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ABSTRACT 

This report covers ~wo years of research in a continuing 
program in the Augmentation Research Center (ARC) Of the 
Information Sciences Laboratory of Stanford Research 
Institute, supported by ARPA and RADO under Oontract 
F30602-68-0-0286.1& 

Some of the work reported was also supported by ARPA and 
NASA under Contract NASl-7897. 1a1 

The research reportea is aimed at the ~evelopment Of on.line 
Qomputer aids for increasing the performance of individuals 
and teams engaged in intellectual work. and the ~evelopment of 
techniques for the use of such aids. The report covers 
hardware and software ~evelopment, aPPlications in several 
areas relating to management of a community of workers WhO use 
on·line aids and to 1nformation management for such & 
community, participation in the ARPA computer network, and a 
summary of plans for the continuation of the research. 
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PREFACE 

The research described in this report represents conceptual. 
design, and development work by a large number of people; the 
program has been active as a coordin&ted team effort since 
1963. The research reported here was a cooperative team 
effort involving the entire ARC stat!. The following 1s an 
alphabetical listing of ~he current ARC staft: 2& 

Geoffrey H. Ball, Walter L. Bass, Vernon R. Baughman, Mary 
G. Caldwell, Roberta A. Carillon, David Casseres, Mary S. 
Church, William S. Duvall, Douglas C. Engelbart, William K. 
English, Ann R. Geoffrion, Martin L. Har~y, Jared M. 
Harris, J. David Hopper, Charles H. Irby. L. Stephen 
Leonard, John T. Melvin, N. Dean Meyer, James C. Norton, 
Bruce L. Parsley, william H. Paxton, Jake Ra~liff, Barbara 
E. ROW, Martha E. Trundy, Edward K. Van ~e R1et, John M. 
Yarborough. 2a1 

The following former ARC staff members also contributed to the 
researCh: 2b 

Donald I. Andrews, Roger D. Bates, Davia A. Evans, S~ephen 
R. Levine, Stephen H. paavola, Helen H. prince, Jone F. 
Rul1f8on, Elmer B. Shapiro, F. K. Tomlin. 
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I INTRODUCTION 

A. General 

The Augmentation Research Center (ARC) is a eommunity Of 
about 28 researchers, supported by several different 
contracts. in which all the research activity is aimed at 
(1) exploring the possibilities for augmenting the 
performance of intellectUal work wi~h ~he help of real-time 
computer aids and (2) the experimental ~evelopment Of 

Sa 

computer aids ana augmentation systems. Sal 

Several different coordinated research activities have been 
developed, sponsored bY different contracts, to pursue the 
various aspects ol this augmentation research. The aspects 
reported here are: Sa2 

(1) The Management system ResearCh Activity. whiCh has 
been supported by RADC under this contract. Sa2a 

(2) The development, operation, and maintenance Of a 
real-time computer-~isPlay system, inclu~1ng both 
hardware and softWare aspect. and participat10n in the 
ARPA computer network experiment. This has been 
supported by ARPA and RADC under thiS eontraQt, and by 
ARPA and NASA under Contract NASl-7891. The facility is 
~ed1cated solely to the ARC's activities. Sa2b 

All the researchers within theARO do a. much of their work 
as ~o8s1ble at display consoles (depending on eonsole 
availability and whether a speCific taSk can appropriatelY 
be done at a console). Thus they serve not onlY as 
researchers but as the SUbjects for the analysis and 
evaluation of the augmentation systems that they are 
developing. Sal 

Consequently, an important aspect of the augmentation work 
done within the the ARC (for instance, of the 
RADC-8upported Management Systems Research) il that the 
techniques being explore~ are implemented, stUdied, and 
evaluated with the advantage of intensive everyday usage 
within a coor~inated working environment that is compatible 
with the partiCUlar teohniques being stUdied. Sa4 

1 
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This strategy, calle~ "bootstrapping," is a key concept 1n 
much of our design philosopny, 51S 

B. on-Line Aid Systems in the Augmentation Research Center 

This section very briefly describes the two major 
augmentation systems available to workers in the 
Augmentation Research center. These systems are the 
On-tine System (NLS) and the Typewriter-oriented 

Sb 

DocumentationwAid System (TODAS). Sol 

APpendix A is a more complete description of the user 
features of these systems) the reader who is not alreaOy 
acquainted with ARC's research will find that this 
appendix provides a useful background for the main body 
of the report. Sbl& 

In addition, APpen~ix D gives a aetailed description of 
NLS/TODAS implementation. Sblb 

1. The On-Line system (NLS) Sb2 

NtS, as currently implemented, is essentiallY a highlY 
interactive, d1sPlay·oriented text-manipulation system. 5b2& 

NLS is intended to be use~ on a regular, more or less 
full-time basis in a time-shar1ng enVironment, bY users 
WhO are not necessarily computer prOfessionals. The 
practices and techniques developed bY users for 
eXPloiting NLS are as much a SUbject ot research 
interest as the development of NLS itself. Sb2b 

a. Struetured Text 

All text handled by NtS is in "structured-statement" 
form. This special format is simplY a hierarchical 
arrangement of "statements," resembling & 

Sb2C 

conventional "outline" form. Sb2cl 

A statement is simply a string ot text, Of any 
length) ~his serves as the basic unit in the 
construction of the hierarchy. Each paragraph and 
heading in this document is an NLS statement. Sb2cla 

b. Use of the system Sb2~ 

The creation of new text material as content for a 

2 
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file is achieved by typing the new material on a 
keyboard, under any of several possible NtS oommands, Sb2dl 

The study capabilities of NtS constitute 1ts most 
powerful and unusual features. The following 18 a 
brief, condensed description Of the operations that 
are possible. Sb2a2 

The process of moving from one pOint1n an NtS f11e 
to another, which corresponds to turning page' in 
hard copy, is called "jumping." A very large familY 
of "jump" commands allows the user to speeify 
locations in the file in & number of ways -- e.g., bY 
specifically identifying a statement or bY specifying 
a structural relationship to some other statement. Sb2d) 

The NtS content analyzer permits automatic searehing 
of a file for statement. satisfying some Qontent 
pattern specified by the user. The pattern is 
written in a special language as part Of the file 
text. Sb2di 

A large repertoire of e~iting commands 1s provided 
for modification Of the text in a file. Sb2dS 

2. The Typewriter-Oriented Documentat1on·Aid system 
(TODAS) So) 

TODAS is a text-handling system designed as a 
"typewriter" counterpart to NLS. TODAS can be operated 
from a Teletype or any other Kina of hard-copy terminal, 
includ1nc terminals linked to the ARC timeSharing 
computer facility (an XDS 940 with special hardware) 
through acoustic couplers and ordinary telephone lines 
(as opposed to NtS,wh1ch requires microwave 
transmisSion to achieve the necessary bandWidth for 
displays). Sb)a 

3. output Facilities 

The facilities for producing hard-copy output from 
NLS/TODAS files include a line printer, a 
paper-tape-driven typewriter, and the GraPhics-oriented 
Document out~ut System (GODOS). 5b4a 

The line ~rinter, because of its speed of opera~ion, 
is the rout1ne means of producing hard copy for use 

3 
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within ARC. I~ 1s used heavilY by all NLS/TODAS 
researchers. 

The paper-tape typewriter is used for producing 
report-quality typing, 'Uch as this report. As it 1s 
relatively slow and inconvenient, it 1s not normally 
used except for final output of material to be 

Sb4al 

PUblished. Sb~a2 

GODOS produces magnetic tape which is then turned 
over to an out-of-houle facility Where .it is run on 
stromberg-Carlson microfilm equipment to produce 
frames of microfilm (or microfiche) corresponding to 
pages of full-size hard COPY. The advantage of this 
system is that 1t can handle drawings produced 1n NtS 
files by means of the NtS graphics capability. GODOS 
i. still in the experimental 'tage and has not been 
used extensively. Sb4a3 

~. This Report &. an Example of NLS/TODAS Capability 

The following ~1scus.ionmay be ~aken as a very rough 
indication of the power of NtS and TODAS a. applied to a 
single Ipec1fic problem •• namel" the writing, editing, 

SbS 

and production of this report. SbSa 

The above deacriptlonsof NLS and TODAS were pro~uced by 
modification,using NtS, of the more detailed 
descriptions in Appendix A. SbSb 

The entire task of mOdi tic at ion, including 
fo~matting, insertion into the bOdY of the re~ort, 
and all other details, required about half an hour of 
work by an NtS user who was already familiar with the 
contents of the description.. It the jOb had been 
done bY someone who was not familiar with the 
material (but Who was familiar with NtS) it might 
have taken fifteenmlnutea longer. 5b5bl 

The original description was written for an earlier 
report and then kept available al an NtS/TODAS file 
in antiCipation of future opportunities for using it. 5b5b2 

Inaee~, a conSiderable amoun\of the material_in this 
re~ort was developed by mOdifica\ion of existing f1~es, 
and we maY expect the new material generated for this 
report to cont1nue in use &s a collection of NLS/TODAS 

4 
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files for &s long as it can be updated to reflect 
current reality. SbSC 

TODAS was used primarily for the task of entering new 
material into on-line files. Considerable portions 
of the material were put on line by a secretary using 
TODAS, working from handwritten material an~ from 
recorded dictation. SbSel 

Finally. we may note that the writing of this report, 
using NLS and TODAS throughout, was achieved under 
considerable time pressure by a team consisting Of about 
a ~ozen people, all of whom were dolng other important 
work at the same time. 

5 
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Our Management System Research Activity has involve~ three 
major areas of concentration. In practice these areas overlap 
considerably, so that there 1s an integrated researoh effort 
on many Phases of management technique and theory that im~inge 
upon the operation of ARC. For ~urposes of ~eser1ption, 
however. we discuss each area ot concentration as it it were 
an independent effort. 6& 

The three areas are: 6b 

(1) Management-Information Operations •• research on 
techniques for us1ng management information in the ARC 
environment. inclUding the development of computer aids for 
the storage and manipUlation of such information 6bl 

(2) organization studies .- research on the ARC on-line 
community Of workers and experimentation with organization 
structure and planning methods in the on-line community 6b2 

(3) Team Augmentation and Dialogue support·~ research on 
augmenting a team or community of intellectual workers by 
means of sy,tems that support the intellectual ~i&logue of 
the team. 6b3 

A. Management-Information Operations 

1. IntroOuction 

In aceordance with our usual strategy, we have purlue~ 
our investigation of management-information operations 
by using NL! and TODAS to develop and provide aids for 

6c 

6e1 

management of the ARO on-line community. 6ela 

There are many areas of potential application for 
on-line aids; we have chosen thOle which appear to be 
most useful operationally for experiments with the 
development of on-line aids. 6elb 

This section gives detailed deseriptions of several 
applications that have been developed, illustrated with 
photographs of the NLS display screens to shOw sequences 
of information-manipulation operations. A familiarity 
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with the basics of NLS is assume~;APpend1x A 1s 
in~ended to provide the necessary information about NtS. 6elc 

In following the descriptions, it is worth keeping in 
mind that the speed with Which NLS serves its users is 
an important part of its utility, The photographs 
indicate transitions that normally take only one or two 
seconds. This speed lends great power anO flexibility 
to the relativelY simple service functions performed bY 
NtS. 6el~ 

2, project Costs 

The mOlt obvious area for application of on-line aids to 
management within ARC is project cost accounting. 
Considerable work hal been done on the development of 
.everal cost-information files and ot techniques for 

602 

their use. 602a 

a. Coat Records 

The Institute's accounting system provides ARO with 
detailed eOlt records tor the various "SRI projects" 
(i.e., individual contracts) being earried out in 

6C2b 

ARC. 6e2bl 

The primary 1nputs to SRI's system are (1) weekly 
time eards reporting hourly charges to various 
projects by individual staff members, and (2) 
non-labor costs charged ~irectly to ~roject5. 
inclUding actual charges to projects and 
commitments (uncompleted orders), 6c2bla 

For each SRI project, the accounting system 
computes dollar costs based on actual salary data 
for each staff member's hours charged, adds 
payroll burden and overhead amounts at eurrent 
rates, combines these cost. w1\b non-labor total., 
adds appropriate fees, and total' all such charges 
each week on a cumulative basis. 6c2blb 

current charge. are reported to ARC each week on 
the project Status Report. 6c2blC 

we need frequent and rapid accesa to ~roject cost 
summary aata for operational use, with less 
reference to lower-level details, except as the 
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costs are first checked tOT reasonableness ano 
accuracy. Therefore we decided to start by 
putting summary data on·11ne at ARC. AS needed in 
the future, we can add more levels of detail. 6c2bld 

File HISCO 6e2b2 

We first constructed a cOS~·history file for 
1968-1969 costs on SRI projects ESU 7101 (RADO 
Contract F30602-68·0-0286) and ESU 7079 (NASA 
Oontract NAS 1-7897). This file is called HISCO. 6c2b2a 

We decideO that the elements of HISCO woulO 
inelude thefollowinl for each of the two 
projects, on the baSis of 4-week accounting 
periods (as used by SRI's accounting system) I 6c2020 

(a) salary 

(b) Burden 

(c) Overhead 

(<1) Total cost 

(e) Fee 

(f) Total charges. 

See Figs. 11-1, 1I-2, and 11-3. Each of these 
figures shows a diSPlay of one branch of the 
file, con~a1n1ng the information for a specific 

6c2b2bl 

6c2b2b2 

6c2b2b3 

6c2b2b4 

6c2b2bS 

6c:2b2b6 

project and year. 6c:2b2b7 

We al.o needed a .ection showing combined 
salary costs and combined total charges tor 
all of our projects (see Figse 11-4 and 11-5). 
We put these cOltl in separate branches of ~he 
file. The last branch shows total coats for 
both projects combined. we retroactively 
stUdied eXisting records for all 1968 data and 
kept up the 1969 costs every U weekS, entering 
the new data by hand. 6e2b2b8 

We experimented with the use of ,raphic 
representations by entering charts in HISCO. 
These charts showed the cumulative ccattrends for 
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each project in a separate branch of the file. 6C2b2C 

We established links between tabular data an~ 
chart projections. This made it quite ea.y to 
refer to both formats alternately. 6e2b2cl 

The use of graphics in HISCO gave some 
indication ot the usefulness of sucn linking. 
but the existing package has limitations in the 
form of a few bugs an~ capacity that makes its 
use of marginal value. Work 11 currently un~er 
way to im~rove this capability. We also need 
local narO-eopy output ~o make these features 
of real value. 6c202c2 

HISCO was a testing ground for the first ver,ion 
of the NLS calculator package. As the file was 
updated. cost data were entered into new 
statements, and the calculator was used to check 
the cost data and to determine the total ARC 
project cos~s. 6c2b2d 

This employed the ADD, SUBTRAOT. MULTIPLY and 
DIVIDE capabilities and use~ the four hOlding 
registers. 6e2b2dl 

The calculator package hal an 'INSERT' command 
thatinsertl the curren~ contents of the 
calculator's aCCUMulator into the file text as 
indicated by a bug selection. Work with KISOO 
indicated that a 'replace' command would be 
very desirable. 6c2b2dc 

The usual way of accessing HISCO was via 
pre-established links from other working files 
whenever the user had a question about recent 
costs. The VIEWSPECs in the link usually caused 
RISCO to be brought in with only high-level 
statements on display, showing only the hea~ings 
for project name, combined salary. total charges. 
and total ARC costs (see F1g. 11-6). 6c2b2e 

The user could then select the project he Was 
interestea in (bY the command JUMP TO ITEM) 
open up an addi~ional level for viewing, and 
see column headings and numerical data (Figs. 
II·l. II-2, and 11-). 6c2b2el 
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Then he coUld jump down through the 
aceoun~ing periodS to the one he was looking 
for. 6e2b2ela 

If he was making a calculation (~erhap. 
already started in the file he was working 
in before he linked to HISCO). he could then 
oal1 the calculator and add, sUbtraot, 
multiplY or divide ~y any of the numbers 1n 
HISOO. His previous calculation. while .in 
the previous file would remain intact. 6c2b2elb 

If finished.with RISOO, he could then return 
to the previous file (bY the eomman~ JUMP TO 
FILE RETURN) and continue with the 
calCulation, having found in BISCO the input 
number or numbers he was looking for. 6c2b2elc 

such a sequence occurs very fast. Experience 
with HISCO seems to prove the value of having a 
simple calculator built 1nto NLS. where 1t 1. 
instantly available when neede~ an~ can 
interact directlY w1th data in an NLS file. 6c2b2e2 

Desk calculators are ava11able for most 
people whO need to dOba8icarlthme~ie work, 
bU~ When one 1s looking through extenllve 
files for inputs to calculations, the 
conventional calculator 1s not nearly as 
useful as this on-line ver.ion. 6c2b2e2& 

Summary, As an arena for experimentat1on. HISCO 
proved very valuable. operationallY, it was 
useful from time to time but revealed a need for 
more frequent updating of the summary data. our 
experience with HISCOled to the development of a 
redesigned cost-history file called COSTS, 6c2b2f 

File COSTS 6e2b3 

This file is updated weekly, with 4-week ano 
cumulative summaries, 6c2b3a 

The OOSTSf11e is referred to frequentlY, 
beeau,e the weekly inputs now Show ~ren~. with 
considerable sensitivity. 6e2b)al 
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We decided that the elements most use~ul to us for 
this year are the follow1ng: 6C2b3b 

(a) Salary eosts 

(b) Total personnel cos~s 

(e) Non-labor costs 

(d) Total CQsts 

(e) Total charges with fee 

(f) Balance remaining 

See F118. 11-7, 1I-8, and II-9. Figure. II-? 
an~ 11-8 show the same branch of the file with 
different VIEWSPECli Fig. II-8 di'~lays one 
more level than rig. 11-7, and this level shows 
the weekly data. Figure lI-9 shows the weekly 

6e2b3bl 

6c2b3b2 

6c2b3b) 

6c2b3b4 

6C2b3bS 

6e2b3b6 

data for another project. 6c2b3b7 

we al.o deeided to include funding 1nformation 
showing eurrent total.,unfun~ed totals, and 
total contract amounts in the categories cost, 
tee, and total. 6e2b3b8 

we use separate branches for each project and tor 
total ARO project COlts (Fig. 11-10). The 
skeleton format for the file was set UP in advance 
for the entire year of 1970. 6C2b3C 

our approach walto create a separate statement 
for each week, one level below the "total" 
statemen~8 ~or each 4-week period. For tbe 
seeond week of 1970 (Which is in the first 
aceount1nc periOd) the .tatement starts with a 
2-1 and then, ~roceedin, across the line. 
shows the amounts 11ste~ above in six columns 
(Figs. II-8 and 11-9). 6c2b3el 

Before entering any actual data, the first 
top-level branch (containing .ome 70 
statements) was copied within the £11e at the 
same level four or five times. Then eaeh blank 
branch s1m~lY had the project name headings 
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inser~ed for the project using th&~ branch. 
We keep one extra blank format branch available 
in ease any new projects should arrive. 6e2b3e2 

Like HISCO, COSTS is usually reached tnrough a 
link from some other working file, ~erhaps while 
a study of near-future costs is 1n procress, or 
from an ongoing proposal CQat estimate, Again the 
fl1e is usually entered with only the top-level 
statements or project headings showing (see ric. 
11-11). 6c2b3~ 

If a particular project is of interest, that 
branch is selected and another level opene~ for 
view. The second level shows period-by·perioa 
subtotals in each cost category (Fig. lI-7). 
If weekly Oata are desired, another level is 
opene~ by changing the VIEWSPEOs (rig. 11-8) 
and a particular week i8 seleeted bY the 
command JUMP TO ITEM. 6e2b)dl 

The statement for each week has ~he week 
ending date a8 its name. The reason for 
th1s is not only so that the statement for a 
particular week can be accessed by the JUMP 
TO NAME command usinc ~he end1nc date, but 
allo so that the date may optionally be 
suppressed from the diSPlay. Nt! haa the 
capability of suppre8s1ng all statement 
names from the diSPlay. 6C2b3ala 

The normal way of looking at the file 1. 
with names suppressed; thus the dates do 
not clutter the display) however, a user 
who needs to know the ending date for a 
particular week can see it by executing a 
single command, 6e2b)Olal 

To access the information for another project 
within COSTS, one executes JUMP TO RETURN twice 
to see the top-level statements again (Fil. 
1I-l1). 6c2b)c12 

one can move very Quickly and aceurately through a 
file that is set up 1n this fashion, even without 
any familiarity with the information it contains. 6c2b)e 
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The prlmary function of COSTS is to show a 
consistent week-by-week progression of costs for 
each ~roject by category, The file can also be 
used for studY purposes, through the use of 
content-analyzer patterns, some of which are 
s~ore~ in the header statement (see FiC. 11-12, 
which is the same as Fig. 11-11 but with different 
VIEWSPEC,). Any other patterns can be created as 
needed. 6C2b3f 

This allows a user to extract special 
categories of information from the file very 
quickly. For example, a user may ea~ilY create 
a display showing all project costs for the 
eighth week of 1970, for each ARC project, It 
is also pOSSible to output such a "filtere~" 
dis~l&Y v1a a line pr1n~er, thus obtaining hard 
copy of a special-purpo.e extract from the 
total file. 6c2b3fl 

The content analyzer is helpful when using the 
calculator on all the ~ata for one week, project 
bY project, to finO total ARC charges by category. 6C2b31 

When only one week's data are disPlayea, one 
can add items aown each column and 1nsert the 
answer in the "ARO total" s~ace. one can then 
clear the accumulator, an~ add Oown the next 
column. This is ~one veryra~idlY \hrough bUI 
selection of input numbers an~ keYSet entry of 
commandS •• ADD, ADD, ADD, ADD, INSERT. CLEAR, 
ADD, ADD, ADD, ADD, INSERT, CLEAR, and 10 
forth. 6c2b)gl 

Figures 11-13 and 11-14 are before/a~ter photos 
of this process. 6c2b3g2 

The COSTS file is now operationally usetul to us, 
and we expect it to be useful for future 
experimentation with automat1c processing 
techniques. 6c2b3h 

b. Estimates 6c2c 

proposals 6e2cl 

Another use of the system is in creating proposal 
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co,t estimates. we first estiMate the amount of 
effort required for the proposed work. To 
estimate the cost of this effort, we make 
reference to various on-line files. The 
estimating process typically proceeds along the 
following lines. 6c2cla 

Personnel Costs 6c2clb 

The estimator loads a special file, maintained 
bY himself, Which is a directory to all of his 
other files and perhaps to a few files 
belonging to other people. Figures II.1S and 
11-16 are two displays of a user's tile 
directory, In rig. II-1S, only firat-level 
statements are shown; these are used for 
establish1ng categories. In Fig. 11-16, 
another level 18 shown, containing the actual 
direc~ory listings 1n each category. 6c2elbl 

This "file directory" contains links to each 
of the files that it lists. In the present 
case the files probably would be COlt 
histories, personnel listings, previous 
special stUdies of costs, and other 
administrative information. 6c2clbla 

He loa~s a previous cost estimate, makes a 
working copy ot it, changes the hea~ing to 
reflect the name of the new propo8al estimate, 
and eliminates the amount. from the old 
estimate. 6c2clbi 

This produces a blank cost estimate format. 
If any items from the old estimate are 
inappropriate, they are easily delete~J new 
items are easily added as separate 
statements. When the format il ready, it is 
output al a new file. 6e2clb2a 

He ean then load a file that lists names Of 
people in the group and aome projection of 
expected additions. Figures 1I-17, 11-18, and 
11-19 show portions of such & file. 6c2albl 

