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ABSTRACT

Thnia report covers two re2grs of researcn in i continulny Lrogram 1n
the Augmentation Hesearch Center (ARC) of tne Infcrmation Sciences
Laboratory of Stanford Researcn Inetitute, supportea oy ARPA arnd RADC
undey Contract F30602-838«C=0286,

Some ©f the work reported was aiso supported cy ARPA and NASA
under contract KASL-=/7697,.

The renearch reported is aimea at the development of 'n-line conputer
21do for increasing the performance of individuals 2.1 teams engared
in invellectual work, and the developmert of technis.i.es for the use
of such aids. The repcrt cnvers hardvare asnd goftvire developnrent,
applications in severzl areas relating toc manageme t of a comrunity
0t workers wheo use on-line aids and to informatio: managemens for
such & community, participation 4in tne ARPA compu.:ier networe¢, anc &
aummary of plans for the continustion of the res:areh.




The research descrined i1n this repory represents cornca2ptuil, design,
and development work by 8 large number of peoplej %he rrogran has
bean active as g coordinasted team effory since 1953, The research
reported rere was a cooperative team effort involvine tne entire AKC

staff. “he following 18 an alphabetical listing of the current ARC
svafss

Geoffrey n. Ball, Walter L. Basss, Verncn R. Baughman, Hary G.
Caldwell, Roberta A. Carillon, Dsvid Casseres, Mary 5. Cnuren,
Villiam 8. Duv-li, Douglas C. Engelbart, @“illdianm K. Englisn, Ann
P. Geoffilion, Martin L., Hardy, Jared M. darris, J. David ropper,
Ccharles K. Irby, L., Stephen Leonard, Join T. Melvin, N, Lean
Meyer, Janea C., Norton, Bruce L. Parsley, Willium H., Paxton, Ja<e
Ratlifs, Barbara E. ROW, Marting E. Trundy, Edward K. Van 4e kievw,
John M. Yarborough,

Trhe foliowing former ARC staff members also contriouted to the
researcht

Donald I. Andrews, Roger D, Bates, David A. Evans, Stepren P,
lLevine, Stephen H, Paavola, Yelen H, Prince, Jons F, xulifson,
Elmer 8. Shapiro, F. K. Tomlin.
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TECHLCAL EVALUATION

The Augmentat on Research Center (ARC) is a3 community of
about 28 researciiers, supported by several different contracts
since 1963, in aich all the research activity is aimed at
(1) exploring the possibilities for augmenting the performance
of intellectunl work with the help of real-time computer aids
and (2) the “xperimental development c¢f computer aids and
augmentatior; systems,

All the researchers within the ARC do as much of their work
as possible at display conscles (devending on console avail-
ahility and whether a specific tas! can appropriately be done
at a ccusole), Thus they serve no. only as 7tesearchers but
as the subjects for the a2nalysis =ad evaluation of the augmenta-
tion systems that they are develcping.,

Consequently, an important cspect of the augmentation work
doiie within the ARC is that the techniques being explored are
i1mplementsd, studied, and evaluated with tne advantage of
intensive everyday usage within a coordinated working environ-
ment that is compatible with tihe particular techniques being
studied, This strategy, call=d '"bootstrapping," is a key con-
cept in much of the ARC desiya philosophy,

The focus of the augmentation is on 'text' manipulation,
where text is defined as strings of characters, mathematical
equations, programming statc-ments, line drawings, columns of
figures, etc, A powerful =ct of ccmmands allow instantaneous
composition, editing, copying, printing, analysis, calcula*ion,
etc, through interaction +ia a TV display, binary keyset, key-
board, and display pointi:g device,.

The system is succes:fully used at the ARC in all phases
of daily activity includ.ng: program writing and debugging,
report preparation and p-inting, cenducting meetings and demon-
stration, project manag«~ent, note taking, etc, At least part
of the success of the s:stem is due to the dedication and zeal
with which the ARC pers anel use zad develop it.

/’-_\ '.—
. .
Tt e rL i JET
~DUANE L. STONE
Technical Evaluator
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A,

B.

