this milestone led us to undertake claritication
of our mid-range goals, to make changes in the organization of ARC, and to give more energetic
attention to a wide range of users through deveiopment of technology transfer, of system features,
and of services. We here report on ARC's goals in terms of the "Augmented Knowledge
Workshop" -- a computer-based set of tools for people who need to manipulate knowledge in
their work. ARC has been organized into a development branch, whose work is of primary
concern in this report, and an applicaticns branch, dedicated to offering NLS as an information
utility; each is under an assistant director. et

The International Conference on Computers in Communications took place in Washington in
October of 1972. It was an important event for most of the research organizations associated
with the ARPA Network; it was particularly importait to ARC. The Neiwork Information
Center prepared informative direciories of ARPANET participants, and published scenarios of
many systems demonstrated at the conference. Half a dozen ARC staff members spent full or
substantial part time preparing for NIC services at the conference, and for demonstrating ARC
functions through the Network, and took part in a variety of other support functions. Twelve

members of the staff were in Washington for the duration of the conference. 452
Development of NLS 153
NLS User Interface inta

We have made the NLS user interface simpler, more flexible, and easier to use. We
completed design and implementation of a Command Mzeta Language and command
interpreter system that allows creating commands in terms of what they do rather than in
ouvr programmers’ language (high-level language command specification). The CML system
compi'es the high-level terms used to describe commands into a tree of instructions to drive
the existing NLS command interpreter, centralizing toth command parsing and feedback to
the user. SLELH

This approach allows experiments with different command language structures and
feedback, simplifies building subsystems, and allows users to tailor commard languages for
themselves.

It also allows NLS "frontend” functions to move to a minicomputer. Duriug this contract
period, before the move to the minicomputer took place, the new architecture resulted in
mcre compact source code aud more efficient running.

Preceding page blank

Knowledge Workshop Development -- Reported as of 7/74 page 7

i e e o P A Bo el i, A T s B el i Ml R e T s SE N e s e L T R e ok e i e o




= =

SRI-ARC 30 JAN 76 5:34PM 22133

4 Introduction

page 8

Other Changes ip3e2

With the creation of the CML and our two years of experience with ARPANET users, we
redesigned the command language to make it more consisten!, and added features oriented
toward novices.

NLS functions were reorganized into cleanly interconnecting subsystems. New subsystems
include an arithmetic calculator integrated with NLS text files, the Modify subsystem,
which contains automatic editing commands, and the Pubhsh subsystemn, which creates
references, tables of contents, and the like.

We added a User Profile where a user can specify defaults such as the amount of feedback
she gets, function of comirol characters, size of printout, type of recognuion, and so en.

We added heip commands that provide either a quick list of alternatives, complete
command syatax, or access to complete, queriable documentation at a point related to what

the user wis doing when she asked. Cues to what the user was loing are derived from the
CML.

User nrograms in the L10 programining language became increasingly important as the
world of NLS applications widened, and programs supported by ARC were integrated into
docurivntation and organized into a directory.

A restricted NLS Macro facility based on the command language, but lacking in loops, was
implumeated.

Provisicins have been made to restrict access of NLS files to a list of idents selected by the
file owner,

Dialog Support in3e

We integrated the {'Us Journal into the ARPA Network Mail System both for input and
output; we have taken a -ading role in creating a Network Mail Protocol. i

er
-
o

We designed a Disiributca 'ournal System and associated nstwork protocols that allow
various Journal functions such as distributing, recording, cataloging, storage and retrieval to
exist and cooperate ¢n scattered hosts. EERLY

We implemented an initial system in which two Network-based PDP-10's cooperate in
supporting a common Jowrnal system. an301

Privacy provisions were addcd to tiie Journal. A user may restrict access to a list of idents
she supplies. Private items are not cataloged. du3ed

Display Concepts and Terminals ar3c

Display NLS was made more availabie to users working through thc ARPANLT or
otherwise working remotely. In 1972 it becam. available through Imlac terminzis; in 1973
we developed an inexpensive microcomputer based box, the Lineprocessor. ALELR

The Lineprocessor and associated software aliow chcap, mass produced alpha-numeric
terminals to display NLS files in the vptimum. two-dimensional manner integrated with the
Mouse and Keyset. The Lineprocessor dces not require inodification of i%e terminal.

Knowledge Work-hop Development -- Reported as of 7/74
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4 Introduction

This work included extension of the NLS virtual terminal concept and development of
associated communication protocols for the: ARPANET. The results were useful in the
development of the Network Graphics Protocol.

The Lineprocessors are being produced commercially for abou ¥7CCC per unit and were
just coming into use on the Network at the close of the contract .eriod.

Operat'ng System anis

The backup file archival and dump system, BSYS, developed at AXC, was released to the
TENEX ro.nmunity. dutas

A group allocation scheme to control logins to the system was huilt, , ut into operation, and
released ‘o the TENEX community. [t split the users into groups and limits the number
that may log in from each group. Allocation may vary during the dav. Provision is made
for brief "Express” logins over normal allocation. dz33

Changes in TENEX necessary to support the Typewriter and Display versions of NLS
tecame part of the standard BBN release of TENEX to allow future support of NLS on

any standard TENEX. iptan

We have found it advaritageous to make several changes in our own TENEX, notably in

the scheduler, while still remaining in harmony with BBN's standard TENEX releases. SEEEE

We have built a system, Superwatch, to collect information on the consumption by various

procedures and by users of CPU and clock time. i tas
Network Information Center HEE

During the contract period, the Network Information Center was the main source of
information about the personnel, computing facilities, and organizations associated with the
ARPANET, and of a laize volume of related data. I* was also an innovative development
in providing information to a community of computer users, in online, offline, and mixed
form. Service included support and cataloging of oniine dialog (tnrough the Journal), an
online database and query language, dissemination in hard copy of a Resource Notebook,
an ARPANET directory, and Neiwork protocols, frequent tours for visitors, and response
to questions from the computer public. SERLE

At the end of the report period, the operations of the Network Information Center were
curtailed from the experimental array of NLS-based information exchange services to
maintenance of directories of persons and resources for the AKPA network; a detailed
account and evaluation of Network Information services is to be published as a separate
technical report [1]. ante:

THE ORGANIZATION OF THIS REPORT

Since 1970, the central funding of ARC's work has been a series of ARPA contracts. The
resulting series of reports (7101,) (5139,) and (13041,) {2] [3] [4] outlined the evolution of
ARC and the development of NLS in those years. By the middle of this report period, however,
a prototype Knowledge Workshop existed, and much of ARC's thinking, particularly planning,
turned toward defining new goals and opening applications in different directions. The support of

Knowledge Workshop Development -- Reported as of 7/74 page 9
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ARC in the fiscal year beginning in July 1974 is more widely spread than eve - before, a trend
that we expect to see continue.

One result of the evolution of project emphasis is reflected in the organization of rhis report. The

work during this contract period is reported under four headings: de
Chapter I: Application Experience ic2a
Chapter II: User Interface feon

Chapter III: NLS Subsystems
Chapter 1V: Workshop Foundation ie2e

The detailed descriptions under these four headings are reported in a series of wnat amount to
individual papers. Inevitably this approach, while rreserving the work of individual researchers,
leads to a certain amount of redundancy We anologize; however, this format seemed appropriate
for work that reflects a core of accomplishment, but is sufficiently diversified that write-ups aimed
at specialized audi=nces are appropriate. 79

To take advantage of the automatic reference search of our online system, bibliographic citations
in this report look a little unusual. They will appear in two forms: dcd

A string of numbers and letters in parentheses or angle brackets [e.g., <9al:] cites some
other part of this report as identified by the statement numbers printed to the righi of the
page. Online, a reader may cite such an address and move automatically to the appropriate
part of the report.

A number in square biackets (e.g., [2]) cites a reference that is listed at the end of that
particular section in which bibliographic information about these documents is suppliea in the
usual way. Each reference in turn cites the statement where the reference has originally been
cited. The four or five digit number at the end of the reference citation itself is the ARC
catalog number. All of the documents cited in this report are either online or archived, and an
online reader niay move to that file automatically. icir

A glossary of NLS-8 terminology and associated concepts has been published {5].

REFERENCES i

[1] (4blel) Michael D. Kudlick. Netwnrk information Center. Augmentation P.esearch Center,
Stanford Research Institute, Meulo Park, California 94025. June 1975. (250838, a3t

[2] (4cl) (4c4b) John B. Postel (UCLA-NMC). Official Initial Connection Protocol (Pocument
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(31 (4cl) Douglas C. Englebart, and Staff of ARC. Computer-Augmented Management-System
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Chapter I: APPLICATION EXPERENCE

Aspects of ARC's Technology Transfer Strategy
{by Richard W. Watson, Douglas C. Engelbart, and James C. Norton)

INTRODUCTIUN to

By 1972, following the conaection of the ARC computer system to the ARPANET and the
establishment at ARC of the Network Information Cemniter (NIC), we began to actively plan for
and carry out an explicit technology transfer strategy [1]. Previous experience had indicated
traditional approaches to technology transfer--publishing papers and reports, giving
demr .istrations at conferences and at SRI, making mevies, and giving slide shows and talks--while
uscful, were not enough to achieve technology transfer at the rate Jesired. Additional
mechanisms were needed, particularly, hands-on experience by target groups. This chapter
outlines some of the additional mechanisms being used and considerations for their selection. 1.1

Discussion

At the heart of our views on technology transfer is the belief, based on experience, that the type
of information system we are developing can only be developed and evolve in an environment
with real users doing their everyday work on the system. We at ARC had been the prime users
of the system over the first decade of its development, but in .he last three years have begun 10
seriously enlist outside users from a variety of organizations. The importance of obtaining views
and feedback from the users with a variety of needs from many organizational environments is
vital to the ongoing healthy evolution of a flexible and general-purpose knowledge workshop.
Based on this premise, we have tzken four steps: e

1) We organized our internal activities during this contract period into three areas that we call:
a) Analysis
b) Developmen:
c) Applications

The functioning of thesc three parts as a harmonious whole constitutes our research process.
Development creates new user features, system organizations, and usage methodolgy based on
experience and anticipated needs. Applicationis provides computer and other services, such as
training to real users, both iniernally within the project and to outside groups. Analysis
studies, at many levels, the ongoing system evolutionary process. “ais

2) We have set up an ARPANET-connected facility managed by Tymshare at their Cupertino,
Califormia, computer center to serve as a reliable utility for delivery of workshop computer
services developed at ARC and elsewhere. The present PDP-'N system is called Office-1 and is
accessible through the ARPANET and directly through low-speed or high-speed phone lines. As
part of the delivery system #: have also developed a low-cost unit called a Lineprocessor (now
commercially available) to -upport the display version of NLS from low-cost cc.amercially
available alphanumeric CRTs {2]. 70
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[ Application Experience
5 Technology Transfer

The  aoility to  offer  reliable  computer  sesvice is  crucial  te  the
Development-Application-Analysis  strategy.  Staff and faciaties with the know-hew and
motivation to create such a facility are not easily maintained by a highly Development- and
Application-oriented organization such as ARC. Therefore, an important decision was made
in 1972 to subcontract computer facility management to a corporation like Tymshare that has
the staff and physical facilities for providing the needed services. Tymshare is responsible for
hardware and operating system reliability. ARC is responsible for all services at higher levels.  -2-a

This has been a valuable and trend-setting move within the ARPA R&D computer
community. sasr

3) We are asking each subscribing organizat.on to provide what we are calling a "workshop
architect,” whose prime loyalty is to the using organization (preferably a person from the usirg
organization, although we wiil provide a person for that role if necessary) to plan and conduct a
staged evolution of the technology and training appropriate to his organization. tao

The importance to successful technology transfer of having a person within the target
organization who is familiar with his organization's needs and the outside technology has been
clearly demonstrated in the works of Allen [IK4)5)6}7] Allen has called such a
person a gatekeeper, and has shown that most technology transfer occurs through such people,
usually operating on an informal basis. We are trying to formalize and make explicit this role.  +ac0

On the ARC side we have created the roles of architect liaison -- whose function is to help
defin» and shape the subscribing organization’s basic level of service; and applications li .ison --
whe assists in devcloping those specific applications suitable to each client. Both ure to be
generally knowledgeable about ARC technology and outside user needs. It is across these
overlapping laison and workshop architect roles that we hope to achieve effective transfer,
while being supperted by other technical, analysis, and training personnel as well. “caot

4) The technology was originally developed on the assumption that it would be used as the
everyday working environment of its users and that therefore the users would quickly be of the
expert category. Experience has shown that a) it will probably be some time before this is the
case, and b) even where it becomes the case, there is 2 criiical transfer phase. Therefore, we have
begun during the past year to pay much more attention to levels of documentation, usage
scenarios, help, novice language features, ctc., te provide a spectrum of functions from new to

experienced users. ‘e
Our experience indicates that conscious attentic' to technology transfer by an R&D group affects: ¢
A) Its organizational structure Cana

B) The types of skills and roles needed Codt

C) Its R&D strategy. Cam
page |4 Knowledge Workshep Development -- Reported as of 7/74
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J Application Experience
S Tecnnology Transfer

LET US NOW LOOK AT THE FIVE TECHNOLOGY TRANSFER ISSUES THAT
LEAD TO THESE STEPS: Ly

1) Need for demand pull versus technology push. . spt

We feel that successful transfer takes place only when a real need is met. Just to have a clever
new toy is not sufficient for a technology to stick. It must meet a real need at a cost
appropriate to the user's vaiue in order for transfer to be realized. teta

This need to understand real needs in the outside world and to try to determine how well we
are providing value leads to the creation of an Analysis function to study needs and analyze
how well we are meeting them. We brought in an exnerieniced operations research person with
little interest in the technology as a thing in itself to provide this perspactive.

Because of changes in funding levels and pressing needs for trained personnel within the
Applications group, we have temporarily halt.1 the Analysis function. Recruiting people with
the apprepriate interests, training, experience, and motivation for the important Analysis
function is a difficult task. It is a highly interdisciplinary function and is not easily filled by
the present orientations of academic computer science, operations research, or psychology
departments. ceir

Usage by real users with work and applications to do cther thn build the NLS system is
providing us with the feedback and contact with real needs that we feel are necessary to help
us operate more on the need-pull side of the technology pull-push spectrum.