Using this personnel-listing file. he 
Obtains information about labor categor1es. 
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A branch containing content~an&lyzer 
patterns is kept in the file. These can be 
easily reache~ by jumping to a 11nk Which 
causes all the patterns to be diiplaye~ 
(Fig. 11-20). 6e2clb3a 

Each pattern will select some particular 
category Of statements from the file. 
For example, the estimator will need to 
know which people have the status of 
Senior Professional. 6c2clb3al 

He selects the appro~riate pattern 
with the comman~ EXEOUTE CONTENT 
ANALYZER, and then jumps on a link 
which turns on the content analyzer. 
starting the search at the beginning 
of the branch containing personnel 
listings and restricting the searoh to 
that branCh. 6c2elb)al& 

This prOduces a display ShOwing only 
the listing of senior prOfessionals in 
~he grou~. This set of statements can 
then be transierreo to the new 
proposal cost estimate file. 6c2clb3alb 

other patterns can be used to ex~ract 
setso! statements aecor~ing to other 
criteria •• for example, all the 
hardware or software people in the 
group (Figs. 11-21 and 11-22). 6c2elb3alc 

Thus the estimator can select, bY labor 
category, representative peoPle wbo may be 
involveC with the propolal; as he selects them, 
he can transfer their names ana tne information 
that goes with them to the tile Where he i. 
building up his estimate. 6c2elb4 

At present we dO not keep individual salary 
information on line, although we could dO 
this if we added some security measure •• 
Oalculations tor the average salary 
category, ba,e~ on the speCific people 
eontemplated, are made off-line at present.6e2clb4a 
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These average salary amounts are inserted 
1n~o the on-line cost estimate. The 
calculator i. use~ to mUltiplY number. of 
man-months times average salaries per month 
to determine total salary costs per labor 
category and overall direot labor totals. 
All of this is achieved within the actual 
file that will become the finiShed estimate. 
6c2clb4b 

The payroll burden and overhead rates are 
checked for currency and inserted into the 
estimate, using the calculator to apply them to 
the d1reet labor. At this point th. labor 
portion of the estimate is completed. 6c2elbS 

Non-Labor Costs 602c1c 

A typical estimate will involve some travel 
costs, some conSUltant costs, and some report 
costs. Data supporting the cost Of consultants 
may be checked by reviewing current 
conSUltants' cost. by project and by 
eonsultant. These are kept in a separate file 
and reached through a link for review. The 
data may be copied into the e.timate if some Of 
the information 1. of use. 6c2elel 

Report production costs are estimated using 
current Institute schedules, which are based 
primarily on the number of paces expected in 
the end product. These computations can be 
made using the calCUlator, and the existing 
cost factors from the last proposal. checked 
for current apPlicability. 6c201c2 

In adC1tion, there may be plans to add 
equipment in the propOsal. In this ease, the 
estimator will use an equipment stUdY written 
1n another tile by the people involved in 
hardware design. 6c2ele3 

The equi~ment eosts contained in the special 
study are summarized in total and reached by 
a link. The s~eci&l study can be viewed and 
upOated as appropriate and can be copied to 
go with the proposal as an appen~1x or used 
later for back uP. 6c2clc3a 
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In this fashion, various information is 
gathered from various files an~ transferred 
into the Oeveloping cost estimate. Figures 
1I-23, 11-24, and 11 w 25 show various portions 
of a completed on-line cost estimate as 
actually used for a recent ARC proposal. 6c2alek 

work1ng Forecasts 6c2c2 

operational Use of Estimates 6c2c2a 

AS the project progresses, proposals and 
estimates can also be used as guides for 
management of the project. It is useful to 
forecast the ex~eeted project costs on either a 
four-week period or monthly basis. 6c2c2al 

This can be done by creating I new file using 
the type of format that the COSTS file uses. 
We insert total figures from the cost estimate, 
using the calculator to determine average rates 
and specific estlmate~ amounts, and insert 
answers into the file as it build.. This 
month-by-month estimate can be reached through 
a link from working cost files, from the 
original estimate, or any other tile Where toe 
quest10n of monthlY estimated project costs may 
arise, 6c2e2a2 

c. Purchase.or~er processing 

In making an estimate Of cOltl for new equipment 
being constructed at ARC, reference to previous cost 
information 1s very useful. We have constructed a 
purchase-oraer/requis1tion processing file Which 
contains a separate statement for each item purehased 
for the past two years at ARC. Figure 11-26 shows a 
portion of this file. 6e2dl 

Each statement contains the following information 
about each purchase: 

(1) Total priee 

This 18 entered &8 the .tatement name. 
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A~ present this is not used al an NtS name, but 
as a way of eliminating information from the 
sereen at will, keeping a consistent location 
in columnar form for such totals. 6c2d2a2 

(2) Description of item 6c2d2b 

() Vendor 6c2d2c 

(4) Number of units purchased and price per unit 6c2~2~ 

(5) Purchase ReqUisition number 6c2d2e 

(6) Date requisition sent 6e2d2f 

(7) Purchase order number when order is placed 6C2d2g 

(8) Date order is placed 6c2d2h 

(9) project or account charged 6e2d21 

(10) Date order is received 6e2d2j 

(11) When the order i8 completed, it is markea 
with the special code *comp*. This can be 
~etected by a content-analyzer pattern. 6c2d2k 

All outstanding orders are contained at a second 
level under a single branCh (see Fig. 11-27); 
therefore the distinction betWeen outstanding and 
completed or~ers is easy to see just bY reterence to 
level. TO reduee clerical error, we consider an 
order eompleted when the *eomp* pattern ia inserted 
and the statement is moved to its alphabetical 
posi~ion on the top level. 6c2d3 

This file can be searched using the content analyzer 
in 80me interesting way,. We can ask for all item. 
purchased from a partieular vendor on any particular 
project ana see only those. If we wonOer about the 
unit price of a thermal wire .tripper, model 2W w l, we 
can QuicklY get that informat1on. If we wonder what 
we purcha.ed on PR A08927. that comes simplY by 
executing a content analyzer pattern specifying the 
number. we can see all outstanding orders Charged to 
a particular project quicklY. Figure 11-28 shows a 
content-analyzer pattern that has been temporarily 
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written into the file, for finding any en~rie8 
pertaln1ngto or~er8 for relays under pro~eet 7101. 
Figure 1I-29 show. a view generated by using this 
pattern. 602d4 

This file is useful, then, from a 
project-administration standPoint, from the 
stan~po1nt of following a purchase requiSition 
from the oraer stage tbrouch com~letion, and alsO 
for providing backuP information for cost 
estimates. 6c2d4a 

This tile can also be used as & tickler file by 
inserting a pattern 1n the "outstanding 
requisitions" branch whiQ~ shows the date we feel 
we shoul~ follOW up on the order. Each day one 
can ask for all those items that have the current 
date as a follow-up date. 6e2d4b 

Thi. file is kept up-to-Oate by the secretary ot the 
hardware group, who is most 1nvolve~ with 
reQui11tion1ng, She Ooes this uPd&ting entirelY with 
TODAS. 602d5 

~, Summary on the Systematic Use of project oost file. ~e2e 

one by one each of these files micht be interesting, 
A' a combination, quicklY aVailable to many users, 
their utility seems remarkable. 6c2el 

A cost study, as discussed above, can rely on all 
previous project costs as recorded in the sy.tern 
and can draw on those f11el for inputs. one can 
araw on the personnel roater file by labor 
category, work interest or as extended into & 
skills inventory. 6c2e1& 

We can browse through the purchase-order file. 
refleeting the current or previous costs per item, 
We can link to activity-planning files to see 
which people are involved with various ongoing 
tasks and to see on what tasks we are 
contemplatinl certain equipment purchases, We can 
link to proposal cost estimates for month-by-month 
cost projections. 6c2elb 

These files can be accessed in any order, from any 
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direction, at any time, with only a few keys~roke. bY 
the user. They are a180 acce,sible remotelY through 
the use of TODAS, thereby giving mObility to the user 
with less load on the system. 602e2 

Our main objective 1n maKinc cost studies is to 
arrive at solid sets ot projections or other answers 
as quicklY and effectivelY as possible. Direct 
on-line access to input information 1s extremely 
helpful. 6e2e) 

3. Activity Planning and status 

a. Introduetion 

seetion I1-B-2 describe. the experimental 
establishment of & TODAS Development Activity and 
discusses its method of operation. One facet of 
TODAS work is the exten.ive experimental use Of 
on-11ne files as aids 1n conducting meetings and 
formulating plans, Thi. section gives some details 
on the construction and use of these tile •• 

b, Planning and Status Files for TODAS Development 
Ac~1v1ty 

6c3 

6C3a 

6c3al 

File UPLAN 6e3bl 

The Planning file for the TODAS Development 
activity contains a branCh with eommen~s on how to 
use the file. a b~aneh fO~ content~analyzer 
patterns, and a branch Qontaining actual task 
plans. 6c)bla 

The' taskRPlanning branch has, as 8ubstatement., 
task categories which incluCe documentation 
plans, teaching plans, ~es1,n plans, META 
plans, and inactive task plans. The levels 
under the8e categorie. contain separate task 
Plana, SUCh as "TODAS REFERENCE GUIDE 
DEVELOPMENT," "USER EXPERIMENTS RELATED TO 
TODAS,Hand "TEXT MANIPULATION SYSTEMS 
BIBLIOGRAPHY." 6c3blal 

Each task branch contains eommen~s by the 
talk leaOer on the following: 6c3blala 
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(1) Descr1ption of tne task, with links 
to oth~r working files used in its 
development 6c3blalal 

(2) comments on the relationship of the 
task to other ARC tasks 6c3blala2 

(3) Est1mat~s of people involved (with 
levels of effort and timing) 6e3blalal 

(4) Status comments 

UPLAN is linked to from another file called UMEET 
(described below), which 18 used for on-line 
note-tak1ng Qur1ng meeting. of the TODAS group. 
Portions of UPLAN can be temporarilY copied into 
UMEET for use during meetings. 6c)blb 

UPLAN contains a blank task format in a separate 
branch. Whenever a new task is added. th1s branch 
is copied into the appropriate plann1ng area (such 
as documentation plans). Then the name of the task 
1s inserted as a heading along with the initials 
of the task leader. 6c)blC 

Certain 1tems in this file are useful in 
content-analysis searches. The most useful are 
the initials of people inVOlved in tasks, the 
milestones, the estimates, and the status. To 
make content-analysis searChes more conSistent. 
asterisks are placed before such items. 

With an appropriate pattern, one can tnen ask a 
question such as "What is the involvement of a 
particular ~er80n in thls activity?" task by 
task. All branches with estimates containing 
the specified initials and an asterisk will 
then be shown. The same branches show expected 

6e3bld 

levelS of effort. 6e3bl~1 

Since this is the onlY information displayed on 
the screen, it is relatively easy to see 
potential conflicts in the allocation of a 
person's time between tasks for this activity 
or to make a hard copy of this displayed 
information on the line printer. 6c)bld2 
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The content analyzer can also return statements 
commenting on the status of taskS, so that a quick 
survey of all such comments can be made.. This is 
particularly useful for coordination of several 
tasks ana for prepar1ng for meetings of the Iroup. 6c)ble 

When many people try to update the lame file, 
serious problems are created. This is a 
well-known situation (aiscussed fUrther in 
APpendix B). If two people are both working on 
the file, one person's work may be lost when 
someone else who has been using the file writes 
his copy back out on the disc. Therefore we 
tried to 1ntroduce a convention where people 
place a signal of some sort in the file when it 
is in use. 6c)blel 

This procedure Was not well used, prob&blY 
because people were generally in too much of a 
hurry. Therefore, some work was lost. We 
found that it was easier, with the present 
file-handling limitations, to have research 
aSsistants do the updating on the tile, 
gathering information from various people as 
neede~. 6e3ble2 

Part of the description for a task involves the 
specification Of significant milestones, if 
possible. The task leader has to have some idea 
of important milestones dUring the progress of the 
WOrk and must develo~ lome feeling for whether 
these milestones are occurring Within the 
resources expected to be allocated to the talk. 6c)blf 

We tried an on-line task-planning chart, 
showing lO-week periods where milestones eoul~ 
be marked for each taSk. Milestone. were 
indicated bY Showing an NLS name for each 
milestone statement (lee Fig. 11-30). 
Therefore, viewinc this taSk-planning chart on 
a display, we could "JUMP TO NAME", selecting 
one of the milestonepo1nts on the chart, and a 
deseription of the milestone and its 
rel&t1onsh1p to the task Would then be 
displayed, A "JUMP TO RETURN" brought back the 
Planning chart. 6c3blfl 
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This shows some promise ot being useful in 
the future, but some refinements in ~isp1ay 
techniques an~ milestone selection are 
necessary before it can become operatlonal.6e]blfla 

Another use of the content analyzer is to 
search for entries ma~e "since or before" a 
certain date~ or for entries ma~e by certain 
people. This makes it easy to see who has been 
updating the file recently, and What they have 
done to it. 6c3blf2 

Th1s is of leS8 importance tor a person who 
is uPdating his own file, for he probably 
remember. the kindS Of things he has 
change~. When many people work on the same 
file, it is helpful to know who has been 
changing it and in what areas they have been 
working. 6c3blf2& 

File UMEET 6e)b2 

We created a separate file called UMEET for Plans 
&n~ notes from the TODAS activity meetings, 6c3b2a 

This tile 18 Similar to the UPLAN file in 
format. On-line note-taking by & research 
aSSistant, as praetice~ 1n the user system and 
software groups, has proven quite u.eful for 
reeording important parts of disQussions during 
meetings. The on-line note taker has not been 
a distracting influence in meetings) 1n fact, 
she has contributed at ~imes. She is aVailable 
for fin~ing information in the file ana for 
recording s~ecial ideas in other files upon 
request during the meetings. 6c3b2al 

Meetings are conOucted with hard-copy agenda 
~18trlbuted before each meeting. The on-line 
note taker has an on-line verlion of the same 
agenda 1n front of her. AS the discussion 
proeee~s~ she makes her notes right 1n the 
on-line agenda. 6c)b2a2 

Items left for disQussion in f~llowlng 
meetings, or as special questions to be 
re,olved before the next meeting, can be 
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marked by the note~taker and retrieved from 
the file for later stUdy. 6c)b2a2a 

When the meeting is completed, the notes are 
condensed to a meaningful summary, distributed 
to the partici~ants, and displayed on a 
bulletin board. In other words, the agenda for 
a particular meeting is developed, during the 
meeting, into minutes of the meeting. A copy 
of the unaltered alen~a is also kept. 6c3b2a3 

Successive meeting agenda and minutes are kept 
in one file (see rig. 1I-31). This permits us 
to search for discussions of various topics and 
to receive answers in chronological order. 
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our organizational studies have centere~ on two topics. 
The flrst Of these is the study of the "On-tine Community" 
-. our own ARC crQup seen as a unique example of a small, 
e10se community of workers who make intensive USe of 

6d 

on-line computer aids in their 4a11y work. 6dl 

The second area of concentration hal been the 
implementation of two experiments on organizatiQn structure 
and planning methods in such a community. 602 

1. on-Line community 

our stUdy ot the On-tine Community is Oeseribed here in 
terms of the total working environment of the group ana 
the structuring of staff roles within the group. 6d3a 

a. Environment 

we consider the total working enVironment, for 
purposes of this stUdy, to Qonsist of the physical 
environment and the "user environment." The latter 
is a general term inten~e~ to indicate the eXistence, 
availability. and performance ot the numerous on.11ne 
aids used by the group. 

6d3b 

6d3bl 

Physical Environment 6d3b2 

We have chanced the basic work room or laboratory 
configuration from isolated one-man offices and a 
remote shop and computer/work room to one-man 
offices open1nl directly onto an open, 
courtyard-like work area. We still u.e a remote 
shop and computer room due to bu11dinc layout 
re.trict1ons. The consoles were moved out of the 
offices 1nto this central working area. we have 
put in separate lighting circuits so we can turn 
off lights 1n different parts ot the room, 
reducing refleetions on the displays. within the 
work area, the consoles can easily be regrou~e~ to 
permit users to work cooperatively. 603b2a 

one effect of this waS to change the personal 
interaction pattern dramatically. simply bY 
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increasing the amount of interaction. 6d3b2al 

A second effect was to permit much more 
effective utilization of the 01splaY facility; 
the facility 1s much more "available" than it 
otherwise woul~ have been. 6d)b2a2 

within the general work area, the consoles 
(which are of several d1fferent designs 
offering different advantages) are .et up 1n 
varying configurations, with differing 
arrancements for lighting, seating, proximity 
to other consoles, etc. In general, the 
individual configurations can be quiCkly and 
flexiblY altered as various needs arise. As a 
result, an individual who is about to start a 
working session at a console has a considerable 
choice ot immediate condition.. Figure II-32 
shows four views of consoles in the work area, 
in actual use for various modes of work. 6d3b2a3 

A further modification to the physical environment 
was the addition of licht movable partitions, for 
visual privacy. These are low enough 80 that a 
person, when sitting, does not see other people 
working but can, by standing or moving his chair 
two or three teet, contact 4 or S other people 
working at consoles. Most people apparently 
prefer to partition off only the front of their 
work stations. Partitions are rarely moveO into 
pOlitions completely surrounding the work 
stations. When seclusion is Wanted, peOPle tend 
to work in the Herman Miller experimental Office, 
which is isolated from the general work area by 
high partitions. 6d)b2b 

The Herman Miller office has also become the 
place where the system is demonstrated to 
ViSitors. ViSitors have the feeling that they 
areins1de the working environment. and no one 
else is bothered by the visitors' presence. 6d)b2bl 

we have adopted the ~ract1ce of hOlding some types 
of meetings 1n the Herman Miller area around one 
or two displays, with a re.earch assistant taking 
on-line notes. 6d3b2C 
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We have found that display viewing 1s 
difficult, and multiple-participant ac~e81 te 
the system ineffective, with meetings Of mere 
than three or four people. 6d)b2cl 

on the basis of our experiences with such 
meetings, we are now redesigning the conference 
faeility (see Sec. II-C-2-d). 'd3b2e2 

We have found that it is highly desirable to make 
use ot the system both night and day, Night 
access to our work area 18 inconvenienced to some-
extent bY the existine security measures, 
partieularly when we wish to work with non-SRI 
personnel, such as consultants. A much More open 
and accessible working environment would be 
greatly preferred. 6d3b2d 

We see great practical utility in having a 
maximally flexible Physical environment. Each 
time we have increased the flexibility of the 
environment, work interaction has increased 
without any damaging increase 1n social 
interaction. 6d3b2dl 

User Environment 6d3b3 

During these two years we have provided a u8e~ul, 
though still evolving, on-line text editing and 
file manipulation sy.tem, NLS. This system 
provides new tools for per,onal and group use. 
APpendix A deseribes NLS in considerable detail 
from a user's point of view. AP~en~ix D is a 
teohnical description Of NLS. 6d)b3a 

We have also developed the Typewrlter~oriented 
Documentation-Aid System~ TODAS (see AP~endix A). 
This provide, some of the lame feature. as NtS but 
can be u.ed remotely bY people not ~hy.leal1' in 
the facility. TODAS w111produce cons1derablv 
leiS load on the timesharing system than NLS. We 
have experimented with remote use of TODAS using 
portable typewriter terminals with acoustic 
couplers. The resulting mObility, with direct 
access to all of our files, shoWI ,intere.tlng 
pOlsibi11tie. for team collaboration, together or 
physieally remote, 6d3b3b 
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With the introduction of TODAS, we have 
provided more opportunity for people to 
interact with the ARC files from their 
oftices. although some of the processes are 
slower. There has not yet been widespread use 
of TODAS, but this will change with improvement 
in service capacity of the system and aCdit10n 
of new features to TODAS. Availability of 
several 30-character/lecona typewriter 
terminals will also greatly increase the value 
Of TODAS. 6d3b)bl 

b. Staff Functions and Activities Within ARC 

Activities we have identified as basic incluQe the 
following I 

(1) Har~ware 

(2) Software 

(3) Management system Research 

(4) User System Researcb 

(5) ARPA Network Participation 

(6) Operational Management of ARC. 

Staff functions for each &ctivitf involve the 
specification. delign, implementation. 
~oeument&t1on, evaluation, and maintenance process 

6d)C 

6d3c1 

6d3cla 

6d3elb 

6d3ele 

6d)cld 

6d)ele 

6d3elf 

a8 new system features are added. 6d)elg 

AS we hire hardware &nd softWare people, research 
assistants, and secretaries, our policy has been that 
a person's capabilities must 10 beyond any narrow 
specialization. A highly skilled systems programmer 
must have additional baekground before he can be used 
effectively in this group. 6d3c2 

we need people who are capable of both long- an~ 
short- range planning, participating in goal and 
sUbgoal setting, and contributing to the the deSign, 
implementation, and other processes, 6d)e3 
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For most ARC work it is important that people be 
primarily oriente~ towar~ designing and building 
tasKS and less toward contemplative and reflective 
ones. However, since our work mixes both research 
an~ development modes we must be capable of ac~ing 
in either capacity at different stages in the 
implementation of any given task. It is also a 
requirement that peo~le have the ability to focus on 
different levels of the endeavor, alternating modes 
frequently as the needs arise~ 6d3c4 

2. Experiments on Internal Activity Structure 

We conducted two experiments on the use of augmented 
methods for Planning work. These experiments were 
con~ucted with a newly establiShed group, the TODAS 
oevelopment group. and with a well-established, fairly 
tight-knit group, the software group • 
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a. TODAS Development Activity Planning 6dkb 

A part of ARC user system research involves the 
specification, ~esign, implementation, teaching, use, 
and evaluation of new features being added to TODA! 
as related to anticipated ARC and ARPA Network needs. 6d4bl 

The TODAS planning experiment was initiated along 
these lines. 6dkb2 

We first developed a strategy for use as the group 
formed and for encouraging it to make further 
plans directed toward ARC and TODAS-relate~ goals. 
The steps considered necessary for the group were: 6d4b2a 

(1) Identify both internally and externally 
generated goals 6dkb2al 

(2) Agree on structure and mOde of operation 
of the TODAS group, with the following 
features: 6d4b2a2 

(a) A group representive reporting to the 
ARC Manager an~ to external activities 6d4b2a2& 

(b) A team &pproaCh to taSks and Planning, 
with one leader for each task 6d4b2a2b 

(0) Investigation of deciSion techniques. 6d4b2a2e 

()) Plan tasks for the group and for the 
indiviuals in the group (inclUding tasks 
already in ~rogrels, where a~~lieable). we 
were ~o do this according to the following 
outline: 6d4b2a3 

(a) Build an easily Visible collection of 
task alternatives, to be mOdified as 
appropriate after analysis and review. 6dhb2a3a 

(b) Identify and use the skills in the 
group. securing other needed skills if not 
available in the group. 6~4b2a3b 

(c) Estimate participants' level of effort 
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and the timing involved, assessing the net 
effect of the combined plans. 6d4b2a)e 

(4) Meet periodicallY to review progress, 
usually every two weeks. 6dkb2a4 

Meetings were intended ~o be open to 
interested staff of ARC. with use of an 
agreed upon format. 6dhb2a4a 

special discussion meetings (and other forms 
of communication) for PhelP" when special 
~roDlem situ&t1ons arose were also 
anticipated. 6dhb2a4b 

(5) Maintain a TODAS "information center" 
on-line and off-line. The basic files were the 
following: 6d4b2a5 

(a) File FD: File Directory for 
TODAS-oriented links. This f11e also 
contains links to TODAS group partiCipants' 
personal file directories and links to the 
following files: 6d4b2aSa 

(0) File UMEET: Meeting plans and notes 6dhb2aSb 

(c) rile UPLAN: Task plans and status notes 
6d4b2aSc 

(6) Communicate status of TODAS work to the 
ARO Manager and the ARC staff. 6dkb2a6 

H&ving determined this strategy, appropriate 
initial participants were contacted an~ the group 
was established. 6d4h2b 

The grou~ started having meetings and developea a 
meeting strategy that contained the following 
elements: 6d4b3 

(1) A "faCilitator," whose 'role includes the 
following: 6d4b)a 

(a) preparation of the meeting plan~ with 
inputs from the rest of the group 6dhb3al 

(b) Guidance during the meeting to ensure that 
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all important items are d1scusse~ 

(c) prov1~1ng an orderly way for new or 
unexpected items to be discussed as 
appropriate, or deferred. 