I INTRODUCIION

Qeneral

Th> Augmentation kesearch Center (AkC) 48 a conmaunity of aboir 28
researchers, supperted by several different contracts, in which
8.l the research activity is simed g8t (1) explor. .g the
possibilities for augmenting the yrerformance of intellectual work
with the help of real-time compuier aids snd (2) tne experirental
developnent of conputer 1ids sand augmentation systens,

Severgl different coordinated research asctivities nave teen
develcped, sponaored dy different contracts, to pursue tae varicus
aspects of tnis agugmentation research., The aspects regorted here
ares

(1} Tne Management System Research Activity, whicn ha3s bdbeen
gupported oy RADC under his contract,

(2) The development, operation, and szintenance of a real-tine
computer=4isplay systen, including botn hardware and softiware
aspect® end particiration in wne ARPA computrer network
experiment, This nas ceen siupported by ARPA and RADC under
whie contract, and by ARPA and NA3A under Contract NAS1=7837,
The facility 43 dedicated a0l2ly 0 the ARC's activities,

All the researcheres within the ARC &0 ae mucn of their work as
pcseible at dlsplay consoles (depending on console availatiliry
and whether s gpecific tasx can appropriately be done at a
condole), Thus they serve not only as reseirchars oput as tre
subjects f2or the analysis and evaluation cf =he gugmentation
systems that they are develcoping.

Censequently, an inportant aspact of the augnentation worx &on
within the the ARC (for instence, of the RADC-=surported Managemen?t
Systems Research) is that tne techniques beingz explcred are
implemented, studi=d, and evaluated witn the advantage of
intensive everyday usage within a ccordinated working environrans
that 1s corpatihle with the parvicular techniasues dbeing studied,

Thie strategy, called "bootstrapping," 18 a xeyv ccncept in much of
our design rhilosophy.

OnelLine Ald 3vatems in the Augmertstion Re3dearch Center

This section very bpriefly descrivbes the tw:s mizdio, augrmentaticn
syatems gvailable 10 workers in the Augmentaticn Keegearcn Center.
These systems are the On=Line System (NLS) and tne
Typedriter=0riented Documentation=Aid System (TODAS).

Avpenagix A {2 s more complete description ¢f the uJser features
Cf these systems; the reader who is not already ac3udainted «iun




1.

ARC'® research will find that thie appendix previaes a issful
background for the main body of the repore,

In acaition, arpenaix D gives a artiileq aescription of
NLS/TOLAS implementation,

The On=Line System (NLS)

NLS; &8 currently implemented, is eesertially & highly
interactive, display~oriented textemanipuiation sysier,

NLS 1s intendeg 1o be used on a regular, mcre or less full-tine
basis in a time-sharing environment, by users ¥no are not
necessarily computer profescionals. Tre practices ana
techniques developed by Lsers for exploiting NLS are as ruen a
subject of research interest & the develorment of NLS itself.

[ 3 Struetured Textu

All text handled by NLS is in "structured-atatament” tarnm,
Thia speczial formst i sinply & hierarchical arrangerent of
"atatements," resembling a conventional "outline" forr,

A statenment 1e simply a2 string of texy, of any leneth;
this serves as tne basic univ in the construcvion of the
Qlerareny. Esch paragraph and neadine in this docunent
is an NLS svatement,

o, Uae of the systen

The cregtion cf new text material as content for a file 19
achieved by typing the new raterial on 4 ke poara, under any
0f several poasible NLA3 commande,

The study capadilities of NLS conastitute 1ts noat vowarful
and urusual featrures, The following is a bries, condersay
description ©f the operations that asre possiole,

The process of moving from one point in an NLS file to
ghotier, which ¢orresponds to turning psges in nard copy, 1s
called "Jjumping." A very large Zamily ©f "Jump" comrmancés
allows the user tc specify locatione in the file in a numper
0f ways == e.r,, by specifically identifying 2 statenrent or
by epecifying a struetura: relationship vo some other
statenment,

The NLS content analyzer permits sutematic secarchnineg of a
Zile for statements satisafying some corntent pattern




Sec., I

INTRODUCTION

2.

4.

3pecified by the user, Tne pattern is written in a scecial
language as pary of vre file text.