2) One has to know where one is with revpect to the two questions: g
Is one trying to show something is feasible? OR sn2a
Is one trying to show something meets a need and should be continued? eEEE

We feel the former was accomplished and .hat we are in the latter area, thus requiring a shift
in ¢cmphasis from technology-push to 1. ‘ed-pull. s0c

3) The ease of technology transfer is proportional to the risk and cost to the user in terms of touai
system, organization, werk habit, and training he has to undergo to adopt the new technology.
Technology transfer has been described as more of a battle than just a matter of commuricating
an idea. Our experience confirms this view. 67

To meet this issue we are asking uses oiganizations not to try to adept our technology on a
broad scale, but to find a subgioup to try first, learn the advantages and problems, and then
develop people trained in its use to take the next steps. it

4) Transfer of our type of technology is most successful by transfer of people. Studies at MIT of
developments done at MIT and their transfer to indusiry found that on the order of 90% of the
successful transplants were achieved by students or faculty going to work for the organization,
obtaining an understanding of the organization's problems, and tiien dringirg in the technology he
was familiar with. Industrial firms transfer many of their people periodically for just these
reasons. ri

Knowledge Workshop Development -- Reported as of 7/74 page 15
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I Application Experience
5 Technology Transfer

However, it is not easy 1o transfer people from: SRI to outside groups, nor do we have enough
people to do that. This problem, when ccupled with the motivation of the gatekeeper concept,
supports our establishment of the workshop architect role [3){4){5)[6)[7). “ria

In the future when we have our experiment off the ground, we may try to transfer ARC
people to user groups for six months to one year, and vice versa. For the past three months
and for the comiing months, we bave stationed one ARC person 1» Washington, D.C., where a
number of NLS user organizations are clustered, to provide an approximation of such a role.
We have found this close contact useful and important to the transfer process.

We would like internally to move our people through the Development, Analysis, and
Application areas to help them obtain several points of view, as our technology transfer effort
matures.

S) To transfer a system such as ours, and even many of its 1deas, requires much more than
publishing papers and reports. One needs a gut feeling that only a demonstration or, better yet,
hands-on experience can give. This has led us to encourage visitors io ARC and to set up the
NLS utility to provide service to real users. One problem we have faced is the task of finding
suitable low-cost, commercially available display terminals for NLS use. Thus, most outside users
to date have had to use the tvpewriter version, which has quite different user characteristics and
feel from the display version they see in use at ARC. To make the display version more widely
available, we have dcveloped a special microcomputer-based box for use with commercially
available alphanumeric terminals that enables them to be used without modifications as true
two-dimensional display NLS workstations [2).

CONCLUSIONS

Experience to date indicates that the elements of a technology ransfer strategy have put us on the
right track, althovgh thece is much yet to be learned about the process. It has shown us that
technology trans - caun be made un explicit, conscious process and that the efficiency and
effectiveness of technology transfer can be improved as a result.
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User Training and Development
(by Dirk H van Nouhuys and James H Bair)

BACKGROUND

At the beginning of this report period, efforts to train boil internzl and external users, for the
purpose of transfering knowiedge of NLS, consisted of training courses offered through the
Network Information Center (Journal,13041,5g10), distribution of a Reference Manual, Journzi
dialog [i] ARC and external users, workbooks, and informal but fregvert question answering by
members of the ARC staff, particularly through online links.

EXPERIMENTAL PERIOD

The first year of this zontract was a time of experiment in media and techniques as shown in
Table 1 and also in goals and organization. We had to construct answers to such questions as:

Was it our function to train users local to ARC, NIC users, or all comers?

Should we train users to the limit ot their ability, enough to get them started, enough to
nerform some specific task, or should it vary from user group to user group?

Should training materials and courses be aimed at, for example, bright computer protessionals,
managers, secretaries, or should we, at considerable effort, develop a suite of training modes to
fit various groups?

The system that evolved from our attempt to answer these questions is described below. It do=s
not seem worthwhile to summanze the internal debate that took place. 't 1s however important to
reflect that a group such as this faces these kinds of questions and debate along with a shortage of
criteiia to guide conclusions. When we attempted to analyze results in order to choose our fuiure
course we found the analysis demanding, and that in many cases w2 had frequently gone ahead
on the basis of our expetience.

In the summer of 1973, our training was substantially reorganized, partly on the basis of
experience, partly because of new expertise imported into the group. and because a substantial
part of the training effort shifted to another contract. Table 1 summarizes our experience up (o
that time according to mediun: with some comment on the enduring value of the methods.

LIST OF EARLY TRAINING METHODS AND MEDIA

Knowledge Workshop Development -- Reported as of 7/74

Hardcopy training aids
TNLS, Dex, L-10, and Journal "User Guides".

Use: Internai reference, distnibuted widely through the NIC for reference at NIC stations,
as hon*zwork before courses, and to give an impression of NLS to interested parties.

Current State:  Kept up-to-date except for NLS-8, not distributed or used in courses,
availrole on request.

Preceding page blank
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6 Training and Development

Comment: Really reference documents; exhausiive, hard to read ard maintain except for

restricted subsystems. scian
eferences: [2)[3N4YS)ol7] ottad
A set of flip charts of NUS comma:ds and allied subjects for the TNLS course. cotk
Use: As prompts for instructor aad visual aids for students. ssins

Current State: No longer used due to their unwieldy bulk in traveling and the difficulty of

displaying them at client sites. Handouts, viewgraphs, and blackboards are more practical.  o-::.
Comment: 8.5 by ll-inch color copies of the most important charts were distributed; now
out of date and not reprinted. ectsn

A series of workbooks (like Sullivan Readers). ot

Use: A person learning alone at an online terminal has exact, keystroke-by-keystroke
pe g y
guidance siowing operation of most NLS features. 588a¢

Current State: Available on and offline for NLS-7, little used. eeter
Folklore which was reprinted and sent out to suppiement the UUser Guide from time to time. sotg

Use: Updating n.anuals and providing information about procedures that were customary
ratner than command rules. re:

Current State:  No longer used. MLS-7 does not change and HELP (See Section 12),
provides information about NLS-8. sctal

Comment: It was very difficult to get users at dgistant sites {0 shelve properly or use
folklore. Traveling trainers can update a Site Notebaok containing the latest documentation

for the users’ reference. ecian
References: [9][10] sctal
Journalized response to journalized questions. octe
Use: Very extensive for answering questions from other network sites. ocie:
Current State: Largely replaced by user feedback systems described delow (6d) . actel
Comment: An important medium of exporting techniques of NLS use. aztel
References: [11] for example. ocirs
A wallet-sized card of the viewspecs and mouse and keyset codes. 08¢
Use: People keep it beside their terminals. 6a8°8
Current State: In use. PEERE:

Comment: Visitors frequently take the cards as a physical embodiment of the special
qualities of NLS. scin

References: [12] et
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6 Trairing and Development

A command cue card that folds to shirt pocket size. ot
Use: For reference when working alone and in class; handed to visitors.
Current State: In use.
Comment: Two-<olor. SRCK
References: [13] Syl
Documents that describe the envelope of philosophy and procedures around NLS.
Use: By people organizing use of NLS at other sites.
Current State: Available through Journal hard copy.
Comment: Little read to our knowledge. 280

References: For -aample, [19] is thoughtful; [1] is general, whereas [17] and [16]
deal with daily deiails. (15] and [14] are more recent examples. JERE

Gnline Training Aids

The TNLS HELP Command ["7"] at any point in a command lists the legal command terms
at ihat point. tla

Use: A frequent and important method of learning for people who already know a little.
Current State: Ve 3

In use in TNLS. Never implemented in old Display NLS. Expanded in NLS-8 in Display
and TNLS:; supplemented and cnordinated with HELP system.

Comment: Also useful for more advanced users to remind them of a command term for a
particulas use.

The Userguides, workbooks, and procedural documents described above. 2
Use: In general che sarie as the hardcopy versions for people when the sysiem is available. -
Current State: The Userguides and wr rkbooks are kept up to date. d
Comment: Userguides read on the Utility. =
References: [THONSK4N3N2ABN I8N 117N 16)X15K14] RN

Demonstration via linked terminals. o

Use: Usually the result of an inexperienccu user seeing the name of an experienced user of
her acquaintance on the system and asking a question.

Current State: This practice continues at the utility although the feedback system partially
replaces it. ez

Comment: An important medium of technclogy transfer: there is nothing quite like seer g
it done. S

A serics of seminars in NLS (Continuing NLS Education) based on remote online
demonstration with some linking and shared images with other sites [19]. art
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Use: Teaching new or out of the way features to people who already know basic NLS. sclat
Current State: Not used. ecra?

Comment: Connection with other sites was difficult technically at the time; it might be
easier now. Local users paid lip service to developing their skill, but in practice preferred to

do work and stayed away from seminars. ocat
References: [19] oclad
Face-to-face Teaching 6c

A series of courses at ARC in TNLS for local people and people from the net ork and for
network people at other sites. scta

Use: Conceived as the main medium of exporting knowledge of NLS. The interaction of
people talking, framing and reframing questions and answers, helps a lot in communicatiing

the novel concepts and language of NLS. oc3a

Current State: Continues for subscribers to the Utility. oc ta

Comment: Many people learned NLS this way, but only if they continued to use it after

the course was over. It served as a showcase for NLS to others. octan

References: [20] SRrE
A series of training sessions for people in more or less clerical positions at ARC. ocit

Use: To increase the skills of people with little or no formal training whose work did not
demand innovative use of the system. T

Current State: Pressure on resources forced discontinuance of special courses. Clerical

personnel now take the same cources that are oftered to clients. 6cts
Comment: All clerical staff at ARC are trained in TNLS. LR
Local questior: answering. occ
Use: An effective way of augmenting the teaching of NLS locally. aric!
Current State: Very active due to the availability of knowledgeable users in the open,
common terminal area. octs
Comment: Time-con uming for experienced users. scte

Teaching L-10/NLS, and TYENZX programming. 2E
Use: To wnaintain the sk.s for development and maintenance of our system. er 3t

Current State:  Aside from the limited introductory documentation, tsaching how to
STOgram in our systern consists entirely of tutoring by experienced programmers. AL

Comment: Perhaps the situation is tolerable as long as the group of programmers is neither
too small nor too large. atted
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Video tapes 523
Use: Dissemination of general impressions of ARC work; teaching small parts of the system. ecta

Current State: After a lapse ir use, more ambitious produc:ion of overviews of NLS activity is
going on under another contract. ocir

Comment: One overview and one live sequence from a TNLS class were produced. Very
time-consuming for staff. Technical quality fair to poor. The training tape is little viewed ard
now out of date. ot

References: [21][22] aciu
Computer-aided instruction :
Use: Might be used someday for online teaching of NLS. acta

Current State: BBN has a contract to aevelop a course in basic NS on their SCHOLAR
system.

Comment: Very expensive -- impractical given NLS and the state-of-the-art in CAL
References: [23])[24]) sokz
Control files vhich permit you to record an NLS session and play it back in real time.

Use:  We have always believed control files might be useful in training oui have never used
them. FERE]

Current State: Available but not presently used for training. oy

PRESENT USER TRAINING AND DEVELOPMENT STRATEGY 2

Background 3k

The evolution of uugmentation technology has included offerirg NLS as an experimental
service. As a consequence, learning how to support the users of such a service nas become a
major goal of ARC. To that end. positions have besn established to provide those
non-computer and para-computer services that are seen as necessary to make such a utility
service viatle. These positions have responsibilities in the areas of instructionai development.
training, front end analysis, user interface, dccumentation and feedback coordination. They
function in cooperation with other areas (such as operations management,programming
development ard debugging, and marketing) with the goal of facilitating the use of NLS in
varied user environments for multiple applications. 2t

Areas of Work 3
Training s

The scheduling, custom tailoring of courses, and the collection of data on the training and
implementation process are to be centra'ly managed. This will permit the systematic
development of training methods during the evolution of the user population. calas
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Instructional PDevelopment sae
Instructional dcvelopment includes: SRR

1. The development of NLS Graduated Courses for a user oriented progression through
NLS commands, syntax, and procedures.

2. D~sign recommendations on software development for NLS modules based on an analysis
of user erperiences from a psychological viewpoint,

3. Devclopment of training packages and ‘“application scenarios” to guide the
accomplishment of particular tasks and applications.

4. Inputs to documentation concernirg user needs, including document content, layout, and
structure.

User Interface Analysis oz

Review of the command language, error messages, an . other aspects of the user interface
from a psychological viewpoint in order to make recommendations to the Software
Development team. The goal is to aid in rendering NLS as intuitive and straightforward as

possible to non-programming users. b3
Feedback Coordination 0323
Operation of the mechanism to sort, route, and respond to direct user inquires. 033t
Analytical Reporting ave
1. Training reports describing specific training processes and noting the result. oale:
2. Writing reports and gathering res=arch relevant to the foregoing and techuology transfer
in general, sharing and interfacing with cther experts in this area. eatel?
3. Reporting the effect of any reaction to NLS by the user population. oaled
User Development Handbook LR
Maintain an offline record of courses, reports, feedback, etc., for reference. oalt
User Profile Data Base salg

Organizational and individual user profiles in a structured database available for reference.  ce2a:
Accomplishments odt
Instructional development vdta

Numerous courses have been given in NLS to various groups of individuals over the years.
However, nd formal course had evolved that could be utilized by a trainer. A formal
course has the ad‘ién:agg of graduating the exposure to NLS in such a way to maximize the
user’s progression from a minimal capability to the highest level he wishes to attain. Those
elements (concepts, commands, syntax, procedures) that are most appropriate to the
situation, give a basic operating capabiliiy, and eliminate the need for alternatives, can be
selected in view of past training experience, psychological considerations, and logical
relationships within the system. edtan
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The system tools permit the development of graduated formal courses by invoking content
filters to filter out those elemerits not to be covered in a session, and representing the
relationship of the elements in a hierarchy. Courses in TNLS and DNLS were developed
during this period and refincd as a result of use in varied environments:

1. The five-level graduated progression through TNLS
2. The filtered progression through DNLS

The course outlines ideally can be self-decumenting by providing the exact command syntax
to accomplish c:.aightforward operations, such as editing and printing. Such a course was
designed and tested in two user environments, and published for general use in training
situations. It includes a command summary with those commands that were selected to
represent the most basic level of NLS skill and usage, [25].

User Profile Data Base

The rapidly expanding user population has become large and complex enough to warrant
an ongoing record of the individuals who have been exposed to NLS or traired. The
record includes notation of the training delivered, the position in the organizatior, and the
relationships in and amnong organizations.