This role was rotated among the membership of 
the group from meeting to meeting, ~epend1ng on 
the expected agenda subjects. 6dhb3a4 

(2) A "process watcher," whose role involves 
attention to processes in operation during the 
meeting. This inelu~es verbal ano nonverbal 
interactions between people, decision processes, 
etc. 6d4b3b 

This was done to give the participants added 
insight about less obvious features of the 
meeting. 6d4b)bl 

ThiS role was rotated among the membership of 
the group from meeting to meeting, depending on 
the expected agenda subjects. 6dhb3b2 

(3) An on-line note taker, whose role includes 
the following: 

(a) Distribution of the meeting plan and 
preparation of the meet1ng notes outline before 

604b)C 

the meeting 6d4b3el 

(b) Careful recording Of important discussions 
and points made dur1ngthe meeting 6d4b3c2 

(c) Retrieval of needed information from 
on-line files during the meeting 6d4b3c3 

(0) summarizing the meeting notes and 
distributing them after the meeting 6d4b3c4 

The role of the on-line note-taker was filled 
by two research assistants on an alternating 
basis. This provided flexibility and ensured 
that an experienced note-taker was available 
for each meeting. Information gained at these 
meeting was valuable to the note-takers in 
their other day-to-day work. 6dkb)CS 
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(7) Relevant documents produceO on-line by any 

6d4b3d 

6d4b)8 

6dhb3f 

member 6d4b)g 

Distribution of documents was arranged before 
each meeting. Documents included descriptions 
of design changes in TOD-AS, drafts of teaching 
documents, etc. 6d4b)gl 

(8) Tentative plan for the following meeting 

(9) An evaluation of the utility of the meeting • 

so 
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Notes from meetings were kept on an evolutionary 
basis as separate branches in one file~ UMEET, and 
also in hard oopy for distribution to all members 
an~ to a bulletin board. 6d4b3j 

Planning 6~4b4 

We ma~e an easilY ae~eBsible listing ot task' in 
progress and under consideration, 1n a separate 
file called UPLAN (described above in Sec. 
II-A-'-b), which can be mo~ifled by individual 
task leaQers or by research assistants. 6d4b4a 

This file helped increase the extent to which 
meetings were used to evaluate and redesign 
tasks, instead of to report information that 
would not be changed by group interaction, 6dkb4al 

It facilitated the exchange of reportorial 
information outside the meetings, when 
indiv1~uall eoulO live their full attention 
to the file. 6dhbkala 

It was also available during meetings for 
reference or modification. 6dkb4alb 

Another use of the file was to commUnicate 
information to people not directlY involved in 
theact1vity, i.e., the ARC Manager an~ others 
in ARC. 6d4baa2 

Mo,t of the planning dealt with scheduling and 
patterns for necessary interaction between tasks 
and talk leaaers. 6dkbkb 

The short-term goal. appeared firm enough that we 
chose not to divert our re.ources to longer-term 
loals While this activity Was starting. 6d4b4c 

Interaetion 6d4bS 

Since this group incluoed people who were involved 
with other ARC activities such &1 softWare, t~e 
Network Information oenter~ and Management SCience 
Research (MSR), it explored some interaction 
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between activities. 604bSa 

It also provided an opportunity for the activity 
members ~o be involved in & smaller group than the 
ARC as a whole. Thi. changed the group dynamics 
considerably, 6d4bSb 

The process of identifying internally generated 
loals st1mulated eXPloration of ~ersonal needs of 
the members of the group to increase sOlidarity. 
mutual liking, understanding, re.pect, and the 
desire to cooperate. 6dkbSe 

Although social interaction initiated at early 
meetings was beneficial in aeveloping a 
cohesive working croup, progress evaluation at 
various times indicated that it COUld then be 
more effectively eontinued outside of group 
meetings to allow more focus on the pr1mary 
group tasks related to TODAS. 6d4bScl 

b. Software Activity Planning 6d4e 

The software activity is ~1ree~ed toward ~he ~es1ln 
and implementation Of new system software features. 6d~cl 

strategy 6dhc2 

Th1s was the second experiment, fOllowing the 
initial results of the TODAS experiment described 
above. In the two years of the contract, the 
softWare group has progressively become more 
integrated into the total ARC functioning and has 
dOUbled 1n size. one result is that more tasks 
that depend u~on each other are being performed 
concurrently, The need for eaCh member of the 
Software group to be aware of the progress and 
delign modifications of the task' undertaken by 
every other member of the croup has increased 
significantly a. the size of the grou~ has grown. 6dhe2& 

preplann1nc by the MSR and group management team 
inclUded those features found to be moat useful 
from the TODAS activity experiment. 6dhe2b 

It recognized the existence of leaderShip 
responsibilities already in effect. and 
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formalized them. 6d4e2bl 

The same meeting format was used as for the TODAS 
group_ We found 1mmedately that there was more 
interest in task discussion and Planreformulat1on 
and less interest in social 1n~eract1on and group 
process than in the TODA! group. As a result. 
changes made in the Planning procedure simplified 
the documentation to include onlY essential 
elements needed for communication by the group 
members. We also went through the process ot 
li,ting all current and planned task~ in one 
consistent format in a file called SOFTP. This 
resulted in a preliminary listing of 30 critical 
and separate tasks, with truly distributed task 
leadership. 6d4C2c 

Leadershi~ 6dhc3 

Leadership was minimal at the group level~ and 
SUfficient because Of high motivation to com~lete 
~&.ks on schedule. The strongest leadership was 
at the task level. 6dkc3a 

This experiment 1s still in progress. 
Longer-range goal and task planning, with better 
integration with other ARC activity Planning, are 
currently being developeO. 604c30 

c. summary comments on Planning Experiments 6d4d 

Active community teamwork, warm human relationships. 
and good work attitUdes are necessary for our 
organization to function effectively. We must 
encourage and develop feeling. of trust and common 
goal appreciation so that our people can work closelY 
together over a long periOd of time, with so much of 
themselves open to view to others and with such 
interrelated and challenging tasks to be undertaken. 
we found that the TODAS group benefited from the 
initial energy spent on 1nter~ersonal relationships. 
although there waS eventually more effort applied to 
these factors than we found useful for taSk 
accompliShment. A careful balance between 
applieat10n of social and work-oriented energy is & 
necessity. 6d~~1 
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Although the TODAS experiment was not successful in 
all respects, it was an exper1ment Where the 
particular people involved stand a better chance of 
succeeding in a future experiment with a reoriented 
group. 6~kd2 

SoftWare meetings were jUdged by P&rt1ci~&nts and 
outside Observers as extremelY efficient and 
effective in meeting predetermined goals. While 
little attention was paid to interpersonal variables~ 
group morale was strengthened by the meeting 
procedure. Uncer~ainties in task definition and 
individual responsibilities were clarified. The 
feedback was reported to be useful rather than either 
flattering cr critical. Th1s. again, was a chance 
for the partiCipants to be involved 1n a smaller 
group than ARC. This contributed to the higher 
morale. 6d4d3 

We feel that the techniques aeveloped for meeting and 
task ~lanning and for on-line note-takin~ will be 
useful as they evolve in future activity planning. 
we need to learn more about realizing the potentia~ 
of improved interpersonal relationships in ARC, wh11e 
expending only a reasonable amount of effort in doing 
so. 

3. Observations From Study of On-L1ne Community 

a. Use of PUblic Files 

The use of pUblic files containing the work of many 
individual people seems to be well acce~ted b, the 
croup. 6dSal 

Far more communication potent1al exists in this 
environment than has yet been realized, althOUgh aome 
peOPle have started in some interesting ways. 6d5a2 

our need for development ot a Dialogue support System 
is clear. 6dSa3 

work habits of the on-line community staff alSO need 
development so that they can use tne power of 
existing features and information in the system. 6dSa4 

Now is the time for further work on methOdolOgy 
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and procedures for use of~he system, with ~he 
continued parallel evolution of the system itself. 6dSa4& 

b. System Dependence by the Group 

As we &ugment, we fino that it seems less desirable 
to use conventional tools for many tasks. 

This is a problem to be resolved for gOOd use of 
resources an~ for the purpose of not oVerloOking 
appro~riate conventional tOOls where they can still 
be very effeetive. 

The various ways that information now gets into the 
system are: 

(1) Direct: 

(a) On-line Nt! or TODAS use by originator: 

Entry of new material 

Duplication and/or modification Of existing 

6dSb 

6dSbl 

6dSb3 

6dSb3& 

6dSb3al 

6~Sb3ala 

information 6dSb3alb 

(b) on-line NtS or TODAS note-taking at 
discussions 
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(a) Transcription sources: 
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6dSb)b 

odSb3bl 

Handwritten 6dSb)b1a 

External doeuments 6dSb)blb 

Stenograph1e dictation 6dSb)blC 

Recordings 6~Sb3bld 

Individual use of dictating equipment 6dSb)bldl 

Tape recordings of group meetings 6dSb)bld2 

(b) Transcription processes: 

Direct NtS use 

Direct TODAS use 

paper tape 

We are work1ng toward a better assessment of Which 
tools are most appropriate for ~he vari~us tasks to 
be performea in ARC. 

e. Miscellaneous Observations 

6dSb)b2 

6dSb)b2a 

6dSb)b2b 

6dSb3b2c 

6dSb4 

6dse 

Th1s1s a work-oriented group. Most people work long 
hours, usually at an intense rate; little time is 
spent not actually working. 6dScl 

There are many more work opportun1t1es for the group 
an~ fer mo.~ indivi~u&l. than there are resources .-
in terms Of both time and funds. 6~Se2 

Group ana personal work management inVOlves many 
~ifficUlt choices of tasks to be performed. 
postpone4, or dropped. 6dSe2a 

The group frequently sets goals at higher levels than 
it is likely to attain. 6dSe3 
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This is partly because we want the new features 
that will make the system more powerful; we are 
users of our own results. 6~Sc3a 

sometimes, also, we overlSless the potential power 
of the system, forgetting that it still hal 
limitations, particularlY in the area Of 
consistently gOOd service levels. This prOblem 1s 
getting a great deal of attention, however. 6dSc)b 

The interrelatedness of the on-line community tasks 
makes planning very ~1fticult, but ObviOUSlY more 
necessary. 6dick 

C. Team Augmentation and Dialogue support 6e 

our efforts in management research have been centered on 
the attempt to developing a more closely integrated, 
participatory way of organizing people, efforts, and 
resources toward specific goals than is provided by 
elassical management theory. 6e1 

Toward this goal, we are currentlY focusing our attention 
on the problem of improving the management of a working 
system·~evelo~ment team, using our own organization as the 
SUbject of experimentation. This involves two facets of 
augmentation •• namely, individual augmentation and team 
augmentation. 

Individual augmentation is simPly our eontinuing effort 
to provide way. of improving the working capab1l1~Y of 

6e2 

individual members of a team. 6e2a 

Team augmentat10n involves tbe development of improved 
means for coordlnatingthe efforts of individuals and 
for integra tine their individual contributions into 
coherent teaM action. 6e2b 

l~ Recent Effort. 

A ~ort1on of our recent MSR effort hal been 1nveste~ in 
formulating & "team-augmentation" approach. The initial 
emphasis is strongly oriented towar~ the means for 
communicating and collaborating effectively on issues 

6e3 

embedded within a complex and evolving problem domaln. 6e]a 

An important facet of this appro&eh has been a 
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preliminary study for a "Dialogue support Sy,tem" (DSS) 
•• a apeeial system of coordinated features Which could 
.u~port the communication and integration Of 
collaborative dialogue among team members. 6e3b 

Appendix B is a more deta11e~ d1scu.s1on Of this 
formulation, as extracted trom the PhD thesis of 
Dav1d A. Evans (see Ref. 1). 
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2. Future APproaches to Team Augmentation 

Experimentation with roles, record-keeping conventions, 
collaboration procedures, decision-making practice •• 
~6cumentat1on, etc. will be a rich domain for 
eXPloratory MSR work. 6e4a 

The following discussion of faIt editing and 
publication, "Iuper-documenta," ano augmented 
confereneing gives a view Of some features needed tor 
team augmentat1on. 6e~b 

a. Fast Editing and PUblication 6euc 

b. 

Our alrea~y fast editing techniques will continue to 
evolve, and we Plan to concentrate early upon 
automatic production, trom our on-line files, of hard 
copy having a very flexible composition ot text, 
diagrams, tables, equations, footnotes, and indices. 6ehcl 

The design of hard.eopy formatting conventions 
must be related ~lreetlY to the way in which the 
aSSOCiated file material can be .tu~1ed and 
manipulated on-11ne. 

"super-Documents" 

We have been doing researCh leading to the 
develo~ment and production of very larce, very 
complex documents containing numerous see~ion. whose 
deta11s are highly interdependent. These documents 
will be SUbject to frequent UPdating. This will 
involve further work on teehn1Ques for ereating and 
using speCial indiees, footnotes, reader-supportive 
comments, cross-references. etc. 

we Qurrently have quite powerful teehniquesfor 
aldin, an individual or a small report-writing team 
to produce documents of the ulual researeh-report 
size and complexity. Part of our approach to team 
&ucment&tlon will be the expansion of these 
techniques to allow for much greater scope an~ 
complexity 1n dOCUments ano much more flu1e 
interaction among the team members Who create them. 
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A team tack11ng a complex system-development prcjee~ 
must provide itself with the highest possible 
visibility over its working environment •• i.e., over 
the following factorsl 6eid) 

Planning: plans, contingency alternatives, 
resource commitments, status, criticisms 6e4d3a 

Design: designs, design principles, constra1nts, 
estimates, analyses, supportive data, relevant 
needs and possibilities 6e4~3b 

Operation: roles, task defin1~lcns, assignments, 
policies, operational proce~ures and conventions. 6e4d)e 

we intend to develop ana keep up to date a large. 
detailed, highlY eross-referenced and well-indexed 
"super-document" that eonta1n. just such & 
description of our own project-team activity, Our 
techniques for facilitating its modification and 
repUblication will be under constant evolutionary 
pressure. 6e404 

c. Collaborative Use of On-Line File Systems 

on-line access by collaborators to each o~herts 
files, as provided by & number of tOday's 
time-Sharing systems, leave. much to be desired in 
supporting effective dialogue. 6e4el 

An effective dialogue-support system is essential to 
team augmentation. Hand in hand with the 
"super-document" facility described above must go 
some such ability as the following: 6e4e2 

Any team member at a diSPlay conSOle can study 
swiftly any portion of the super-document's 
structured files. Our current system is fairlY 
good for this purpose, but not yet adequate tor 
dialogue study, 6e~e2& 

Whenever he wishes -. as though he were 
pencil-marking his private draft with marginal 
comments, underlines, encircled passages, arrows, 
etc. -- he can introduce "comments" that are 
freely sprinkled with explicit references to any 
specific item (e.g. any character, word, graPhic 
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entity, or expression) within anYbodY'1 prior 
entry. (Note: the term "comment" is used here an4 
in the following d1seussionin a very broad sense 
•• a comment is any entry which in some way pOints 
to a previous entry.) 6e4e2b 

This commenting capabi11ty must be Managed by 
the computer so that it does not matter if 
other ~eoPle are simultaneously seanning the 
same material or affixing comments to the same 
items. 6e4e2bl 

When creating a comment entry, he needS 
flexible aids and methods for arranging 
inter, per sed or concurrent diSPlay Of the 
referenced passages, for ~esignating the 
ex~11c1t entities he wiShes to referenee, and 
for suspending operations tem~orarl1Y while he 
checks related material. 6ehe2b2 

conversely, he needs a way of seeing any comments 
that reference a passage he is in8~ect1ng. 6eke2c 

Categories might be defined by authorShip, date 
of creation, text content, or aSSigned 
membershlp in pre~efine~ categories. 6eke2cl 

He also needS a great deal Of control over 
this, however) much Of the time he will not 
want to see any comments, or onlY comments 
falling into certain categories. 6e4e2cla 

He also needs cone14erable control over the 
way the system displays the comments that he 
wants to see •• in specified portions Of the 
screen, in full-text or condensed form, etc. 
6eke2clb 

He needs the ability to set up "annunciator calla" 
to various people, or sets of peOPle, to request 
their special attention (at some level of 
priority) to a given comment. 6e4e2~ 

All of the interactive-dialogue entries 
immediatelY become part of the super-document. 
im~osing a potentially very complex comment 
network ("network~ because comments can refer to 
comments in in~efinite extension). 6e4e2e 
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It will be hard to keep track of the 
relationships among these comments and the 
substantive records about which the dialogue 1s 
oriented. 6ehe2el 

Their relationsh1pa need never be ambiguous, 
but consider the problem of trying to study 
such a structure to ~etermine where we now 
stand in our developments and diScussion, 
especi&lly when it i. the record of a 
oomplex system-design process an~ the 
interactive dialogue among very active 
people. 6e4e2ela 

This is about the most difficult central 
challenge 1n effectivelY augmenting a ~eam -. 
that of developing computer aidS, working 
metho~s, ete. to allow a skilled person to be 
highlY effective in digesting the content and 
implications of such a record, and to develop & 
substantive next-stage Oesign or Plan that 
integrates the dialogue contributions. 6e4e2e2 

Essent1ally similar ~echn1ques are required 
to augment any individual's central 
intellectual capability for synthesizing the 
next stage of development in a plan or 
de.ign. TO the extent that we are 
succes.ful with thiS, we shoulO be able to 
offer strong guidance for capability 
aUlmentation over wide r&n«es of in~lvidual 
and team activities. 6ehe2e2a 

d. Conference Augmentation 

There is great potential value 1n direct augmentation 
of conference. and meetings. When ~eople are 
gathered together to conSider a ~ropo8al or argument, 
or to collaborate actively on a problem, there are 
many ~os8ibi11ties for the development of teehniques 
and facilities to make their work more effective. 6ehfl 

There 1s a wide range of possible approaChes to 
conference augmentation. 6e4fla 

At one extreme, each partiCipant would be an 

62 



• 

• 

• 

7101 ROME FINAL REPORT: Sec. II 
MANAGEMENT SYSTEM 

11.868 DGC 12JUL70 

experience~ NLS user and would have his own 
console; sophisticated facilities would be 
provided for "linking" the consoles in various 
ways to augment communication. 6ehflal 

At the other extreme. there WOUld be only a 
single console with a special operator; special 
techniques for integrating the NLS facility. 
the operator. and the conference ~articipants 
into a working system WOUld be needed. 6ekfla2 

Between these two extremes, a variety of 
intermediate approaches is possible. 6e4fla3 

For any of these approaches, a central problem 1s 
the development of oonference procedures and the 
organization of on-line information; both 
procedures and information structure. Must be 
developed 1n sueh a way as to gain the greatest 
possible advantage from the computer facility. 6e4flb 

This development of conference procedures and 
information structures should be done 
experimentally, under actual usage eond1tions. 6e4flbl 

we have already exper1mentec with augmenting 
meetings by having one person oper.te NtS as an 
on-line note-taker. where all participants can 
see the d1s~lay (lee Sec. II-A-3-b). 6ektlbl 

on the balil of reeent experience, we plan to provide 
better facilities for group. of peo~le working 
together at consoles and for .mall meetinls where 
consoles are not available tor everyone (or where not 
all participants are NtS users). This will permit 
experimentation with intermediate approaches lying 
between the two extreme. descr1bea above. 6ekf2 

Thefaei11ty will consist Of a meeting room 
equipped with projection TV, several appropriately 
designed consoles. and furniture deSigned so that 
three or four people may work at the eonsoles with 
ten or so less active P&rt1cipan~s. 
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III HARDWARE SYSTEM 
7 

File (enllish,rfhdw,) in KDF under Guest, password WKE 7& 

XV SOFTWARE SYSTEM 
8 

Fil.e (enllish,rpstt,) in KDF under Guest, pa.sword WKE 

• 

• 
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8a 

V FUTURE PLANS 

A. General 91 

Fu~ure ~1reet1ons for work in the ARC will be influenced by 
forces originating both inside an~ outside the Oen~er. 9&1 

Forces generated bY our cumulative experience 1n the 
development of augmentation sy.tems within the center 
indicate some new directions for our own bootstrapped 
research effort. 9&1& 

Extern.l forees are generated by our participation in 
the ARPA Network experlmentand by an increased 
awareness for the need to communicate with the "outside 
world" •• people outside the cen~er who are engaged 1n 
related work. 9alb 

The internal forces and those generated by our Network 
participation combine to produce a shift in our internal 
research emphasis towards two specific activities: fl1 team 
augmentation an~ (2) the Oevelopment of & system design 
discipline. These are discussed below un~er "Shift. in 
Emphasis." 

IncreaseO awareness of the need to communicate and interact 
with the outl1ae world will leaQ towar4 the development of 
a new area of specific concern, discussed below under 

9a2 

"Tranlfer ot Results," 9a3 

The goals a8soe1atedw~th research 1n team au,mentation, 
with the development of a system ~e.1gn discip11ne, and 
with the transfer of re.ults are related to one another 
within the ARC coal structure &s de8cr1bed below in the 
section entitled "Short-Term ,nd tone-Term GOll •• " 9ak 

In the section "Selected Plans Under other SponsorShip." we 
discuss the System Developer Interface Activity (SIDIAl, 
for which we are.eek1ng aaditional sponsorShip. It 1s 
intended that thiS activity will be the primary effor~ in 
the area of the transfer of reSUlts. 9aS 

s. Shlftsin Emphasis 9b 
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our plans re!lec~ a maturing shift in emphasis in our 
research work. We Plan to shift our emphasis towaro two 
basic activities: (1) team augmentation and (2) the 
development of a system design discipline • 
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9bl 

1. Team Augmentation 9b2 

Whereas in the past we have given most of our attention 
to augmenting the individual worker~ we are now 
focussing on the augment&t1on of a team of eOllaborating 
workers, each of whom is individually augmented. 9b2a 

The high mObility and mani~ulative capability of a 
skilled "augmented individual" has a unique potential 
which can be realized when a number of augmented 
individuals join into a collaborative team. Not only 
can each individual move very rapidly through the ~o1nt 
Working files to studY them, enter new information, and 
U~date Old material, but this power can be amplifiea bY 
special computer aidS, conventions, and skills that 
directlY facilitate the processes of intercommunication 
and coor~ination. 9b2b 

The contemplated efforts in "team augmentation" 
involve several facets: 902b1 

(1) The development of conventions and procedures 
for organizing the working records of our plans, 
designs, objectives, design pr1neiples, schedUles, 
etc •• SO as to give effective mutual "task 
orientation" to the members of a team by· ensuring 
optimal accessibility of all information related 
to the team', Objective. 9b2bla 

(2) The .pec1al development of a "Dialogue support 
System" to facilitate the rapi~ evolution of these 
working recordS via ~ialogue among members of the 
~e8icn team. 9b2blb 

(3) The development of technique. to facilitate 
.imultaneous remote collaboration among people at 
physically remote on-line terminals (of any Bort), 
bY giving them direct communication with one 
another, independent of their eurrent indivi~u&l 
work interactions with the computer. This 
includes provision, where feaSible, tor the 
fOllowing: 9b2ble 

(a) Video and/or voice 1ntercommunicat1on 9b2blel 
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(b) Easy and flexible control of means for 
duplicating, at any terminal, all or part of 
the type-out or ~1sPlay from another terminal 9b2blc2 

(c) Ready transfer of control of one terminal's 
computer interaction to another terminal" 
input devices. 9b2blc) 

These techniques will evolve within ARC under 
conditions of application to our own coordinated 
system-development work, and will be applied over a 
wide range of collaborative actions, from sim~le 
question-answering facilities to complex design work 
involving intense mutual participation by the team 
members. 9b2b2 

AS &P~lieable techniques become effective within ARC, 
we will explore their use and value for the 
following: 9b2b) 

(1) Support of Network Information center (NIC) 
services such as teachlng~ question-answering, and 
some types of Query servieing 9b2b3a 

(2) working collaboration between ARC staff and 
personnel at other Network sites 

(3) working collaboration between people at remote 

9b2b3b 

Network Sites, independent of ARC staff. 9b2b3c· 

2. Development of User- and Service-System Design 
nisc1P11ne 9b) 

The functional features of the "user system" .- the 
large collection of computer aids available to an ARC 
worker -- have evolved with some ingenuity, a greal ~eal 
of cut-and-try experimentation under actual-usage 
conditions, and a certain special orientation offered bY 
our overall relearch framework. However, up to now 
there has been a significant lack of objective, 
methodical engineering design for the overall user 
system, 9b)a 

A user-system design discipline is definitely needed, 
and we intend to devote an increasing amount Of 
effort toward developing such a discipline. 9b)al 
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Like the user system, the "service system" -- the 
hardware and software underlying the features for 
augmenting users -- has evolved in an ad hoe fashion. 