A larze repertoire ot editing comranas 18 proviaed inr
modification 6f the text in a file,

The Typewriter-Orientea Documentation=Aia System {TUDAS)

TODAS i3 a text~hanaling system dgesigrea as a "tvpewriter"
counterpart to NLS. TODAS can oe orerited from a Teletyne nr
any other kind of hard-copy terminal, includirc terrinals
linked to the axC tirmeshiring computer facility (a= Xo3 S40
with cpecial hardware) LArougn acoustic courliers and ordimarv
Lelephone lineasa (as oppoded o NL3, which requires nicreowave
transmission to acnieve the neceasary cardwidth for disolavs).

output Facilities

The facilities for rroducing hard=cody outputl fron NLS/TUJAS
files include 3 line printer, a papere-tape~driven typewsriter,
and the Graphics=-Oriented Document outnrut System (%0D2S).

The line printer, because of its Speec of cperatica, 1is tnhe
routine meana of producing hard copy for use within ARC. I
i’ used heavily ny all NLS/TCDAS researcners,

1%
-

The paper-tape tyrewriter is used for rrecducang
report~quality tvyping, 8such a#® this report. As it 1s
relatively slew and irconvenient, it is not norrnally useq
excedl for final output of material te te nublished,

G0DO0S produces magnetic tepe which is then turned over to a:
Out=of-houze facility where it is run on Stromperg=~Carison
microfilm equipment to voroduce frgmes of microfilm (or
microfiche) correasponding to pages 2f full=size nard copv,
The idvantage of tais aystem 1a Lrat it can nandle drawlngs
pProduced in NLS files by means of the N1S graphics
Capability. GODO3 1s still 4n the experizental stage ani
has not been useqd extensively,

This Ra2port as an Example of NLS/TODAS Capabilivy

The following ciscussion may be taxen as a2 very rougn
indication of the power »¢ NLS and TODAS as aprlied =0 a sinrle
specific proolem == Rarmelv, the writine, ec¢iting, an

production of tnis reporu,

The abcve descriptiocns cof NLS and TGDAS were produced pv




Sec, !
INTRODUCTION

medification, uaing NL3, of the more detailesd descriptions in
Appendix A,

The entire task cf mocdification, including tormattine,
inservion into the dody of the report, anz all other
detalls, required abtout half an hour of work by an NLS user
who wus already familiar with (he contents o the
descripiicne, If the joo had been done by scmeone Who was
not familiar with the nmaterial (but who waa familiar witn
NLS) 4t might have taker fifteen inutes longer,

The original description was written fOor an earlier report
and then kept availabdble as an NLS,/,TODAS filie in anticipation
of future opporiunitiss for using it.

Indeed. a conasideratble amount of the material in this report
was devel ‘ped by modification of existing files, and we may
expect the new material generated for tnis report io continue
in uese 29 2 collection of NLY/TODAS files fo= es long a3 it can
be updated to reflect curran. reaiity.

TODAS was used vrimarily fcor the 2@k 02 entering new
material into on-lina files. Considerasble portions cof the
maverial sere put on line by a secretsry using T0DAS,;
working frof handwritten mgierial and from recorded
dictation.

Finally, we rmay note that the writing of this report, using NL:
and TODAS throughout, wss achieved under congsicerable tinme
pressure by g team consisiing ¢f about a dczen peorle, all of
whom were doing other important wWork at tne sane tinme.
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Qur Management System Research” Activity nas irvclvea tiaree -3jor
areas of concentraticn. In practice lliese areas osverlap
consideradbly, 8o tnat there is an integrated research effort Ar rarv
phases of managenent technigue and theory that imcinge uror tne
operation of ARC, For purvoses of descsiption, hrowever, we Zisc. s
egch ares of concentration as 4f 11 were ar inceverdent effore,

The three arezs are:

(1) Managenenw-Irnforration Qoerations ==- research on tecrnizues
for using nanazenment inforngtion in tLhe ArFC 2nvironrent, 1mcliuainue
the development of computer aids €cr the sicrare ant ranirtulation
2f 8such ainformation

(2) Organization Stuaies =~ researcsi orn the AC on=line co~runitly
cf workers and experainentation witln organlzZation struclure and
rlanning mMevhods in the on-line comnunaty

{3} Team augnentation anc Dialogue Supporte=- resgearcn cr
QUgMenting & tegm or cornunity of 1ntellectual WOrKers =y ~eans o
systermy that suppcrt the intellecklual ailalogue Oof the tean,

A. Managenment=Inforration Uperations
1. 1Introauction

In accordarce with our uasual 3Lratery, we have puyrauez our
investigaticen Of mansgenent=information cverations oy Jdsinz NI
and TODs3 to develop and nrovide 2ids for manazemernt oI tne Axl
on=line community,.