The hierarchical structure of NLS is ideally suited to represent the relationships in the
database, and to facilitate the frequent updating that is necessary.

The Feedback Mechanism

This was established [26] to ensure that the users of the experimental service have a
mechanism whereby they can submit problems, comments, suggestions, etc. To that end, a
directory ("Feedback") was implemented to serve as a depository for inquiries made via
the system. The operation of the mechanism includes sorting the inquiries, consulting the
appropriate expert, and responding within ore or two working days via the same system
channel used for the initial inquiry. Each item received is treated individually, and then
sorted on the basis of the action taken.

An 2nalysis of the stored inauiries and responses (collocated) is made periodically, including
a frequen:y count of the number of inquiries relevant to a particular issue or problem.
Future aralysis shouild examine the input more thoroughly and sort the responses with the
inquiries, to provide a database from which to draw conclusions about software
development.

Operation of the mechanism has involved three general areas:

1) Instruction: Answers to inquiries that require pedagogical responses. When these are of
general interest they are distributed to additional uscrs as Training Memos.

2) Software repair: bug fixing by contacting the appropriate programming stafT.

J) Hardware problems and acquisition: Providing consultation or repair to make equipment
reliable and consistent (e.g., noise in telephone connections).

LREN
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Analytical and Training Reports

1. User Development Report: Training Tour 1 to 11 May 74
Location: [27]

2. User Development Report: Training Tour 11 to 20 Mar 74
Location: [28]

3. User Develcpmeni Trip to Bell Canada & Preapplication Analysis
Location: [29]

4. User Development Trip to RADC, 19 Nov 73
Location: [30]

5. Bair/Norton Trip to Bell Canada and RADC, Dec.73
Location: [31]
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Experience with an Online Feedback Mechanism
(by Susan R Lee and Kirk E Kelley)

INTRODUCTION

In ordar to better assess the new command language, Analysis has developed a procedure for
collecting and handling feedback ‘rom ARC users. Because the user group is of an experimental
nature, it has been possible to try several plans of collecting, organizing, and responding to the
data.

Data were collected both online and offline and data submitted online were stbmitted via the
Journal (recorded) and via Sndmsg (unrecorded). People were encouraged to, and in fact did,
send most items via the Journal. The Journal proved to be the best mcihod for collecting data
because the data arrived in an easily manipulated state and items were easily referenced and
retrieved when some action had been taken.

Several attempts were made to organize the data to enable different peopie to use the file for
various purposes.  Different sections were organized chronologically, categorically, and
according to a set of priorities. Suggestions for future features were eventually organized
categorically to have similar and related suggestions in close proximity. Other schemes
fragmented the subject matter too much. Specific tasks assigned to a programmer were
ordered by programmer, since this section was used mainly by each individual. Priorities

22133

seemed to be too difticult to assign and keep up to date in this circumstance. it
Response to users warrants more exploration; the two mcthods tried were offline (orally) and
online. Online responses were limited to notification when a bug had been fixed, answers to
specific questions, and notification that a suggestion had been rejected. Online responses were
most desirable because they did not disturb a person as an offline interruption did.
Furthermore, the responses were collected and easily accessible by all users, enabling those
who were curious to peruse the file and learn new things. fa
The method described below has proven to be both easy to use and helpful to people dealing with
feedback.
DESCRIPTION OF MECHANISM
Users are encouraged to submit all comments online, using either Sendmail or Sndmsg. Reports
of bugs, suggestions for new features, and attitudes, both positive and negative, are solicited. All
such inputs are routed to a master file in the Feedback directory. v
The information collected is vrganized into the following categories. 5
1) Unclassified Items (Sendmail automatically delivers items to this section.) Ta
2) Bugs (reports of features that are not working as advertised). =
3) Praise (features people like).
4) Future Needs and Possibilities (suggestions for new features and changes io old ones). 3
Knowledge Workshop Developmeni -- Reporied as of 7/74 page 29
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5) Rejected Suggestions (suggested changes that Development has rejected). sl

6) Assigned Tasks (bugs or other suggestions assigned to a specific system developer--organized

by developer).

7) Implemented Items (fixed bugs or implemented suggestions). g
I'ems move from one section to another by the following algorithm. 54

1) Unclassified items are placed in one of the succeeding categories. vt

2) The bugs section is reviewed several times a week by a systems developer who assigns each
item t) the appropriate person. £

The bugs are then moved to corresponding sections under Assigned Tasks. CA

3) The Assigned Tasks section is also reviewed periodically for completed tasks, which are
then moved to the Implemented Items section. b

4) The Future Needs and Possibilities section is reviewed by Analysis approximately once a
month and a report is submitted to Development listing issues to be resolved and subs=quently
either rejected or assigned to a person. =1

When action is taken on an item or when for some reason its status changes, the user who
submitted the item is notified by means of an online message.

EXPERIENCE

The feedback mechanism has been used extensively and viewed positively, priinarily because of
the knowledge that a problem submitted to the file will be considered and some response will be
forthcoming. Approximately 10 to 15 reporic a week have been received since January 1974.

System developers have found a list of complaints and problems o be an aid in scheduling work
and establishing priorities. The mechanism also scems to act as a buffer between developer and
user, softcning the negative aspects of user frustration while still assuring that action is taken. <2

The database consisting of user inputs has proven to be a valuable source of ideas tur
modifications to improve the command language and to improve the methods used for
accomplishing work. It is structured categorically to be of use during the design of future
command languages and subsets of command languages. Many problems encountered by a group
of people learning a new command language have been recorded and categorized. These should
prove helpful when the command language is introduced to other new users. 30

An online mechanism such as this seems to be most suitable for handling bugs and suggestions
for future changes. In both cases the user usually has sufficient motivation to make the effort to
submit the item. When a coliection of attitudes and feelings is desired, especially positive ones,
the motivation level is low and an online mechanism is probably not as effective as a methoed
involving personal interviews or questionnaires. :
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Chapter 1I: USER INTERFACE

Issues in the Design of the NLS User Interface
(by Richard W Watson)

INTRODUCTION

Knowledge Workshop Developmeni -- Reported as of 7/74

The user interface has two sides: the input side by which the user inputs information, indicating
by various conventions and controls what he vishi~s accomplished: and the output side by which
the machine provides feedback and other assistace to the user in command specification, and
provides various forms of information portrayal. Man has many niotor and other capabilities that
could be the basis for input and command specifications; similarly he has his full range of senses
that could be targets for system cutput.

To date, computer information systems make use of only a few motor and sensory capabilities in
their man-machine dialog. An important area of research involves exploring the advantages to be
gained and the techniques te be used to extend this range. There is interesting research going on
in areas of speech, eye movement, brain wave control, hand written scrint, and videc graphics
that will undoubtedly be integrated into the truly multimedia systems t¢ be built in the near
future.

We call the user’s collection of input-output equipment, and arrangement of wo ! tables and work
space, the workstation. At the present time, input centers around various type: of keyboard
devices: standard typewriter-type, function button, keyset (chord), and graphical pointing devices
(mouse, electronic pen-tablet, light pen, joystick). The dominant output means are printers and
displays of varying capabilities.

The present NLS user interface has been developed around this equipment, although many of the
principles used in its design can be easily extended for use with other media [3). The prime
motivation for the use of the mouse for pointing and two keyboards (standard typewriter-like and
keyset) as the input devices for the display version of NLS-7 (DNLS), are descrited in references
{2){3]. NLS can also be used from typewriter terminals (TNLS). In this chapter, we
concentrate on describing some of the motivations bchind the design of the NLS command
language and the forms of information portrayed to assist the user in command specifications.
Forms of general NLS information portrayal are described in reference [1].

NLS is a prototype collection of tools in a growing workshop of tools and services to aid
knowledge work [1){4]. and we expect the number of tools and vocabulary that controls their
use to grow. We further expect that the use of such a workshop will spread throughout thoss
occupations involved with information in various forms and that there will be infrequent and
casual users of such systems, along with many people who will spend large fractions of their day
using such workshops. One goal is to match the speed of system responsiveness to the natural
speed and flow of man’s thought processes. It is from these basic expectations that our user
wnterface work has developed  The sections below enumerate several assumptions and areas of

Ha
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concern around which the NLS user interface has developed to date. A key point to mention is
that we do not consider the NLS user interface a static, finished product. It will change, based on
analysis of usage experience, and the technology and media available. #ao

HIGH LEVEL ASSUMPTIONS UNDERLYING THE DESIGN OF THE NLS USER

'WNTERFACE 8e
First we describe a few high-level assumptions that affect the user interface design and then
discuss some of the lower level issues and the specific techniques used to deal with them. Be

!) Coordinated Set of User Interface Principles LA

There will be a common cominand interaction discipline, over the many application areas in
the workshop, that shapes user interface features, such as the language, control conventions,
methods for obtaining help, and computer-aided training. friat

This commonality has two main implications. One, it means that while each domain within
the core workshop area or within a specialized applicaticn system may have a vocabulary
unique to its area, this vocabulary will be used within language and control structures
common throughout the workshop system A user will learn to use additional functions by
increasing vocabulary, not by having to learn separate "foreign” languages. Two, when in
trouble, ke will invoke help or tutorial functions in a standard way. bzta

2) Grades Of User Proficiency Bot:

A once-in-a-while user with a minimum of learning will want to be able to get at least a
few straightforward things done. In fact, even an expert user in one domain will be a
novice in others. Users will be clerical workers, information specialists, executives,
engineers, and others.  Attention to novice-oriented and to tutorial help features is required. s>:z:

&

Users also want and deserve the reward of increased proficiency and capability from
improvements in their skills and knowledge, and in their conceptual orientation to the
problem domain and to their workshop’s system of tools, methods, conventions, etc.
"Advanced vocabularies,” short concise control notation and conventions in every special
domain will be important and unavoidable. groe

A corollary feature is that workers in the rapidly evolving augmented workshops should be
involved continuously with testing and training in order that their skills and knowledge may
most effectively harness available tools and methodology. Bried

3) Ease of Communication Between Subsets and Addition ot Workskop Domains #pic

One cannot predict which domains or application systems within the workshop will want to
communicate in various sequences with which others, or what operations will be needed in
the future. Thus, results must be easily communicaied from one set of operations to
another, and it should be easy to add or interface new domains to the workshop. A
corollary is that the total workshop may contain a very large number of tools and services.
Some users may have access to only a subset of its capabilities while others will have access
to many or all capabilities. Boic!
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As described below, we expect the workshop to be embedded in a computer network and
thus communication between tools and between users must take place across both process
and host boundaries according to well specified conventions and protocols [5][6]. gzl

4) User Programming Capability Or User Interface Extensibility #z.3

There will never be enough professional programmers and system developers to build or
interface all the tools that users may need for their work. Therefore, it must be possible,
with various levels of ease, for users to add or interface new tools, and extend the language
to meet their needs. They should be able to do this in either a variety of programming
languages with which they may have training, or in the basic user-level language of the
workshop itself. evte

S) Range of Workstations and Symbol Representations ex

The range of work stations available to the user will increase in scope and capability.
These work stations will support text with large, open-ended character sets, pictures, voice,
mathematical notation, tables, numbers, and other forms of knowledge. Even small
portable hand-held consoles will be available. The multiplicity of possible terminals indeed
raises the question of whether a consistent set of control and portrayal conventions is
possible. el o

As hardware decreases in cost, more and more capabilities will be placed in the work
station both in the form of user interface aids and facilities, and in the form of frequently
used tools. exi

6) Dictributed Nature of The User Interface Processes a8 C

The collection of facilities to support interfaces with the system of tools can be conceived of
as a single service as seen by the user. These facilitiss may all reside in a processor in the
work station or be distributed in two or more processors, depending on the level of their
sophistication and state of the art with respect to cost, hardware capability, and so forth. 99893

7) Tools Embedded in a Computer Network rig

The computer-based tools of a knowledge workshop will be provided in the environment of
a computer network, such as the ARPANET [7]. For instance, the core functions will
consist of a network of cooperating processors performing special furctions, such as editing,
publishing, exchanging documents and messages, data management, and so forth. Less
commonly used, but important functions, might exist on a single machine. The total
computer-assisted workshop will be based on many geographically separate systems.

Once there is a "digital-packet transportation system,” it becomes possible for the
individual user to reach out through his processor to other people and other services
scaitered throughout a "community.” The "labor marketplace” where he transacts his
knowledge work wili be literally independent of geographical location. LN

er
'

Specialty application systems will exist in the way that specialty shops and services now
do--and for the same reasons. When it is easy to transport the material and negotiate the
service transactions, one group of people will find that specialization can improve their
cost/effectiveness, and that there is a large enough market within reacii to support them.

Knowledge Workshop Development -- Reported as of 7/74 page 33




SRI-ARC 30 JAN 76 5 34PM 22133

I User Interface
8 Design Issues

And, in the network-coupled computer-resource marketplace, there will be a growth of
specialty shops, such as application systems specially tailored for particular types of
analyses, or for checking through text for <pelling errors, or for doing the text-graphic
document typography in a special area of technical portrayal, and so on. There will be
brokers, wholesalers, middle men, and retailers. Brig3

The key noint to emphasize is that even when hardware costs de.rease to the point where a
user can perform 90% of his work using tools nd information that operate in the
processor in his work station, he will want to have access to a computer network to.

a) Communicate in various forms with others

b) Access very large or special databases

¢) Access special tools that run elsewhere Buigd

8) Problem Orientation of the Command Language and Tolerance for Ambiguity Be8e

The user has a task that he wishes performed by the system. Depending on the nature of
the task and operations availablc to him on the system, he may be able to express what he
wants accomplished in a single “statement” or command to the machine, or it may require
a series of commands. LLECN

One of the goals of the designers of the command language and system is to understand the
nature of the user’s application domain so that the user can express his needs with words
that are similar to his natural problem solving vocabulary and language forms. The
machine should then break down the request into smaller steps as required. LESR

If there is ambiguity in the user’s command, the machine should recognize it, if possible,
and prompt appropriately for clarification. There is still much research and development
required to fully meet this goal. Ae:=3

Many people hope to ailow novice users or users in certain applications to use natural
language in making statements to :he machine. This capabiliiy will require models of the
user and task domains for understanding. Boind

Even when systems are able to interpret commands given in natural language, the precision
and usage efficiency of appropriate artificial languages will make the latter’s continued use

preferable, especially for skilled users. Bris
Given the above general considerations as background, we can move on to examine features of
the NLS user interface in more detail. B
MCRE DETAILED DISCUSSION OF THE NLS USER INTERFACE 8

A command language must allow unambiguous spe-ification of what the user wishes
accomplished. The operation to be performed, and the entities or information items (arguments)
to be acted upon, or used 10 determine what is to te acted upon, must be specified. These can be
specified in a variety of ways: by typing them in ii full or in some form of abbreviation, by
pointing at them on a screen, by pronominal reference, by implication from context, or by use of
default values where appropriate. The order of their specification, the syniax or grammar of the
ianguage, can have various forms. For example, operational command-words can be specified,
followed by the arguments, or vice versa. Arguments can be in fixed positions or explicitly
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named and occur in any order. Some arguments or command-words can be optional and require
special characters to indicate their presence. Arguments or command-words can have defaulted
vilues under certain conditions. Pronominal references can be allowed to refer to previous
occurrences.  Argurents may be given types by the system and language designer for more
extensive error checking and feedback. ¥

Arguments ard keywords can be specified by complete or partial typein (thers are a variety of
forms of command recognition that are discussed later) or designated by pointing to
representations on a display or by use of specially coded functi®n keys. Or, the machine may ask
questions and the user just fill in the blanks. .