Here there is also a significant neea for a 
system-~esign discipline. 

A system-design disciPline would have a communicable, 
teachable, generally applicable framework supporting a 
coordinated set of concepts, terminologies. principles, 
methods, and special tools. 

O. Transfer of Results 

Bebind these basic aspects of our work in the ARC (team 
augmentation and aesign disciplines) lies an essential 
feature of our long-term strategy, namely, the goal of 
producing results that will be of d1rect value to other 
grou~. of system developers •• in particular~ to those who 

9b)b 

9b3bl 

9b3c 

9c 

will be developing augmentation systems. 901 

This is in contrast to being of ~1rect value to 
customers who will want systems for their own direct use 
(e.g •• to augment a manager, a designer, an editor, or a 
researcher), 

Display terminals, communication channels~ and computer 
service are destined to become both cheap and plentifUl, 
an~ it 1s certain that a very large number of organizations 
will want to use them. They must rely upon system 

gel& 

developers Who will need to be capable of the followingz 9c2 

(l) Analysis of system-usage environments ge2a 

(2) Deslgn and implementation of a smooth. ~owerful. and 
coor01nated sy.tem ot user aids, conventions. methOdS. 
etc. 9c2b 

(3) Training and "education" of new users, many of whom 
will be completely unfamiliar with the potential of this 
new technology ge2c 

(4) SUbsequent monitoring of user performance so a' to 
implement the Changes necessary to track the evolution 
of users' attitudes, concepts. skills, usage habits. and 
wants. 9c2~ 

131 



• 

• 

• 

7101 ROME FINAL REPORT: Sec. V 
FUTURE PLANS 

4868 DGC l2JUL70 

Although it is important to st1mula~e the eventual 
customers for augmentation systems, and to make them aware 
Of the potential for these systems in tneir work~ we feel 
that our results should be ~1recte~ primarily towar~ 
helping system Oevelopers. Over the longer term, we plan 
to ~o this by pursuing the following goals: 9c3 

Item 1: Making visible an aavanceO, integrated system, 
operating in a heavy-usage environment, that can orient 
system developers to the available eost-value tradeoffs ge3a 

Item 2: Developing an effective system-design 
discipline to aid in developing augmentation systems, 
whether or not these systems resemble ours 9c3b 

Item 3: Maintaining thorough, highly current, 
comprehensive documentation, designed tor quick location 
of relevant material 9c3c 

Item 4: Establishing broad-band communication channels 
over which a aynam1c interchange of information can take 
place, so that a maximum proportion of our knowledge can 
be quiCkly available in useful form 9c3d 

Item 5: Offer1ng, a8 a model, a complete prototype 
Oesign of an augmentation system espee1allY ~esilned tor 
augmenting system development. 

This system would be compatible with the 
system-design disciplines described above, an~ woul~ 
inclUde techniques for planning, analyzing, 
deSigning, programming, debugging, documenting, and 
teaching. 

o. Short-Term and Long-Term Goals 

9c)e 

ge)el 

9d 

our approaCh to the planned work will be as follows: 9dl 

(1) Achieve the Short-term goals implicit in the team 
augmentation activity, in the development of a system 
design aiscipline, and in the tasks itemized under 
Transfer of Re.ults (Section v-c above) 9dla 

(2) Contribute to the long-term goal of directing our 
results for maximum benefit to future develo~ers of 
aUlmenta~10n systems. 9dlb 
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There is considerable overla~ between short-term anO 
long-term goals. 9d2 

For instance, in the case of the transfer Of results, 
the basic bootstrapping ~evelopm.nt of techniques within 
the ARC seems to gUarantee a very good basie buildUP 
towar~ Items 1, 2, 3, and S of section Y-OJ our 
participation 1n the Network experiment contributes 
directlY to Item 4; and the development of the NIC 
service will contribute toward Items 1 and 4. 9d2a 

E. Selected Plans Under Other Sponsorship 

To pursue directlY the itemized long-range gO&18 of section 
V-C, we currently have other plans under consideration, 
coordinated with those outlined 1n this proposal. These 
Plans would be carried out under other sponsorship I gel 

We are formUlating plans for what we tentatively call 
the System Developer Interface Activity (SYDIA). We 
expect to be approaching representative candidate. 
during 1970 with proposals for mUltiple sponsorship. 
The initial purpose Of the SYDIA will be to aevelop the 
following: 

(1) A facility for an effective interchange of 
infor~at1on, skills, orientation, etc. between ARC 
and the exi.ting and potential community Of 
augmentation-system developer. 

(2) The ability to ass1et other groups to transfer 
our s,stem, or parts of it, directlY into another 
hardware environment. 

Later~ with specifie individUal funain, arrangements, we 
woUld expect to begin developing clole interchange 
relation'hips with various system-development groupsJ 
hopefully, some groups would then adopt our augmented 
techniques for systeM·developmen~ work. 
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GLOSSARY 

ARO: Acronym for the Augmentation Research center at Stanford 
Re,earch Institute. 101 

ARPAt Acronym for the Advanced Research projects Agency. lOb 

Augmentation: Used in this report to indicate the extension Of 
human intellectual and organizational capabilities bY means of 
close interaction with computer aids and bY use of special 
procedural. and organ1zat1onal techniques designea to support 
and exploit this interaction. lOe 

Center: Another term used for the ARC. 100 

Console, AS used here. this means specifically a user's 
control eonsole tor the ARC's On-Line System (NtS). The 
consoles presently in use eons1st Of a display screen, a 
keyboard, a "mouse", and a "keyset." lOe 

File: As used here, this refers to a unified collection of 
information held in computer storage for use with the On·Line 
Sf.tem (NLS) or with TODAS. A tile may contain text (natural 
language or program code). numerical information, graPhics, or 
any combination of these, ConceptuallY, & file eorres~ond8 
roughly to a hard-copy document. 

GENIEI project GENIE, at the University of california at 
Berkeley, developed (under ARPA sponsorShip) the timesharing 

lot 

Software for the XDS940 Qomputer use~ by the ARC. 109 

GODOSI Acronym for Graphics-Oriented Document Output System. a 
means for~converting NLS/TODAS files to microfilm. GODOSis 
capable of han~ling the line dr&w1ngs produced with the Nt! 
graphics capability, lOh 

IMPI Acronym for Interface Message processor, a component used 
lnthe ARPA Network. 10i 

Keysetl A device con81st1nl ot five keys to be struck wi~h the 
lett hand in o~erating the On-Line system (NtS). 10j 

MOL: See MOL940. 10k 

MOL940:A machine-orien~ed language for the XDS940 computer • 
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MOL940 (or simply MOL) was developed at ARC. 

Mouse: A device operatea bY the right hand in using the 
On-Line System (NtS). The mouse rolls freely on any flat 
lurface, causing a cursor spot on the diSPlay screen to move 

101 

corres~ond1ngly. 10m 

NASA: National Aeronautics and Space Administration. lOn 

Network: The planned Advanced Research Projects Agency network 
of research computer installations. 100 

NIC: The Network Information center, to be incorporated 1n the 
ARPA network. The NIC will operate as a Qomputer-ass1sted 
library service for information pertaining to the network, to 
be used bY network members, and will be operated by ARC. lOp 

NLS: See On-Line System. loq 

On-tine System (NLS): This is the ARC's prineipal and central 
development in the area of computer aids to the human 
intellect. AS presently constituted, it is a 
~18Play.oriented, timeshared, mUltieonso1e system for the 
compOSition. StUdy, and modification of files (see definition 
of "file"). A counterpart system, TODAS. o~erates from 
hard-copy terminals such as Teletypes and offers many of the 
same capabilities as NLS. 

PASS4, An output-processing program used to convert NLS/TODAS 
files to haro-copy format for output via one of a number of 
Cifferent devices. 

RADC1 Acronym for Rome Air Development Center. 

SPLJAeronym for Special-purpose Language. SpecificallY, 
term 18 used for the SPt's developed at ARC for use in 
programming NLS. 

this 

SRI: Acronym for stanford Researeh Institute 

statement: The basic structural unit of an NtS/TODAS file. 
statement conSists ot an arbitrary string of text. plus 
graPhic information. A file consists of a number of 
statemen~s in an explicit hierarchical structure. 

TODAS: Aeronym for the Typewriter-oriente~ Documentation·Ai~ 
System. TODAS is a counterpart of NLS Oesigned to operate 

A 

lor 

lOs 

lot 

lOu 

lOv 

lOW 

from hard~copy terminals such as Teletypes. lOx 
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• Tree Meta: A compiler-compiler system developed at ARC. lOY 

TSSI Acronym for Time-Sharing System. Specifically. the 
system developed by Project GENIE tor the XDS940 computer. lOz 

XDS9kO: The computer facility used bY ARC is based upon a 
Xerox Data systems (formerly scientific Data systems or SDS) 
mOdel 940 timsharing computer. 10a@ 

9~OC See XDS940 • 

• 

• 
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Appen~ix A: User Features of NLS and TODAS 

rile (casseres,nldes,) in KDF under Stone, password DGC 

Appendix 5: Dialogue support System 

File (ca.seres,adss,) in KDF under Meisling, password DGO 

Appendix 01 Hardware Description 

File (eng11sh,hdwap,:) in KDF under English 

Appendix De Technical Description of NLS 

File (enI11sn,p2rome,) in KDF under Guest, password WKE 
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1 
ABSTRACT 

This re~ort covers two years of research in a continuing 
program in the Au~mentat1on Research Center (ARC) Of the 
Information SCiences Laboratory of Stanford Research 
In8t1tute~ supported by ARPA and RADC under Oontract 
130602-68-0-0286. 1a 

some of the work reported was also supported by ARPA and 
NASA under Contract NASl-7897. 1a1 

The research reported is aimed at the development Of on-11ne 
computer aids for increasing the performance of individuals 
and teams engaged 1n intellectual work, an~ the development Of 
techniques for the use of such aids. The report covers 
hardware ana software development~ applications in several 
areal relating to management of a community of workers who use 
on~11ne aids and to information management for such a 
community, participation in the ARPA computer network, and a 
summary of plans for the continuation Qf the research • 
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lb 

PREFAOE 

The research described in this report represents conceptual, 
de.iln, and development work bY a large number of peo~leJ the 
program has been active as a eoorOina~ed ~eam effort since 
1963. The research reported here was a cooperative team 
effort involving the entire ARC staf!. The fOllOwing 1s an 
alphabetical listing ot the current ARO stat!: 2& 

Geoffrey H. Ball, Walter L. Bass, Vernon R. Baughman, Mary 
G. Caldwell, Roberta A. Carillon, David Casseres. Mary s. 
Church, William S. Duvall, Douglas C. Engelbart, William K. 
English, Ann R. Geoffrion, Martin L. Hardy, Jared M. 
Harril, J. David Hopper, Charles H. Irby, L. Stephen 
Leonard, John T. Melvin, N. Dean Meyer, James C.Nor~on, 
Bruce L. Parsley, William H. Paxton, Jake Ratliff, Barbara 
E. ROW, Martha E. TrUndY, Edward K. Van de Riet, John M. 
Yarborough. 2a1 

The following former ARO staff members also contributed to the 
research: 

Donala I. Andrews, Roger D. Bates, Davi~ A. Evans, Stephen 
R. Levine, Stephen H. paavola, Helen H. prince, Jone F. 
Rulifson, Elmer B. Shapiro,F. K. Tomlin. 

iii 
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Fig. 1l-l7 Part of a File Oontaining Information 
on ARC Personnel (Not all levels 

4p 

are shown.) ••••••••••••••••••••••••••••••••••• 21 4q 

Fig. 11-18 A View Obtained by Jumping to one of the 
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I INTRODUCTION 

A. General Sa 

The Augmentation Research Center (ARC) is a community of 
about 28 researchers, supported DY several different 
contracts, in which all the research activity 1s aimed at 
(1) exploring the possibilities for augmenting the 
performance of intellectUal work with the help of real-time 
eom~uter aids and (2) the exper1men~al development of 
computer aids and augmentation systems. Sal 

Several different coordinated research activities have been 
developed, sponsored bY different contracts, to pursue the 
various aspects of this augmentation research. The aspects 
reported here are: Sa2 

(1) The Management System Research Activity, which has 
been supported by RADC under this contract. Sa2a 

(2) The development, operation, and maintenance of a 
real~t1me computer~displ&Y system, inclUding both 
hardware and software aspects and participation in the 
ARPA com~uter network experiment. ThiS has been 
supported by ARPA an~ RADO under this eontract~ and by 
ARPA ana NASA under Contract NASl-7897. The facility is 
dedicate~ solely to the ARO's activities. 

All the researchers within the ARC do as much of their work 
al po.sible at Oisplay consoles (depending on console 
availability and whether a speCific task can appropriately 
be done at a console). Thus they serve not onlY as 
re,earehers but a8 the SUbjects for the analysis and 
evaluation of the augmentation systems that they are 

5a2b 

developing. Sa3 

Oonsequently, an important as~ect of the augmentation work 
done within the the ARC (for instance, Of the 
RADC-,upported Management Systems Research) 18 that the 
techniques being explored are implemented, stud1ed, and 
evaluated with the advantage of intensive everyday usage 
within a coordinated working environment that 1s compatible 
with ~he particular techniques being stUdied, Sa4 

1 
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This strategy, called "bootstrapping," is a key conce~t in 
much of our design philosophY. Sa> 

B. on-tine Aid Systems in the AUgmentation Research Center 

This section very briefly deseribes the two major 
augmentation systems available to workers 1n the 
Augmentation Rese&rch center. These systems are the 
On-tine System (NLS) ana the Typewr1ter-orientea 

Sb 

Documentation-Aid SysteM (TODAS). 5bl 

1. 

APpendix A is a more complete de.er1ptlon of the user 
features of these systems; the reaCer Who is not already 
acquainted with ARC's research will find that this 
appendix proviaes a useful background for the main body 
of the report. 5bla 

In addition, Appendix D gives a detailed descriPtion of 
NtS/TODAS implementation. Sblb 

The on-Line system (NLS) 

NtS, as currentlY 1mPlementea, ia essentiallY a highlY 
interactive. disPlay-orien~eQ tex~-manipulation system. 

NLS 1s intended to be used on a regUlar, more or less 
full-time basiS in a time-sharing enVironment, by users 
whO are not necessarily computer prOfessionals. The 
practices and techniques developed bY users tor 
ex~lo1tlng NLS are as much a SUbject of research 

Sb2 

Sb2& 

interest as the development of NLS itself. Sb2b 

a. Structured Text 

All text handlea by NLS 1s in "struetured-statement" 
form. This special format is simply a hierarchical 
arrangement of "statements," resembling a 

Sb2C 

conventional "outline" form. Sb2el 

A statement is simply a string ot text. of any 
length; this serves as the bas1e unit tn the 
construction of the hierarchy. Each paragraph and 
heading 1n this document i. an NtS statement. Sb2cla 

b. Use of the System Sb2d 

The creation of new text material as content tor a 

2 
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file is aeh1eved by typing the new material on a 
keyboard, under any of several possible NLS commands. Sb2~1 

The study capabilities of NLS constitute its most 
powerful and unusual features. The following 1s a 
brief, condensed descri~tion of tbe operations that 
a.re possible. Sb2d2 

The process of moving from one point in an NLS tile 
to another, which corresponds to turning pages in 
hard copy, 1s called "jumping." A very large familY 
of "jump" commands allows the user to specify 
locations in the file 1n a number of ways •• e.g., by 
specifically identifying a statement or by specifying 
a structural relationship to some other statement. Sb2d3 

The NLS content analyzer permits automatic searching 
of a file for statements satisfying some content 
pattern specified by the user. The pattern is 
written in a special language as part of the tile 
text. Sb2d4 

A large repertoire of editing commands is provided 
for modification of the text 1n a file. 

2. The Typewriter-oriented Documentation-Aid System 

Sb2d.5 

(TODAS) Sb) 

TODAS is a text-handling system designed as & 
"typewriter" counterpart to Nt!. TODAS can be operated 
trom a Teletype or any other kind of har4-0oPY termina1 6 
inclUding terminals linked to the ARC timeSharing 
computer facility (an XDS 940 with speeial hardware) 
through &cQust1c couplers ana ordinary telephone 11ne. 
(al opposed to NLS~ whieh requires microwave 
transmission to achieve the necessary bandwiath for 
displays). 5b3a 

3. output Facilities 

The facilities for producing hard-copy output from 
NLS/TODAS files include a line printer, a 
paper-tape-driven typewriter, and the GraPhics-oriented 
Document Output System (GODOS). Sb4a 

The line ~rinter, because elits speed Of operation, 
is the routine means Of producing hard copy for use 

.3 
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within ARC. It 1s U8e~ heavilY by all NLS/TODAS 
researchers. 

The paper·tape ty~ewriter is used for producing 
report-Qua11ty typing, such as this report. As it is 
relatively 8low and inconvenient. it is not normally 
used except for final output of material to be 
pUblished. Sb4a2 

GODOS produces magnetic tape which is then turned 
over to an out-of-house facility where it 1s run on 
stromberg-Carlson mierofilm equipment to produce 
frames of m1crofilm (or microfiche) corresponding to 
pages of full-size hard copy. The advantage of this 
system 1s that it can handle drawings produced in NLS 
files by means of the NLS graphics capability. GODOS 
is still in the experimental stage and haB not been 
useo extensively. Sb~a3 

This Report a8 an Example of NLS/TODAS Capability 

The following discussion may be taken as a very rough 
indication of the power of NLS and TODAS as a~Plied to a 
single s~ecific prOblem ~- namely. the writing. editing, 
and proQuction of this report. 

The above descriptions ot NLS and TODAS were produced bY 
modification, using NLS, of the more detailed 

SbSa 

~escriptions in APpendix A. 5b5b 

The entire task ot modification, 1ncludinl 
formatting, insertion into the boar of the report, 
and all other ~etai18, required about half an hour of 
work by an NLS user who was already fami11ar with the 
contents of the descriptions. If the jOb had been 
done by someone who was not familiar with the 
material (but who was familiar with NLS) it might 
have taken fifteen minutes longer. SbSbl 

The original description was written tor an earlier 
report and then kept available as an NLS/TODAS file 
in anticipation of future op~ortunities for using it. SbSb2 

Indeed, a considerable amount Of the material in this 
re~ort was developed by modification of existing files. 
and we may expect the new material generated for this 
re~ort to continue in use as a collection of NLS/TODAS 
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files for as long as it can be updated to reflect 
current reality. SbSc 

TODAS was used primarily for ~he task of entering new 
material into on-line files. Considerable portions 
of the material were put on line bY a secretary using 
TODAS. working from bandwritten material and from 
recorded dictation. SbScl 

FinallY, we may note that the writing of thiS report, 
Using NLS and TODAS throughout, was achieved under 
considerable time pressure by & team consisting Of about 
a dozen people, all of whom were doing other important 
work at the same time. 
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SbSd 

II MANAGEMENT SYSTEM 

Our Management System Research Activity has involve~three 
major areas of concentration. In practice these areas overlap 
considerablY~ so that there is an intelrateO research effort 
on many Phases of management technique anO theory that impinge 
upon the operation of ARO. For purposes of Oescription. 
however, we discuss each area of concentration as if it were 
an in~ependent effort. 6& 

The three areas are: 6b 

(1) Management-Information Operations _. research on 
techniques for using management information in the ARC 
envi~onment, including the aevelopment of com~uter aias for 
the storage and manipUlation ot such information 601 

(2) Organization studies .- research on the ARO on-line 
community of workers and experimentation with organization 
structure and planning metho~s in the on-line community 6b2 

4It (3) Team Augmentation and Dialogue support-- research on 

• 

augmenting a team or commun1t, of intellectual workers by 
means of systems that support the intellectual dialogue of 
the team. 6b3 

A. Management-Intormat1on Operations 6e 

1. Introduction 

In accordance with our usual strategy, we have pursued 
our investigation 01 management-information operations 
by using NLSand TODAS to develop and provide a1ds tor 

6cl 

management of the ARC on-line community. 6el& 

There are many areas Of potential application fo~ 
on-line aids; we have chosen tho,e Which appear to be 
most useful operationally for experiments with the 
development of on-line aids. 6elb 

This section gives detailed descriptions of several 
applications that have been develope~, illus~rated with 
phQ~ogr'~hs of ~heNLS display screens to 'hOW sequences 
Of information-manipulation operations. A familiarity 

6 
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with the basics of NtS 1s assumed; Appendix A is 
intended to provide the necessar, information about Nt!. 6clc 

In fOllowing tne desoriptions, it is worth keeping in 
mind that the speed with which NLS serves its user. is 
an important part Of its utility. The Photographs 
indicate trans1tions that normally take only one or .two 
seconds. This speed lends great power and flexibility 
to the relativelY simple service functions performed by 
NtS. 6eld 

2. project Costs 

The most obvious area for apPlication of on-line aidS to 
management within AR01s ~roject cost accounting, 
Considerable work hal been done on the development of 
several cost-information files and of techniques for 

6c2 

their use. 6c2a 

a. Cost Reeor~s 

The Inst1tu~e's accounting system provides ARC with 
det&i1e~ cost records for the various "SRI projects" 
(i.e., individual contracts) being earr1ed out in 
ARC. 