There are nany aregs of petlential application for cn=line aics;
wWe .ave chofen tLiore which appesr 1o be rHst userul
operationally for exreriments with ine devrlorment Of oreline
aids,

This section gives detailed gescriptions of several
anplications that heve nreen gevelopeu, illustrated wiun
photograrchs of the NLS cisgvblay 3creens tc snovw sequences of
inforsation=manipulation operations, A gamiliarity with the
basics 0f NLS 13 assumed; Appendix A i8 interidead to proviage tvhe
recesgary information about NLS.

In following tne cescriptions, 1t 18 wortn <eeciny in mind tnat
the speed with which NLS serves its users 1a an inmcortasnt part
0f its utilitvy, The onotograpns indicate transitiors that
normally take only one or two seconds, 7Tris scteel lencse grea
power and flexibility tc the relgtaively sirrle service
functiens perforned by NLS,
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2.

Project Costs

The most obvious area for application of on-line aids 1o
management within ARC 18 project cost accountving, Considerable
work hea veen done on the developnent of saveral
cost=information files ard ¢ technigues for their use,

a. Cosi Reccrda

The Inatituse's accounting system provides ARC witn dezallea
cost recards for the various *“SRI projects" {i.e.,
individusl contracts) belng carvied out in ARC,

The primary inputs to SR1'®e system are (1) weekly time
cards reporting hourly charges te various projects oy
individual staff mambers, and (2) nocn«lador cosvs charged
directly to projecis, including actual charges o
prejecte and comnitments (unconpleved orders).

For each SRI project, vhe accounting system computes
dollar costs taded on actlual salary datz for each staf?
nember's hours charged, adds payroll purden and overheea
anounts at current rates, combines these costs with
non=labor totals, adds approprisve feeg, and o0%tals all
Suca charges each week o9n a2 cumulative bvasia,

current charges are repcrted to ARC each week on the
Project Stiatus Report.

We neeqd frequent and rapid access to »nroject cost sunmary
data for operational use, with less refe.cnce o
lovwer=level details, except a3 the costs are first
checked for reasonableness and acsuracy. Therefore we
decided o start by putting summery da%a on-line at ARC,
A8 needed in the future, we can add more leve.s of
deell,

File HISCO

wWe £irsty constructed a cost=history file for 1988«1969
ccsta on SRI proiects ESU 7101 (RALC contrsact
F30602-48=-C=0286) and ZSU 7079 (NASA Contrect NAS
3=78971., This f£ile is calied HISCO.

¥e decidad Yhat the elements of HISCO would include the
following for ea~h of the Lwe projects, Oon the basie of
L«week azcounting perinds (as used py SRI'#s accouating
systen):
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(a; Sslary

(b} Burdaen

{c) Uverhead

{d) “otal ceat

(e) Vee

(£) Totsl ciarges,

See Figs, 1:-1, II-2, and II-3. Lach of these figures
shows a diavniay of one branch of the file, containing
the informs+vicn for a specific rroject ind year,

We al80 nevded a section showing coubinad saiary cosis
end combiney tctal charges for all of our orojects
(see Tlgs, (I-4 and lIeS5)., W#e put these costs in
geng, ite orinzhes of the file, The last dranch shows
total coats for Hotn projects combhined, We
retroactively studie¢ existing records for all 1963
datz &nd Kept up the 1369 costa every i weeks,
entering tre new data by hand,

¥e exrerimented with the use of graphic representaitions
by entering chrarts in AlI3CO, These charts showea the
cumulgtive c¢cr3t trends for each oroject 4in s separatce
branch of the file,

¥e cstablisred links tetween tabular dsta and charet
projecticns, Thia mace it quite easdy o refer to both
fornats alternately.