Depending on the characteristics of the computer and communications system, it may or may not
be possible to provide command word or keywcrd completion, prompts or other feedback,
argument checking, default value fill in, and so forth, during the command specifications. 20

For example, in line-at-a-time, half-duplex systems, the user usually must complete the entire
specification of the commaad before transmission to the system, while in character-at-a-time,
full duplex systems, the system can react to each character received and provide more extensive
aids to the user during command specification. 8 3

The above discussion outlines just a few of the many choices available ‘o the language designer.
As the purpose of this section is not to be a complete tutorial on all possible choices available and
thzir advantages and disadvantages, the following discussion gives only the main NLS command
language features and the motivation for their adoption. £

THE NLS COMMAND LANGUAGE Wi

The NLS command language generally has the following form, where angle brackets group meta
symbols: EE

< uperation specification > < operand specification > <command completion > zata

The fields in a command are of a fixed order, although some commands have optional fields
that can be specifically requested. Other fields can have a system-supplied defauit value.
Because NLS operates from a character-at-a-time, full-duplex system, several levels of help are
available, as described later, for giving cues and prompts, explicitly listing options or syntax,
and giving full document~ticr i what the system expects next during command specification.
It was not felt that much would be gained for novice users by allowing fieids to be specified in
any order by using exphcit field names. Novice users do not need to be aware of optional
fields. [ERE

As much as possible NLS inakes the operational specification of the form verb-noun followed by
arguments and possibly other keywords. We have also tried to maximize the fullness of the
verb-noun matrix. .

This approach seemed to be natural, and foilows normal English imperative forms to aid
learning. The choice of verb-noun form seemed to fall out naturally when considering such
important areas as editing. A given verb, such as DELETE, can naturally be applied to many
entities, such as statement (: paragraph, title, equation), character, number, text, file etc.
Learning is easicr if the user can form a model of how the system works that can be
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consistently applied. In this case, a user can learn n verbs and m nouns and understand that
generally, if it is meaningful, they can be used in pairs. Having learned n+m vecabulary
terms, he can apply them in the form of n x m commands. ¥dla

We have tried to pick command keywords that have normal usage related to the operation
described. A synonym capebility would be easy to implement. gaoz

Four forms of command keyword rccognition are provided to enable the user to choose the one
most appropriate to his terminal rype, system1 response, previous system experience, and present
NLS experience level. We have worked to pick an operational vocabulary for the present system
that guarantees keywords to be unique in a maximum of three chara:ters: 831

1) A single-character mode allowiag high-speed single-character recognition of the most
commonly used commands: less commonly used commands require an escape character
followed by enough characters for unique recagnition: With large and expanding command
sets one cannot choose keywords with mnemonic value and guarantee uniqueness with the first
character. This mode is generally preferred by experienced users hecause of the simplicity and
speed with which frequently used operations can be expressed. We find that experienced users
are very concerned that commands be formed with the minimum number of input operations,
and that commands have the richness needed to specify adjective or adverb type operations as
needed. There is thus some conflict in certain commands between these goals for the
experienced user and the need for command simplicity for the novice. #ata

2) A demand mode requiring a right delimiter to initiate recognition: This has proved o be
popular for new users of typewriter teritinals, particularly ihose with experience using the

TENEX operating system. §a3c
3) An anticipatory mode requiring the user to type enough characters until the rommand is

uniquely specified; the system then automatically fills in the remainder. 83
4) A fixed mode that guarantees recognition on entry of three characters. B2z

Given the implementation approach outlined later, it is quite easy to add other recognition
modes, such as allowing the user to choose keywords from a menu displayed on the screen.
However, experiments have shown that the time it iakes to point a! some item on the screen is
equivalent to several keystrokes and thus would be disadvantageous to skilled users, although
possibly of value to novices [2][3]. Rate

Modes 3 and 4 have not turned out to be heavily used. Rate

Operand argument specification is contained in a number of fields that are v.riable with the type
of command. All commands of a similar type have had the order of the operands made as
consistent and as natural (relative to normal English usage) as possible. Infrequently used
operand fields are optional and novice users need not be aware of their existence. B

Related to argument specification is the problem of choosing argument dclimiters. One can
recognize the following delimiting functions. TER

1) Delimiting command words
2) Delimiting arguments
3) Declimiting optional arguments, selection type, or command word fields
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4) Delimiting commands
5) Selecting arguments off a display screen, and confirming the selections Baia:

One could choose separate characters (codes) to represent each of these functions. To do so
seemed to us to add an unnecessary complication for the user and so, except for using a
special character to indicate an optional argument, selcction type, or command word, a single
code is used for the other function in NLS. We call this code "Command Accept” (CA) even
though it is used for other purposes as well. The system allows tie user to define which
keyboard character is tn serve this function if he finds the systen: default to be inconvenient.
One of tke buttons on the mouse also serves this function. gais

Aiguments can be typed in, defaulted where appropriate, or specified by pointing to
appropriate entities on the display screen. #ad

There are three flavors of command completion. d3¢

1) Completion of the command indicating execute the command and return to the base state to
await input of the next command: The default indication for this form is one of the buttons
on the mouse in DNLS, which is translated into a control character, Command completion is
defaulted to be CR in TNLS. The use of CR in TNLS is quite natural and genzrally does not
conflict with textual input as most text ia NLS is typed in without explicit CRs and is
appropriately formatted by the system for various output devices. If the TNLS user wishes to
input an explicit CR in his text file, he must precede it with an escape character. If he has
need (o enter many CRs in his text string, he can redcfine the completicn character, Command
Accept, to be some other char:crer. Bata

2) Completion of the command and retuirn to an appropriate point for quick repetition of the
command. Repetition mode continues until explicitly commanded to delete out of it. This
mode 1s very useful when a delete or other operation is repeated several times. Bary

3) Completion of the command and entry to insert-stuitement mode for addition of new
paragraphs or other text statements: This mode is like comm: nd repeat above except *hat it
always takes you to the insert command. It is used frequently when one adds, replaces, or
moves text, and then wants to follow it with new statements. It speeds text input when
inserting sequences of paragraphs. ga

The system is to be used from a variety of terminal types, inciuding both typewriter-type
terminals and displays. The two-cimensional displays are to be the preferred worl: station types

whenever a design decision must be made between language forms possibly favoring one type or
the other. »

It was decided to make the command language syntax for the typewriter (TNLS) version and
the display (DNLS) version as close as possible, except where the difference between the
one-dimensional and iwo-dimensional media clearly prohibits this or would seriously limit one
or the other version. This decision was made to allow people working in environments
consisting of both typewriter and display terminals to be able to move back and fo.th with
ease. ¥3ca
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The system has been organized into clearly defined subsystems with uniform rules for tleir entry
and exit. Any subsystem can be entered from any other, either to "execute” a single command
with automatic return or to perform a chain of commands. The user can return, either tv a
specificaily named subsystem in the path of subsystems traversed or enter a new subsystem. The
issue of how to group commands into subsystems has to do with training ana patterns of use
rather than system constraints. It relates to learnability and, to some extent ease of command
specification using single characters, and to "knowing where you are” in a command or
operational space. i

One could construct a system where all commands were in a single subsystem. Study of the
command sct of a large system particularly conceived of as a set of tools shows that operations
tend to group together such that to perform a given task, such as sendig a me-sage or
cz.culating a budget, generally require several related suboperations. Certain operations, such
as moving in information space or seeking help, tend to be used as suboperations of many or
all tasks. This latter observation . - led to "universal” commands available from within any
subsystems. One can also imagine certain commands to be needed frequently in just two or
more subsyst.ms and thus implemented in each subsystem having the need. There are now no
instances of tiis case in NLS. The ability to execute a single command in another subsystem
with automatic return has been very useful. CERE

Provision has been made for options the user can cortrol as he wishes for the amount of
prompting, feedback, and for setting other user interface parameters whencver it seemed a
standard interface might not be appropriate to some significant class of users. Bt

A mechanism is implemented that enables the user, or someone acting in his behalf, to create a
file stating what options he wants to run with. The system thereafter automatically sets these
options when he ecnters. This facility can also be used with small extensions to subset
commands. This user option capability, when coupled with the easc by which the user
interface can be redefined using the Control Meta Language described below, makes possible
tailosing the user interface to specific users or groups of users. 2384

All operations that have a natural inverse command have been given one (although NLS still does
10t have an "undo” facility). A general undo/redo facility has a number of technical difficulties
and its value can be questioned. However, the ability to undo or redo the list one, two, or three
commands would clearly be useful. g

User Programming: As indicated earlier the abiiity of the user to extend the system himself is
important. There is a tradeoff between ease of extension specification and operational efficiency.
In providing such a facility one does not have to be deeply concerned with efficiency if the task
handled by the extension is performed infrequently. If the operation is performed frequently, then
it should probably be inserted as a system feature and implemented efficiently by professionals.
This area is ripe for much additional development. The extensions raust be specified in some
language to indicate what sequence of events is to take place, what arguments to collect, and so
forth, when a given user action is performed. 4212

NLS now offers two forms of extensibility. The first allows users with some basic
programming knowledge to write programs in the Algol-like L10 language in which the system
is implemented, calling on NLS system primitives as needed. They can us» the Control Meta
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Language to specify a user interface if desired. These programs can be installed by the user as
one of his defauit subsystems, loaded as subsystems as needed, or used as content analyzer
patterns [8]. 83100

The user can also write sequences of NLS commands and have these sequences executed at
will. A specific sequence of commands can be automatically invoked when the user first enters
NLS. PEE

HELP, STATUS, AND PORTRAYAL FACILITIES Ke

Let us now consider cach of the information spaces and the type of feedback, help, and other
status information available to the user. kel

The user interface must implement & man/machine dialog. In this section, we discuss issues from
machine to man. The discussion centers around the use of displays, with comments on how the
problem is dealt with for typewriters. Let us examine some of the types of information that the
user necds in order to keep his bearings. e

There are three main areas or dimensions along which the user needs information to help him a)
to know where he has been, b) to know where he is, aad ¢) to know where he can go from here.
Clearly the command language and user interface must offer provisions to move in these spaces as
well as obtain status. He

1) Information Space

The user needs to know where he is in his information space, and what view or portrayal of

:he many possible is being displayed to him. Ger.erally he arrived at his present position from
prev:ous puints and he may want to be able to backtrack to previous points or views as well as

10 move on. feta

2) Subsystem or Tooi Space

In workshops containing many tools and commands, the user needs to know which tool is
active and possibly needs to know which ones he was in previously and their order, and which

ones he can enter from here. ¥rin

3) Command Syntax Space
During the specifications of a command, the user may need to know what he can or is
expected to do next and how (o back up to a previous point. bt

The NLS display screen is organized into windows as described in some detail in [9]. These
windows are arbitrary rectangles. Windows can be displayed essentially all the time or overlaid
with others. Windows can grow dynamically. Some windows are allocated and displayed or not
displayed under system control for status and feedback information. Others can be created and
manipulated by the user for display in his information space. With typewriter terminals, one does
not have this two-dimensional random display capability and while the same information can be
given to to the user, less can be given automatically or at least must be given in an aitered form. Bed

1) Information space Reda

The present NLS information space is hierarchically organized. A user has a directory or
directories within which there are files. A file can contain notes on many subjects stored
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under various headings, his mail, or single documents. Files in turn are hierarchically
organized as a tree of information nodes (now text strings but soon to be generalized to
include illustrations and other entities).

Files can contain cross citations to specific points within other files or the same files, thus
creating networks. NLS has appropriate commands for moving within and between files
and for obiaining a display of the path over which one has traveled and commands for
backtracking along this path [1].

Display screens have a limited number of lines within which to display information, and
typewriters, even at 30 chars/sec or higher, cannot quickly and easily print out large
documents. Also, the user often wants to see a summary or overview of a document or
have it formatted ir special ways to aid his understanding. To meet this need for ecasy
control of information portrayal, NLS has a concept called "view specification.” The user
can change his "view" within the commands for moving in information space or by
separate command. So that he can be reminded of his current view, the most commonly
used view parameters are fed back to him in a small window in the upper right hand
corner of the screen. When he is at a point in a command where it is perinissible to
change views, this fact is fedback both by prompt (if prompts are turned on) and by
enlarging the characters in the view-feedback window. For more discussion on moving,
view.ng, and portrayal in NLS see [1][4].

2) Subsystem or tool space

NLS is viewed as a collection of tools (subsystems) that can be used cooperatively or stand
alone. Each subsystem contains a number of logically related commands and has a name,
such as Base (the collection of editing and file manipulating commands), Calculator, etc.
All the tools work on information in the same file siruciure and the user can move from
one tool to another, or execute commands on a single command basis in any tool from any
cther tool, as mentioned earlier. The user can receive a display of subsys.ems available to
him or an ordered list of the subsystems in which he has previously been.

The name of the current subsystem within which he is operating is fed back in a small
window in the upper left-hand corner of the screen in DNLS and as a four-character
prompt in TNLS.