The primarYin~ut8 to SRI" system are [1) weekly 
time c&r~s reporting hourlY charges to various 
project. bY individual ata!! members, an~ (2) 
non-labor costl charled ~1rectly to projects, 
including actual charges to projects and 

6c2b 

6c2bl 

commitments (uncompleted orders). 6c2bla 

For each SRI project, the accounting system 
computes dollar costs based on actual 'alary data 
for each 8tat~ member's hours Charged, adds 
payroll burden and overhead amounts at current 
rates, eombines these costs with non-labor totals, 
adds appropriate fees, and total' all .uen charges 
each week on a cumulative basi.. 6c2blb 

current charges are reported to ARC each week on 
the Project Statu8 Report. 6c2blc 

We need frequent and rapid acces. to project cost 
summary data for operational use. with less 
reference to lower·level details, except a. the 

7 
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costs are first checked for reasonableness and 
accuracy. Therefore we decided to start by 
putting summary data on-line at ARC. AS needed in 
the future, we can add more levels of detail. 6c2bld 

File HISOO 6c2b2 

we first constructed a cost-history file for 
1968-1969 costs on SRI projects ESU 7101 CRADe 
Contract 130602-68-0-0286) and ESU 7079 (NASA 
Contract NAS 1-7897). This file is called HISCO. 6c2b2a 

we deeided that the elements of HISCO would 
include the following for each of the two 
projects, on the basis of 4-week accounting 
periods (as used by SRI's accounting system) I 6c2b2b 

(a) salary 

(b) Burden 

(c) overhead 

(d) Total cost 

(e) Fee 

( f ) Total charges. 

See F1gs. 11-1, 11-2, and 11-). Each of ~hese 
figures shows a diSPlay of one branCh of the 
file, containing the information for a specific 

6c2b2bl 

6c2b2b2 

6C2b2b3 

6c2b2b4 

6c2b2bS 

6c2b2b6 

project and year. 6c2b2b7 

We also needed a section showing COMbined 
salary costs an~ combined total charges for 
all of our projects (see Figs. 11-4 and 11-5). 
We put these costs in separate branches of the 
file. The last branch shows total costs for 
both projects combined. we retroae~ivelY 
studied existing records for all 1968 data and 
kept up the 1969 eosta every 4 weekS, entering 
the new data by hand. 6c2b2b8 

we experimented with the u.e of graphic 
representations by entering charts in HISCO. 
These charts showed the cumulative cost trends for 

8 
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each project in a separate branch of tne file. 6c2b2c 

We established links between tabular data and 
chart projections. This made it Quite easy to 
refer to both formats alternately. 6c2b2el 

The use of graphics in HISCO gave some 
indication of the usefulness of such linKing. 
but the existing package has limitations in the 
form of a few bug, and capacity that makes its 
use of marginal value. Work is currently under 
way to improve thiS capability. we alSO need 
local hard-copy output to make these features 
of real value. 6c2b2c2 

HISCO was a testing ground for the first version 
of the NLS calculator package. AS the file was 
UPdated, cost data were entered into new 
statements, and the calCUlator was used to check 
tne cost data and to determine the total ARC 
project costs. 6c2b2d 

This employed tne ADD, SUBTRACT, MULTIPL~ and 
DIVIDE capabilities and used the four nolding 
registers. 6c2b2dl 

The calculator package has an 'INSERT' command 
that 1nserts the eurrent contents of the 
calculator'S accumulator into the file text as 
indicated by a bug selection. Work with HISCO 
indicated that a 'replace' command would be 
very desirable. 6c2b2~a 

The usual way of accessing RISCO was v1a 
pre-established links from other working files 
whenever the user had a question about reeent 
costs, The VIEWSPECs in the link usually caused 
SISCO to be brought in with only high-level 
statements on display, Showing only the headings 
for project name, combined salary, total ehargee, 
and total ARC eosts (see Fig. II-6). 6e2b2e 

The user could then select the project he was 
intereste~ in (bY the command JUMP TO ITEM) 
open up an additional level tor viewing, and 
see column headings and numerical data (Figs. 
11·1, 11-2, and II-3). 6c2b2el 

12 
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Then he could jump down through the 
accounting periods to the one he was looking 
for. 6e2b2ela 

If he was making a calculation (perhaps 
already started in the tile he was working 
in before he 11nkea to HISOO). he could tnen 
call the calculator and add, sUbtract, 
mUltiply or divide bf any of the numbers in 
HISCO. His previous calculations while in 
the previous tile would remain intact. 6c2b2elb 

If finished with HISOO, he coul~ then return 
to the previous f11e (bY the command JUMP TO 
FILE RETURN) and continue with the 
calculation, having found in HISOO the in~ut 
number or numbers he was looking for. 6e2b2elc 

such a sequence occurs very fast. Experience 
with HlSeO seems to prove the Value of having a 
simple calculator built into NLS, where it is 
instantly available when neeaed and can 
interact directlY with data in an NtS file. 6c2b2e2 

Desk calculators are available for most 
people who need to QO basic arithmetic work, 
but when one 1s lOOking through extensive 
files for inputs to caloulations, the 
conventional calculator 1s not nearly as 
useful &s this on-line VerSion. 6e2b2e2a 

Summary: As an arena for experimentation, KISCO 
prove~ very valuable. operationallY, it was 
useful from time to time but revealed a need for 
more frequent up~ating of the summary Oata. our 
experience with HISOO led to the development of a 
redesigned cost-history file called COSTS. 6c2b2f 

File COSTS 6c2b3 

This file is updated weekly, with 4-week and 
cumulative summaries. 6c2b)& 

The OOSTS file is referred to frequentlY, 
because tne weekly inputs now show trends with 
considerable sensitivity. 6c2b)al 

13 
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We decided that the elements most useful to us for 
this year are the following: 6e2b3b 

(a) salary costs 

(b) Total personnel QOst.s 

( c ) Non-labor costs 

(d) Total costs 

(e) Total charges with fee 

(f) Balance remaining 

See Figs. 11-7, 1I-8, ano II-9. Figures 11-7 
and 11-8 shOw the same branch of tne file with 
different VIEWSPEOs; Fig. 11-8 displays one 
more level than Fig. II-7, and this level shows 
the weekly data. Figure 11-9 shows the weekly 

6e2b,3bl 

6c2b,3b2 

6e2b3b3 

6c2b3b4 

6c2b)b,S 

6C:2b)b6 

data for another projeet. 6c2b)b7 

We al,o decided to include funding information 
showing current totals, unfunde~ totals, and 
total contract amounts 1n tne categorie. cost, 
fee, and total. 6e2b)b8 

we use separate branches for each project and for 
total ARO project costs (Fig. 11-10). The 
skeleton format for the file WaS set up in advance 
for the entire year of 1970. 6c2b)C 

our approach was to create a separate statement 
tor each week. one level below the "to~alU 
statements for each 4-week periOd. For the 
seeond week of 1970 (Which is in the first 
accounting ~eriod' the statement starts with a 
2-1 and then. proeeedini across the line, 
shows the amounts11eted above in six columns 
(Figs. 11-8 and 11-9). 6c2b3cl 

Before entering an~ actual data. the first 
top-level branch (containing some 70 
statements) was copied Within the file at the 
same level four or five times. Then each blank 
branch simply had the project name headings 

14 
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1nserte~ for the project u8ing that branch. 
We keep one extra blank format branch available 
in case any new projects should arrive. 6c2b)c2 

Like HISOO. COSTS is usually reached through a 
link from some other working file. perhaps while 
a stUdY Qf near-future costs is in progress, or 
from an ongoing proposal cost estimate. Again the 
file is usually entered w1th only the top-level 
statements or project headings showing (see Fig. 
11-11). 6c2b)d 

If a ~articular project is of interest, that 
branch is selecte~ and another level opened for 
view. The second level shows perioa-by-perio~ 
SUbtotals in each coat category (Fig. 1I-7). 
If weekly data are desired, another level is 
opene~ by changing the VIEWSPECs (Fig. 11-8) 
and a particular week is seleeted bY the 
command JUMP TO ITEM. 6c2b3~1 

The statement for each week has ~he week 
ending date as its name. The reason for 
thiS is not only so that the statement for a 
particular week can be accessed by the JUMP 
TO NAME command using the ending date, but 
also so that the date may optionally be 
suppressed from the a1splay. NtS has the 
capability of su~pre881ng all statement 
names from the display. 6e2b3~la 

The normal way of looking at ~he file is 
with names suppressed; thus tbe dates do 
not clutter the display) however, a user 
who needs to know the ending 4ate for a 
particUlar week can see it by executing a 
single command. 6c2b)dlal 

To access the information for another project 
within COSTS, one executes JUMP TO RETURN twice 
to see the top-level statements again (Fig. 
11-11). 6c2b)d2 

one can move very quicklY and aceurately through a 
file that is set up in this fashion, even without 
any familiarity with the information it contains. 6c2b)e 
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The primary function of COSTS is to ShOW a 
consistent week-by-week progress1on Of costs for 
each project bY category. The file can also be 
used for study purposes, through the use ot 
content-analyzer ~attern8, 80me Of which are 
stored in the hea~er statement (lee Fig. II-12~ 
which is the aame as Fig. 11-11 but wi~h different 
VIEWSPECS). Any other patterns can be ereated as 
needed. 6c2b3f. 

This allows a user to extract special 
categories of information from the file very 
quiCkly. For example, a user may easily crea~e 
a display showing all project costs for the 
eighth week of 1970, for each ARC project. It 
is &110 pOSSible to output such a "filtered" 
display via a line printer, thus obtaining hard 
copy of a speclal-purpo,e extract from the 
total file. 6c2b)fl 

The content analyzer is helpful when using the 
calcul&tor on all the Oata for one week, project 
bY project, to finO total ARC charges by category. 6c2b31 

When only one week's ~ata are diSPlayed, one 
can ada items down eaCh column and insert the 
answer in the "ARC total" space. one can then 
clear the accumUlator, and add down the next 
column. This is done very ra~i01Y through bug 
selection of input numbers and keyset entry of 
commandS -. ADD, ADD, ADD, ADD, INSERT~ CLEAR, 
ADD, ADD, ADD, ADD~ INSERT, CLEAR, and 80 
forth. 6c2b3g1 

Figures 11-13 and 11-14 are before/after ~hotos 
of this process. 6e2bJ,2 

The COSTS tile is now operationally useful to us, 
and we expect it to be useful for future 
experimentation with automatic processing 
teohniques. 6e2b3n 

b. Estimatel 6c2C 

proposals 6c2cl 

Another use Of the system 1s in creating proposal 
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cost est1mates. We first estimate the amount of 
effort required for the proposed work. To 
estimate the eost of tb1seffort, we make 
reference to various on-line files. The 
estimating process typically proceeds along the 
followinc lines. 6c2cla 

Personnel Costs 6c2clb 

The estimator loads a special file. maintained 
by himself. which is & directory to all of his 
other files and perhaps to a few files 
belonging to other people. Figures 1I-15 and 
11·16 are two displays of a user's tile 
directory. In Fig. 11-15. only fir.t-level 
statements are shown; these are used for 
establiShing catelories. In Fig. II-16. 
another level i8 shown. containing ~he actual 
directory listings in each category. 6c2elbl 

Th1s "file directory" contains 11nks to each 
of the files that it lis~s. In ~he present 
case ~he files ~robably WOUld be eost 
histories. per.onnel 11s~1ngs. ~rev1ou8 
special studies of costs, anc other 
administrative information. 6c2clbla 

He loads a ~revious cost estimate. makes a 
working copy of it, changes the heading to 
reflect the name of the new prOPosal es~imate, 
an~ eliminates the amounts from the old 
estimate. 6c2clb2 

Th1s produces & blank cost estimate format. 
If any items from the old estima~e are 
inappropriate. tbey are eaeily deleted) new 
items are easily a~d.d a8 le~arate 
statements. When the format is ready. it is 
output a8 a new file. 6c2clb2a 

He can then load a file that lists names Of 
people 1n the grou~ and lome projection of 
expected additions. Figures 11-17, 11-18. and 
1I-19 show portions of such a file. 6c2clb3 

Uslng this personnel~11sting file, he 
ob~ains information about labor categories. 
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A branch containing content-analyzer 
patterns is ke~t in ~he file. These can be 
easily reached by jumping to a link which 
causes all the patterns to be displaye~ 
(Fig. 1I-20). 6c2clb3a 

Each pattern will select some particular 
category of statements from the file. 
For example, the estimator will need to 
know which people have the status of 
senior Profession&l. 6c2clb)al 

He selects the appropriate pattern 
with the command EXECUTE CONTENT 
ANALYZER, and then jumps on a link 
which turns on the content analyzer, 
starting the seareh at the beginning 
of the branch containing ~ersonnel 
listings and restricting the search to 
that branch. 6C2clb)al& 

This produces a display showing onlY 
the listing of senior prOfessionals in 
the group. Th1s set of statements can 
then be transferred ~o the new 
proposal cost estimate file. 6c2clb)alb 

other patterns can be use~ to extract 
sets of statements aecording ~o other 
criteria .- for example, all the 
hardware or software peo~le in the 
group (Figs. 11-21 and 11-22). 6c2clb3ale 

Thus the estimator can select, by labor 
category, representative people who may be 
involved with the proposal; as he selects them, 
he can transfer their names and the information 
that goes with them to ~he file where he is 
building up his estimate. 6c2elbi 

At present we do not keep individual salary 
information on line. although we could ~o 
this if we a~ded some security measures. 
Calculations for the average salary 
category, based on the specific people 
contemplated, are made Off-line at present.6c2clb4a 
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These average salary amounts are inserted 
into the on-line cost estimate. The 
calculator is used to mUltiply numbers of 
man-months times average salaries per month 
to de~ermine total salary costs per labor 
category and overall d1reet labor totals. 
All Of this is aChieved within the actual 
file that will become the finisheO estimate. 
6c2clbhb 

The payroll burden ana overhead rates are 
checked for currency ana inserted into ~he 
estimate, using the calculator to apply them to 
the direct labor. At this point the labor 
portion of the estimate is completed. 6c2elbS 

Non-Labor Costs 6e2cle 

A typ1cal estimate will involve some travel 
costs, some consultant eosts, and some report 
costs. Data supporting the cost of consultants 
may be checked by reviewing current 
consultants' costs by project &n~ by 
consultant. These are kept in a separate file 
and reached through a link for 'review. The 
data may be co~ie~ 1n~o the estimate if some of 
the information is Of use. 6c2clcl 

Report production costs are estimated using 
current Institute SChedules, which are based 
primarily on the number of pages ex~ected 1n 
the end product. These computations can be 
made using the calculator, and the existing 
cost factors from the last proposal, cbecked 
for current applicability. 6c2clc2 

In addition, there may be plans to add 
equipment in the proposal. In this case, the 
estimator will use an equipment study written 
in another file bY the people involved in 
hardware delign. 6c2elc3 

The equipment costs contained in the speCial 
stUdy are summarized 1n total and reached by 
& link. The speCial stUdy can be viewed and 
updated a8 appropriate and can be copied to 
go with the proposal as an appenOix or used 
later for back uP. 6c2cle)a 
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In this fashion, various information is 
gathered from various files and transferred 
into the developing cos~ estimate. Figures 
I1-23, 1I-2h. and 11-25 show various portions 
of a completed on-line cost estimate as 
actually used for a recent ARC proposal. 6e2elc4 

working Forecasts 6c2e2 

Operational Use of Estimates 6c2c2a 

As the project progresses, proposalS and 
estimates can also be used as gui~el for 
management of the project. It is uleful to 
forecast the expeete~ project costs on either a 
four-week period or monthlY basis. 6c2c2al 

This can be done by creating a new file using 
the type of format that the COSTS file uses. 
We insert total figures from the cost estimate, 
using the calculator to determine average rates 
and specific estimated amounts, and insert 
answers into the file as it buildS. This 
month-by-month estimate can be reached through 
a link from working cost files, from the 
original estimate, or any other file where the 
question Of monthly estimated project costs may 
arise. 6c2c2a2 

e. Purchase-order processing 

In making an estimate of costs for new equipment 
be1ng constructed at ARC, reference to previous cost 
information is very useful. We have constructed a 
purchase-oraer/reQuis1tion processing file Which 
contains a separate statement for each item purchased 
for the past two years at ARC. Figure 11-26 .hOWS a 

6e2d 

portion of this file. 6c2dl 

Each statement contains the following information 
about each purchase: 

(1) Total price 

This is entered as the statement name. 
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At present this is not used as an NLS name, but 
as a way of eliminating information from the 
screen a~ will, keeping a eonsistent location 
1n columnar form for such totals. 6c2d2a2 

(2) Description of item 6c2d2b 

(3) Vendor 6c2d2c 

(~) Number of units purchased and price per unit 6c2d2a 

(5) Purchase Requisition number 6c2d2e 

(6) Date requisition sent 6C2d2f 

(1) Purchase Order number when order is placed 6c2d2g 

(6) Date order is placed 6c202h 

(9) project or account charged 6c2d2i 

(10) Date order is received 6c2d2j 

(11) When the order is complete4, it 1, marked 
with the special code *comp*. This can be 
detected by a content-analyzer pattern. 

All outst&n~1ng orders are contained at a secon~ 
level under a single branch (see Fig. II-a7); 
therefore the distinotion between outstanding and 
completed orders is easy to see just hY reference to 
level. To reduce clerical error, we consider an 
order completed when the *eomp* pattern is inserted 
and the statement is moved toi~' alphabetical 
position on the top level. 

This file can be searched using the content analyzer 
in some interesting ways. we can aSk for all items 
purchased from a particular vendor on any particular 
project and see only those. If we wonder about the 
unit price of a thermal wire stripper, model 2W-l, we 
can quickly get that information. If we wonder what 
we purchased on PR A08927, that comes simPly by 
executing a content analyzer pattern specifying the 
number. we can see all outst&nding orOers charged to 
a particular project Quickly. Figure I1-28 shows a 
content-analyzer pattern that has been tem~or&rily 
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written into tne file, tor findinlan~ entries 
pertaining to or~ers for relays unaer project 7101. 
Figure 11-29 shows a view generated by using this 
pattern. 6e2d4 

This file 1s useful, then, from a 
project-administration standpoint, from tne 
stand~o1nt of following a purchase requisition 
from the order stage through completion, and also 
for providing backup information for cost 
estimates. 6c2d4a 

This file can also be used as a tickler file by 
inserting a pattern in the "outstanding 
requisitions" branch Which shows the date we feel 
we shoula follow up on the order. Each day one 
can ask for all those items that have the current 
date as a follOW-up date. 6c2d4b 

This file is kept up-to-date by the secretary of the 
hardware group, who is most involve~ with 
requisitioning. She does this UPdating entirelY with 
rODAS. 6c2dS 

d. Summary on the Systematic Use of project cost Files 

one by one each of these files might be interesting. 
As a combination, quiCkly aVailable to many users. 
their utility seems remarkable. 6e2el 

A eost study, as discussed above, can rely on all 
previous project costs as recorded 1n the system 
and can draw on those files for inputs. one can 
draw on the personnel roster file by labor 
category, work interest or as extended into a 
skills inventory. 6c2ela 

We can browse through the purchase-order tile, 
refleoting the current or previous eosts per item. 
we can 11nkto actiVitY-Planning files to see 
which people are involved with various ongoing 
tasks and to see on what tasks we are 
contem~1&t1ng certain equipment purchases. We can 
link to proposal eost estimates for month-by-month 
cost projections. 6c2elb 

These files can be accessed in any order. from any 
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Oireet1on, at any time, withonlr & few keystrokes bY 
the u.er. They are also accessible remotely tbrough 
the use of TODAS, thereby giving mobility to the uaer 
with less load on the system. 6e2e2 

our main Objective in making cost studies is to 
arrive at solid sets of projections or other answers 
as qu1ckly and effectivelY as possible. Direct 
on-11ne access to 1n~ut ,information is extremelY 
helpful. 6c2e) 

3. Activity Planning and Status 

a. Introduction 

section 11-B-2 describes the experiment&l 
establishment of a TODAS Development Activity and 
discusses 1t& method of operation. one facet of 
rODAS work is the extensive experimental use of 
on-line files as aids in conducting meetings and 
formUlating ~lans. Thi, seetion gives some details 
on the construction an~ use of these files. 

b. Planning and Status Files for TODAS Development 
Activity 

6c:) 

60)& 

6c)&1 

6c3b 

File UPLAN 603bl 

The planning file for the TODAS Development 
activity contains & branCh with eommen~8 on bow to 
use the file, a branch for content-analyzer 
patterns, an~ a branch contalninl actual task 
plan,. 6c3bla 

The taSk-Planning branch has, as lubstatements, 
task categories Which include documentation 
plans, teaching plans, dea1cn plans, META 
Plans, and inactive task plan.. The levels 
under these catelor1el contain separate taSk 
plans, such as "TODASREFERENCE GUIDE 
DEVELOPMENT," "USER EXPERIMENTS RELATED TO 
TODAS," and "TEXT MANIPULATION SYSTEMS 
BIBLIOGRAPHY." 6e)blal 

Zach task branch contains eomments bY the 
talk leader on the following: 6c3blala 
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(1) Description of the task, with links 
to other working files used in its 
development 6c3blalal 

(2) Comments on the relationship of the 
task to other ARC tasks 6e3blala2 

()) Estimates of people involved (with 
level. of effort and timing) 6c)blala) 

(4) StatuI comments 6e3blala4 

UPLAN is linked to from another file ealled UMEET 
(described beloW). Which is used for on-line 
note-taking during meetings of the TODAS croup. 
Portions of UPLAN can be temporarily copied into 
UMEET for use during meetings. 6e)01b 

UPLAN contains a blank task format 1n a separate 
branch. Whenever a new taSk is added, this branch 
is copied into the appropriate planning area (such 
as documentation plans). Then the name of the task 
is inserted as a heading along with the initials 
of the task leader. 6c)blc 

Certain 1tems in this file are u.eful in 
content-analysis searches. The most Uleful are 
the init1als ot people involved in taskS, tne 
milestones, the estimate., an~ the status. To 
make content-analysis searches more consistent, 
asterisks are plaoed before SUch items. 

with an appropriate pat~ern, one can then ask a 
question such al "What 1s tbe lnvolvementof a 
particular person in this activity?" task by 
task. All branches with estimate. containing 
the specified initial' and an aster1sk w11l 
then be Ihown. The same branches snow expected 

6e3bld 

levels of effort. 6c3bldl 

Since this is the onlY information displayed on 
the screen, it is relatively easy to see 
potential conflicts in the allocation ot a 
person's time between taskS for this activity 
or to make a hard copy of this displayed 
information on the line printer. 6c3bld2 
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Tne content analyzer can also return statements 
commenting on the status of tasks, so that & quick 
survey of all such comments can be made. This is 
particularly useful for coordination of several 
tasks and for preparing for meetings of the group. 6c)ble 

When many people try to update the same file, 
serious problems are createa. This is a 
well-known situation (discussed further in 
APpenOix B). If two people are both working on 
the file, one person's work may be lost when 
someone else who has been using the file writes 
his copy back out on the disc. Therefore we 
tried to introduce a convention where people 
place a signal of some sort in the file when it 
is in use. 6c)blel 

This procedure was not well used, probablY 
beeause peOPle were generally in too much of a 
hurry. Therefore. some work was lost. we 
found that it was easier, with the present 
file-handling 11m1tations~ to have researoh 
assistants do the updating on the file, 
gathering information from various people as 
needed. 6c3ble2 

Part of the aescr1ption for a taSk involve' the 
specification of significant milestones. if 
possible. The task leader has to have some 1dea 
of important milestones ~uring the procresl of the 
work and must ~evelop some feeling tor whether 
these milestones are occurring w1thin~he 
resources expeeted to be allocated to the talk. 6c)blf 

We tried an on-line task-planning char'. 
showing lO-week per1o~s where milestones could 
be marked for each task. Milestones were 
indicated bY Showing an NLS name for each 
milestone statement (see FiC- 1I-30). 
Therefore, viewing this taSk-Planning chart on 
a disPlay, we could "JUMP TO NAME". selecting 
one of the milestone points on the chart, and a 
description of the milestone and its 
relationship to the task would then be 
displayed. A "JUMP TO RETURN" brought back the 
plann1ng chart. 6c)blfl 
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This shows some promise of being useful in 
the future. but some refinements in display 
techniques and milestone selection are 
necessary before it can become operational.6e)blfla 

Another use of the content analyzer i8 to 
search for entries made "since or be~ore" a 
certain date. or foren~ries made by certain 
people. This makes it easy to see Who has been 
updating the file recently. and what they have 
done to it. 6c3blf2 

This is of less importance for a person who 
is updating his own file. for he probably 
remembers the kindS of things he has 
Changed. When many ~eople work on the same 
file, it is helpful to know who has been 
changing it and in what areas they have been 
working. 6c)blt2a 

File UMEET 6c3b2 

We created a separate tile called UMEE! for plana 
and notes from the TODAS activity meetings, 6c3b2& 

This file is similar to the UPLAN file in 
format. On-line note-takinc by a research 
assistant. as praet1ce~ 1n the user sy.tern and 
software groups. has proven quite useful tor 
recording important par~s Of diseus.ions ~uring 
meetings. The on-11ne note taker has not been 
a distracting influence in meetings; in tact. 
she has contributed at times. She is available 
for f1n~ing information in the tile ana for 
reeorC1ng 8pecia11deas in other files upon 
request during the meetings. 6c)b2al 

Meetings are conducted with hard-copy agenda 
distributed before each meeting. The on-line 
notetakerhas an on-line version Of the same 
agenda in front of her. AS the discussion 
proceedS, she makes her notes right in the 
on-line agenda. 6e3b2a2 

Items left for discussion 1n following 
meetings. or as special questions to be 
resolved before the next meeting, can De 
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marked by the note-taker and retrieved from 
the file for later study, 6c3b2a2a 

When the meeting is completed, the notes are 
condensed to a meaningful summary, distributed 
to the participants, and displayed on a 
bulletin board. In other words, the agenda for 
a particular meeting is developed, during the 
meeting, into minutes of the meeting. A copy 
of the unaltered agenaa is allo keDt. 6c3b2a3 

successive meeting agenda and minutes are kept 
in one file (see Fig. 11-31), This permits us 
to search for diseussions of various topics and 
to receive answers in Chronological order, 
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our organizational studies have centered on two topics. 
The first of these is the studY of the "on-Line Community" 
-- our own ARC group seen as a unique example of a small, 
close community of workers Who make intensive use of 

6d 

on-line com~uter aids in their daily work. 6dl 

The seeond area of concentration has been the 
implementation of two experiments on organization structure 
and planning methods in such a community. 6~2 

1. On-Line Community 

our study ot the On-Line Oommunity is described here in 
terms of the total working environment Of the group and 

6d3 

the structuring ot staft roles within the Irou~. 6d3& 

a. Environment 

we consider the total working environment, tor 
purposes of this stUdy, to consist of the physical 
environment and the "user environment." The latter 
is a general term inten~ed to indicate the eXistence, 
availability, and performance of the numerous on-line 
aidS use~ bY the group. 