The uee of graphics in HISCO rave some indicstion of
the usefulnesas of such linking, out the exis.ing
patkage ha® limitations in the form of a few Dugs and
capacity what mekse its use Of narginal vilue, vWork is
currently under way to improve this capability, we
20190 necd local hardecopy OUttutl to maxke these
featuras of real value,

RISCC was 3 tedting ground for tre first veraiocn of the
NLS calculator package. 4@ he file wae updated, cost
date were entered into new staterments, and tpe calculator
Was used O check the co8tl dalta and Lo determine the
votal ARU project costs.
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L
v

Tnis employed tne aubL, SUBTA&"T, MULTIPLY anz 0 V
cavabilities and used the four nolaing rezisters,

[

The 2alculator package has an 'I~NSSRT' comnmana tnat
insearvs tne currert contents of the calculdilor's
accunulator into the file text as indicated oy a ou
selection, Work wivr HISCO indicated tnat a ‘repla
conmand Would ce very desiriole,

4
i

The ugual way of accessing HISCO was via oree=establisner
links from other worhing files Wwhenever the user nad a
qQues’tion about recent ccsts, Tne VIFWSPECS in tne linxk
Usyally caused HISCO v2 be nrought in wWitn only
high~level statements on Jdisplay, sSao<ing only tne
headings for project name, comcined salary, total
charges, and i1otal ARC costs (see Fig, I1I=6),

The user ¢ould then select vae projent ne was
intereste: in (oy the command JUMNP TO ITEM) cpen us an
addivional level for viewinz, anc See cocliudan neadinzs
and numerical data (Figs. I1I-1, II=2, ani I[I=3),

Then he could Junp down througn the accountine
pericds to the one ne was locking for.

I he was making a calculiation (pernaps alreaqy
gtarved in tre file he was working in refore he
iinked to HISCO), ne colld tnen cald tne calculator
and add, subtiract, nultiply eor 4iviae oy anv of Lne
nuitperg in 4Is5C0. His previcus calculazicns while
in the crevious file would remain intact.

If finished with KISCO, he coult then return to tne
previous file (by the command JUMP TG FIL: RLTURN,
and continue wi.n the celeculation, naving fourad 1=
HISCC the inout number or numpera he was looking
for.

Such a sejuence occurs very fast, cxperience witn
HISCC Beems to prove the value of having & sinvie
calcuiator built inio NLS, where 4t is instantly
available when reeded and can intersct 4dairectlv witin
data 1n an NLS file.

Degx calculators are available for most reonle «n=2
need to 4o basic arithmetiec work, btut wher one is
looking *hroueh extensive f*legs for inruts te
caleculgtions, the cenventional rcalculator 18 nct

11
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nearly as usefu? as this on-line version,

summary: A8 an arena for experimentation, KHISCO proved
very valusble, Operationslly, it wes useful {rom time to
time dut reveiled & need fc. more frequent ucdating of
the sumnmary date, Our experience witd HISCC led %o the
develcpnent of 8 redesigned cost=history file called
cN8TS,

File GOSTS

This file is updated weekly, wWith Leweek and cunmulstive
sumnariea,

The COSTS file 18 referred to frequently, because the
weekly inputs now show trends with ccnsidercble
sengitivity.

We decidad that the elerents most useful to us for this
year are the ftollowing:

(a) salary costa
{b) Total perscnnel costs
(c) ¥cn=labor costa
(d) Total coste
(&) Total charges #iwh fee
(£) Bslance reraining
See Figs. 1I-7, IIo8, and II-§. Figures II-7 and II=-3
show %Lhe same brarch of the file With different
VIEWSPECS} Fig. Il-% diaplays one more level then rFig.
11«7, and this level snowe ne weekly data. Fileure
Il«5 showa the weekly data for another project.
We B18C de:ided to include funding informaticn showing
current totals, unfun“ed totals, and totali coniract
amounts in the categeries coat, fee, and total,

we use separate Dranches for each project and for total

4KC project cosvs (Fig. II-10). The skeleton formet ftcr
the file wzo set up in advance {nr the entire yeayr of

13970.