3) Command syntax space

page 40

There are teveral levels of feedback and Help available to the user in formulating a
command to the system (15). Each is described below. The Help d-tabase clearly is also
generally useful for understanding the system as a whole.

a) Command-word recognition:
The options here were described earlier and this mode is primarily useful in minimizing
keystrokes and in triggering additional feedback.

b) Noise words:

When the system recognizes a command-word or field it generates what we call "noise
words” set off in parentheses so the user can distinguish between what he has input and
what the system has added. The nois~ words aid the user in remembering what to do next.
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Novice users report that noise words are one of the most useful initial ads.  As more
experience is gained. the other aids take on more impertance. This is an important point to
note: users ai different levels of experience value different forms of feedback.  Usefulness is
not only determmed by the inhierent charactenstcs of the aids, but also, by how they uare
implemented.

¢) Prompus:

When the user completes the specification of a field in a command. he 1v prompted with
some terse characters indicating the type of thing expected next and the alternatives
available to him foi specifying, selecting, or addressing the needed argument.  Users can
turn prompts off, which som= users of TNLS do when they reach o certam level of
proficiency. although many highly skilled users always operate with them on. DNLS users
tend 10 always operate with them on because the high speed of the display does not slow
down work while providing useful information,  Users can also specify terse prompting in
which case optional fields are not prompted for.  Beginning users have mdicated that
prompting is useful, but would itke prompts to be more muemonic and of Enghsh tvpe and
word length.

d) Next Options and Syntax:

If the noise words and prompts are not sufficient to jog a user’s memory avout what
optioas are available to him next, he can strike a ? or a < Control-S~ . If he strikes a 7. the
system displays. in alphabetical order, all the command-words that are legitin, ‘te tor the
next field or more extensive information than is available in the prompts for other fields. If
he strikes < Control-S~, the system prints out the symtax of the command trom his present
nosition to the end of the command. The ? facility is extensively used and is very useful in
refreshing one’s memory about infrequently used commands or new commands for a user
with only a basie knowledge of command system concepts and vocabulary.  The
< Control-S > feature does not seem 10 be extensively used at present and may indicate that
ihe ? facility is sufficient.

¢) He, Data Base:

If the abrve facihities are not sufficient because of uncertainty about a basic coacept or
vocabulary word or the user wishes more information about the effects or use of a
comman-, he can enter the the Help tool.  Eniry can be from the basic command level or
from any poin: during command specification.  In the latter case, the system utilizes the
informaiion inpuet at this point to take the user to an initial poim that descnibes the

command and fieid where he 1s located. (15)

Once in the Help Database, a simple set of command conventions and the organization of
the database allow the user to easily move to reference relmed subjects or move to new
subjects or back up tc higher level descriptions (15).

f} Active Tutorial Help:

The next level of Help facihty would be an active twonal fachty.  We have not yet
timplemented such a facility but can see its value.  An example of such a facihity is the woik
going on at BBN on the NLS-Scholar system {10].
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ER LOR MESSAGES AND RECOVERY 20

Error messages indicating an incorrectly spelled file name or improperly specified entity are
fed back to the user in a window at the top of the screen.  The user is left at an
appropriate point within the command specification or where necessary he must start over
again to respecify the command. The text of error messages is important and should be as
specific to the problem as possible. This has implications within the system design for
trapping error conditions as carly as possible and determining the appropriate message for
the specific error and tot.! context of the user. While we have made progress in this area,
there is much more that could be ¢one *» meet the need stated above. =

There are now no automatic error correction mechanisms built into the system, such as
spelling correction or “Do What U Mean” type facilities. These would probably be useful
to add when resources permit. A

EDITING AND BACKUP DURING COMMAND SFECIFICATION 2

The user can perform certain simple editing and backup operations during command
specification. At :ny point during command specification he can do a "command delete.”
which will take inm back tc *he basic command level. This is useful if he gets confused
and wants to return to a known state or changes his mind about which command to
perform nexi. i

The user can delete the last character input or last selection made on the screen with a
‘backspace character” keystroke or button push on the mouse. He can repeat this process
and continue the incremental backup proces: to the basic command state. ax

He can also delete the last word input, or the field specified to date, with a
"backspace-word” keystroke or button push on the mouse. He can also repeat this process
backwards to the basic command state as well.

IMPLEMENTATION r

The mechanisms and databases nceded to implement the user interface have been
modularized and isolated as a "Frontend" that can run on a separate computer, such as a
mini-computer close to the user, and communicate with the basic tool tnformation
processing routines ("Backend”) over a commuenication network. The Frontend consists of
terminal handling capabilities [9], a command language interpreter (9). and two databases;

a Grammar representing the language syntax and noise words; and a User Profile indicating
how the user wants various parametess set for him, such as his prompt and command
recognition modes, keyboard key translations, etc.  The Grammar 1s generated from a
high-level description of the user interface written in a language special for this purpose we

call Control Meta Language (9.). 2@ of
Given this particular system organization it is very casy to tailor, subset, or niodify the user
nterface for individuals or groups, or to create iterfaces for new tools. arec
Furthermore all the levels of help information, except the Help Data Base, are dernived from

the Grammar, which guarantees their correctness as the system changes and is debugged.
Varicus forms of hard copy documentation, such as command summaries, are also denived
from the Grammar representation. z
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A Command Meta Language for NLS
(by Charles H Irby, Charles F Dornbush, Kenneth E Victor,
and Donald C Wallace)

CONTROL META LANGUAGE -- CML z

INTRODUCTION AND MOTIVATION

To facilitate the easy formal description, implementation, and modification of the user interface
to a range of interactive application programs, the Augmentation Research Center (ARC) has
developed the Control Meta Lan,_age (or CML). This was an outgrowth of earlier efforts to
accomplish the same goals at ARC [1][2])(3])[4][5). ata

The goals of this development were the following:

1) Provide a means for easily changing and experimenting with the user interface to an
interactive application program. .

2) Allow for the independent manipulation of
a) the commands available to the user and
b) the interaction methodology and techniques that are used to specify commands.

3) Provide builders of new interactive application programs with a facility for easily
creating the user interfaces for their new programs. atre

4) Provide the user with consistent and coherent command language features across a
collection +f application programs, or what might be termed "tools." 2o

Independunt of the tool to which the user is giving commands, he does so using the same
methods for specifying which commands he wishes executed. the same methods for
specifying arguments or parameters to commands, gets the same type of prompting and
requests help in the same way, always. In addition, the general syntactic form(s) of
commands should be the same from tool to tcol unless there is good reason for the tool to
deviate from the standard. Of course the particular commands and vocabularies will vary
with the tool and in fact the same verbs mav be used with quite different semantics in
different tools, but at least most other aspects of the command language (including asking

for help and being prompied for the proper type of input) skould stay the same across tocl
boundaries.

S) Provide tools with well-formed commands. 03§

Many operating systems and application programs have elected to use half duplex,
line-at-atime terminals because of the increased computer efficiency provided by this
approach.  Other operating systems and application programs have chosen, instead, to
utilize character-at-a-time full duplex terminal disciplines because of the opportunity this
provides for utilizing a more human-engineered command language.

Preceding page blank
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The CMI. system is an attempt to combine these two approaches into a
COMMAND-AT-A-TIME system, where the application programs do not directly interact
with the termiaal, but rather receive fully specified commands from the Frontend. At the
same time, the CML interpreter will attempt to provide the user with the best possible
human-engineered command language discipline.

Alhough initially this was done by issuing direct procedure calls on tools (requiring that
tne CML interpreter and tools be written in the same language and link-loaded together), it
is proposed that this evenrually be done by issuing "remote” procedure calls to “external”
procedures in the tools to actually execute commands. This will be zccomplished through
the Procedure Call Protocol [6]. '

6) Provide a terminal-independent interface to the tools.

Because the CML interpreter handles all terminal interaction, it will present to the tool a
small number of virtual terminai classes. Thus, once a tool is developad, little attention
need be given to the type or particular characteristics of the terminal the end user may
choose to employ while using the tool. In fact, the cost of creating new tools should be
considerably reduced because of these facilities.

This means that even though the creators of a tool cnvisioned the user sitting at a
typewriter terminal, the user who happens to be using a display terminal with a pointing
device may be able to interact with the tool in a two dimensional sense, pointing to
arguments on his screen instead of typing them.

For tools which wish to make more extensive use of a display terminal if the user has one,
the CML interpreter presents primitives for allocating windows on the display and allows
the tool to write/delete/move/make invisible items displayed within the windows.

7) Make asynchronous operation possible.

In some instances, it may be possible for the execution cf the user’s cominands to be
accomplished in parallel with subsequent command specification and execution. This frees
the user to do other things while a lengthy command is being executed by a tool.

8) Provide standard mechanisms for presenting status or error conditions to the user.
an error should consist of the following:
a human-readable error message

a code indicating whether this error caused the command to be aborted, completed or
undefined and whether the tool is now in a state to receive more commands or should be
restarted.

9) Provide the user with enhanced, consistent help facilities while ucing any such toce’ Sat

10) Allow for a common statistics gathering point for analysing user interaction
characteristics such a3 crror rates, frequency of issuing given commands or groupings of

commands. and average user-observed execution times for commands. caiuii

11) Provide a coavenient way of subsettting the commands available to the user. Sait:

Knowledge Workshop Development -- Reported as of 7/74
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In the current case, a hypothetical computer was postulated that had as primitives instructions
that interacted with a human user. A “program” for this machine forms a tree-like data
struc.ure, that we call a Grammar. The two addresses of an instruction are called the
"successor” and "alternative” addresses. The successor address points to another instruction
to be executed if this instruction succeeds (i.e., is "TRUE"). The alternative address points to
another instruction(s) to process in parallel with this one. That is, a numbe- . f instructions
are processed in “parallel” such that when any one of the instructions in the current set of
alternative instructions succeeds, then the Program Counter is advanced to its successor. That
instructica and its alternatives are then processed.

At any point in time, the machine is attempting (presumably by interacting with a human
user) to choose a path through the tree.  An illustration might be helpful here. At a certain
point in time the Program Counter might point to an instruction to recognize a command
word, a "reserved” word in the command language. This instruction might have alternatives
which are attempting to recognize other command words. These command words might
represent the verbs of commands the user can give to the system or might represent
refinements to a2 command already partially specified. The machine picks a path through these
alternative com.mand words, although how this is accomplished is left purposely unspecified.
For it is precisely tke "HOW" of this machine’s path finding thet embodies the human-factors
considerations and hurnan-machine interaction disciplines, which can, and in our case do, vary
from user to user. Thus, how the system interacts with the user 1s independent of the
commands the user has available -- one can be changed while the other remains constant.

Given the existence of the model for this hypothetical machine, we then developed a formal
langnage (CML) and compiler for this machine. It {5 with this forma! language that the staff
of ARC now specifies the user interface for the NLS Knowledge Workshop tool sysiem [2]
we have been developing for several years. The form of this language is the chief topic of this
paper. The object code produced by the CML compiler is called a control language grammar
(or simply a Grammar).

We have developed and used for several months (on a production basis) a simulation of this
computer which we call the Command Language Interpreter (CLI). Embodied in this
implementation are the principles for human-computer interaction that have evolved through
many years of usage and evaluation of NLS and other systems.

It is this interpreter that interacts with the user to help him specify commands for the sysiem
to execute. It prompts him for the type of input required (if the user wants it t0), shows him
the syntactic form of specific commands on request, shows him his actual alternatives at any
point «i: the specification of a command on request, and can invoke a semantic help facility if
the user requests. This semantic help is derived from a structured database provided by the
implementers along with the user interface (CML description and grammar) which attempts to
describe in English (he intended use of the various commands and the tool as a whole. This
database is highly structured to allow the user to get the information he necds quickly without
wading through pages of ovtput (8,15).

Thus, a tool now consists of three parts: 1) a CML description of the user interface, 2) a
semantic help database, and 3) an cxecution module that carries out the commands specifiable
by the user.
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To allow the user interface to be individually tailored, we have added a database calle] the
“user profile” whi:h describes (o the CML interpreter how much prompting and feedback the
user wants, what recognition scheme he wishes to use to select command word alternatives,
and many other idiosyncratic features of the user interface (8). There is a special set of
commands for modifying this catabase and consequently the behavior of the system. ot

And finally, to facilitate user analysis, we have added a user statistics database in which the
interpreter can record which commands were used, whether or not errors were made in the
specification of the commands, the execution time of the command, and other statistics. at

We are now involved in a second generation CML system which will provide a Frontend
system for the National Software Works (NSW) program sponsored jointly by ARPA and the
Air Force. In this second generation system the execution functions that implement the
semantics of the commands are called through the Procedure-Call Protocol (PCP) and the
Multi-Process Support System [6]. Thus, unlike the current CML system, the execution
functions may be written in any language which can be interfaced to PCP. In addition, certain
aspects of the language will be improved as discussed in the conclusions below. aie

The intention with the NSW system, as with NLS, is io provide the user access to a number of
general or specialized tools in such a way that the command discipline he uses remains
constant even though the particular vocabulary changes from tool to tool as appropriate to
describe that tool's functions. In the case of the NSW and for future releases of NLS, this
user interface will reside not only on a PDP-10 but will also be available on + dedicated
Frontend computer (PDP-11 or other mini-computer) for better responsiveness and less
expense. We anticipate that heavily used tools or commands will, in time, actually be executed
in the Frontend computer. In addition to increased system responsiveness. this will reduce
network communication aad will afford users a certain amount of insulation fiom network or
large-computer unavailability. .

As described above. the Frontend system consists of the following: ai-

1) A formal langvage (CML) for specifying NSW user interfaces ai=:
2) A compiler for that formal language that runs under TENEX as a subsystem or from

NLS
3) Tool grammars, products of the CML compiler or any other such program ais

4) A CML interpreter that processes a CML grammar in order to work with the user in
specifying syntacticainy correct commands to the NSW.

5) A user profile database that is used by the CML interpreter while tnteracting with the
user. This database allows the Frontend to be tailored to the individual preferences of the
users. e

6) A user statistics database, where, if desired, statistics can be accumulated on commands
used by 2 user, error rates, etc. ates

7) Access to a semantic help tool which is employed by the Frontend when the user
requests semantic level help with a tool or a command. It is presumed that each tool, in
addition to supplying the Frontend with a grammar will also supply it with the name of a
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help database whose structure and centent, as with the grammar, are the sole responsibility
of the tool builder/supplier. 089

This help tool could also be kept informed of the user’s dialog with the Frontend and could
have access to the tool grammar, the current parss state of the user, and the user’s profile.