6d3b 

6d3bl 

Physical Environment 6d3b2 

We have change~the basie work room or laboratory 
configuration from isolated one-man oftices an~ a 
remote shoP and computer/work room to one-man 
offiees open1ng directly onto an open, 
courtyard-like work area. We still use a remote 
anop and computer room oue to building layout 
restrictions. The console. were moved out of the 
offices into this central working area. we have 
put in separate lighting circuits so we can turn 
off lights in different parts of the room, 
reducing refleetions on the displays. within the 
work area, the consoles can easily be regrouped to 
permit users to work cooperatively. 6d3b2a 

one effect of this va. to change the personal 
interaction pattern dramatically, simplY by 

41 



• 

• 

• 

7101 ROME FINAL REPORT: Sec. II 
MANAGEMENT SYSTEM 

4868 DGO 12JUL70 

increasing the amount 01 interaction. 6~3b2al 

A second effect was to permit much more 
effectlveutilizat10n of the ~i8play ~&eilltYJ 
the fac111tyis much more "available" \han it 
otherwise would hive been. 6~3b2a~ 

within the ceneral work area, the eonsole. 
(Which are Of several 41fferent design. 
otfer1ng aifferent advantages) are set up in 
varying configuration., with differing 
arrangements for lighting, seat1nl, proximity 
to other eonsoles, etc. In general. the 
in~iv1dual configurations can be Quickly and 
flexibly altere~ as various needs arise. AS & 
result, an individual who is about to start a 
working session at & console has a considerable 
choice of immediate eon~itions. Figure 1I-32 
shows four views of eon.olesin the work area, 
in actual use for various modes of work. 6d)b2a3 

A further modification to ~he physical environment 
wa. the addlt1onof light mova~le part1tions, for 
visual privacy. These are low enough 80 ~h&t a 
person, when Sitting, does not see other peopl~ 
working but can, by standing or moving his chair 
~wo or three teet, contact k or S other people 
working at consoles. Most people apparently 
prefer to partition off only the front oftbeir 
work stations. Partitions are rarely moved into 
po.itions completely surrounding the work 
stations. When seclusion is wanted, people tend 
to work in the Herman Miller experimen'al Office, 
which 1sisolated from the general work area by 
hieh partition.. 6d)b2b 

The Herman Miller office has also become the 
place where the system1s demonstr&ted to 
visitors. Visitors have ·the feeling that they 
are inside the working environment. and no one 
else is bothered bY the viSitors' presence. 6d)b2bl 

We have &dOp~e~ the practice of h01ding aome types 
of meetings 1n the Herman Miller area aroun4 one 
or two diSPlays, with a research assistant taking 
on-line notes. 6d3b2e 
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We have found that dlaplay vie~lng1s 
difficult, an~ mUlt1ple-par~ie1pant aceess to 
the system ineffective, with meetincs of more 
than three or four peoPle. 6~3b2el 

on the basil of our experiences with such 
meetings. we are now reaes1gninl ~he conference 
facility (see See. II-C-2-d). 6~3b2c2 

We have found that it is highly desirable to make 
use of the system bo~n night and day. Night 
access to our work area 1s inconvenienced to some 
extent bY the existing security measures, 
particularly when we wish to work with non-SRI 
personnel, such as consultants. A much more open 
and accessible working environment would be 
greatly preferre~. 6d3b2d 

We lee great practical utility in having & 
maximally flexible Physical environmen~. Each 
time we have 1ncrea8ed~he flexibility of the 
environment, work interact10n has 1nerea.ed 
without any damaging increase 1n social 
interaction. 6d3b2dl 

User Environment 6d3b3 

Dur1ng these two years we bave provided & useful, 
though still evolvinc, on-line text editing and 
file manipulation system, Nt!. This system 
provide. new tool. tor perianal and croup use. 
APpendix A de.cribes NLS in considerable detail 
from a u,er l • point Of view. AP~endlx D 1- a 
technical delcripiion of Nt!. 6d)b)a 

We have also developed the Typewriter-Oriented 
Documentation-Aid system, TODAS (see APpendix A). 
This provides .ome ot the laMe feature. as NLS but 
can be U8ed remotely bY people not phyaicallyln 
the facility. TODAS w11l produce considerablY 
less load on the timesharing system than Nt!. We 
have experimented with remote use ot TODAS u,ing 
portable ty~ewrlter terminals with acoustic 
couplers. The resulting mObility. with 4ireet 
access to all of our files, shoWI interesting 
p08sibi11tiesfor team collaboration. together or 
physically remote. 6d3b3b 
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With the introduction of TODAS, we have 
provided more opportunity for people to 
interact with the ARO files from their 
oftices, although some of the processes are 
slower. There has not yet been widespread use 
of TODAS, but this will change with improvement 
in service capacity ot the system and addition 
of new features to TODAS. Availability of 
several 30-Characterlsecond typewriter 
terminals will a180 greatlY increase tne value 
of TODAS. 6d3b3bl 

b. Staff Functions and Activities Within ARC 

Activities we have identified as baSic include the 
fOllowing: 

(1) Hardware 

(2) Software 

(3) Management system Researcn 

(4) User System Researoh 

(S) ARPA Ne~work Participation 

(6) o~erat1onal Management ot ARC. 

Staff functions tor eaCh activ1ty1nvolve the 
specification, ~esign, implementation. 
documentation, evaluation, an~ maintenance process 

6d3el 

6d)ela 

6d3clb 

6d3ele 

6d)eld 

6d3cle 

6d3elf 

as new system features are added. 6d3clg 

AS we hire hardware and software people, research 
ass1stants, and secretaries, our policy bas been that 
a person's capabilities must 10 beyon~ any narrow 
specialization. A highly skil1e~ systems programmer 
must have additional background before he can be used 
effectivelY in this group. 6d)e2 

We need peo~le Who are capable of Doth long- an~ 
short- range planning, participating in goal an~ 
suogoal setting, and contributing to the the ~e8ign. 
implementation, and other processes. 6d3c3 
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For most ARO work it is 1mpor~ant that people be 
primarily orien~ed toward designing and building 
tasks and less ~oward eontemplative and reflective 
ones. However, since our work mixes both research 
and development modes we must be capable of acting 
in either capacity at ~if!erent stages in the 
implementation of any given task. It is also a 
requirement that people have the ability to focus on 
different levels of the endeavor, alternating modes 
freQuently as the needS arise. 6d3ci 

2. Experiments on Internal Activity structure 

We conducted two experiments on ~he use of augmented 
methodS for Planning work. These experiments were 
conducted with a newly established group, the TODAS 
development group, and with a well·estab11shed, fairly 
tight.knit group, the software group_ 
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a. TODAS Development Activity Planning 6d4b 

A parto! ARC user system research involves ~he 
specificat1on# design, implementation# teaching, use. 
and evaluation of new features being adde~ to TODAS 
as related to anticipated ARO and ARPA Network needs. 6d4bl 

The TODAS planning ex~eriment was initiated along 
these lines: 6dib2 

we first developed a strategy for use as the group 
formeO and for encouraging it to make further 
plans directed toward ARC and TODAs-related goalS. 
The steps considered neeessary for the group were: 6d4b2& 

(1) Identify both internally and externally 
generated goals 6d4b2al 

(2) Agree on structure and mOde of operation 
of the TODAS group, with the fOllowing 
features: 6dhb2a2 

Ca) A group representive reporting to the 
ARC Manager &nO ~o external activities 6d4b2a2a 

(b) A team approach to tasks an~ Planning, 
with one leader for each taSk 6d4b2a2b 

(e) Investigation of deciSion techniques. 6d4b2a2e 

(3) Plan taSks for the group and for the 
ind1v1uals in the group (inclUding tasks 
already in progress, where apPlicable). We 
were to do this according to the follow1nc 
outline: 6d4b2a3 

(a) Build an easily visible collection of 
talk alternatives, to be mOdified as 
appropriate after analysis and review. 6d4b2a3a 

(b) Iaent1fy and use the skills in the 
group, securing other needed skills if not 
available 1n the group. 6d4b2a)b 

(c) Estimate participants' level Of effort 
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and the timing involved, assessing the net 
effect of the combined Plans. 6d4b2a3c 

(4) Meet periodicallY to review progress, 
usually every two weeks. 6d4b2a4 

Meetings were 1nten~ed to be open to 
interested staff of ARC, with use of an 
agreed upon format. 6d4b2a4a 

special discussion meetings (and other forms 
of communication) for "help" when special 
problem situations arose were also 
anticipated. 6d4b2a4b 

(5) Maintain a TODAS "information center" 
on-line and off-line. The oasic files were the 
following: 6d4b2aS 

(a) File FD: File Directory for 
TODAS-oriented links. This file also 
contains links to TODAS ,roup participants' 
personal file directories and linkS to the 
follow1ng files: 6d,b2aSa 

(0) F11e UMEET: Meeting plans and notes 6d~b2aSb 

(c) F11e UPLAN: Task plans and .tatu8 no~es 
6dib2aSe 

(6) communlcate status of TODAS work to the 
ARO Manager and the ARC staff. 6d4b2a6 

Having determined this strategy, appropriate 
initial participants were contacted and the group 
was established. 6d4b2b 

The group started having meetings an~ developed a 
meeting strategy that contained the fOllowing 
elements: 6d4b3 

(1) A "faCilitator," whose role includes the 
fOllowing: 6d~b3a 

(a) preparation of the meeting plan. with 
inputs from the rest of the group 6d4b3al 

(b) Guidanee during the meeting to ensure tnat 

hS 



• 

• 

• 

7101 ROME FINAL REPORT: Sec. II 
MANAGEMENT SYSTEM 

4868 DGC 12JUL70 

all important items are discusseO 

(c) providing an orderly way for new or 
unexpected items to be discussed as 
appropriate, or deferred. 

This role was rotated among the membership of 
the group from meeting to meeting, depending on 

6dkb3aJ 

the expected agenda sUbjec~l. 6d4b3a4 

(2) A "process w&teher," whose role involves 
attention to processes in operation ~uring the 
meeting. This includes verbal and nonverbal 
interactions between people, deeision~roeesses, 
etc. 6~kb3b 

This was done to give the participants added 
insight about lese obviQUS features of the 
meeting. 6d4b3bl 

This role was rotated among the memberShip of 
the group from meeting to meeting, depending on 
the expected agenda sUbjects. 6dkb3b2 

(3) An on-11ne note taker, whose role includes 
the fOllowing: 

(&1 Distribution of the meeting plan and 
preparation of the meeting notes outline before 

6d4b)C 

the meeting 6d4b3cl 

(b) Careful recording of important discussions 
an~ points made during the meeting 6d4b3c2 

(c) RetrieVal of needed1nformation from 
on-line files ~uring the meeting 6d4b3c3 

(d) summarizing the meeting note. an~ 
distributing them after tne meeting 6d4b3c4 

The role of tne on-line note-taker Was fille~ 
by two re.earch aSSistants on an alternating 
basis. ThiS provided flexibility and ensured 
that an experienced note-taker was available 
for each meetinc. Information gained at these 
meeting was valuable to the note-takers in 
their other day-to-day work. 6d4b3cS 
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(7) Relevant documents produced on-line by any 

6d4b3d 

6d4b3e 

6d4b3f 

member 6d4b31 

Distr1bution of documents was arranged before 
each meeting. Documents inclUded descrip~ions 
of design changes in TODA!, drafts Of teaching 
documents, etc. 6d4b311 

(8) Tentative plan for the following meetinc 6d4b3h 

(9) An evaluation of the utility of the meet1ng. 

so 
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Notes from meetings were kept on an evolutionary 
basis as separate branches in one file, UMEET~ and 
also 1n hard copy for distribution to all members 
and to a bulletin board. 6d4b)j 

Planning 6d4b4 

we made an easily accessible listing of talks 1n 
progress and under conSideration, in a separate 
file called UPLAN (described above in Sec. 
II-A-3-b), which can be modified by individual 
task leaders or by researcn assistants, 6d4bha 

This file helped increase the extent to which 
meetings were used to evaluate and re~e8ign 
taSkS, instead of to report information that 
woul~ not be chan~ed by group interaction. 6d4b4al 

It facilitated the exchange of reportorial 
information outsi~ethe meetings, when 
individuals could give their lull attention 
to the tile. 6~~b4ala 

It was also available during mee\ings for 
reference or mOdification. 6d4bkalb 

Another use ot the file was to communicate 
informat1onto peOPle not directly involved in 
the activity, 1,e" the ARC Manager and others 
in ARC. 6~4b4a2 

Moet ot the Planning dealt with SChedUling &nd 
patterns for necessary interaction between tasks 
and talk leader.. 6d4b4b 

The short-term goals appeared firm enough that we 
chose not to divert our resources to longer-term 
goals while this activity was starting, 6d4b4e 

Interaction 6d4bS 

Since this group included ~eople who were involved 
with other ARC activities such &8 software, the 
Network Information Center, and Management Science 
Research (MSR), it explored some interaction 
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between activities. 6d4bSa 

It also provided an opportunity for the activity 
members to be involved 1n a smaller group than the 
ARC as a whole. This changed the group dynamics 
considerably. 6d4bSb 

The prooess Of identifying internally generated 
goals stimulated exploration of personal needs of 
the members of the grou~ to increase sOlidarity, 
mutual liking, understanding, respect, and the 
aesire to cooperate. 6d4bSc 

Although social interaction initiated at early 
meetings WaS beneficial in aeveloping a 
cohesive working group, progress evaluation &t 
various times indicated that it could then be 
more effectively continuea outside of group 
meetings to allow more focus on the primary 
group tasks related to TODAS. 6d4bScl 

b. SoftWare Activity Planning 6d4c 

The softWare activity 1s alrected toward \he design 
and implementation Of new system softWare features. 60401 

strategy 6d4c2 

Tbis was the second experiment, follow1ng the 
initial results of the TODAS experiment described 
above. In the two years of the contract, the 
software group hal progressively become more 
integrated into the total ARC functioning and has 
doUbled 1n size. one result is that more tasks 
that depend upon eaehother are being performed 
concurrently. The need tor each member of the 
softWare group to be aware of the progress and 
design modifications of the taSk' undertaken by 
every other MeMber of the group has inoreased 
significantly as the size Of the group has grown. 6d4e2a 

preplann1ng by the MSR and group management team 
included those features found to be most useful 
from the TODAS activity experiment. 6d4c2b 

It recognized the existence ot leaderShip 
responSibilities already in effect, and 
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formalized them. 6~4c2bl 

The same meeting format was usea as for the TODAS 
group. We found immedatelY that there was more 
interest in task discussion and Plan reformulation 
and less interest 1n social interaction and group 
process than 1n the TODAS group. AS a result, 
changes made in the planning ~roeedure simplified 
the documentation to include only essential 
elements needed for communication by the group 
members. We also went through the process of 
listing all current and planned taskS in one 
consistent format in a file called SOFTP. This 
resulted in a preliminary listing of 30 critical 
and separate taSks, with truly distributed task 
leaderShip. 6d4C2c 

Leadership 6d4c) 

Leadership was minimal at the group level, and 
8uffieient because of high motivation to complete 
tasks on schedule. The strongest leaderShip was 
at the task level. 6d4e)& 

ThiS experiment is still in progress. 
Longer-range goal and task planning, w1th better 
integration with other ARC activity Planning, are 
currently being developed. 6d4c3b 

c. Summary Oomments on Planning Experiments 6d4d 

Active community teamwork, warm human relationsh1~s, 
and good work attitudes are necessary for our 
organization to function effectivelY. We must 
encourage and develop feelings of trust and common 
goal apprec1ation so that our people Can work closely 
together over a lon, periOd of time, with so much of 
themselves open to view to others and with such 
interrelated and challenging tasks to be undertaken. 
We found that the TODAS group benefited from the 
initial energy spent on interpersonal relationships, 
although there Was eventually more effort applied to 
these factors than we found useful for task 
accompliShment. A careful balance between 
application of soeial ana work-oriented energy is a 
necessity. 6dhdl 
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Although the TODAS experiment was not successful in 
all respects, it was an experiment where ~he 
particular people involvea stand a better chance of 
succeeding in a future experiment with a reoriented 
group. 6d4d2 

Software meetings were jUdged by participants and 
outside observers as extremely efficient and 
effective in meeting predetermined goals. While 
little attention was paid to interpersonal variables, 
group morale was strengthened bY the meeting 
procedure. Uncertainties in task definition and 
individual responsibilities were elarified. The 
feedback was reported to be useful rather than either 
flattering or critical. ThiS, again, was a chance 
for the participants to be involved in a smaller 
group than ARC. This contributed to the higher 
morale. 6did) 

We feel that the techniques developed for meeting and 
task planning and for on-line no~e.taking will be 
useful as they evolve in future activity Planning. 
We need to learn more about realizing the potential 
of improved inter~ersonal relationships in ARC, while 
expending only a reasonable amount of effort in doing 
so. 

3. Observations From StUdY of On-tine community 

&. Use of Public Files 

The use of PUblic files containing the work of many 
individual people seems to be well accepted by the 
group. 6d5al 

Far more communication potential exists in this 
environment than has yet been realized, although some 
people have started in lome interesting ways. 6d5a2 

our need for development of a Dialogue support System 
is clear. 6dSa3 

work habits of the on-line community staff also need 
development so that they can use the power of 
existing features and information in tne system. 6dSak 

NOW is the time for further work on methoQology 
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and procedures for U8e of the system. with the 
continued parallel evolution of the system itself. 6dSa4a 

b. System Dependence by the Group 

As we augment, we fina that it seems less ~es1rable 
to use conventional toolS for many taSKS. 

This is a problem to be resolved for gOOd use of 
resources and for the purpose Of not overlooking 
appropriate conventional tools where they can still 
be very effective. 

The various ways that information now gets into the 
system are: 

(1) Direct: 

(a) On-line NLS or TODAS use by originator: 

En~ry of new material 

Duplication and/or modification Of existing 

6dSb 

6dSbl 

6d5b2 

6dSb) 

6dSb)& 

6dSb)al 

6dSb)al& 

information 6dSb3alb 

(b) On-line NLS or TODAS note-taking at 
discussions 
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6d5b3b 

6dSb3bl 

HanOwritten 6dSb3bla 

External documents 6~Sb3blb 

stenographic dictation 6dSb3blC 

ReCordings 6dSb3bld 

Individual use of dictating equipment 6dSb3bldl 

Tape recordings of group meet1ngs 6dSb)bld2 

(b) Transcription processes: 

Direct NtS use 

Direct TODAS use 

Paper tape 

We are worklnl toward a better assessment of which 
tools are most appropriate tor the various ~&sks to 
be performed in ARC. 

e. Miscellaneous Observations 

6dSb)b2 

6dSb3b2& 

6dSb3b2b 

6d5b3b2c 

6dSb~ 

6dSc 

This is a work-oriented group. Most people work long 
hours, usually at an intense rateJlittle time 1s 
spent not actually working. 6d5cl 

There are many More work opportunities tor the croup 
and for most individual. than there are resources _. 
in terms of both time and funds. 6dSc2 

Group and personal work management invOlve. many 
diffieult choiees of tasks to be performed, 
postponed, or dropped. 6~5e2& 

The group frequently sets goals at higner levels tban 
it is likelY to attain. 6d$c3 
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This is par~lY because we want the new features 
th~t will make the system more poweriul; we are 
users of our own results. 6dSe3& 

Sometimes, also, we overas,ess the potential power 
of the system, forgetting that it still has 
limitations, particularlY in the area of 
consistently gOOd service levels. This problem1s 
getting a great deal Of attention, however. 6dSc)b 

The interrelatedness of the on-line community tasks 
makes Planning very ~itficult,but ObviouSly more 
necessary. 6dSc4 

c. Team Augmentation and Dialogue sup~ort 6e 

our efforts in management research have been centered on 
the attempt to developing a more closely 1~tegrated, 
participatory way of organizing people, efforts, and 
resources toward specific goals tnan is provi~e4 by 
olassical management theory. 6el 

Toward thiS goal, we are currentlY focusing our attention 
on the prOblem of improving the m&nagemen~ of a working 
8ys~em·developmentteam, using our own organization as the 
SUbject of experimentation. This involves ,twofacetl of 
augmentation -·namelY. individual iUlmentat10n and team 
aUlmentation. 