12
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Our &pproach was to create & separale statement for
cgch weelX, one level below the "votal® sratemente for
each l~week period, For the gecony week of 1970
(which 18 in the g2irast sgccounting oeriod) the
atatenent stars vith ¢ 2=) and then, proceeding
acrosa the line, shows the amounts jistea above in siXx
columng (riga. I!-8 and 1I-=§%).

Before entering any actual data, wne first tog-level
branch (containing asome 70 ststenents) was copied
within the £ile ot the same level four or five times,
Then each dlank vranch simpiy had the project nane
headings inserted for Lhe vproject uging that branch,
Ve keep one extra blank fornat branch available 4in
C83¢ any naw projects shouid arrive.

Lixe HISCO, GOSTS i3 uysuslly reached 2hrouen a link fron
some other working file, perhaps wnile a stuldy of
near=fusure coats 1is in progress, or from an ongoing
propossl ¢ost estimate., Again the file 4y usually
enterec with only the tope=level #tatements or project
heydings showing (see Fig. I1I=1l).

If£ a particular project 13 0f interest, that orancn is
selected and another level opened for view, The
second level shows period-by=period subtotals in eacn
co8t category (rFig. II=7). 1If weekiy data are
desired, another level is opened by changling the
VIRWSPECS (Firxk. II-b6) and a particular week is
selected dy the conmand JUMP TO IlENM.

The statement for each wee< has the vweex ending
date a4 its name, The reason for this is not only
80 that the statenent for ¢ pgarticulsar weex can bhe
aciessed by vhe JUMP TO NAME command using the
2nding date, but also 80 that the date may
optionally %e auppressed frcepm the display. NLS nas
the capability o0f suppressing all statement names
from the display.

The nornal way of lcoking at the file is with
neMeg sSubpressed; thus the Aates do not clutter
the diaplay; however, a usar whe needs LC know
the ending date for & partizcular week can se> it
by executing s single conmand,

To acceas the information for another project within
C08TS, one axecutes JUMP TO R:TURN twice to see the
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Lopslevel statements agein (Fig. II=1l1),

One can move very quickly and accurdtely througn a file
that 18 se% up in tnis teshion, even without any
familiarity wivh trne information it contain=,

The primary function of CCSTS 18 L0 8hCW a cons-suvent
week~by~veek progressicn of coswvs for each project oy
category, The file can alsc be used for study purposes,
tarough the use of contenteanalyzer patterns, scme Of
which are 3tored in the hegder statement (se2 Fig., II-12,
wWnich 18 the gsame a8 Fig. II-11 but with differert
VIEWSPECa). Any other patterns can te cregtea as needea,

This allows a user to extract special cateqories of
infermavaon from the file very quickly. For exanple,
2 iser nmay easily create a display showing all project
costs for the eightnh week of 1y70, for eacn ARC
project. It is alsc possibple to output sucn a
"filvered" display via 3 lire printer, tnus obdtaining
hard copy of a special-purpose exiract from the total
file,

The content anslyier is helpful ¥hen ugin~t the caleulator

on

all the dats for one weex, project by project, to fina

total ARL Charga~s by category,

Wher only one veek's data are disrlayea, one can a4
itere down each column ang insert the answer in the
"ARC total" space, One can then elear tne
accumulator, ana ada down the next column, 7Tnis is
done very rapidly wnrough bug selection ot input
numbers and keyset entry of command# =~- ADD, ADD, ADL,
ADD, INSERT, CLEAR. ADY, A3JD, ADD, ADD, INSERT, CLEAR,
and so0 forth.

Figures II-13 and II~lL are before/after photos of
this process.

The COS5STS f£1ile is now opergtionzlily useful to us, ané we
expect it Lo pe useful for future experimentation with
automatic processing techniques,

t. E8stinates

Proposals

Aliother uUfSe 0f the syeten 48 in crestineg proposal cost

1?7
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esvimates, de f2irst eastimate the anmount of effort
required xor the proposecd work, To estimate the cost of
this effort, we make referynce to various on=liine files,
The cstimating process typically proceede along the
foilovwing .lires.

reraonnel coavs

The estimator loads g 3speciazl file, mainvained by
nimsely, which 18 a cirectory to all of his other
£iles and perhaps 10 a few files relonging to other
people. Figures II-15 and II-16 are two Gisplays of a
user’'s file direcvory. In Fig. Il=l5, only
firstelevel statenents are shown; these zre used for
estaolishing categories. In Fir. 1I-16, another level
i8 shown, containing the actual directory listings in
each casegory.