The rest of this section describes in more detail the Control Meta Language and the CML
interpreter.

As discussed above, the Control Meta-Language (CML) is a vehicle for describing the syntux
of the user interface to application programs. The syntax is described through the tree-meta
alternation (denoted by / ) and succession (denoted by juxtaposition) concepts
(789 10]. The semantics are introduced via built-in functions, semantic conventions,
and parse functions. al

No attempt 1s made to allow for the full semantic description of any command via CML, but
it is hoped that the Frontend interface (parsing and feedback operations) may be explicitly
accommodated with these facilities. It will still be necessary, and Jesirable, to use execution
functions to perform the low-level semantics of the command. We call the collection of these
execution functions and their support routines and data structures the tool "Backend.” The
CML describes how the command "looks” to the user, rather than what it does inside the
tool.

The CML supports zero look ahead, phrase structured. context free contrel languages.
USE OF CML :

The user interface for a tool is defined in the CML specification language. This CML
"program” is then compiled by the CML compiler (written using ARC's tree-meta ¢ompiler
compiler system [9][10] to produce object code (called a Grammar) which is interpreted by
a Control Language Interpreter (CLI). The Control Language Interpreter is cognizant of the
device dependent feedback and addressing charac’eristics of the user’s terminal through an
appropriate interface to a terminal control module described in [11]. Saa

SYNTAX NOTES

The following meta symbols are used in this discussion of the CML: '

AD An ldentifier.
SR A quoted string. aca
$ Zero or more occurrences of the following element. 11
/ Denotes alternatives. A/B means A or B. ttas
# At least one occurrence of the following element. Sata
% Brackets comments. ato
0O Used for grouping to control precedence. ata
0 Used to denote optional elements. ata
Precedes lhiteral characters. )t
Knowledge Workshop Development - Reported as of 7/74 page 49
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Encloses literal strings. cetai

# <..> At least one occurrence of the following element, separated by whatever ...

represents. avat
$<..> Zero or more occurrences of the following element, separated by whatever ...
represents. atar
ELEMENTS OF CML a
PROGRAM STRUCTURE aty
The basic compilation structure of a CMI program is described by: 3t
file = "FILE" .ID $dcls $rule #subsys "FINISH":
Explanation:

The "file” construct brackets the definition of control language subsystems.

Declarations of variables, execution and parse functions. and external identifiers may be
made at this level. In addition, global parsing rules may appear here and be invoked in
co~*mands by simply specifying their names.

subsys = "SUBSYSTEM" .ID % subsystem handie %
KEYWORD SR % recognition string %
#(command / rule) "END.";

Explanation:

The "subsystem” construct brackets a set of rules or commands (geneially a set of related
commands that the command language designer wants to cluster together). Commands
beginning with the command-word COMMAND are linked together to form a command
language subsystem.

command = ("COMMAND" / "INITIALIZATION" /
"TERMINATION" / "REENTRY") rule :

rule = AD = exp i

Explanation:

The subsystem may include a rule preceded by the reserved INITIALIZATION or
TERMINATION. If specified, these rules will be executed once upo:ni subsystem
initialization/termination, respectively. This enables, for example, a tool to open and

itialize a work file when it is started and to close 1t after the user’s last command has
been issued.

The subsystem may inclede a rule preceded by the command-word REENTRY which will
be executed upon reentry in the subsystem after executing commands in other subsystems.

The command Languzge Interpreter allows the user to freelv move among subsystems.
Thus, the user may give commands to onc subsystem for a while, then give commands to
another, and finally return to the first. The REENTRY rule will be executed when the
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user resumes giving commands to the first subsystem.  This might be necessary, for
example, to ensure that a work file or data structures were still in a consistent form.

Fach rule/command is named with an identifier.  This nume may be used as a term in any
other rule, indicating that the named rule is to be invoked at that point in the parse.

DECLARATIONS

Declarations are used to associate attributes with identifier names which are used in CML
programs. If not declared, identifiers are defined by their first occurrence according to the
following rules.

1) Identifiers appearing on the left hand side of an assignment statement are defined as
"VARIABLES."

2) Identifiers followed by a subscripted list are assumed to be of type "FUNCTION.”
3) All other undefined identifiers are assumed to be names of parse rules or commands.
The syntax of the declare statement is given by:

dels = ("DCL" 7/ "DECLARE")
( ["VARIABLE" / "FUNCTION" / "PARSEFUNCTION" /
"EXTERNAL"] # <, > .ID / "EXT-KEYWORD" # <" > SR).

If a declare attribute is not given, type VARIABLE is assumed. Identifiers which are
implicitly defined as type FUNCTIUN or PARSEFUNCTION are EX1ERNAL symbels
and will be linked by the loader to externally defined symbols with that name.

Semantics of the declare attributes:
VARIABLE:
a cell which holds pointers to CML records

FUNCTION:

arbitrary processing function usually invoked to carry out all or part of the execution of a
command

PARSEFUNCTION:
a function which is used to extend CML. Such a funci.on processes input, and is called in

"parschelp” and “parseqmark” mode to supply a prompt string and a 7 string,
respectively.

EXT-KEYWORD:

precedes a list of command-word strings ( # <, >.SR ) and indicates that the named
command-words are globally defined elsewhere in the system.

EXTERNAL:

assoctates an external symbol with the named rule/variable permitting separately comyiled
programs to reference the named rule/variable.
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e o i - = ES SRR




SRI-ARC 30 JAN 76 5 34PM 22133

Il User Interface
9 Command Meta Language

page 52

RECOGNIZERS

Keyword Recognition

The process of command-word recognition is independent of the description of the
command-words for CML. In the CML description, each command-word is represented by
the full text of the command-word.  The algorithm used to match a user's typed input
against any list of alternative command-words 1s known as command-word recognition, and
is a function of the Command Language Interpreter and is independent of the CML
description of the command.

Keywords are written in the meta language as upper-case identifiers enclosed in double
quote marks optionally followed by a set of command-word qualifiers.

command-word = SR [ ! Fqualifier " ]

The qualifiers serve to control the recognition process for the command-words and to
supercede the system supplied internal identification for the command-words.

qualifier = "NOTT" 9% Not available from a typewriter terminal %
/"NOTD" % Not available from a display terminal %

/"L1" % first level command-word (to be recognized by
its first letter) %

/.NUM % explicit value for command-word %

Ii the user has specified that he wants some (supposedly frequerily used) command words
recognized based on th ir first letter and the rest only after typing an escape character, the
CML interpreter attempts to accommodate him. The command language designer has
control over which command words .l be available to such a user via first letter
recognition through the L1 qualifis,.

Selection Recognition

Three types of selections are built into CML. They are Destinati»n Selection (DSEL)
Source Selection (SSEL), and Literal-typein Selection (LSEL).

The literal-typein selection is used to collect literal typein from the user, although it might
also allow him to point to text on his display instead of typing it.

A destination selection is us«d to allow the user to select one of several items the tool has
presented to him. This can be done by pointing to it using a pointing device at a display
terminal or by typing characters which the tool will interpret. For example, a tool may
manipulate textual or graphical represertations of data stored i a file. The tool might
have a delete command and would use a destination selection to allow the user to specify
the line in the drawing or the word in the text to delete. Thus, when the tool put the
display image on the screen, it did so using primitives in the Frontend that supplied
identifiers for elements of the display [12]. When the user points to an object on the
screen, the identifier for it is returned to the tool.
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A source selection is similar to a destination selection but also allows the user 1o supply the
argument as a literal-typein.

Basically, these are recognizers which require some entity type as an argument and they
return a data structure which represents the selection.  The entity type is obtained either by
some previous invocation of the recognition function for some list of command-word
entities, or use of the VALUEOF (or 3) built in feaction (see example in Appendix 2).

The DSEL, SSEL, and LSEL functions perform all evaluation and feedback operations
associated with the selection operations.  The command language designer may define new
types of selections and define the data structure that is built as a result of the selection.

selection = ("SSEL"/ "DSEL"/ "LSEL") *( param °);
Command Confirmation

Fhe process of command confirmation 1s represented in CML by a built-in paramcterioss
function.

confirm = "CONFIRM"; % command confirmation ¢
simple question answering

The process of simple question answering is represented in CML by a built-in parameterfcss
function.

answer = "ANSWER"; % YES/NO answer to a guestion
(TRUE if YES) %

Other Recognizers

Other recognizers may be added through the use of parse functions as described below.

FUNCTION EXECUTION

Functions may be invoked at any point in the parse by writing a name of some routine and
enclosing a parameter list in parentheses.  All functions invoked by the interpreter mest
obey the ground rules set up for internreter routines.  The actual arguments are passed by
address, rather than va'ue, and two additional actual arguments are appended 1e the head
of the argument list.

control = .ID % routine name % ( $ <°.> param °);
param factor @ expression element %
/ "VALUEOF" '( SR ) %¢ command-word value Ge
/'3t SR % same as VALUEOF %%
/ "TRUE" % boolean TRUE value (one) 9¢
/ "FALSE" % boolean FALSE value (zero) %

/ "NULL". % null pointer value (zero)
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PARSING FUNCTIONS “ais

Functions which are declared with the PARSEFUNCTION attribute are assumed to be
parsing functions. They are called in "parsehelp” mode (described below) and when so
called, are passed the address of a string as a third argument. The parsefunction routine
then supplies a prompt string which tells what the parsing function does. In addition, the
parse function should, in a like manner, be prepared to generate a more verbose help string
to be used when the user asks to see his current alternatives and a terse syntax string for
when the user asks for the syntax of a command.

FEEDBACK CONTROL aie

The feedback control elements of CML are used io provide feedback in addition to the
normal feedback generated by the recognizers. This is used to implement additional "noise
words” and help feedback. IS8

1) adding feedback to the command feedback.

A string may be added to the current command feedback by enclusing the quoted string in
angle brackets.

extra feedback = "<« SR '>;
2) replacing the last string in the command feedback.

If the user’s terminal allows, it is possible to replace the last string in the ¢j>mmand
feedback line by using the string replace facility. This is similar to (1) above except the
previous string in the con'mand feedback is deleted before adding the new string.

replace extra feedback = "<"..." SR ">
A function is also provided to initialize the command feedback mechanisms and clear the
command feedback area. aie
clear feedback = "CLEAR"™:

EXPRECSION DEFINITION it

CML is an expression languge. Commands are defined to be a single expression and
expressions are composed of successive/alternative expression factors. Alternative paths are
indicated by the character °/ in the expression. ait

The nesting of expressions may be explicitly defined with parentheses, and brackets are used
to delimit optional expression elements.

exp = 3 <'/ > alternative;

alternative = #factor;

factor = terminal/ ‘[ exp '] /7 "(exp ')
terminal = subname %id/ assign/ function%

/ confirm %command confirmation%
/ feedback %noise word feedback %%
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The iooping facility permits repetition of a parse rule until an exit condition is met.

losp = "PERFORM" .ID "UNTIL" *(‘exp ")

anguage

The .ID following the command-word PERFORM is a name of a parsing rule which is to
be repeated.  This rule is evaluated and then the expression following the UNTIL
command-woid is evaluated. If the expression returns TRUE, then the loop is exited and
the next factor in the rule is evaluated. If the expression returns FALSE, then the parse is
backed up to the head of the PERFORM, and the named rule is imvoked once again.

COMPLETE FORMAL SYNTAX OF CML
file = "FILE" .ID $dcls $rule
subsys "FINISH |

subsys = "SUBSYSTEM" .ID % subsystem handle %
"KEYWORD" SR % recognition name %%

H#(command / rule) "END.™

command = ("COMMAND" / "INITIALIZATION" / "TERMINATION"
/ "REENTRY") rule :

rule =.D"= exp;:

dcls = ("DCL" / "DECLARE")

("'VARIABLE" / "FUNCTION" / "PARSEFUNCTION"
/ "EXTERNAL"] # <.~ .ID / "EXT-KEYWORD" # <", > .SR);

exp = 3t <’/ >alternative;

alternative = ffactor;

factor = terminal/ "(exp ')/ [ exp ')

terminal = subuame/ confirny/ answer/ feedback/ recognition/ loop:
subname = .ID [~ param/ (3 -, > param ")}

confirm = "CONFIRM",

answer = "ANSWER";

recognition = command-word/ builtinrec;

command-word = SR [ ! #qualifier " ];

‘NOTT"/ "NOTD"/ "L1"/ NUM;
butltinree = (("SSEL"/ "DSEL"/ "LSEL") '( param °
feedback "CLFEAR"/ "« ["."] SR '~:

qualifier

Il

i
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control = ID($< . >param ') 9%
param = factor/ ("VALUEOF" '( SR )/ '# .SR) e

/"TRUE"/ "FALSE'/ "NULL"; e
loop = "PERFORM" .ID "UNTIL" *( exp ')

I'HE OBJEC1 CODE PRODUCED BY THE CML COMPILER -- THE GRAMMAR

Each instructior of th: abject code consistes of the following fields: OPCODE, SUCCESSOR,
ALTERMATIVE, ADDR, CTL, and VAL.

The ALTERNATIVE and SUCCESSOR fields

These contain the addresses of an alternative instruction to execute in parallel with the current
one and the address of the instruciion to execute should this one succeed. Null paths are
indicated ty C valued pointers.

The OPCODE, ADDR, CTL, and VAL fields

OPCODE is an operation code. CTL contains control bits used by the interpieter (reflecting
the NOTD, NOTT, and L1 qualifiers). VAL contains an integer toke: or zero. ADDR is the
address or principal value for the function.

Possible OPCODES
RECO NIZERS
KEYGP -- command-word recognition.
CTL = control bits for level | commands, Display commands, and TNLS commands.
ADDR = address of command-word literal string

The current input text is matched against the command-word string specific ' by the current
node and all alternatives of the current p>de. This function performs command-word
recognition on all of the alternative nodes 0. Y¢ carrent node simultancously.

This function cannot fail.  Control remains in tne command-word recognition function uptl
appropriate input is recognized or until the control is abnormally wrested via backup or
command delete functions.

The value retusned in the argument record is a single word containing the address of the
string correspoading to the command-word actually recognized.

CONFIRM -- process command confirmation characters

This function interrogates the input text for one of the command confirmation characters.
Control remains in this routine until a proper confirmation is recognized. and command
termination state is appropriately set. This function always retu s TRUE.