IndiviOual augmentation i. simPly our eontinuing effort 
to prov1~e way' of improving the working capability ot 

6e2 

individual member. of a team. 6e2& 

Team augmentation involves the development of improved 
means for coordinating the -efforts of individuals and 
for integrating their individual contributi6ns into 
coherent team action. 6e2b 

1. Recent Effort. 

A portion ot our recent MSR effort has been invested in 
formulating a "team-augmentation" approach. The initial 
em~ha.i8 is strongly oriente~ toward the means for 
communicatlngand collaborating effectively on issues 

6e3 

embedded within a complex and evolving problem domain. 6e3& 

An important facet ofthlsapproach has been a 
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preliminary stUdY for & "Dialogue support System" (DSS) 
•• a special system of coordinated fea~ures Which could 
support the communication an~ 1n~egration of 
collaborative dialogue among teaM members. 6e)b 

Appen~1x B is a more detailed discussion Qf tb1. 
formulation, as extracted from the PhD thesis of 
David A. Evans (see Ref. 1) • 
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2. Future APproaches to Team Augmentat10n 

Experimentation with roles, record-keeping conventions, 
collaboration proce~ures, decision-maKing practices, 
documentation, etc. will be a rich domain for 
e~Ploratory MSi work. 6e4a 

The following discussion of fast editing and 
pUblication, "super-documents," and &ugmenteQ 
confereneing gives a view of some features needed for 
team augmentation. 6e4b 

a. Fast Editing and Publication 

Our alreadY fast editing techniques will eontinue to 
evolve, ana we plan to concentrate early upon 
automat1e production. from our on-line files, of hard 
copy having a very flexible composition of text, 
diagrams, tables, equations, footnotes, and indices. 6e4el 

The design of hard-copy formatting conventions 
must oe related directly to the way in which the 
associated file material can be studied and 
manipulated on-line. 

"Super-Documents" 

we have been dOing researchlead1ng to the 
development and production O~ very large, very 
complex documents cont&ining numerous sections whose 
details are highlY interdependent. These documents 
will be SUbject to frequent updating. This will 
involve furtner work on techniques for creating and 
using special indices, footnotes, reader-supportive 
comments, cross-references, etc. 

We currently have quite powerful techniques for 
aiding an individual or a small report-writing team 
to produce documents of the usual research-report 
size and complexity. Part of our a~proaeh to team 
augmentation will be the expansion of these 
techniques to allow for much greater scope and 
complexity in documents and much more fluid 
interaction among the team members who create them. 
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A team tackling a complex system-development project 
must provide itself with the highest possible 
visibility over its working environment .- i,e" over 
the following factors: 6ekd3 

Planning: plans, contingency alternatives, 
re,ource commitments, status, criticisms 6e~d3a 

Design. deSigns, design principles, constraints, 
estimate., analyses, supportive data, relevant 
needs ana possibilities 6e4d3b 

Operation: roles, task ~efinit1ons. assignments, 
pOlicies, operational procedures and conventions. 6e4d3e 

we intend to develop and keep up to date a large, 
detailed, highly eross-referenced and well-indexed 
"super-document" that contains just such a 
description of our own project-team activity. our 
techniques for facilitating its mOdification and 
repUblication w1l1 be under constant evolutionary 
pressure. 

c. Collaborative Use of On-Line File Systems 

on-line access by collaborators to each o~her's 
files, as provi~ed by a number of to~aY'1 
time-Sharing systems, leaves much to be desired in 
supporting effective 01alogue. 6e4el 

An effective dialogue-support system is essential to 
team augmentation. Hand in hand with the 
"super-aocument" facility described above must go 
some such ability as the following: 6ehe2 

Any team member at a diSPlay console can study 
swiftly any portion of the super-document's 
struetured files. Our current system 1s fairly 
lood for this purpose, but not yet a~equate for 
dialogue stUdy. 6e4e2a 

Whenever he wishes -. as though he were 
pencil-marking his private draft with marginal 
comments, underlines, encircled passages, arrows, 
etc. -- he can intro~uce "comments" that are 
freely sprinkled with exP11cit references to any 
specific item (e.g. any character. word, graphic 
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entity, or expression) within anybodY'S prior 
entry. (Note: the term "comment"1s u.ed here and 
in the following discussion in a very broad sense 
_. a comment 1s any entry Which in some way ~Qints 
to a ~rev1ous entry.) 6e~e2b 

This commenting capability must be managed by 
the computer so that it does not matter if 
other people are simultaneously scanninc the 
same material or affixing comments to the same 
items. 6e4e2bl 

When creating a comment entry, he neeOs 
flexible aids and methods for arranging 
interspersed or concurrent disPlay of the 
referenced passages, for deSignating the 
explicit entities he wi.hes to reference, and 
tor suspending operations temporarily while he 
checks related material. 6e4e2b2 

Conversely, he needs a way of seeing an~ comments 
that reference a passage he is inspect1ng. 6e4e2e 

Categories might be defined by authorship. date 
of ereation, text content, or assigned 
membership in predefined categories, 6e~e2el 

He also needs & great deal of control over 
th1s,hQWeverJ much Of the time he will not 
want to .ee any comments, or onlY comments 
falling into certain categories. 6e4e2ela 

He &180 needs considerable control over the 
way the system displays the comments that he 
wants to see ·-in specified portions of ~he 
screen, in full-text or condensed form, etc. 
6e4e2clb 

He needS the ability to set up "annunciator calli" 
to various people, or sets of peoPle, to request 
their ,peeial ,ttentlon (at some level of 
priority) to a given comment. 6e4e2~ 

All of the interactive-dialogue entries 
immediately become part of the super-document, 
imposing a potentially very complex comment 
network ("network" because comments can refer to 
comments in indefinite extension). 6e4e2e 
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It will be hard to keep track of the 
relationships among these comment! and the 
sUbstantive records about which the dialogue 1s 
oriented. 6e~e2el 

Their relationships need never be ambiguous, 
but consider the problem of trying to study 
such a structure to determine where we now 
stand in our developments and discussion, 
especially when it 18 the record of a 
complex system-design process and the 
interactive dialogue among very active 
people. 6e4e2ela 

This is about the most difficUlt central 
challenge 1n effectivelY augmenting a team •• 
that of developing computer aids, working 
methodS, etc. to allow a skilled person to be 
highly effective in digesting the content and 
implications of such a record, an~ to develop a 
sUbstantive next-stage Oes1gn or plan that 
integrates the aialogue contributions. 6e~e2e2 

Essentially similar techniques are required 
to augment any indiv1dual's central 
intellectual capabi11ty for synthesizing the 
next stage of development in a plan or 
~eI1cn. TO the extent that we are 
successful with this, we shoul~ be able to 
offer strong gu1aance for eapability 
aUlmentation over wide ranlesot individual 
&n~ team activities. 6e4e2e2a 

a. Conference Augmentation 

There is great potential value 1n direct augmentation 
of conferences and meetings, When people are 
gathered together to conSider a proposal or argument, 
or to collaborate actively on a ~roblem, there are 
many pOSSibilities for the development of teohniques 
and facilities to makethe1r work more effective. 6e4tl 

There is a wide range of pOSSible ap~roaches to 
conference augmentation. 6e4fla 

At one extreme. each partic1pant would be an 
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exper1enced NLS user &n~ would have his own 
console; sophisticated facilities would be 
provi~ed for "linking" the consoles in varioul 
ways to augment communication. 6e4!lal 

At the other extreme. there would be only a 
single console with a special operator) s~ecial 
techniques for intelrat1nc the Nt! facility, 
the operator, and the conference ~art1c1pants 
into a working system would be needed. 6e4fla2 

Between the.etwo extremes, a Variety of 
intermediate approaches is possible. 6e4fla3 

For any of these &P~roaehe., a central problem 1. 
the development of conference procedures and the 
organization of on-line information] hoth 
procedures and 1nformat1on structures must be 
developed in such & way as to lain the greatest 
po,s1ble advantage from the computer facility. 6ekf1b 

This aevelo~men~ of eonferenceproeeoures and 
information strue~ures .hould be done 
exper1mentallY. under actual usage Qon~it1on8. 6ekflbl 

We have alrea4y experimented with augmentinc 
meetings by having one perlon opera~e Nt! as an 
on-line not.-taker. where all participant. can 
see tne 41splay (see Sec. II-A-3-b). 6ekflb2 

on tne bali. of recent experience, we plan to provl~e 
better facilities for group' of peo~le work1n, 
together at conloles and for small meetings where 
con80les are no~ available tor everyone (or where not 
all participants are Nt! user.). This will permit 
experlmentat1onw1th interme41ate approaches ly1ng 
between the two extremes described above. 6e4£2 

Tne facility will consist Of a meeting room 
equipped with projection TV, several. appropriately 
designed consoles, and furniture designed so that 
three or four people may work at the eonsoles with 
~en or so less active par~1cipants • 
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III HA.RDWARE SYSTEM 
7 

File (english,rfhdw,) in KDr un~er Guest, password WKE 7& 

IV SOFTWARE SYSTEM 
8 

File (enC11sh,rpsft,) in KDF under Guest, password WKE 
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V FUTURE PLANS 

A. General 

Future directions for work in the ARC will be influenced by 
forces originating both inside and outside the Oenter. 9a1 

Forces generated by our cumula~1ve experience in the 
development of augmentation systems within the Center 
indica~e some new directions for our own bootstrapped 
research effort. 9ala 

External forces are genera~ed by our partiCipation in 
the ARPA Network exper1men~ and by an increased 
awareness for the need to commun1cate with the "outsioe 
world" -- people outside the center Who are engaged in 
related work. 9&lb 

The internal forces and those generated Cy our Network 
participation combine to prOduce &8hift in our internal 
research emphasis towards two specific activities: (1) team 
augmentation and (2) the development of a system design 
dise1~line, These are discussed below under "Shifts in 
Empha'is." 

Increased awarene.s of the need to communicate and in~er&ct 
with the outside world will lead toward the development of 
a new area of specif1c concern, discussed below under 

9&2 

"Transfer of Results." 9a) 

The goals associated with research 1n team augmentation, 
with ~he develo~ment of a system design disciPline, and 
with the transfer of results are related to one another 
within the ARC goal struoture as descr1be~ below in the 
section entitled "Short-Term and Long-Term GoalS." 9a4 

In the section "Selected Plans Under other Sponsorshi~," we 
discuss the system Developer Interface Activity (SYDIA), 
for which we are seeking additional sponsorshi~. It is 
intended that this activity will be the primary effort in 
the area of the transfer of results. 9aS 

B. Sh1t~s in Emphasis 9b 
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our plans reflect a maturing shift in emphasis in our 
research work. We plan to shift our emphasis toward two 
basic activities: (l) team augmenta~1on ana (2) the 
development of a system design discipline. 
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1. Team Augmentation 902 

Whereas in the pas~ we have given most of our attention 
to augmenting the individual worker. we are now 
focussing on the augmentation of a team of collaborating 
workers, each of whom is in~ividually &ugmente~. 9b2a 

The high mObility and manipulative oapability of & 
'killed "augmented indivi~ual" has a unique potential 
Which can be realized when a number of augmented 
individUals join into a collaborative team. Not only 
can each individual move very rapidly through the joint 
working files to study them, enter new information, and 
u~date Old material, but this power can be amplified by 
epecial computer aidS, conventions, and skills that 
directly facilitate the processes of intercommunication 
and coordination. 9b2b 

The contemplate~ efforts in »team augmentation" 
involve several facets: 9b2bl 

(1) The Oevelopment of conventions and procedures 
for organizing the wOrking records of our Plans, 
designs. objectives, design principles, Schedule" 
etc., so as to give effective mutual "task 
orientation" to the member. of a team by ensuring 
OPtimal accessibility Of all information related 
to the team's object1ve. 9b2bl& 

(2) The .pecial development of a "Dialogue support 
System" to facilitate the rap1~ evolution of these 
working recordS via dialogue among memDers ot the 
design team. 9b2blb 

(3) The development of techniques to facilitate 
simultaneous remote collaboration among people at 
physicallY remote on-line terminals (ot any sort), 
bY giving them direct communication with one 
another, 1n~ependent of their current individual 
work interactions with the computer. This 
includes provision, where feasible. for the 
fOllowing: 9b2ble 

(a) video and/or voice intercommunication 9b2blcl 
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(D) Easy an~ flexible control Of means for 
duplicating, at any ~erminal, all or P&r~ of 
the type-out or disPlay from another term1nal 9b2Dlc2 

(c) Ready transfer ot control of one terminal's 
computer interaction to another terminal" 
input devices. 9b2blc3 

These techniques will evolve within ARC under 
conditions of application to our own coordinated 
system-development work, and will be aPP11ed over a 
wide range of collaborative actions, from sim~le 
question-answering facilities to complex Oesign work 
involving intense mutual participation by the team 
members. 9b2b2 

AS applicable teehniques become effective within ARO, 
we w111 explore their use and value for the 
following: 9h203 

(1) support of Network Information center (NIC) 
services such as teaohing, question-an,werine. and 
some types of query servicing 9b2b)a 

(2) working collaboration between ARC staff and 
personnel at other Network sites 

() working collaboratlon between oeople at remote 

9h2b3b 

Network lites, indepen~ent of ARC staff. 9b2b3e 

2. Development of User- and Service-system Design 
Discipline 9b3 

The functional features of the "user system" -- the 
large collection of computer aid. available to an ARC 
worker .- have evolved with some incenuity, a greal deal 
ot cut-and-try experimentation under actual-usage 
conditions, and a certain .pee1al orientation offered bY 
our overallreaearch framework. However. up to now 
there hal been a sicnificant lack of objective, 
methOdical engineering design for the overall user 
system. 9b3a 

A user-system design discipline is definitely needed, 
and we intend to devote an increasing amount of 
effort toward develop1ng such a discipline. 9b3al 
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Like the user system, the "service system" •• the 
hardware and software unOerlying the features for 
~ugment1ng users •• has evolved in an ad hoc fashion. 

Here there is also a significant need for a 
system-design discipline. 

A system-design discipline would have a oommunicable, 
~eacha~le, generally applicable framework supporting a 
coordinated set of concepts, terminololies, princiPles, 
methodS, and special tools. 

O. TranSfer Of Results 

Behind these basic aspects of our work1n the ARC (team 
augmentation an~ design disciplines) lies an eSlent1al 
feature of our long·term strategy, namely, the goal of 
producing results that will be of direct value to other 
groups of system ~eveloper8 •• in particular. to those who 

9b3b 

9b3bl 

90)0 

90 

will be developing augmentation systems. 9cl 

This is in contrast to being of direct value to 
customers who will want systems for their own direct use 
(e.g., to augment a manager, a Oesigner. an editor, or a 
researCher). 

Display terminals, communication channels, and computer 
service are destined to become both cheap and plentifUl, 
and it is certain that a very large number of organizations 
will want to use them. They must rely upon sys~em 

9c1a 

developers who will need to be capable of the fOllowing: 902 

(1) Analysis of system-usage environments 902& 

(2) Design and implementation ot a SMooth. Dowerful, and 
coordinated sy.tem of user aidS, conventions. me~hods, 
ete. 9c2b 

(3) Training and "education" otnew users. many of whom 
will be completely unfamiliar with the potential of ,this 
new technology 9c2e 

(4) SUbsequent mon1tor1nc of user performance so as to 
im~lement the Changes necessary to track the evolution 
ot users' attitudes, concepts. skills, usage hab1ts, and 
wants. ge2d 
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Although it 1s impor~an~ to stimula\e the eventual 
customers for augmentation systems, and ~o make them aware 
of the potential tor these sy.tems in the1r work. we feel 
that our results should be directed primarily toward 
helping system developers. Over the longer term. we plan 
to ~o thil by pursuing the following goals: 9c3 

Item 1: Making visible an advanced, integrated system. 
operating in a heavy-usage envlrcnment,that can orient 
system developers to the available cost-value tradeoffs 9c)& 

Item 2: Developing an effective system-desien 
discipline to aid 1n developing augmentatl~n systems, 
whether or not these systems resemble ours 9c)b 

Item 3: Maintain1ngthorough. highlY current. 
comprehensive documentation. de'1gne~ tor qu1ck location 
of relevant material 9c3c 

Item 4: Establishing broad-bana commun1ca~ion channels 
over Which a ~ynam1e interchange of 1ntormat1on can take 
place. so that a maximum proportion of our knowledle can 
be quickly aVailable 1n usefUl form ge3d 

ItemS: Offering, as a mOdel. a complete prototype 
de.lgn Of an augmentation system especiallY des1gned tor 
augmenting system ~evelopment. 

This .ystem WOUld be compatible with the 
system-deslln disciplines described above. and would 
inclUde technique. for planning, analyzinc, 
designing, programming. debUgling, doeument1nl, and 
teaching. 

D. Short-Term and tong-Term Goals 

ge3e 

our approach to the planned work will be as follows, 9dl 

(1) Achieve the Short-term goals implicit in the team 
augmentation activit" in the development ot a system 
de.ien discipline, and in\he ~alksitemized under 
Transterof Re.ults (Seetion V-C above) 9dla 

(2) Contribute to the long-term loal of ~irecting our 
relults tor Maximum benefit to future developer, ~t 
augmentation systems. 9dlb 
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There is considerable overlap between Short-term and 
long-term goals. 9d2 

For instance, in the case of the transfer ot results, 
the basic bootstrapping development ot techniques within 
the ARC seems to guarantee a very good basic buildUp 
toward Items 1, 2, 3, and 5 of Section V-OJ our 
participationln the Network experiment contributes 
~1rectly to Item 4; and the development of the NIC 
service will contribute towar~ Items 1 and 4. 9d2& 

E. Selected Plans Under other sponsorship 

To pursue directlY the itemized long-range goall of Section 
v-e, we eurrently have other ~lans unaer consideration, 
coordinated with those outlined in this proposal. These 
Plans would be carried out under other sponsorship I gel 

We are formulating ~lans for what we tentatively call 
the System Developer Interface Activity (SYDXA). We 
ex~ect to be approaching representative cand1~ates 
during 1970 with proposals for multiple sponsorship. 
The initial purpose of the SYDIA will be to ~evelop the 
following: 

(1) A facility for an effeetiveinterchange of 
information, skills, or1entlt1on, etc. between ARC 
and the existing and potential community of 
augmentation-system developers 

(2) The ability to assist other groups to transfer 
our srstem, or parts of it, directlY into another 
hardware environment. 

Later, with specific individual fund1nc arrangements, we 
woUld expect to begin developing close interchange 
relationships with various system-development groups) 
hopefullr. some groups would tnen aaopt our augmen~ed 
techniques tor system-development work • 
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GLOSSARY 

ARC: Acronym for the Augmentation Research Center at Stanford 
Research Institute. lOa 

ARPA: Aeronym for the Advanced Research projects Agency. lOb 

Augmentation: Used in this report to indicate the extension of 
human intellectual and organizational capabilities by means of 
close interaction with com~uter aids and by use of speCial 
proce~ural and organizat1onal techniques designed to support 
and exploit this interaction. lOC 

Center: Another term use~ for the ARC. lO~ 

Console: AS used here, tnis means specifically a user's 
control console for the ARC'S On-Line System (NLS). The 
consoles presentlY in Use consist of a diSPlay screen, a 
keyboar~, a "mouse", and a "keyset." lOe 

File: As use~ here, ~his refers to a unified collection Of 
information held in computer storage for use with the On-tine 
System (NLS) or with rODAS. A tile may contain text (n&tural 
language or program code), numerical information, graPhics. or 
any combinat1on of these. conceptuallY, a file corresponds 
roughly to a hard.copy document. 

GENIE: project GENIE, at the Univers1ty of California at 
Berkeley, developed (under ARPA sponsorship) the timesharing 

lot 

software for the XDS940 computer used bY tne ARC. log 

GODOS: Acronym for GraPhiCS-Oriented Document output system, a 
mean. for converting NLS/TODAS files to micrOfilm. GODOS is 
capable of hanoling the line drawings produced with the NLS 
graphicS capability. lOh 

IMP: Acronym for Interface Message processor, a component used 
in the ARPA Network. 101 

Keyset: A device consisting Of five keys to be strUck with the 
lett hand in operating the On-Line System (NtS). lOj 

MOt: See MOL940. 10k 

MOL9~OI A machine-oriented language for the XDS9hO computer • 
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MOL940 (or slm~lY MOL) was developed at ARC. 

Mouse: A device operated by the right hand in using the 
On~Line System (NLS). The mouse rolls freelY on any flat 
surface, causing a cursor spot on the display screen to move 

101 

correspondingly. 10m 

NASA: National Aeronautics and S~ace Adm1nis~rat1on. 10n 

Network: The Planned Advanced Research projects Agency network 
of research computer installations. 100 

NIO: The Network Information center. to be 1ncorporate~ in the 
ARPA network. The NIC will operate as a computer-assisted 
library service for 1nformation pertaining to the network, to 
be uaea by network members, and will be operated by ARC. lOP 

NLS: See on-Line Sys~em. lOq 

On-Line System (NLS): This is the ARC's principal and central 
~evelopment in the area Of computer aids to the human 
intellect. AS presently constituted, it is a 
disPlay-oriented, timeshared, multiconsole system for the 
composition, stUdy, and modification of files (see definition 
ot ~file"). A counterpart system, TODAS, operates from 
hard-co~y terminals SUch as Teletypes and otfers many of the 
lame ca~ab1lit1es as NLS. 

PASS4: An output-processing program use~ to convert NLS/TODAS 
tiles to hard-copy format for output v1a one of a number of 
aitferent devioes. 

RADC: Acronym for Rome Air Development Center. 

SPL: Acronym for Special-purpose Language. SpecificallY, this 
·term i8 used for the SPt's developed at ARO for use in 
programming NLS. 

SRI: Acronym for Stanford Research Institute 

Statementl The basiC structural unit of an NtS/TODAS tile, 
statement conSists of an arbitrary string of text, plus 
Ir&~h1c information. A file consists of a number Of 
statements in an explicit hierarchical structure. 

TODASl Acronym for the Typewriter-oriented Documentat1on-A1~ 
System. TODAS is a Qounterpart of NLS designed to operate 

A 

lOr 

lOs 

lOt 

lOU 

lOv 

lOw 

from bard-copy terminals such as Teletypes. lOX 
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• Tree Meta: A compiler-compiler system ~evelo~ed ,at ARC. lOY 

TSSl Acronym for Time-Sharing System. SpecificallY, the 
system developed by Project GENIE for the XDS9kO computer. lOz 

XDS940. The computer facility used bY ARC is base~ upon a 
Xerox Data systems (formerly scientific Data Systems or SDS) 
mOdel 9kO timsharing computer. lOa@ 

940: See XDS940. 

• 
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12. 

Appendix AI User Features of NLS and TODAS 

File (caaseres,nldes,) in KDF un~er Stone, password DGC 

Appen~lx Sa Dialogue support System 

File (ca8seres,a~ss,) in KDF under Mei&11ng, password DGO 

Ap~endix 0, Hardware Description 

rile (english,hdwa~,I) in KDF under English 

Appen4ix D: Technical Description of NLS 

rile (engllsh,p2rome,) 1n KDF under Guest, password WKE 
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1 
III HARDWARE SYSTEM 

A. IntroQuction l& 

e. 

This section reviews the current status of the ARC computer 
facility and describes the hardware development that has 
been ~one during the course of this contract. 1a1 

The first part briefly deseribes the computer facility. 
including both the computer as leased from XDS and the 
special equipment that has been added by ARO. 1a1& 

The second part discusses modifications and improvements 
to the faeility tnat have been planned and are now in 
progress. lalb 

The third part presents some Qomments on features of the 
system design and discusses some of the reliability and 
maintenance experience. Because of its unique design, 
the display system is emphasized, A summary of 
maintenance costs for the display-generator and 
television portions of the system is 1nclu~e4. 