This "file directory" contains links to each of tne
2iles that it lists. In the present case the files
probaoly wWould be cost histories, vcersonnel
liatings, previous special studies of gcosts, and
other administrative information,

Re lvads a previous cost estirate, makes g working
copy 0of 4, changes the hegading o reflect tne name of
the rieWw proposal estimate, and eliminates the amounts
{rom the 014 estirate,

This produces g dlan¥ cost estinmate format. 3If any
{tens from the old estimate are insppropriate, they
are egiily deleted; new itens are easily addeq as
separate statements, when the formal io ready, it
i3 output as 2 nevw file,

He can tnen 1load a f£ile that lists names of people in
the grour and scme projection of expected additions.
Figures I1I-17, 1I=10, and II-l19 show portions ouf such
a file,

Using thie perzonnele-lisving file, he obluirs
infcrmation gbeut labor categoriee. A bdranch
containing content=analyzer patterns is keot in tne
file, These can be eusily reached by Jjumping to a
link which causes all the patterns to te displayed
(Fig., 1I=20),

Eacn pattern will select sonme particular
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LEVELS DISPLAYED




FIGURE 11-17 PART OF A FILE CONTAINING INFORMATION
ON ARC PERSQONNEL. Not all levels are shown.

FIGURE 1I-18 A VIEW OBTAINED BY JUMPING TO ONE GCF
THE STATEMENTS SHAOWN IN FIGURE iI-17
AND OPENING AN ADDITIONAL LEVEL




FIGURE 1I-19 A VIEW OBTAINED BY JUMPING TO THE LAST
STATEMENT SHOWN IN FIGURE i{-18, WITH
NO CHANGE IN VIEWSPECs
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FICURE H-2¢  CONTENT-ANALYZER PATTERNS STORED IN
THE PEHSONNEL - INFORMATION FILE. Each
set ol square brackets contains ore pattern, used
to search lor hdden “tags” in statements in the
file




Sec. II
MANAGEMENT SY¥STEM

category of statemens {rom the file. tltor
example, the estimator will need to xnow wrhiceh
people heve the status of Senior Proufessionsl.

He #scle:xte2 the appropriate partern with the
conmmand EXSECUTE CONTENT ANALYZER, and then
Jjurmps on a link which turns on the centent
gnglyzer, etarting vhe search at the
reginning of the branch ccntaining cerscnnel
listings and resiricting the searcnh to that
aranch,

This produces a2 display snowing only tre
listing of senior professionals ir the group.
This set of statements can then be
vransferred 1o he neéw proposal cost esmtimate
file,

QLher patteras can be used to extract sets of
stavements accordang Lo other criteria -= for
exanmnple, a.l the hardware or software reople
in the grceup (Figs. lI-21 and Il=22),

Thus the estimator can sselect, by laboer category,
repregentative people wWho nMgy de involved witn tnhe
preposal; as he selects them, he can sransfer their
names and the informavion that goes with thenm o the
file where Rte 1s puilding up his estiinmazie,

Al preaent we 4o not Xeep individual salary
ingformation on line, although we could do this 4i¢
we added some security measures, Calculations for
the average salary category, based on the specific
peeple contenplated, are nade off=-line 3l present,

These average 83lary anounts are inserted into the
onelins cost eptimate, The calculator is used o
multiply nunmpers of manepintha times sverage
Salaries per mcivh Lo deternine total salary costs
per labor category and overall direct labor totale.
All of this is gchieved within the actual f£ile that
will pe.ome the finished estinmgte,

Tne payroll "Hur &n and overhead rates are checked for
currency and injerted invo the estiqate, using tne
calculator vo apply them te tne uirect labor, At this
peint the labor porticon of the =stimate 13 ~onmpleted,
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FIGURE 11-21 VIEW OB AINED BY USING CONTENT