The value returned is a single » .o contairing a command completion code which identifies
the completion mode.

ANSWER -- process yes/no question o wer
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This . acuon interrogates the input text for one of the yes/no question answer characters.
Controi remains in this routine until a proper response is recognized.

SSEL -- get a source selection
ADDR = not used

The sselect routine 1s invoked 1o process a source type selection The return record
generally contains two text pointers which dehmit the selected entity.

DSEL -- get a destination selection
ADDR = not used

The dsciect routine is invoked to process a destination type selection. The return record
generally contains two text pointers which delimit the selected entity.

LSEL -- get a hteral selection
ADDR = not used

The lselect routine is invoked tre process a literal type selection.  The selection type is
passed as an actual argument.  The return record generally contains two text pointers
which delimit the selected ennty.

VIEWSPECS -- nrocess viervspees information

The viewspee input routine s cailed to process the input stream for viewspee characters.
The return record contains the two updated viewspee control words.  This function always

returns TRUE.
LEVADIJ -- process level adjust mformation ° o0

The level adjust input routine is called to process the input stream for level adjust
characters. The return record contains a single word which indicates the relative level
adjust value (u = +1.d = -1, err). This function always returns TRUE,

CONTROL FUNCTIONS
EXECUTE -- transfer of control to another point in the tree.
ADDR address of root of tree for transfer of control

The current point in the tree is marked and control is transferred 10 the node pointed 0 by
the address field.  Control remains in the Adescendant node until it has been completely
parsed. at which time controi returns to the successor of the EXECUTE uode

CALL -- subroutine imvocation
VAL — number of actual parameters
ADDR address of the subrout® e

The appropriate number of actual arguments are popped off of the evaluation stack and
passcd to the routine whose address is contained in ADDR.

The result from this routine 18 pushed onto the eval stack if it returns TRUE.
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PFCALL -- parsing function invocation sezt
VAL = number of actual parameters
ADDR = address of the subroutine

The appropriate number of actual arguments are popped off of the evaluation stack and
passed to the routine whose address is contained in ADDR.

The result from this routine is pushed onto the eval stack if it returns TRUE.
This function is also called in "parsehelp” mode to find out what it does.
OPTION -- test for an optional construct.

If the next input character is the OPTION select character, then it is read and control is
transferred to the node at address ADDR. If the next character is not the OPTION
character, then control passes to the successor path of the current node.

FEEDBACK ELEMENTS s
FBCLEAR -- clear the contents of the feedback buffers.

The feedback state information and command feedback line are set to their initial or empty
position.

ECHO -- appends a noise-word string to the command feedback link
ADDR = address of the text siring to be appended.
RECHO -- replaces the last noise-word string in the command feedback line

ADDR = address of the text string which is to replace the last item in the command
feedback buffer

VALUE MANIPULATIONS
LOAD -- loads a pointer to an argument record into the top of the eval stack. tiat
ADDR = address of the variabie containing the pointer to the argument record.

The pointer value contained in the variable whose address is contained in ADDR is pushed
onte the top of the eval stack.

STORE -- saves a printer to an argument record in a variable
ADDR -- address of the variable

The address of an argument record is fetched from the top of the eval stack and is saved in
the variable at address ADDR.

ENTER -- enters a constant value into the argument record pointed to by the top of the
eval stack.

iat

ADDR -- value to be entered (18 BITS only)
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The value is taken from the ADDR field of the instruction and is entered into the
argument record for the ENTER node in the path stack (whose address is at the top of the
eval stack).

PROBLEMS WE HAVE ENCOUNTERED WITH CML

The principal problem we have encountered is that some of the recognizers (command-word
recognition, command confirmation, LSEL, SSEL, DSEL, and so forth) cannot fail.  This is
purely an implementation decision that was made regarding the CML  Interpreter and,
consequently, does not impact the language itself.  In addition, the CML Interpreter wa-
implemented as a stack machine and would better serve our needs as  a machine with an
accumulator and an argument stack.

Also, the manner in which the user-input prompt, the current alternatives, and the syntax of
commands 15 generated should be more standardized to avoid some of the problems and
anomalies we have encountered to date.  These problems have chiefly been caused by the
knowledge the interpreter has of some func.ions and lack of knowledge about others.

In order to serve the needs of a wider range of tools (application programs) we feel that the
declaration facility of CML should be expanded 10 allow the command language designer to
define how to handle many special things such as collection of parameters of a form specific
the tool.  In addition, we would like 1o make the CML Interpreter system available through an
interface [6] that does not require the tool to be written in the same language as the Interpreter.

USING THE CML SYSTEM
WRITING CML PROGRAMS

Source programs for the CML compiler are free form NLS or TENEX sequential files.
Comments may be nsed wherever a blank is permitted and the structural nesting of the source
file is ignored by the compiler.

COMPILING CML PROGRAMS
CML source programs are compiled into REL files with the Compile File command in the
PROGRAMS subsystem. CML is the compiler name for the CML compiler.

RUNNING CML PROGRAMS
A complete interactive subsystem usually consists of three distinet parts: (1) The syntactic

description for the subsysiem command language. (2) The parser interface routines ("X" level
parsing support routines). (3) Core excecution functions.
If a CML subsystem 1s to be run as a user program, then the rel-files for the syntax, parsing

support, and execution functions are loaded into the user programs baffer with the Load
Program command.

After loading the rel-files the nser’s subsystem is connected to the set of available subsystems
with the Attach Subsystem command. The name specified in this command is the name of
handle for the subsystem (the .ID appearing on the SUBSYSTEM statement of the CML
program).
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The user’s subsystem may then be invoked by using the GOTO command, as the system wili
now know about the new subsystem. iz

FUNCTION INTERFACE PROTOCOL

The syniax of the function call in the CML meta-language is similar to that of most
programming languages: the name of the function is followed by a list of expressions enclosed
in parentheses. In the CML system however, there are some strict rules which apply to all
execution functions mnvoked by the interpreter. These rules are enumerated below: aia

1) Additional actual arguments 1ia

Preceding any actual arguments which appear in a function reference in CML, the
nterpreter supplies two additional actual arguments. These are:

1) a pointer to the "function state record”
2) an integer which defines a parsing mode

= parsing: normal execution mode

backup: backup after a FALSE path is taken

= cleanup: resetting of state after completion of command

parschelp: policiting prompts string (parse functions only)

These additional arguments must be used by all execution functions to determine what they
are to do. The pointer to the "function state record” is used to return values from the
function and to save state information associated with a particular invocation of the
function. The length of the function state record is 10 words and this record may be
formatted in any manner appropriate to the function.

It 10 words is not sufticient space to record all of the state associated with a particular
invocation of a function, then the function must use a storage allocator to allocate the
additional storage and record the handles tn the allocated storage in the function state
record.  Note that if this additional "local state” storage is required, then it is the
responsibility of the execution function to de-allocaate the local state storage when called in
backup or cleanup modes.

2) Returning parse failure sea

All execution functions are passed a pointer to their function state record. If the function
processss normally, then it returns the same pomter as its only return value. If the
function decides that the parse should fail at a given point, then it returns FALSE.

3) Passing arguments by address il

All of the actual arguments in a function call on an execution function are passed by
address rather than by value. The values actually passed are pointers to the function siate
records corresponding to the actual arguments. The format of the function state records
are defined by the execution functions which manipulated them, and thus the location of
parameter. values in these records is determined by convention, the caller and callee having
previously agreed to a particular layout for the function state record.
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4) Order of control 1ig:

An execution function will always be called in parsing mode before it is called in backup or
cleanup modes.

A function routine which saves state information in the function state record must imtialize
its state record to some consistent state before it calls any subroutines which mav cause
SIGNALS or otherwise cause control to abnormally pass above the execution funtion.

FLOW OF CONTROL IN THE INTERPRETER

At any point in the process of parsing, the control pointer for the interpreter points to a structure
word in the grammar. A path stack also exists which shows the nodes from which TRUE
returns have been achieved. Some operations mark the path stack for halting the backup process.
The parser has four distinet control states defined as follows:

1) parsing: recognition state where input text is compared with grammatical constructs to
determine the parsing path m the parse tree.

2) backup: A FALSE return has been obtained from some execution/recognition function.
The path stack is backed up until a non-NULL alternative path is found, at which time the
parse mode is set to parsing, and recognition of the alternative path is attempted. [If no
non-NULL alternative path is found, then the parse fails and the interpreter returns FALSE.

3) cleanup: A terminal parse has been achieved and control is passed to each execution
routine to reset any state informations set by the routine.

4) parscheip- (used only with parsefunctions) Before calling a parsefunction in "parsing”
maode, the furction is called m "parsehelp” mode to solicit & user prompt string. :

The general flow of control is:

1) An initial path stack entry is constructed. and the parse mode is set to parsing.  The
execution function for the current node is evaluated. A pointer to the “function state record”
is passed to the routine. The state record contains the return values for the function as well as
a record of any state information saved by the function (for backup purposes).

2) A prompt string is generated for the user indicating in i terse fashion what his current
alternatives are. If he wishes expansion on this he may ask for his current alternatives or for
the symax of the rest of the command.

3) If the function returns TRUE, then the successor to the current node becomes the current
node. If this is NULL, thea the PTRSTK stack is backed up until a non-NULL suceessor
path is found. If none is located before the bottom of the current parse state is reached, then
the root of a parse tree has been reached. and a command has been successfully executed. In
this case the command reset operation is performed and the interpreter is set to “parsing”

mode once more. s
4) If the function returns FALSE then the parser mode is set to “backup” and a non-. "L
alternative path is sought. 2.9
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After a command has been executed, the parsing path for the tree is re-evaluated in “reverse
order” beginning with the terminal node of the path. Each execution function is re-invoked, in
“cleanup” mode, and s passed the handle for the state information record which it generated on
the forward pass through the grammar. Each execution routize has the responsibility of resetting
any state information which it wishes to do at the termination of a command. Cleanup continues
unti! a “starting point” is reached in the parse. This is generally the beginning of the command.
At this point, the interpreter “shifts gears” and goes into forward or recognition mode and begins
back down the grammar for the language. el

parse to allow the respecification of all or part of the command. The command delete function
backs out of the parse tree until the beginning of the cemmand is reached.

The same backup mechanism may be adapted to control the partial backup required for executing
commands in “repeat mode” where at least one of the alternatives is defaulted to its current
value. :

SAMPLE CML PROGRA

FILE nlsexample
SUBSYSTEM nlseditor KEYWORD "BASE"
% COMMON RULES ¢
% PARAMETER TYPE DEFINITIONS ¢
editentity = textent / structure;
% TEXT PARAMETER TYPE DEFINITIONS ¢;
textent =

"CHARACTER" / "WORD" / "VISIBLE" / "INVISIBLE" / "TEXT" / "LINK" 7
"NUMBER",

% STRUCTURE PARAMETER TYPE DEFINITIONS ¢
structure = "STATEMENT" / ‘GROUP" / "BRANCH" / "PLEX"

COMMAND %% replace % e
zreplace =
"REPLACE"

type - editentity

“ The rule EDITENTITY defined above is evaluated. The one chosen (via user input) is
stored in the variable TYPE,

<"at”" > destination _ DSEL(type)

% The user is presented the noise word "at" and requested to supply a destination of the
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type chosen from EDITENTITY. The user must then identify the item to be replaced.
The representation of this item s stored in the variable DESTINATION. %

<"by" > source — LSEL(type)

% The replacement is collected irom the user and stored in the variable SOURCE. %
CONFIRM

% Have the user confirm that he wants the replacement to take place as specified. %
xrzplace( type, destination, source );

% call the primitive in the application program that performms replacements.  Pass it the
type of thing to replace, the specific instance of that type to be replaced, and the
replacement. %

COMMAND % load%

zload =

"L.OAD"

type — ("FILE"/"PROGRAM")

% this command allows user’s structured text files and programs to be loaded into NLS for
user manipulation and execution, respectively. ¢

filename .. LSEL(#"OLDFILENAME") CONFIRM

% Collect the name of an old file from the user. The file may be the one to load or it may
contain the program to be link-loaded. 7

xload(type, filename);

% pass the appllcation program’s load primitive the type of load and the file name. %
COMMAND % interrogate user to help him send mail to other users%e
interrogatecmd =

"INTERROGATE"

CONFIRM

% User wants 10 be interrogated for needed info to send mail to other users. %
CLEAR - "distribute for action to:" >

conte * — LSEL(3#"IDENTLIST")

setfield(#"ACTION", content)

% CLEAR causes Carriage Return Line Feed on a typewriter-like terminal and causes the
command area to be cleared on a display. The apphcation function setfield is called to set
the "action” field in the current message header to the hst of user-recipients supplied by
the user and stored in CONTENT. % :

CLEAR < "distribute for information-only to:" >
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content .- LSEL(#"IDENTLIST")
setfield(#"INFORMATION", content)

CLEAR <"title:'> content . LSEL(#"TEXT")
setfield(#"TITLE", content)

CLEAR < "type of source:" >

(

"MESSAGE" type — #"STATEMENT"

coatent — LSEL(#"TEXT")

% Message is the same ar statement. %

/ type — "FILE"

content - DSEL(#"CHARACTER")

% The user may specify any character in the file. ¢
/ type .- structure

<"at”> content . SSEL(param)

% Since this is an SSEL, the user may type it or specify its location in one of his files. 7%
/ type — "OFFLINE" <“"document”>

<"located at" > content — LSEL(#"TEXT")

Tc If it is an offline hardcopy document, simply have the user describe where it is being
stored. ¥

)
setficld(type, content)
CLEAR <"show status?" > (ANSWER showstatus() /7 DUMMY)

%e If the user answers "YES”, call SHOWSTATUS to present the current spezification of
the mail tG the user. %

CLEAR < "send the mail now?' >~ (ANSWER xdoit() / DUMMY) ;

% 1f the user answers "YES", call XDOIT to send the mail as specified, otherwise simply
let him use other commands to change the specifications and send it. %

END. ienan
FINISH ceir
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SAMPLE INTERPRETER PARSEFUNCTION ROUTINE ta

Assume that in some command we want the typein of a number to appear as an alternative of
~ome set of command-words.  We can accomplish this by defining a parsefunction (call it
‘ooknum) which looks at the next input character and succeeds if the next character is a digit and
fails otherwise. [If we write this function as the first alternative in some command, then control
will pass from the interpreter to the parsefunction before it passes to the command-word
interpreter. :

Suppose our command looks like: 3
COMMAND sample = .
"INSERT"
% determine the type of insert %
( looknum() < "number"> type — #"NUMBER"
/ type — ("TEXT" / "LINK"))

%% the variable TYPE now contains NUMBER, TEXT, or LINK. We now use the I.SEL
function to get a scicetion of this type and store it in the variable SOURCE %

source — LSEL( type)
% p~. a command confirmation to make sure user wants this done %

CONFIRM

% now invoke the insert exccution function passing as arguments the entity type and the
selection of that type %

xinsert( type, source);

Now take a look at the parsefunction looknum which is called by the interpreter both when

promipting the user and also during the actual parse of the command. A
% LOOK FOR A NUMBER 7% o
(looknum) PROC( ia

% looknum looks at the next input character, if it is a digit, then a true return is taken else
FALSE is returned %

% FORMAL ARGUMENTS ¢¢

resultptr, % ptr to the function state record 9
parsemode, % parsing mode for the interpreter ¢
string); % ptr to prompting string %

REF resultptr, string;
Te-mmnemmmneen 7

CASE parsemode OF
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= parsing:

CASE looke() OF

IN 'O, 9]

NULL;

ENDCASE RETURN (FALSE);
= parsehelp:

*string* — "NUM:"
ENDCASE;

RETURN (&resultptr);

END.
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First Studies of NLS Command Use and Timing
(by Susan R Lee)

INTRODUCTION

Two special studies have been made to determine the efficiency of the system and how it is being
used. Studies of system efficiency have bezn made cn several levels, including the timesharing
system as a whole, NLS as a text editor, and execution times for individual commands.