The Computer Fac1l1ty 

The configuration of the ARC computer facility has been 
relatively stable over the past two years. There have been 
some peripheral addit1ons~ in particular the ARPA Network 
interface and an external core system; these are discussed 

lalc 

lb 

below, Ibl 

The eurrent facility is shown in Figs. 111-1 and III-2. lb2 

1. The Leased Oomputer lb) 

Figure III-l is a block diagram Of the facility as 
leased from XDS. lb3& 

A central processor with timesharing hardware operates 
from a 6kK memory in 4 banks with 24-bit wor~8 and a 
cycle time of 1.8 microseconds. lb)b 

On channels sharing memory access with the CPU are 3 
magnetic tape drives, a paper-tape station. and 
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communications equipment for 16 Teletypes. lb3c 

A second memory bUSS provides direct access to memory 
for the RADs (Rapid Access Devices, i.e., ~rums) and the 
non-XDS ~ort1on of the facility, designated "Special 
Devices Channel" in Fig. 111-1. lb3d 

There are three drums on the system, operating from a 
common controller and accessing memory through an XDS 
device called a Direct Access commmunicat1ons Ohannel 
(DACe). Each drum has a capacity of 500.000 24-b1t 
words, a transfer rate of 120.000 words per secon~. 
and an average latency of 17 milliseconds. lb)dl 

2. Special Devices Channel 

Figure 1II-2 is a block diagram Of the portion of the 
facility that has been put together by ARC. The 

lb4 

following sections describe the major units. lb4a 

a. Executive control 

The executive control provides an interlace to the 
940 through the Memory Interface Connection (MIC) • 
It acts as a multiplexer that allows asyebronous 
access to core by any of the 6 devices connected to 
it. 

The executive control decodes computer input/output 
instructions and passel them along as signals to the 
various devices. It aceepts interrupts from the 
devices, synchronizes them, and passes them along to 

lb4b 

lbhbl 

the computer. lbb.b2 

It accepts addresses and requests for memory access 
trom the various devices. determines relative 
priority among them~ and synchronizes their access to 
940 core. lb~D3 

The executive control includes extensive aeougging 
and monitoring aids. It allows the monitoring Of 
data and addresses for any selected device and 
permits "off-line" operation of any of the devices. lbhb~ 

b. Disc File system l04c 

The disc file system consists of a Bryant Model 4061 
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disc file and associated controller. The system has 
a capacity of 32 mil110n words. an average access 
time of 185 milliseconds, and a data transfer rate of 
43.000 words per second. A relatively simple field 
modification will double the present capacity. lbicl 

The disc controller was designed and buil~ by Bryant 
to interface with the executive control. 
Specifications for the controller were ~eveloped 
jointly by Bryant, Project GENIE at UC Berkeley, and 
SRI. lb4c2 

e. Display system 

The display system consists of two identical 
subsystems. each with a display controller. a display 
generator, and 6 high-reSOlution S-inch CRTs, A 
closed-circuit television system carries display 
images from the eRTs to television monitors in the 
working area. lbhal 

The display controllers were aesigned and built at 
SRI. They access and process "command tables" that 
are resident in 940 core. 

A comman~ is roughly associated with a user and 
pOints to a "~isplay list" in the user's core 
space. The disPlay list in turn point. to buffers 
containing actual ~ilplay instructions (commands 

lbhd2 

to the 01splay generator to prOduce images), lb4d2a 

The d1splay controller han~les all core accessin" 
including memory map~ing for the user's core 
space. It passes the display instructions along 
to the ~1splay generator. lb4d2b 

The display generators and CRTs were purchased from 
Tasker Instruments to SRI's specifications. They 
have general character and vector capabilities. lb4d3 

presentations for each of the 6 ORTs are generated 
sequentially, and unblank signalS from the display 
controllers select one or more of the eRTs at a 
given time. lb4~3a 

A high-reso~ution (87S-1ine) closed-circuit 
television system transmits display pictures from 
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each CRT to a television monitor at a corresponding 
work~station console. (Figure I1-32 shows several 
work-station designs.) 

~. Input Device Control 

e. 

In aOdition to the television monitor, each work 
stat10n has a keyboarO, binary keyset, and mouse. 
APpen~1x A ~escribes the use of these Oev1ees. 

The state of these input devices is read by the input 
device controller at a preset interval (about )0 
milliseconds) and written into a fixed table in 940 
core. lb4e2 

Bits are added to information from the keYboards, 
keysets, and mouse switches to indicate When a new 
character has been received or when a switch has 
changed state during the sample periOd. A new 
cnaracter or switch change causes an interrupt to 
be 1ssue~ at the end of the sample period. lb4e2a 

Mouse coordinates are digitized by an AID 
converter an~ formatted by the input device 
controller as beam-position instructions to the 
display generator. A user program may include the 
mouse coordinates, as written by the in~utdev1ee 
controller, as part of a ~ispl&Y list. This 
allows the mOU8e posltionto be continually 
d1splayea without attention from the CPU. lb&e2b 

Line Printer lb4f 

The line printer is a 96-character drum Drinter 
leased from Data Products Cor~orat1on (Model 
M600-11A). With the 96 characters, printing speed is 
340 lines per minute. lb4fl 

The line printer controller processes print buffers 
of arbitrary length (single line buffers are normally 
used) that have been set up in core by a controlling 
program. operation of the printer controller is 
described 1n Appendix c. lb4t2 

f. Network Interface lb41 

The network interface provide. communication between 
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the 9hO and an Interface Message Processor (IMP) on 
the ARPA Computer Network. The interface operates 
from message buffers 1n 940 core. Messages to the 
Network are read by tne interface from these buffers 
and transmitted to the IMP. Similarly. me~sages 
received from tne IMP are wri~ten into buffer space 
in 940 core. Instructions trom the 9hO enable the 
system for receiving messages and control the sending 
of messages. A "linked-buffer" scheme permits 
flexible memory allocation. lbhCl 

Operation of the network interface is described in 
more detail in Appendix C. The interface message 
processor and its communications protOCOl are 
discussed in detail in Ref. 2. lb4g2 

c. Modifications in progress 

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

10 

added. 101 

1. External Core System lea 

The external core system bas been completed and will be 
integrated into tne facility in the near future, lc2, 

The pr1mary purpose of this core system is to provide 
storage tor disp1ayregenerat1on. Display buffers are 
~resentlY in "frozen pages" in 940 core .- a significant 
factor in limiting system responee, since thay take up 
space that COUld otherwise be used for swapping. (See 
See. IV tor a discussion of factors affecting response,) le2b 

Figure 111-3 shows the special devices channel a8 it 
will be reconfigured When the core system is integrated. lc2c 

The inter-core controller controls tranSfer of data 
between external core and 940 core. It has two modes 
of operation: le2el 

(1) A block transfer mode allows the transfer of 
blocks of up to 2048 wor~s between any two 
locations in the two cores. (Note that transfer 
can be betWeen two locations in the same core.) lc2cla 
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(2) A short transfer mode allows the transfer of 
short, fixed-length buffers between fixed 
locations in 9hO core and external core. This 
mOde is easier to set up than the bloCK transfer, 
and requires fewer memory accesses for control. 
It will be used for such functions as transferring 
single characters or other control information 
between the two core systems. 1c2c1b 

The operation of the inter-core eontroller is 
described in more detail in Appendix C. lc2cle 

The external core itself currently consists of a 
single 32,OOO-word bank with. access switching to 
allow access by up to eight devices. Provisions are 
inclu~ed 1n the design for expansion to 16 devices 
and two core banks of 64,000 words each. The core 
cycle time is 1.5 microseconds and the wor~ length 1s 
24 bits. le2c2 

Tbe interface to external core has been ~e81gned 
so that it is identieal to the interface to 940 
core (through the Executive Control). A device 
may be s1mply ~lugge~ into either core system. 

AS shown in F1g, 111-3, we will initially be 
operating both displaY system" the network 
interface, and the line printer from external. core. 
These are the devices that need constant buffers for 
relatively long periOds and therefore require frozen 
pages when operating from 940 core. 

2. Faster Drums 

From the system response stUdies (see sec. IV) it is 
ap~arent that a primary factor in response is the 
swapping bandwidth. TO improve response (and add more 
ulerl),we are in the proee81 Of replaeing the XDS drums 

lc2c2a 

le2e3 

lc3 

with Univac FH-432 ~rums. lQ3a 

These drums rotate at 7200 RPM, giving a transfer 
rate of 365,000 words per second (as compared to 
120,000 for the present drums) and an average access 
time of about 4 milliseconds. lc3al 

In addition, we are formatting the new drums in a way 

9 



• 

• 

• 

7101 ROME FINAL REPORT: Sec. III 
HARDWARE SYSTEM 

4869 DGC12JUL70 

that will allow a page transfer to begin at any 
position on the ~rum. Since a 20k8~word page fills 
two-thirdS of a band. this will give an average page 
tranSfer time of about 8 milliseconds. le3a2 

-The interface for the drums will be ~esigned and built 
by ARC. It will connect to the 940 through a second 
Memory Interface connection (MIC), replacing the current 
RAD-DAce combination shown in Fig. III-l. le3b 

3. Clock System 

An accurate clock system 1s bein, added to a,sist us in 
system measurements. lc4a 

ThiS cloek systemprov1des two types of time 
information -- absolute and relat1ve .- that are 
written into fixed location' in 940 core at regular 
intervals. lc~al 

Ab.olute time consists ot binary representations 
of year. month, day, hour, minute, and second. lc4al& 

Relative time information cons1stsof a single 
24-bit number, incremented and written into core 
every 100 microseconds. 

The long-term drift on the clock will be less than 1 

lehalb 

second in 250 days. le4a2 

A more complete description of the clOck system is given 
in Appendix C. lckb 

D. Notes on System Design and Reliability 

1. DiSPlay system 

The display system in use is somewhat unusual in that 1t 
uses central display-generating equipment and a 
Closed-circuit televiSion system to distribute images to 
the working area. This approach to a display system was 
chosen on the baSis Of cost and flexibility. A 
descriPtion of the system and of consi~erations that 
went into its design is given in an earlier report (Ref. 

ld 

ldl 

3). ldla 

We now have considerable experience in operating this 
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system and are still very pleased with the basic 
approach, but we have had some problems with the 
component equipment involved. ldlb 

The close~-c1rcu1ttelevision system offers several 
distinct advantages over other mean. of ~roduelng 
displays at a work statton. ldlbl 

The system is extremely flexible as to the 
location and deSign of working consoles, since 
onlY a television monitor &nda video line are 
reQuirea to present the display at eaoh console. 
This allows freedom to experiment with different 
types of consoles (Ref. 4) and to move consoles 
about without cabling prOblems. ldlbla 

The video signal i8 inverted to provide a 
black-on-white display. This presenta~1on is 
usable in higher ambient light conditions than the 
usual br1ght-on-dark presentation, and fliCker in 
the display image (due to low generation rates) is 
much less noticeable to the user. ld1blb 

With proper adjustment of \be television camera, a 
significant storage time can be obtained on the 
vidicon surface. This greatly re~uce. the flicker 
effect that 1s present in ~he original CRT 
presentation. With this system we find it 
pOSSible to regenerate displays at about 20 cycles 
per second. ldlblC 

Maintenance features are another significant 
advantage. 

The display equipment at the actual work station 
1s quite simple. consisting of only a television 
monitor whicn ean be replaced by a spare for 
maintenance. 

The display-generating equipment. which requires 
more complex maintenance and repairs. is located 
centrally 1n the computer room. This makes it 
very easy to maintain an uncluttered oftice 
environment in the working area. 

Furthermore, since there is not a fixed one-to-one 
relationShip between display-generating equipment 

11 
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and work stations, wben a portion of the display 
system is down for repairs the Work1ng consoles 
that remain operative may be freely selected on 
the basis of current needs. ldlb2c 

Having two identical display systems, from display 
controller through actual Monitors, has been a 
major factor in maintaining up-time in spite of 
the unexpectedly high level of maintenance 
required on the system. Idlb2d 

The use of video to distribute display images offers 
several other pOSSibilities that we have not yet 
fully exploited. Idlb3 

For the television monitor on Which the image is 
presented, a wide range of accessory equipment is 
commereially available. For example, we have used 
high-quality projection television at the Fall 
JOint computer Conference in 1968 and at the ASI! 
Conference in 1969. It 1s possible to use 
multiple TV monitors or 1n~ermediate·s1ze 
prOjection equipment for smaller groups, This 
will be a major factor in the team-augmentation 
work to be carried out under the next contract. ldlbJa 

The video capability offers additional flexibility 
in the images that may be used ~n the screen. For 
eXample, in the conferences mentioned above, live 
TV pietures of the people and equipment involved 
were freely used, mixed with the 
computer-generated image, ThiS, again, will be a 
significant factor in team collaboration at a 
distance where pictures of the people involved can 
be used, either mixed or inserted with the 
computer-generated image. ldlb3b 

Another use of the video that will become 
increasingly important is the viewing of 
microfiche documents. Many systems are now 
aVailable and more are coming on the market for 
the storage, retrieval, and viewing of microfiche 
on closed-circuit television • 

12 
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2. Maintenance Experience 102 

a. General ld2a 

b. 

In general tne reliability of the facility has been 
very gOOd; the computer up-time has been extremelY 
high. The reliability of the disc-file system has 
been fair. We had a period of several months of 
above-normal error rate. ana S days down while Clocks 
were rewritten; however. the troubles now seem to 
have been corrected. ld2al 

one notable exception to this has been the line 
printer. ld2ala 

We originally bought & potter chain printer 
which turned out to have marginal print Quality 
and was very unreliable. We had great 
difficulty in getting maintenance from Potter, 
and we finally replaced the unit with a Data 
Products drum printer. Like the Potter 
printer, this has 96 printing characters with 
upper- and lower-ease alphabet. The print 
quality is excellent &n~ so far it has been 
very reliable. 1~2alal 

DisPlay system ld2b 

We have spent more effort on maintenance Of ~he 
display system than any otber part of the facility] 
since it is somewhat unusual, we will discuss some of 
the prOblems encountered and summarize the 
maintenance costs. ld2bl 

one of the basic limitations of the system is the 
lack of enough total light on the vidicon surface. 
This means tbat many design factors are marginal. 
The Tasker ORTs run at such high intensity that 
their life 11 relatively short. This high 
intensity also causes difficulties 1n maintaining 
good foous over the entire image. TO operate with 
these low light levels, the vidicons must be quite 
sensitive; since sensitivity drops off with age, 
they have a relatively short useful life. ld2bla 
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Because the writing speed of the Tasker display 
generators is lower than expected, we still have a 
flicker problem when all 6 screens on the system 
in use are reasonably full of text. TO some 
extent we are able to compensate for this by 
careful adjustment of the vidicon beam current an~ 
target, but this adjustment needs frequent 
attention. We have considered longer-persistance 
PhoSPhors on the TV monitors and will experiment 
with this in the near future. ld2blb 

In addition to these oifficulties there are some 
basic weaknesses in the design of the Tasker system 
and the television system. ld2b2 

(1) Tasker system 

Sockets for circuit cards are not of high 
quality. This results 1n contact-resistance 

ld2b2a 

problems, especially 1n the analog circuitry. ld2b2al 

Deflection circuitry, with its many 
adjustments, is so hard to get at that it is 
left in a partially assemble~ state. 

Logic circuits still do not have all pull-up 
problems corrected, resulting in a narrow range 

ld2b2a2 

on the clock. ld2b2a3 

The active deflection-sensing circuit requires 
frequent &~justment. ld2b2a4 

The focus vs. beam position circuits perform 
very poorly. ld2b2aS 

(2) Television System ld2b2b 

The preamplifier tUbes on the television 
cameras tend to be very noisy. These tUbes 
must initially be selectea for low noise to get 
reallY good pictures, and their life is very 
short. ld2b2bl 

We are currently in the process of replacing 
all of the preamplifier circuit boards with 
, new sOliO-state circuit now delivered in 
new GE cameras of this type. This circuit 
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uses an rET preampl1tier with very low noise 
and hopefully no prohlems in reliability. ld2b2bla 

Controller power supplies are poorlY designea 
and require too frequent replacement of parts. ld2b2b2 

c. Maintenance Costs 

The following is a summary of the costs for 
maintenance of the display and teleVision systems for 
the past year. Both include the frequent "tuning" 
necessary to maintain good ~ieture quality. These 
are the oosts for maintaining 6 operating work 
stations, but some effort has been spent on the 
equipment not in regular use. we expect this to go 
up about SO percent when 12 stations are in 

ld2C 

operation. ld2el 

TV System 
Labor 25,665 
Vidicons 3.365 
Picture 'rubes 89.$ 
preamp Tubes 1,200 
All other parts 1,040 

Total 32,165 
Tasker System 

Labor 7,905 
ORTIs 3,000 
Miscellaneous 200 

Total 11,1105 

Note: The Tasker system is maintained at a 
"keep-it-going-well-enough-so-peoPle-can-work" 
level, and it lives with many weaknesses. 

3. Hardware Design and Construction Techniques 

a. Logie Design AidS 

The wirelist generator ~rogram described in an 
ear11er report (Ref. 3) is still ~e1ng used. The 
input format, diagnostic aias, and general form of 
the program are essentially tne same as in the past. 
In the past the wirelist output Was used to produce 
documentation that aided a techniCian in hand wiring; 
now it produces a punched tape that in turn controls 
a semiautomatic wire-wrapping machine. This 
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wire-wrapping service is obtained from a local 
supplier and results in more accurate wiring~ lower 
wiring cost~ and faster turnaround in going from 
logic equations to finishe~ wiring. ld)al 

Regarding accuracy, no misplacea wires have been 
found to date, although a very minor number of 
broken wires and wires shorted to cins have been 
observed. ld3ala 

The wiring itself costs about 23 cents per wire. 
Also, above the cost of running the baSic wirelist 
generator program, there is an additional cost of 
20 cents per wire for preparing the paper tape 
used to control the wire-wrapping machine. ld3alb 

Turnaroun~ time for wire-wrapping is snort~ 
typically less than a week for a Oesign 
conta1ning 400 integrated circuits. Of course, 
this is sUbject to considerable variation, 
depending on the work load of the company 
performing the wire-wrapping. ld3albl 

Most of the general comments 1n ~he previous 
report concerning the utility of the wirelist 
generator program still hold. 

However, experience has shown the desirability 
of maintaining , fairly complete let of logical 
sChemAtics, complete with circuit locations and 
pin numbers, 1n addition to the designer's 
Sketches and listings provided bY the wire118t 

ld)alc 

generator. ld3alcl 

The previous report on this contract (Ref. 
3) 1mpliea that the sketches and listing 
were SUfficient for equipment maintenance 
and trouble-shooting. ThiS is true as long 
as the original designer performs the 
maintenance. With the inevitable turnover 
of personnel that takes place on a long-term 
project, someone other than the designer 
eventually becomes responsible for keeping a 
given device operating. Under this 
Circumstance, a schematic is an invaluable 
aid. ld3alela 
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The construction techniques of the most recen~ unit. 
can be seen in Fig. 111-4. The hardware 
implementation consists of an array of soCkets that 
will directly accept a dual inline packaged 
integrated circuit (commonlY called a "DIP"). The 
arrays of DIPs are mounted perpen~1eular to the 
horizontal plane on the front of the rack 1n which 
they are mounted. The circuit arrays can be ~ulled 
out for access. Wiring connections are made directlY 
to the pins of the sockets. This scheme has several 

1(231) 

advantages. lct3bl 

First, the cost is low. The previous construction 
technique used printed-circuit bOardS for mounting 
the integrated cirCUits. Thus the cost Of 
mounting the circuits on the board and the cost of 
the boar~ 1~self were incurred. ld3bla 

second, there is greater flexibility in the 
location of a given eircui~ type. With the 
integrated cireuits mounted on printed-circuit 
boards, a complete board consisting of up to 12 
circuits would have to be used in cases where only 
1 circuit was actuallY needed. ld)blb 

Thirdly, an ind1v1~ual DIP can be removed and 
re~laoed. This is a great aid in the maintenance 
of a dev1ce. A DIP with a suspeet eircuit can 
quickly be removed and replaced by one that is 
known to be good. ld3blc 

In addition to the techniques Of hardware realization 
of the basic logic desiln, many other details of the 
hardware design are 1m~ortant. ld3b2 

one feature that the hardware must provide is some 
means of access to both the integrated circuits 
and the wiring _. this feature is an absolute 
necessity during initial checkout and is an aid in 
later maintenance and changes. ld3b2& 

In providing access to the external core, the 
mUltiplex switch posed a partiCUlarly difficult 
prOblem, since 34 cables connect to it. In 
order to allow easy access to this unit, the 
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mount1ng system shown in Fig. II1-4 was 
developed. ld)b2al 

A very flexible cable is used, with a rather 
elaborate method of strain relief and cable 
guidance. Although the original mechanical 
design was quite expensive, requiring about 3 
months of a design ~raftsman'8 time, past 
experience has shown the difficulty of 
maintaining equipment that did not have easy 
access. To date this des1gn cost has been 
spread over several units and its anticipated 
use in future units will reduce the per-unit 
eost for the design. The expense of 
hand-fabricating the parts for a pull-out 
drawer 1s estimated to be around $)00, which is 
slightly less than $1 per socket. ld)b2a2 

In the recent equipment,light-emitt1ng diodes (LEDs) 
have been used instead of incandescent lights for 
panel indicators. The results have been very 
satiSfying. ld)b3 

The LEDS have a higher initial cost (about $3 
each) than the incandescent lights previously 
used. The lights, however, have a limited life 
while the lifetime of the LEDS is essentially 
infinite, ThiS leads to e'8en~iallY zero 
maintenance an~ replacement coat for the LEDs. 

This lone service life also means that the 
expensive sockets required by the incandescent 
units, in or~er to facilitate their replacement, 
can be eliminate~. Indicators were mounted simply 
by ~ril11ng holes in the front panel and retaining 

ld)b)a 

the LEDs with RTV silicone rubber. ld3b3b 

A further COlt saving is effeete~ since these 
light. are ~riven directly from the loeic, saving 
not only the cost of the drivers themselves but 
a180 the cost of the extra sockets and wiring they 
would require. ld)b3C 

The LEDs have a relatively narrow viewing angle 
and less intenSity than the incandescent lights, 
but we have found them entirely satiSfactory in 
use • 
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A fairly careful studY was made of the actual cost of 
the ARPA Network interface. This is typical of the 

ld3C 

type of control unit that is now being built. ld3cl 

Hardware and Construction .- the figures are given on 
a per-socket basis. Technician time involved in 
construction 1s included. ld3c2 

Frame. connectors, IC sockets, etc. 

Mounting hardware 

Computer time 
(preparing wire-wrapping control 
tape, 35 cents per wire and an 
average of 6.8 wires per socket) 

Integrated c1rcuits (average) 

w'ire"wrapping 
(25 cents/wire and 6.8 wires/socket) 

Total hardware and construction 
(per Socket) 

Total hardware and construction 
cost for Network interface (600 
SOckets) 

Design 

$2.00 

$2.40 

$2.00 

11.60 

$11.50 

$6900.00 

The design cost is expressed in man.~ays for a 
design engineer. 

Initia.l design 

preparation of equations 

Drawings and documentation 

Final assembly an~ debug 

Total 
days 

20 

10 Clays 

10 days 

10 days 

20 days 

ld.3e2a 

ld3e2b 

ld3c2c 

ld)c:2d 

ld.3c2e 

ld3c2f 

ld3c2g 

ld3e3 

ld3c:3a 

lc13c:3al 

ld)c3a2 

lCl3e3a3 

ld';e)a4. 

SO 
lc1)c3aS 
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