ANALYZER TO SELECT ENTRIES IN
PERSONNEL-INFORMATION FILE THAT
ARE TAGGED FOR "HARDWARE"

FIGURE 1[-22 VIEW C  .NED BY USIMG CONTENT
ANALYZER TO SELECT ENTRIES IN
PERSONNEL-INFORMATION FILE THAT
ARE TAGGED FOR "SOFTWARE"
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Sec. 11
MANSCEMENT SYSTEM

NoneLavoer Coata

A typical estimate will involve some travel cosis,
sSome ¢onasultant costs, and eone report costs, Tata
supporting the cost of c¢onsuitants may be checked oy
teviewing current consultanis' cosgts by projecr ani oy
coneultant, Thesde are Kept in a sepsgrate file and
reagched tnrough a link for review, 7The dala mey bpe
covied into the estimate if some of the information is
of use,

ReoOort production €osvs are estimated using current
Instityte scredules, which are bdasedq primarily on tae
numper of pages expected 1in the end proauct, rear
ccmputations can be made using the calculator, and tae
existing coet factors fcom tne 1last prcposal, checked
for current applicaoilily.

In cddition, there may ve plans ¢ add equipment in
the proposal. jin this case, the estimator will use an
equipment study written 4in another file by the peotle
involved in haraware design,

The equipnent co8vs contained in the special study
are summarized in toval ané¢ reached by a link, The
special adtudy can be viewez and updated as
appropriate and can de coupied to go with the
prceposgl a® an appendix or used later for back ur,

In this fashion, various information -s gathered fron
various files sgnd transferred intec the develoring cost
ertinste, Filgures 11-23, II-24, and lle-25 shov
various porticns of a completed oneline cost estimate
a8 acqtually used for a rescent AKC proposgal.

Working forecasts

Operstional Use of Estimates

A8 the project progresses, dProposasls and cstimates can
8lsc be used gs guides for nanagerent of the project.
vV 18 useful vo foreceast tne expected project costs on
either s foureweek period or monthly basis.

This can be &cne by ceregting a new file using the type
ot formet that the COSTS file uses, we insert total
figures from the curt estimate, using the calculztor
LQ geternine averages ratves and speclirfic estirmatez
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Sec, 1I

MANAGIHMENT SYSTEM

Ce

amounta, and insert answers into the file as 1t
bullde, This montheby-month estimate can be reacheqd
through s 1link from working cost files, from the
original mstimate, or any otner file where the
qQuegtior of mcnthly eetimated project cCosts may ariase,
Purchase=0rder Processing
In making an estimate of costs fOvY new equiprernt being
constructed al ARC, reference to pravious cost information
is very useful, +e have constructed a
purchase-ordger/requisition processing file which contains a
Separate statement for eacn i{iven purchaaed for tne Last Lwo
vyears at ARC. 7Figure I1I~26 shove a portion of this file,

Each statenent contains the following dinformation aoout
eech purchase:

(1) Total price
This 45 entered as& the stateaent nane.
At present this is not used 36 an NLS name, bul as a
way of eliminating infcrmation from the screen st
will, keeping a consistent iocation in celumnar fornm
for such totals,

(2) Description of itern

(3) vendor

(L) Numper of units purchased arn¢ price per unit

(5) Purchase Requisition numger

(6} Date requisition sen?

{7} Purchase Order numper wWwhen order is placed

(8) Date crder is rlaced

(9) Project or account cnarged

{10) Dete order is raceived

(11} When the order (-~ completed, it 18 marked wity the

special codea #comn’, This can be detected by 2
contente=anilyser pattern.




Sec, II

MANAGEMENT 3Y3TENM

d.

All outstanding orders sre contained at a second level unier
& single btranch (see Fig. II=27)) therefore the distinction
petween outstanding and completed ordsara {8 eisy Lo see jusy
by reference to level, TO reduce clerical error, we
consider an order completed vwhen he wscompe pattern is
inserted and twne statementy 48 moved to i%s alphavetical
position on the Lop level,

This file can be scarched ueaing the content analyier in sone
interesting vay#2. we can 28x for al. items purchased from a
particular vendor on any particui.s project and see only
these, ¢ wWe wonder about the unit price of & thernal wire
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