Various methodologies have been utilized to achieve these goals. Programs have been written to
collect and reduce data in a systematic way, and other available means for collecting data have
been used. A description of methods used for some typical studies follows.

SUPERWATCH AND SYSTEM USAGE

Superwaich is a program designed to record statistics on such things .~ the usage of the drum
and disk, paging overhead, load on the system, number of users, percent of system used by
individual users, and much more. See (20b) for a more detailed description of this program.

Superwatch has been used both for measuring overall system performance snd for Jaily
operational control, both at ARC and the Utility.

After correlating load average with number of users, one conclusion reached was *hat with the
existing computer configuration, the system could reasonably serve a maximum of tv enty users at
any one time. This conclusion helped set the maximum number of users in the grou, allocation
scheme (16). After further analysis of use by users, number of users, and individual use patterus,
it was determined that the average DNLS user used 4% of the systems, while the average TNLS
user used 2% of the system. These facts led to the conclusion that the system could support 10
DNLS wusers and 10 TNLS users, or 15 DNLS users, or 30 TNLS users, or some other
combination allocating 60% of the machine to users (approximately 4G% is needed for overhead
functions and idle time as shown in the tables below).

In order to arrive at conclusions such as the ones described above, there is a requirement for data
collection of the type done by Superwatch. The following tables give samples of the output from
Superwatch showing the distribution of CPU time for May, 1974,

Overhead 32.5%
Percent used 56.8
Idle 10.7%
Total 100.0%

Overhead and percent used (% U) or percent of CPU used by users may be further broken
down as follows.

Preceding page blank
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170 wait 16.0%
Scheduling 6.6%
Process clocks 4.8%
Garbage collection 2.7%
Network overhead 2.4%
Total Overhead 32.5%
NLS 46.9%
Hardcopy output 11.9%
Journal 2.5%
Ne*work 8.9%
Support 20.8%
Systems development 6.7%
Fortran develcpment 2.3%
Total Percent Used 100.0% 38846

Graphs showing such things as amount of time system is idle, load average, number of users, and
percent of system used by users have facilitated the rescheduling of jobs such us catalog
production, and have ailowed users to pick times to work 'vhen the system is not loaded so as to
maxim.ze the use of their time. An example follows of a graph showing average variation of
nuraber of ns.rs over a 24-hour day.

TIM.E PLOT OF AVERAGE NUMBER OF USERS FOR MAY 1974

x axis labeled in units of hr:min, x unit = 30 minutes HEETY
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Projections of the effect of changes in the system are possible  _rough the use of Superwatch.
Fo: example, during the later part of 1973, the system was heavily loaded and local users were
encouraging a change in system configuration or allocated slots to improve service. A check of
network usage mdicated that 25% of the CPU allocated to users went to network users who
would soon depart for the Unlity. This fu t satisfied local users.

COMMAND FREQUENCY COLLECTI. .i AND NLS USAGE

Know!edge Workshop Development -+ Reported as of 7774

Summary of Results

In order to improve the efficiency of NLS commands that were used most often, a program
way used to collect data on command Ircquency.  Statistics were collected frem all users of
DNLS for one work-week A compilation of the results showed that a totil of 10814
commuands. were issued during the five day period. accounting for 134 different cominands.

It should be noted that the collection was done on a macro level, e only the top level
commands were recorded.  Commands within subsystems or executea via the repeat
command feature were not recorded. The data, however, give an overview of usage,

Jump commands accounted for 40% of all commands an . teat editing commands accounted
for 3492, Twenty commands accounted for 75% of all use 1.

Early studies of commard timing led us to the conclusion that to be cost effective. commur s
would have to be made more efficient. For example, 10 msee were required to msert ¢
character in TNLS and 30 msec were requ.aed to insert one character im DNLS. The hst of
most used ~ommands was used as the basis for choosing commands to concentrate on, and
after attempts to improve the Insert Character command and other high frequency commands,
3 msee were required to msert oie character i TNLS and . msee were required to msert one
character i DNLS.

Examiples of Data

The most frequently used commands were ordered 1o produce a hist of 20 commarnds that
account for approximately 757¢ of all commands vsed. The tables on the followmg page show
the complete Bst, and a list of commands by fnct:enal category.
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Command

Jump ltem
Insert Character
Jump Link
Insert Swatam ot
Jump Jump*
Jump Successor
Replace Word
Delete Character
Replace Text
Replace Character
Update New
Jump Origin
Jump Content
Jump File

Goto Display
Delete Text
Delete Statement
Update Old
Load File

Iump Return

*The frequency of a

SRl ARC 30 JAN 76 5 34PM 22133

Fregrrency Percentage
140!
562
495
492
425
352
350
lle
296
282
277
254
240
225
220
199
196
195
189
189

[#9)

'uw'a'w&-ﬁs-ﬁs‘-hkllo‘

LS = I N I R N N ) (PN Y]

user typing "iJ" indicates the number of times a

Cumulativ ¢

13
19
24
29
24
37
41
44
47
50
53
56
59
61
63
65
67
69
71
73

user was in the Jump

mode and retyped "Jump” unnecessarily. "JIs" zccount for 109 of the Junip commands.

Commands were divided into 13 fu.ctional caiegories to further differentiate usage patterns.

page 71

Category

Jumping

Texd Editing

Fil~ Manipulation
Text Creation
Structure Fditing
Viewing

Other

Total

Number Percentage
4205 39
3642 34

853 8
836 8
333 3
279 2
666 6
10814 1009
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JOURNAL USAGE STATISTICS
The Jouraal is an integral part of the NLS system, and it was therefore felt that the Analysis
group should gather data on the Journal to better understand its usage.
Throughout 1972 and 1973, Journal usage mereased steadily until mid-1973 when the number of

items sent each month reached about 450 per month. One-third of these items originated at a site
on the ARPANET other than ARC. A 1able and graph detailing this growth are shown on the

following page.
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Monthly tabulation of Journal items sent in 1972 and 1973

1972 1973 -

January 127 404
February 156 432
March 131 505
April 118 474
May 174 437
June 129 608
July 105 461
August 185 405
September 164 358
October 251 448
November 297 473
Deceniber 315 385
Total 2152 5387

Graph of Journal usage for 1972 and 1973,
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The majority of items are distributed to a relatively small number of people. Siudies show that
409 of all items were sent to one persen, and 70% were sent to five or fewer. Distribution
patterns are detailed below.

Type of Distribution Percent Cumulative

Percent HEERN

Individual idents ERLE
0 individuals* 5% 5%
1 individual 40% 45%
2 individuals 10% 55%
3 individuals 67 61%
4 individuals 5% 66%
5 individuals 4% 70%
6-10 individuals 6% 76
More than 10 individuals 3% 79

Group idents

SRI-ARC 12% 129%

One group 6% 18

One group plus 1-5

individuals 3% 219%

TOTAL 1009

*(test or for the record) 380

The aotiity to look at the number of titnes a Journal item has been accessed indicates that files
distributed to a group of 15 or more people are accessed in the following manner (accessed
implies the text of the item was cither read or glanced at):

Day 1 - 9 accesses
Day 2 -7
Day 3-3
Day 4 - |
Day 5 -1
Day 6 - 1

Day 7 to Day 20-0

Generally, 40% of all access occurs the first day, and 909% has occurred by the end of the
fourth day. RS

Knowledge Workshop Development -- Reporied as of 7/74 page 75

DYy SN S PR —— Sy = < S ——




SRI-ARC 30 JAN 76 5 34PM 22133

Chapter III: NLS SUBSYSTEMS

The Calculator
(by Elizabeth K Michael)

BACKGROUND

Q14 Calculator

A calculator system was implemented in the XDS 940 version of NLS which had two primary
operating modes: regular desk calculator mode (add, subtract, multiply, and divide) and
function mode (with named variables, etc).

Although some effort was devoted toward rewriting the Calculator in L10 for conversion to
the DP 10, this version was never implemented on the PDP-10. The strategy of the current
calculator design was to take as many useful reatures as possible from prior work while adding
those new features that provide additional usefulness and power.

New Environment

Extensions to NLS added since the XDS-940 version made it possible to give the new
calculator features that were not available in the older version. The most important of these
was the spiit screen capability. This feature allowed the user to display one or more files to be
used as targets for results of calculations or to obtain input for calculations. In addition the
user could display simultaneously a file in which every calculation was recorded.

Increased power of both TNLS and DNLS addressing made the extraction and insertion of
numerical data from and into files much more flexible.

DESIGN SPECIFICATIONS FOR L10 ENVIRONMENT

Int

roduction

The Calculator is planned to evolve in three successive major phases. The Phase 1 Calculator
was designed to provide the capabilities of a relatively simple desk calculator in combination
with the file editing features of NLS.

Design of Phase 2 (a compiler capability) and Phase 3 (graphics capability) was not completed.
These are described briefly under Planned Extensions.

What it Does

page Tu

The Calculator is a sclf-contained subsystem of NLS. It adds, subtracts, multiplies, and
divides like @ desk calculator. Operands may be selected from NLS files using standard NLS
addressing or selection modes, or they may be entered from the keyboard either directly as
numbers or indirectly as simple arithmetic expressions (e.g., 2x4.6/5.123). Results may be
easily stored in any NLS file. The user may leave the Calculator, use other NLS commands,
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and then return to the Calculator and continue work there, just as though his original session
had not been interrupted. It is this close integration of numeric work with NLS textual
capabilities that is the unigque and powerful innovation of the NLS Calculator. Dl

Each operation is recorded in a special Calculator file, created for the user by the system. The
results may be stored both in the special Calculator file and in other user files. The user may
request various number formats (e.g., have numbers edited with commas, preceded by a dollar
sign), keep as many as ten running totals in separate accumulators, and enter anthmetic
expressions as if they were numbers. i

When the user leaves the Calculator, his accumulator values and number format specifications
are saved for him in the Calculator file.  When he next enters the Calculator he is given the
option of beginning exactly where he left off before or starting with all accumulators set to
2r0. 328,

Arithmetic operations are performed on the value in the current accumulator. An arithmetic
operation requires as input an optional operator followed by a signed or unsigned number or
an accumulator designation.  The number may be entered directly from the keyboard,
indirectly as an arithmetic expression, selected by typing an address expression, or, in DNLS,
selected by the cursor (Bug) from any of the displayed files.

There are commands in the system that allow the user to change the current (active)
accumulator, display the values in all accumulators, clear the accumulators, change the format
of stored numbers, store values in files, and copy tae special Calculator file.

Planned Extensions

Planned enhancements to the Phase 1 Calculator included adding a broad range of
mathematical functions: exponentiatior, root extraction, and trigonometric functions. Most of
the basic mathematical routines to accomplish this have been written ana tested. Ouly the
user interface routines remain to be done. 336 Oc

The Phase 2 Calculator was to provide a compiier with a user-available algebraic language that
would allow the user to evaluate functions and write complex interactive mathematical
programs.
The plan was to interface NLS, through the Calculator subsystem, to a compiler (initially
Basic) already available on the PDP-10. The task consisted of the following areas:
1) Transferring control between NLS and the compil:ir subsystem.
2) Passing control information to the cempiler subsystem.  This is concerned with passing
commands to the subsystem as to what action is to be taken, where to get mput, where to
place output, ete. ot
3) Transferring data between NLS and the compiler subsystem.  This mvolves taking data
in internal NLS format and converting 1t to a meaningful format for the comniler and
accepting compiler output and converting it to NLS format. 30 ¢

4) Providing a smooth and simple user interface to accomplish all of the above. 28
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These problems exist in relation to any other subsystem and NLS, and it was decided that the
best solution would be to wait for BBN's implementation of stream files in TENEX. The
proposed feature would provide a communication system responsible for moving data between
user processes, the file system, various devices, etc. tirig

The Phase 3 Calculator was to provide a graphics capability and was to be coordinated with
future plans for more general graphics features for non-calculator, NLS use. it Te

IMPLEMENTATION

The Phase 1 Calculator was implemented initially under L1C. This version was in use for about a
year during which time user-reaction was observed. When the Caiculator was converted to
NLS-8 with CML, a number of the Calculator features and defaults were changed on the basis of
these observations.

The system was used extensively in the preparation of internal ARC measurement, budget and
accounting reports, and for similar reports prepared at RADC.
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Tue Output Processor and Computer Output to Microfilm
(by Dirk H van Nouhuys, Elizabeth K Michael, N Deas Meyer)

HOW THE OUTPUT PROCESSOR WORKS FROM THE USER'S V. EWPOINT

The NLS Output Processor allows the user to control printed format by ins-rting brief directives
in the text. Such directives normally have the form of a capital letter, some lower case letters, an
equals sign, and a number (if required). Figure 1, on the following page, illustrates some of the
basic directives and the formatting they control.
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Figure 1. Basic Formatting Directives
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Figure 1 illustrates the operatio<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>